
Will monolithic or multichip processors 
win the performance race? 



Only GESPAC Has It All! 

Mass Storage 
3 .5" & 5 .25 " Floppy 

16 & 12-bh Slngle Board c-puters 
68000 8088 
68020 80186 
68030 80286 
68040. 80386 
T405, TSOS Transputers 

Static & Dynamic Memories 
512K to 32 Mbytes Dynam;c RAM 
Un;versal EPROM/RAM 
Memory Boards 

OS-9®, VxWorks®, Cross Codec® 
MS-Dos®, QNX® 

Controllers and Drives 
IDE Controller and D.;ves (500 Mb+) 
lntelHgent SCSI Controller (up to 1+ Gb) 
Tape Streamer 

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

Input/Output Interfaces 
RS-232/422/485 SIOs 
Parallel TIL 1/0, 10, 12 & 16-b;t A/D & D/A 
Thermocouple, RTD Opto Isolated 1/0 
Mechanical and Solid State Relays 

Colar Graphics 
EGA and VGA Controllers 
ACRTC Based 750 x 520 x 256 Colors 
GDP Based 1280 x 1024 x 256 Colors 

Motion Control 
DC Servo Controller 
Stepper Motor Controller 
Resolver & Shaft Encoder 

Only GESPAC offers over 200 
state-of-the-art microcomputer boards 
that are designed to work together, available 
from under a single roof and backed by a team 
dedicated to your success. With GESPAC, you can 
buy all the boards and software you'll ever need 
or you can get turn-key microsystems designed to 
meets your unique specifications. 
Move ahead of the pack and 
call today to receive the 
industry's most comprehensive 
catalog of microsystem 
solutions. See how GESPAC 
can help you build the system 
that best meets your unique 
specifications, in the shortest 
amount of time! 

USA-CANADA 
50 West Hoover Ave. 
Mesa, Arizona 
85210 USA 
Tel. (602) 962-5559 
Fax. (602) 962-5750 

Service 
Support Hotlines 

Application Notes 

Integration Services 

Custom Design 

256 to 2048 Element linear CCD Cameras 

Matrix CCD Camera Interface 
Real.Time Image Processing Hardware 

Networking & c-munlcatlons 
10 Mb/s Ethernet®, 10 Mb/s X.25 
2 Mb/s Arcnet®, 1 Mb/s MIL 1553B 
1 Mb/s IEEE 488, 375 Kb/s FUbus®/B;tbus® 
Universal 68302 Based Controller 

EUROPE 
Z. I. les Playes 
83500 La Seyne 
France 
Tel. 94 30 34 34 
Fax. 94 87 35 52 

Accessories 
Predecoded Prototyping Boards 
Terminal Strip Adapters 
Power Supply, Bus Extenders 
4· 20 Slot Backplanes & Card Cages 

,- Systems 
Industrial PC AT Systems 

Turn. Key QS. 9 Workstations 

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

• Available Q3 1991 TM/Companie" OS-9/Microware, QNX/Quantum, VxWorks/Wind River Systems, Ethernet/Xerox, Arcnet/Corvus, Bitbus/lntel, Filbus/GESPAC, CrossCode C/Soltware Development. 
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Quick access saves time 
in assembly, test. and 
maintenance. Loosen two 
captive fasteners and the front. 
top, and sides slide off tor 
maximum access to all of the 
internal components. Each 
internal component comes out 
with two screws, or remove 
five hex nuts and the entire 
system lilts out of the bottom 
tray to provide a free-standing. 
fully functional development 
platform! 

• #I • 

Plug your VME system Into 
the quietest backplane ever! 
Our new 10-LAVER VME 
backplanes handle tile fastest 
VME signals with the absolute 
minimum distortion. crosstalk, 
and noise. 

Ai ow is directed over 
the components that need 
cooling - the power supply 
and your boards. Separate 
chambers maximize cooling 
by channeling airflow and 
restricting recirculation. 

-- -===-=-­=== - .: :::-

I ~ 

With over 2000 standard 
configurations you <:an 
virtually desiQn the enclosure 
yourself-and stiH get it oft the 
shelf. Choose from 3 to 14 
slots for VME or 4 to 18 
slots for Multibus. Loads 
of peripheral options and 
configurations are available 
for rack and tabletop models 
as well as floor-standing 
OeskMate™ verions that accept 
9U x 400mm cards. Or let our 
team of engineers provide a 
paclcaging solution tailored to 
your specifications-from 
configuring the front panel 
LEDs to customizino the rear 
panel. Designing enclosures to 
meet your specific needs is our 
specially. 

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 921 21 
(619) 452·9333 FAX: 619·452-9464 
Call TOLL FREE (800) 854-7086 

in Calif. (800) 772-7086 
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Synchronous Communications 
• 

eas 

To a PC, workstation or 
communications card, it seems like just 
another asynchronous UART. But to the 
intelligent, synchronous universe of 
high-speed data communications it looks 
and functions like the world's first 
virtual communications packet 
controller. 

"It" is our exclusive new M650 
Serial Packet Controller. In a single-chip 
CMOS package you now can add high­
speed (I 4,400+ bits/sec) modems to 
your PC peripheral bus or integrate with 
most high-speed synchronous 

communications networks. 
The M650 's dual-port mode 

architecture accomplishes in hardware 
what you can't do as well in software. 
Even after you've linked up multiple 
UARTs and messed with glue logic. 

So the M650 can take the heat off 
your CPU and function comfortably as a 
communications sub-processor. And, in 
power-down mode, be sensitive to the 
low power demands of your laptop and 
notebook PC designs. 

Clearly, it's the intelligent asynch/ 
synchronous communications link your 

Circle No. 3 for Product Info 
Circle No. 19 for Career Info 

to 

next-generation product designs are 
waiting for. To find out more, call us for 
literature package CPD-10. We'll 
connect you with your nearest Silicon 
Systems representative and update you 
on our latest developments. 
1-800-624-8999, ext. 151. 

Silicon Systems, Inc. 
14351 Myford Road. Tustin, CA 92680 
Ph (7 14) 731-7 110 Fax (7 14) 731-6925 

Jilicon JHffonJ' 
A TDK Group Company 
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April '89 
SPARCstation 1 

November '90 
SPARCstation 2 
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!Cl LSI Logic Corporation 1990. Sun Microsystems is a registered trademark of Sun Microsystems, 
Inc. SPARC is a registered tradema rk of SPARC International, Inc. , and SPARCstation is used 
under license therefrom. UNIX is a registered trademark of AT&T BeU Labs. 

May'90 
SPARCstation SLC 

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

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

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

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

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

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

ACROSS THE BOARD 
CIRCLE NO. 4 



CASE and Al solutions include HP's SoftBench; 
In teractive Development Envi ronments; lntellicorp; Inference; 
and Neuron Data. 

Mechanical CAD solu­
tions include SDRC; 
HP ME JO and 30; 
McDonnell Douglas; 
Parametric Tech­
nology; and PDA. 

Move up the launch 
Whether you 're launching a 
new car, a new chip, or a new 
magazine, you'll get it to market 
faster with a new HP Apollo 
RISC workstation. 
And that speed won't cost you, 
either. Those 76 MIPS come 
for less than $20K for gray­
scale; $27K for color. And, if 
57 MIPS will launch you fast 

enough, you can get that for 
under $12K. 

Of course, you'll go nowhere 
fast unless your applications 
run on our workstations. 
Chances are very good that 
they do. The top programs are 
already ported. And more than 
3,600 applications are now 
available on PA-RISC. 

HP's open design allows for an 
easy fit into your multivendor 
network. As well as for easy 
upgrades when you're ready 
to grow. 
The sooner you get your hands 
on a new HP Apollo RISC work­
station, the sooner you'll be 
launching new products. So 



For e lectrical CAD, software is avail­
able from Cadence Design Systems; 
Mentor Graphics; Zuken; Racal-R<'<lae; 
and VLSI, among others. 

dates. 
call 1-800-637-7740, Ext. 2049 
for more information. It could 
help your business really 
take off. 

Ff/~ HEWLETT 
~~ PACKARD 

t IHHI l lf'wlC'tt Packard Company CPWGO lfi 

For Electronic Publishing, Desktop Productivity and Database, 
available software includes ln fo rmix; Oracle; ASK/Ingres; lnterleaf; 
and Island Graphics. 

IPS! 
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860 compilers on the way 
Dual-instruction mode is one of the 
more-powerful features of the 860 
chip from Intel, but only now have 
compiler vendors begun to support 
this mode. Without compiler sup­
port, which allows integer and 
floating-point calculations to be is­
sued in parallel, much of the power 
of the 860 remains untapped. 

The first compiler vendors 
supporting dual-instruction opera­
tion are Metaware (Santa Cruz, 
CA) and Green-Hills (Santa Bar­
bara, CA). Metaware will support 
the function in Release 2.4 of its 
High C, currently in beta test, ac­
cording to Michael Stebbins, sys­
tems engineer. Support from 
Green-Hills is under development, 
said Steve Lafferty, director of OEM 
sales. 

Along with dual-mode instruc­
tion, software pipelining is another 
under-exploited 860 feature. Useful 
for performing repetitive operations 
that are independent of the results 
of previous operations (in applica­
tions such as vector processing), 
software pipelining will also be in­
cluded in High C, Release 2.4. 
Again, it's under development at 
Green-Hills. With these new com­
piler optimizations and more, 
Metaware claims that the 860 chip 
will benchmark at over 86,000 
Dhrystones/s, a 41 percent im­
provement over the earlier release. 

Unfortunately, compiler support 
for the on-chip 3-D graphics en­
gine won't be forthcoming in the 
short term. Despite the lack of 
compiler support, the 860 is the 3-
D graphics engine of choice in the 
workstation world. 

860 bugs kept 
under cover 

-Dave Wilson 

Designers integrating 860 RISC 
boards into their AT or VME sys­
tems shouldn't expect their board 
vendors to supply a current bug list 
for the processor-they may not be 
allowed to. At least one board ven­
dor has been required to sign a non­
disclosure agreement with Intel 
(Santa Clara, CA) prohibiting the 
discussion of the bugs with cus­
tomers. All of that vendor's cus­
tomers have been asked to refer 
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their questions to Intel. 
''You can try to get this informa­

tion from Intel, but it's the kind of 
stuff they really just guard the [ex­
pletive deleted] out of. They just 
don't want anyone to know. This is 
extremely aggravating for us be­
cause the customers want to know 
what these problems are too," one 
board vendor reported. Apparently, 
after nearly two years in the 
market, the 860 still has five bugs, 
one of which is said to significantly 
affect floating-point performance. 

-Dave Wilson 

"I'll support any standard 
as long as it's mine" 
A large-scale lobbying effort by the 
newly named Advanced Comput­
ing Environment consortium has 
begun to sell software developers 
on a set of standards based on 
MIPS Computer Systems' RISC ar­
chitecture. The standards embrace 
systems including laptops, PCs, 
workstations, and supercomputers. 
Among the major players in the 21-
member group are Compaq Com­
puter, MIPS, Digital Equipment 
Corp, Microsoft, and The Santa 
Cruz Operation. The group's ef­
forts appear to focus primarily on 
the yet-to-be-available R4000 
processor. The consortium has 
agreed on a variety of features 
that will provide both binary and 
source-code compatibility. 

These efforts have groups of in­
dustry leaders poised for yet 
another clash over standards is­
sues. "I'll support any standard as 
long as its mine," commented one 
industry leader. 

Groups supporting the Spare 
and MIPS processors are amassing 
ammunition. The escalation in com­
petitive maneuvering may explain 
why Sun Microsystems recently let 
some of its techies out of the labora­
tory to tour the country with stu­
dies pushing Spare as the 
instruction set architecture with 
the brightest future (see "RISC in­
struction benchmarks spark per­
formance debate," p 69). Sun is 
certainly at the top of archrival 
MIPS' hit list and is no friend of 
the new consortium. Sun president 
Scott MacNeally was credited with 

commenting, "Those who can't com­
pete, consort." 

+-Warren Andrews and Tom Williams 

Mac clones inevitable 
By delivering an Apple Macintosh­
compatible operating system on 
disk and in ROM, three ASICs 
that replicate the logic of the Mac, 
and user interface software based 
on OSF's Motif, Nutek (Cupertino, 
CA) will enable OEMs to start 
designing Apple Mac clones. To get 
around legal wranglings, the 
Nutek operating system was writ­
ten from the ground up and re­
quired more than a quarter million 
lines of code. The chip set has been 
prototyped and is currently going 
through simulation and validation. 
Shippable parts should be ready 
by the end of the year, according to 
Benjamin Chou, Nutek's president. 

-Dave Wilson 

Mentor's Falcon makes 
slow ascent 
Mentor Graphics (Wilsonville, OR) 
has started shipping the first ele­
ments of its long-awaited Concur­
rent Design Environment, Release 
8.0. Phase I of the Falcon 
Framework software, the Board 
Station printed circuit board 
design and analysis tool, as well as 
thermal-analysis and on-line 
documentation tools, will run only 
on older HP/Apollo Domain 400 
workstations. Mentor hopes to 
have these tools up and running 
on Sun workstations by the end of 
the second quarter, with third­
quarter releases running on the 
new HP 700 workstations. 

The Phase II release will include 
tools for the design of hybrids, mul­
tichip modules and ICs. Phase III 
will include QuickSim II, Design 
Architect, System-1076, and 
VHDL synthesis. Some analysts 
are downplaying the importance of 
the Phase I tools because they tar­
get only printed circuit board de­
sign, which accounts for 15 to 20 
percent of Mentor's revenues. 
Until more front-end tools are re­
leased, it's doubtful that Phase I 
will have much of an impact. 

-Mike Donlin 

Continued on page 10 
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Our Systems Stack Up To Be The BEST! 
SYSTEM FACTS 

* Rugged, Reliable 19" Rackmount 
* 18 inches deep with 3 drive bays 
* 24 inches deep with 6 drive bays 
* Accepts Motherboards 
* Accepts Passive Backplanes 
* EISA and ISA bus architectures 
* 8, 12 or 16 -slot configurations 
* Cortex Split Backplanes 
* 200W to 350W power supplies 
* Custom Power Supplies available 
* Front mounted keyboard socket 
* Rackmount monitors 
* Rackmount keyboard drawer 
* MS-DOS, OS/2, Unix, Xenix 
* Dual card cage cooling fans 
* Master Control 16 controller 
* Quick disconnect extending slides 
* Tilting and extending slides 

SYSTEM USAGE 
* Network File Server I Duplexing 
* Data Acquisition 
* Factory Automation 
* Motion Control I Robotics 
* Communication Networks 
* Voice Mail I Message Systems 
* Broadcast Communications 
* Military I Defense Systems 
* Video Editing Studios 
* Test System Controllers 

ENGINEERING 
* Steel Enclosure 
* EMI \RFI Plating 
* Hard Coat Anodized Face Plate 
* Custom Configurations 
* Custom Engineering I Design 

Cortex Corporation 

1-800-888-RACK 
12274 Nicollet Ave. S 
Burnsville, MN 55337 

(612)894-3354 Fax (2414) 
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Continued from page 8 

Another record-breaking 
SBC for Moto? 
When Motorola rolled out a new 
CPU board at the most recent Bus­
con (January 1991), many in the 
audience expected the company to 
also announce the follow-up ver­
sion of its MVME147. Instead, it 
introduced the next version of its 
88000 RISC-based board, the 
MVME187. The MVME167, as the 
68040-based board was expected 
to be called, remained elusive. 

The 68030-based MVME147 set 
new price/performance standards 
for single-board computers when it 
was introduced. At a list price of 
$4,995 with very deep quantity dis­
counts, the board was the most 
successful single-board computer 
ever offered. It's reasonable to as­
sume that the 040-based 167 
board and 88000-based 187 will 
share many of the same features, 
ASICs and design as the 147. 
Word has it that the two boards 
were designed concurrently and 
that software problems held up 
the 167. 

With sampling expected to start 
sometime in July, Motorola ex­
pects the 167 to top sales of the 
147. According to reports, the 
board is a "screamer" and, al­
though the list price is rumored to 
be significantly below that of the 
147, there's no hint the company 
will tighten up on its discounting 
policy. -Warren Andrews 

DAC hears pleas 
of EDA attendees 
After much pressure from groups 
such as the Electronic Design 
Automation Companies, the 
Design Automation Conference 
(DAC) has announced plans to at­
tract more EDA users and 
managers to this year's con­
ference. The 28th annual gather­
ing, slated to take place in San 
Francisco from June 17 to 21, will 
feature free first day passes for ex­
hibits, as well as two panel ses­
sions aimed at EDA users and 
managers. 

Many vendors claimed that the 
return on their investments in the 
conference was unsatisfactory. 
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Rather than face the possibility of 
a rival show targeted to users and 
management, DAC officials 
formed an Industrial Program 
Committee to sponsor presenta­
tions from corporate presidents 
and CE Os of vendor companies. 
The lineup includes Tom Bruggere 
from Mentor Graphics , Wilfred 
Corrigan from LSI Logic and Joe 
Costello from Cadence Design Sys­
tems. -Mike Donlin 

Silicon Graphics hands off 
RISC, graphics expertise 
A strategic agreement between 
Compaq Computer (Houston, TX) 
and Silicon Graphics (Mountain 
View, CA) is expected to pave the 
way for technology exchange and 
the joint technical development of 
future products. The plan includes 
Compaq's purchase of a 13 percent 
equity stake in Silicon Graphics. 

Silicon Graphics has agreed to 
share its Iris graphics library and 
its expertise in designing RISC­
based systems, while Compaq will 
contribute its expertise in the 
EISA bus standard, VLSI design 
and high-volume manufacturing 
techniques. Using the newly ac­
quired technology, Compaq is ex­
pected to build low-cost 
RISC-based systems with leading­
edge graphics. The agreement 
benefits Silicon Graphics by 
further promoting its graphics 
technology. The Iris library is al­
ready licensed to IBM for use in 
its RS/6000 RISC workstations. 

-Jeffrey Child 

Futurebus spec 
one step closer 
With its March meeting, the IEEE 
896 working group took another 
step toward completing the 
Futurebus+ specification. Negative 
ballots from the sponsor ballot 
phase of 896.1 (the logical layer) 
have been resolved, and the draft 
is out for another 30-day spin 
around the block. The physical 
layer and profiles are already out 
to the committee for its sponsor 
ballot phase. Ballot review and 
negative ballot resolution is ex­
pected for the next session. 

IEEE Project Authorization Re-

quests have been granted for addi­
tional profiles: "T" for tele­
com/high-a vailability systems; 
"M" for military modules; and "D" 
for the desktop profile. These 
have been upgraded from study­
group status. Profile "C" for cable 
interconnect has been granted 
study group status to look at the 
benefits and methodologies for in­
terconnecting Futurebus+ systems 
with a cache-coherent cable media. 

Finally, the long-awaited 
P896.3 Systems Recommended 
Practices (the "How to do it" docu­
ment) is in the final stretch, and 
submission for final ballot is ex­
pected this month. If the name 
and "P" number don't seem to 
match, it's because the Systems 
Configuration Guide has become 
Systems Recommended Practices. 

-Warren Andrews 

Synthesis a hot topic at 
ASIC conference 
Hundreds of Idea'91 conference­
goers left standing room only last 
month at the technical sessions on 
low-level logic synthesis. If the 
number of attendees at the ses­
sions was any indication of how 
the technology is catching on, syn­
thesis should be a mainstream 
design methodology before long. 

At one session, Howard Land­
man, senior CAD engineer for 
logic synthesis at Sun Microsys­
tems (Mountain View, CA), pre­
sented a user's perspective. He 
told attendees that synthesis tools 
are not pushbutton, and that they 
leave many options for designers 
to explore. Designers should stop 
asking whether logic synthesis 
tools are better than human de­
signers, Landman said, and in­
stead ask whether a designer with 
synthesis tools is better than one 
without them. -Barbara Tuck 

Committee zeros in on 
FB+ military connector 
style 
In an effort to standardize on an 
open architecture for future 
military/avionics applications, a 
committee comprising the IEEE 
and several subcontractors has 
selected a specific connector style 



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 
worldwide. 

DY 4 provides performance, reliability and cost­
effectiveness through integration of a full range of 
open-system VMEbus products and services to 
military, rugged and commercial standards. 

DY 4's system solutions incorporate non-developmental 
item (NDI) products from the broadest product line in 

DY 4 Systems Inc. 

21 Fitzgerald Road, Nepean, Ontario K2H 9J4 Tel : (613) 596-9911 Fax : (613) 596-0574 

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-1-45608 (quality control) and 
soldering to MIL-STD-2000 in an ESD-controlled 
environment. 

Campbell , CA 
Tel : (408) 3n -9822 
Fax: (408) 3n-4725 

Hammel, Denmark 
Tel : +45-86-963624 
Fax: +45-86-962575 

Nashua, NH 
Tel : (603) 595-2400 
Fax: (603) 595-4343 

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

•Ada Is a trademark of the United States Department of Defense 
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You've chosen the 
'040 because you 

need maximum per­
formance in your VME 
system. But look care­

fully, because other 
Single Board 

Computers may 
give you only half of 

what you expected 
from the '040. 

Compare Synergy's 
SY 430 performance to 

any other SBC. Compare bus speed, 
MIPs, support, flexibility, documenta­
tion, reliability, I/O intelligence or any 
spec you can think of. We think you'll 

find the same thing we did- the SY 430 
outperforms every other SBC on the market 

by as much as 150%. 

Surprisingly, this kind of quality won't cost you 
any extra, because Synergy products lead in another 
important area-value. At Synergy, you don't have 
to pay a premium price for premium performance. 

Let us show you just how far ahead your system can 
be with a Synergy processor board. Call us today, and 

get the whole '040 story. 



an 
Compare our specs. 

Synergy is superior across the board! 
VM E 
Transfers 
YME64 doubles 
bus performance 
to 66 MB/s- and 
the S V 430 is the 
only '040 board 
that has it. But 
we don· t need 
YME64 to win 
this comparison. 

Even normal 32-bit transfers race at 33 MB/s. 
That's 200% faster tha n Force or Motorola. 

1/0 Modules 
Synergy's EZ-Bus modules are compatible 
with our entire line of SBCs . Thi s mean> 
Synergy's current line of 12 intelligent 1/0 
modules are immediately available for the 
SY430 - today. No other vendor comes close 
for selection. functionality or availability. 

Data from Motorola MVME165 dala ' heel da1ed 
2/90. and Force CPU-40 daia ' heel A I Rev. I. 
DRAM measurement~ ~ hown are with parity. 
VMEbus lransfers are to a 60ns slave . 

VME64 is a trademark of Performance Technologies. Inc. 

Synergy Microsystems , Inc. 
179 Calle Magdalena 
Encinitas. CA 92024 

(619) 753-2191 
FAX: 619-753-0903 

DRAM 
Burst 
Rates 
A 25 MHz '040 
is capable of 
accessing mem­
ory at 80 MB/s. 
The closer you 
are to this max­
imum. the more 
'040 perform­

ance you ' re gaining. SV430 bursts are 26% 
faster than Force and Motorola. 

'020/'030 
Compatibility 
Software 
compatibility 
between Synergy 
SBCs means 
users have simple 
upgrades to the 
SY430 from 
our ·020 and 

·030 SBCs. Force offers compatibility only from 
the '030 level . and Motorola offers ·'upward 
migration··-a polite phrase that means rewrit­
ing your code. 
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DRAM 
, Random 

Accesses 
Non-burst '040 
performance is 
measured in wait 
states. Fewer 
wait states mean 
higher perform­
ance. The SY430 
is not on ly 66% 

faster than Force or Motorola. it supports twice 
the on-board memory-32 MB. 

Product 
Warranty 
Synergy backs 
the reliability of 
its SBCs with a 
two year standard 
warranty. Force 
and Motorola 
only offer 
you one. 



I EDITORIAL 

If a user or vendor 
has benchmark data, 
we think you should 

see the results. 

John C. Miklosz 
Associate Publisher/ 

Editor-in-Chief 
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Hard data isn't so 
hard to come by 

0 ne characteristic of Computer Design's editorial approach­
we even like to think it's unique-is that we try to go beyond the 
product specs, features and implementation-level details that are 
the stock and trade of most publications serving the electronics/ 
computer design community. All of our senior technical editors 
have the mandate to provide perspective, analysis and compara­
tive data on the technology and products they write about. Our 
goal is to make it a little easier for you to make decisions about 
your options and the trade-offs you have to make when choosing 
an ASIC implementation, a microprocessor or any other IC, a bus 
architecture, a CPU board, a CAE/CAD package, an operating sys­
tem-the list goes on and on. 

A key element in making any choice is having the data. In the 
electronics/computer world, that means benchmarks. Unfor­
tunately, getting objective benchmarks is extremely difficult. 
While potential users of a particular product-a printed circuit 
board layout tool, for example-might benchmark several prospec­
tive candidates, that data might not be comprehensive and would 
usually remain within the company. Vendors, on the other hand, 
routinely benchmark their own and competitive products and 
make the results public. But the objectivity of these benchmarks 
is always open to question. 

Because user benchmarks may not be comprehensive and ven­
dor benchmarks may be tainted by self interest, the electron­
ics/computer publications you receive-Computer Design in­
cluded-have been loathe to use them. There's also the fear of 
offending present or potential advertisers if they don't do well in a 
benchmark. We think that's a mistake. 

If a user or a vendor has benchmark data, we think you should 
see the results-incomplete or not, biased or not-and make up 
your own mind. Our editors will probe the benchmark data to 
uncover any underlying assumptions, discrepancies, biases or 
legitimate differences of opinion and point those out to you. Two 
of our editors, Tom Williams and Dave Wilson, have done just that 
in the Technology Updates section of this issue. And we're going 
to do more. 

Whenever possible and appropriate, we will publish any and all 
benchmark data our editors can lay their hands on. Editors will 
work relevant benchmarks into our feature articles and use bench­
mark data as a jumping-off point for our shorter, news-oriented 
Technology Update articles. You can help us in this effort by 
making our editors aware of any benchmark results you've com­
piled or been shown by vendors or colleagues. Give any one of our 
editors a call, or call me directly. 



EPC Embedded PCs Mass Storage Modules 

EPC MODEL EPC-1 EPC-3 EPC-4 EPC-5 
(shipping since Aug '88) (shipping since Aug '89) (shipping since Mar '90) (sh1ppmg since Oct '90) 

Processor Modules: 
CPU 80386 80386SX 80386 80486 
CPU Clock 16 or 20MHz 16MHz 25 MHz 25 or 33 MHz 
DRAM 1 or4 MBytes 1, 2 or 4 MBytes 4. 8 or 16MBytes 4. 8 or 16 MBytes 
Graphics EGA (640 x 350) VGA (800 x 600) VGA (800 x 600) VGA (800 x 600) 

Mass Storage Modules : 
Hard Disk Capacity 40 MBytes 40, 100 or 200 MBytes 
Floppy Drive Size/Cap. 3.5" / 1.44 MBytes 3.5" / 1.44 MBytes 

Expansion Capabilities : 
PC Add-in Cards Yes Yes 
EXMbus Expansion N/A EXM Expansion Modules: 

EXM-1 Ethernet EXM-5 Modem EXM-9 I DE/Floppy Ctrl 
EXM-2 Sohd Stale Disk EXM-6 VGA Graphics EXM-10 Ethernet 
EXM-3 SCSI/Floppy Ctrl EXM-7 RS232 Serial 1/0 EXM-11 Timer/Counter 
EXM-4 IEEE 488 EXM-8 RS422 Serial 1/0 EXM-12 Prototyping Card 

Software Support: EPConnect development. run-time. and multiprocessing software package for DOS Windows. UNIX.and OS/2 

Copyright ~ 1989 RadiSys Corporation_ All rights reserved RadiSys and EPC are registered trademarks and EPConnect 1s a trademark of 
AadiSys Corporation_ 386 and 486 are trademarks of Intel Corporation. OS/2 1s a trademark of International Business Machines Corporation 
UNIX is a trademark of American Telephone and Telegraph 
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Integrating a PC with your VME system is 
a smart move. The "PC advantage" provides 
a superior human interface and access to 
the PC's huge base of system, application 
and development software. 

The PC Advantage belongs inside your 
VME system. Not attached to it. By embed­
ding a PC inside your VME card cage, 
instead of attaching it externally, you break 
through the inherent communications 
bottleneck that constricts system perfor­
mance. You also eliminate the superfluous 
hardware and software needed to attach 
two system architectures. 

Only RadiSys EPC® Embedded PCs 
completely integrate the strengths of PC 
and VME. An EPC, with its exclusive 
EPConnect™ Software, is the only 386- or 

486-based, PC-com­
patible computer with 
software that inte­
grates the YMEbus into 
the DOS, Windows, 
UNIX and OS/2 envi­
ronments. EPCs give 
your YME systems: 

•Highest system performance from the real­
time responsiveness of the direct 32-bit 
interface between the 386 or 486 and the 
VMEbus. 
•Improved system packaging in 1/!0th the 
volume, with integral VME ruggedness, and 
no bus link baggage. 

And EPCs cost you less. EPC-based systems 
avoid the costly pitfalls of attached PC 
systems. o extra interfaces, cables, surro­
gate controllers, or the software to make 
them work. 

Give your VME systems the EPC advan­
tage. Call (800) 950-0044. We'll send all 
the details. No strings attached. 

CORPORATION 

THE INSIDE ADVANTAGE 

RadiSys Corporation 
19545 NW Yon eumann Dr. 
Beaverton, OR 97006 USA 
(800) 950-0044 
(503) 690-1229 
Fax (503) 690-1228 



So would you like the number 

Yes, it's true some 
design teams see us -.. , .... ......__, 
as the emergency ~ 
number of devel­
opment systems 
providers. 

Many more, however, 
use Applied Microsystems 

more productively 
by calling us in 
earlier-at the 
start of their 

embedded 
..--...fl' systems project. 

Out of our experience comes tools and support 
lo help your design team work like a team. 

Long before the sirens ever 
begin to sound. 

Development systems 
for today's embedded 
systems. 

It's getting much more 
complicated in there. Like, 
several megabytes of code 

0 19')1 Applied Microsystems Corporation, P.O. Box: 97002, Redmond, WA 98073-9702 USA. All rights reserved. AMC-25. Other names indicated by ®and rM are regis1ered trademarks of their respective holders. 



for Applied Microsystems? 

in a 32-bit design. Which 
means more engineers to 
write it, often within ve1y 
different, even mismatched 
environments. 

Our modular develop­
ment system architecture 
helps bring your design 

together by integrating your 
computer environment 
with our high performance 
emulators, debuggers, 
simulators and compilers. 

We even offer a 
networked system for Sun"' 
setups. And a common 
interface for all our systems 
for easier 16- or 32-bit 
development. 

All so your design 
team can begin 
working like a 
real team. 

We work with 
the processors you 
work with most. 

Megahertz for mega­
hertz, our tools run with the 
best, such as the powerful 
68020/ 030 or i960TMCA 
microprocessors. 

In fact, we have 
alliances with Motorola~ 
Intel®and others. This 
enables us to deliver fully 
tested, compatible devel­
opment systems sooner to 
support your processor's 
unique features. 

Moreover, supporting 
your development efforts 
is our only business. So 
unlike others who just 
dabble in development, 
we have to be better at it. 

Which may explain 
why companies have 
called upon us to set up 
over 15,000 development 
systems worldwide. 

Call before your 
development days 
are numbered 

It's never too early to 
talk with us about your 

upcoming design 
projects. 

In fact, you can 
start now by calling 
for our brochure on 

what you should 
expect from a 

development systems 
company (and can't afford 
not to get). 

Just call 
1-800-343-3659 
(in Washington, 
206-882-2000). 

And of course, 
we'll be happy to take 
your emergency calls, too. 

1ttm1m 

Applied 
Microsystems 
Corporation 
Where it all comes together. 
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Fo r the name o f your nearest dis tributo r in Europe, call 44-(0)-296-62S462. Europe F.1x 44-296-623460. Or contact Applied Microsystt'ms Corporation. Ltd., A..\iC House, South Street, Wendover, Aylesbury, Buck-;, 
HP22 6E P. t.:nited Kingdom. In J apan, call 03-493-0770. Japan Fax 03-493-7270. Or contJct Applied MicrD..">ys1cmsjapan. Ltd., Nihon Sdmci, Nishi-Goonda Building, ~-24-5 Nishi-G()(anda, Shinagawa-KU, Tokyo T141, Jap;m. 



ETHERNET 
1 OBase-T and 
Token Ring 16 Mbps 

•Miniaturization saves 
40% on real estate 

•Lowers production costs 
•Designed to meet IEEE 802 
performance standards 

• Thru-hole and surface mount 
•Discrete or integrated modules 

Quality On The Leading Edge 

LAN Magnetics and Filters 

Solutions to the 
High Cost of 
RealEstate 

---
TECHNOLOGIES 

4787 Cardin St ., San Diego, CA 92111 -1416 

Tel : (619) 569-6577 •Fax : (619) 569-6073 

CIRCLE NO. 11 
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ANCOT's SCSI instruments are powerful, easier to use, and cost less. Proven 
in use worldwide, Ancot's portable equipment travels from bench to field and back 
again without ever slowing down. They are time and labor saving instruments, for 
design, manufacturing, repairing , and inspection applications. 
Call today for product data sheets, demo disc, or to make arrangements for a free 
evaluation unit in your facility. -~[ 415] 322_5322 
[ A. N C c=J T ] 115 Constitution Drive 

c D Fl p D Fl A T I D N Menlo Park, CA 94025 
Fax # 415 322-0455 
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l.65 GB in a 5.25-inch 
Available Now Is th N . Fonn Factor. 
DK516C-16 w· ch e ew Hitachi 

m ester. 
To back-up thdam Hi . 

. ous tachi quali th senes drives are offered .th ty, e DK516 
MTBF and a 5-year wa~ty a 150,000 hour 

Edge-to-Edge Perfonn~~ 
Th D ...... ..uce 

e K516C-16 uses Hita hi' 
etary technology to d 1· c s advanced propri-

d e rver l 65 GB f . an a fast 13 5 ms · o capacity 
Its SCSJ .' ..r. average access time. 

mte, iace provides . 
transfer rate of 5 o Mb a ll1aximum data 
a 256 Kbyte da~ b ffi yte.<l:dsec (synchronous) with 

Or . u er an read look ah , 
. , if you have an ESDJ a . . - ead cache. 

Hitachi's new l 54 GB DK5 pplicauon, look into 
average seek an;e and a 2 751~ with a 14 ms 
Ed · sec data transfer rate 

ge-to-Edge Quality . 
ChoosetheDK516and o . 
the quality and reliabili y t get a drive backed by 
company. Unlike othe? o Hitachi-a $44 billion 
design, build, and test all t;e ;anufacturers, we 

If your new system dJ omponents in-house. 
then there's only one disk d~ IS leading the edge, 
DK516, from Hitachi. e ch01ce: the new 

For more inform · 
any Hitachi disk driv:t~anllalbo8uOtOthe DK516, or 

' · - -HITACHI. 

~tachi Am~1:ica, Ltd. 
omputer D1vrsion Mssoo 

Hitachi Plaza ' 
2000 Sierra Point Parkwa 
Bnsbane, CA 94005-181~ 

@HITACHr 
Our Standards Set Standards 

I 

I 
I 
I 

I 
I 
I 

The Leading Edge of Capacity 
CO SA 61 2-949-0053 
~IA. IL, I . KS. KY, Mi, MN, MO ND 

E. OH, i'lnsburgh, PA, SD, wn' , GE TRY ASSOCIATES 
800-877-2225 (AL DC fl 
GA, LA, MD, MS, C, sC, T : l'Al 

c1;}QUAREo 800-777-34 78 
, CA, CO, NM, OR, UT, WA, wY) 
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SIGNAL 80:~~~o7~i:ed Distributors: 
(CT, MA, ME, NH, RI, VT) SPECIALIZED SYSTEMS 

TECHNOLOGY 800-68B 
(AR, LA, OK, TX) -8993 



5EALEVEL 
COMMUNICATIONS & 1/0 

SEALEVEL SYSTEMS INC. 
PO BOX 1808 

EASLEY. SC 29641 

[803 ] 855- 1581 
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SorryOrCAD 

Sorry Tango 
The NEW SCHEMA Ill 3.3 introduces an incremental 
compiling, unlimited size design processor, full net­
work compatibility, auto parts creation, and much 
more, again keeping SCHEMA a step ahead in func­
tion and speed. 

OrCAD introduced its "framework" in 
1991. SCHEMA had it in 1987! 
Tango introduced wildcard library 
browse in 1991. SCHEMA had it in 
1988! 

SCHEMA Ill 3.3 leads the pack in 
features and performance, but not in 
price! Still only $495 including the "framework" 
and FREE 1-800 support! Why wait for them? Call 
today for your free demo disk and see why SCHEMA 
is the professionals' choice. 

• (800) 553-9119 
' I• I-\~~ FAX (214) 783-9072 
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CALENDAR 

' CONFERENCES 

May 12-15 
C/CC 
Town & Country Hotel, San Diego, CA. Global communica­
tions is the theme of the 13th annual Custom Integrated 
Circuits Conference. The show will offer education, technical 
and new product sessions, as well as exhibits from semicon­
ductor manufacturers, software tool vendors and design 
houses. Information: Roberta Kaspar, Technical Program 
Coordinator, 1597 Ridge Rel W, Suite 101C, Rochester, NY 
14615, (716) 865-7164. Circle 366 

May 20-23 
Spring 
Georgia World Congress Center, Atlanta, GA. 
Spring is a new event that includes Comdex 
and the debut of Windows World, featuring 
products, support and education on Windows computing. 
Spring's exhibits and conferences will focus on networked 
computing and multimedia. Information: The Interface 
Group, 300 First Ave, Needham, MA 02194-2722, (617) 449-
6600, fax (617) 449-6953. Circle 367 
.................... . ............................ 
May 20-23 
Midwest Electronics Expo/PCB Expo 
Minneapolis Convention Center, Minneapolis, 
MN. TI1e Midwest Electronics Expo and the 

THE 8TH ANNUAL 

MIDWEST 
ELECTRONICS 
E1X1P10 

PCB Expo will conduct a joint conference pro- ~---­
gram this year. The show will feature 30 conference sessions 
and tutorials, with 10 devoted solely to printed circuit board 
issues. Information: Miller Freeman Expositions, 1050 Com­
monwealth Ave, Boston, MA 02215-1135, (800) 223-7126, 
fax (617) 232-0854. Circle 368 

June 10-13 
Nepcon!East '91 
Bayside Exposition Center, Boston, MA. -~ll"ll~,,,,., 
This conference and exhibition will fea- ,...,,...._~~­
ture products and technologies for the 
design, fabrication, assembly, packaging, inspection, and test 
of printed circuits and electronic assemblies. The expected 
16,000 attendees will find 375 exhibitors, 17 technical ses­
sions, 7 workshops, and 9 professional advancement cour­
ses. Information: Cahners Exposition Group, Cahners 
Plaza, 1350 E Touhy Ave, PO Box 5060, Des Plaines, IL 
60017-5060, (708) 299-9311, fax (708) 635-1571. Circle 369 

June 17-21 ~~"' 
DAC f . ~ 

Moscone Center, San Francisco, CA. The 28th - -
annual Design Automation Conference, 00 - 0,; 

geared toward electrical engineers, computer "'"ERE" 
scientists and management, will offer technical programs, 
tutorials and vendor exhibits. Two new panels, "Global 
Strategies for Electronic Design" and "Implementing the 
Vision: Electronic Design in the 1990s," will target high-level 
management and project and group managers, respectively. 
Information: 28th Design Automation Conference, 7490 
Clubhouse Rd, Suite 102, Boulder, CO 80301, (303) 530-4333, 
fax (303) 530-4334. Circle 370 



Integrated Circuit Systems, Inc. 
Where ASIC experience sets new standards 

2626 Van Buren Avenue , P. 0. Box 968 •Valley Forge, PA 19482-0968 

Tel : (215) 666-1 900 • FAX: (215) 666-1099 



Fast Thi11gs Fast 
• 15 ns 256K SRAMs. 
• 20 ns lMEG SRAMs. 

• 20 ns 4MEG SRAMs. 

Right parts. Right speeds. Right now. 

To get your next design off to a 
fast start, get the fast parts you need 
through Paradigm's exclusive Express 
Chip service. Every SRAM is fabricated 
in our own facility in 

San Jose, California. And watch for our Processor Specific Memories 
to support Intel 486, MIPS R4000 and SPARC architectures­
coming soon. 

Discover the service designed to eliminate wait-states-for you 
and your processor. Call Paradigm's Express Chip hotline today. 

256KFamily 
PDM41256 32K x 8-28 lead DIP, SOJ, Ce~ck , LCC 

PDM 41258 64K x 4--24 lead DIP, SOJ, LCC 

PDM 41298 64K x 4 with OE-28 lead DIP, SOJ 

PDM 41251/ 2 64K x 4 with s<:.12._1/0-28 lead DIP, SOJ, LCC 

PDM 41257 256K x 1-24 lead DIP, SO], LCC 

1 MEG Family 

PDM 41024 128K x 8-32 lead DIPs, SO], CeIQ_ack, 450 x 550 LCC 
PDM 41028 256K x 4--28 lead DIP, SO], LCC 

PDM 41022 256K x 4 with s<:.12._1/0 -32 lead DTP, SOJ, LCC 

PDM 41027 1024K x 1-28 lead DTP, SOJ, LCC 

4MEGFamily 

PDM 4M096 512K x 8-32 lead DIP, Module 

Catch the Expresssm 1-800-767-4530 

PARADIGM TECHNOLOGY, INC. 71 Vista Montana, Sanjose, Ca lifornia 951 34 (408) 954-0500 FAX (408) 954-8913 
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G. Dan 
Hutcheson on: 
Mixed-signal 
technology 

T he mixed-signal IC is an emerging new technol­
ogy that's easy to overlook because on the sur­
face it appears to be no more than a niche 

application. If the current trends hold true, however, 
mixed-signal ICs will be as important to computer 
designers in the '90s as ASICs were in the '80s. But 
like any new technology generation, mixed-signal 
requires an entirely new way of thinking. 

One reason why it's easy to overlook mixed-signal 
solutions is that in the '80s the technology earned a 
reputation for being difficult to design. Adding analog, 
which is also difficult to work with, only made design 
more tedious and complex. But by bringing the power 
of digital VLSI to analog, it has been possible to 
introduce mixed-signal devices with integration 
scales and complexities that were only dreamed about 
a few short years ago. They offer digital's ease of use 
with analog's functionality. This new wave of devices 
is breathing life into new, unique designs that have 
until now been impossible for all but the most costly 
design targets. 

Mixed-signal ICs follow a pattern in semiconduc­
tor technology. Every decade a new technology 
emerges that dramatically alters how systems are 
designed. In the 1960s, SSI/MSI IC logic blocks were 
the foundation for mainframe computers. Then in the 
1970s, LSI microprocessors and memories brought 
forth the first powerful minicomputers, electronic 
calculators and video games. In the 1980s, VLSI 
ASICs let designers glue large blocks of processors, 
logic and memory together to bring mainframe com­
puting power to desktops and laptops. ASIC design 
methods also allowed chips to give workstations, 
personal computers and video games powerful 
graphics capability. 

Each of these technology generations had several 
common characteristics. They typically gained mo­
mentum in the beginning of the decade; they had a 
new semiconductor technology as their key driver; 
they made use of the latest scale of integration; they 
integrated previously separate functions; and they let 
computer designers differentiate their products in 
new ways. Mixed-signal is the only technology avail-

able today that follows this pattern. Also, mixed-sig­
nal is difficult to clone, which protects developers of 
value-added systems . 

I Automation brought to bear 
Prior to the '80s, chip and board designs were laid out 
by hand. Designers were faced with the difficult task 
of keeping both the electrical design and its physical 
layout in order. There was a natural split between the 
two industries. 

With the development of ASICs, designers had to 
integrate the printed circuit design layer with the 
silicon design layer. A design could no longer be 
conceptualized as a collection of catalog chips soldered 
to a board. What had previously been a board of chips 
became merged into functional logic blocks that were 
glued together in silicon. The barrier between what 
was on the board and what was on silicon became 
fuzzy. The design task would have been virtually 
impossible had EDA tools not been developed. And 
not only did EDA tools make it possible to manage 
these large designs, they also made it possible to build 
a business in ASICs. 

In the early '80s it was easy to think of both EDA 
and ASICs as separate trends in technology. ASICs 
were semiconductors, which were historically a com­
modity product. So semiconductor companies could 
focus on chip manufacturing and ignore how ASIC 
methodologies would affect design-and ultimately 
the market. 

Also, circuit design and chip design had been sep­
arated between the systems level and the silicon level. 
So chip companies could confuse, or ignore, what was 
going on at the silicon level with the end objective, 
which was to obtain a working design. Many of the 
early leaders, such as Interdesign, made the error of 
believing that the responsibility for system design 
would continue to rest with the systems houses and 
unwittingly placed the burden of silicon design on the 
systems designer. Those that recognized the link 
between ASICs and EDA tools embraced both 
methods early on to simplify the systems designer's 
task. Virtually every leader in ASICs today attributes 
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its early success to making EDA software a strategic 
component of its business. 

I Evolution of mixed-signal 
Mixed-signal faces challenges today much like ASICs 
did last decade. The conventional view of many market 
researchers is one of those challenges. According to 
this viewpoint, future mixed-signal devices will have 
an ever-increasing analog content. Current analog 
content rates are typically estimated at 5 to 10 
percent, and some industry experts project a cross­
over into the 50 percent region during the mid-1990s 
(see "Conventional Wisdom," on facing page). 

There are many reasons why this view is not prac­
tical. The first is a lack of good mixed-signal simula­
tion tools. Without strong simulation tools, designs 
with high analog-to-digital content 

than the object: the signal. In silicon, according to this 
view, analog is analog and digital is digital. So mixed­
signal must be the simple placement of the two on 
silicon. 

The fact is that this is not the case. Thanks to the 
digital VLSI revolution of the '80s, it is now relatively 
easy to design and simulate digital circuits with 
hundreds of thousands gates and to implement analog 
functions in digital circuits. These circuits are a paradox 
because they're not analog, but they're also not digital 
in a pure sense. Pure digital is a control function, where 
analog is an information-bearing signal. 

Consequently, a definition is needed to describe this 
newly emerging circuit. Much of the ambiguity in 
mixed-signal has occurred because it is so immensely 
tedious and complex. Some mixed-signal applications 

can't logically be called digital. One 
ratios need significant amounts of 
hand crafting and the intuitive 
knowledge of an experienced analog 
designer. Testing mixed-signal dev­
ices with high analog-to-digital con­
tents is another area of difficulty. 
Consequently, designing mixed-sig­
nal devices with a high analog and 
digital content is both expensive and 
time-consuming. 

A new generation of 
mixed-signal devices 
have emerged with 

integration scales and 
complexities that were 

only dreamed about 

example is digital signal processing. 
The central element of DSP consists 
of totally digital microcontrollers and 
multipliers. Still, they are digital ele­
ments that are designed for exclusive 
use in analog applications. Another 
example is LAN transceivers and 
subscriber line interface circuits. 
These circuits are highly digital, but 
are used for analog applications. 

Second, the pool of analog design­
ers has been shrinking over the 
years, since analog has not been a 
popular area in which to work. Addi­
tionally, the long market life of most 

a few short years ago. VLSI Research has coined the 
term "digitized analog" to define 
these circuits. They are ICs whose 
function is to aid in the mapping of I I I 

analog parts has meant that relatively few designers 
have been needed to service this market. The few 
designers that have remained in analog are the 
pioneers, and many of them are nearing retirement. 

The conventional view that future mixed-signal 
devices will have ever-increasing analog content has 
its roots in the earliest announcements of digital 
applications where microcontrollers were being de­
signed with analog I/O; however, this trend hasn't 
continued. In contrast, analog circuits have had in­
creasing digital content. Analog Devices has reported 
that a 12-bit digital-to-analog converter of the early 
'80s had 58 percent analog content with a mere 475 
components. A state-of-the-art Delta Sigma A-D con­
verter today has a 2 percent analog content with a 
total of 100,000 components. Consequently, the cross­
over point for analog and digital actually occurred in 
the mid-1980s (see "The Facts," on facing page). 

Additionally, mixed-signal ICs already account for 
8.5 percent of the total IC market. Sales of mixed-sig­
nal I Cs amounted to $4.4 billion in 1990. This included 
$0.9 billion in communications circuits, $0.7 billion 
in converters, $1.1 billion in interface circuits, $0.8 
billion in integrated signal-processing circuits, and 
$0.9 million in other mixed-signal circuits. Another 
indicator of this technology's importance is that the 
market leaders in mixed-signal are all significant 
overall players in the semiconductor market. They 
include National Semiconductor, Texas Instruments, 
Analog Devices, Motorola, and Harris Semiconductor. 

I Emergence of digitized analog 
A problem with the conventional view is that it is 
grounded in the physical attributes of the silicon, rather 
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analog system activities into digital 
system activities and vice versa. This includes trans­
formations of digital signals into other digital signals 
when the end objective is to achieve a digitized analog 
function whose inverse mapping into an analog func­
tion will eventually occur. 

I Digitized analog is unique 
It's easy to think of digitized analog as merely 
converted analog with DSP; however, it is much 
more. These are just the transmission and engine 
of a totally new technology. Together, they result in 
totally new activities that employ digital circuits 
instead of analog. Digitized analog is the repre­
sentation of analog signals in digital form. They can 
be filtered, analyzed and changed with software. 
Moreover, this can be done on the fly. This enables 
new functions which couldn't have existed alone in 
either domain. 

Some examples of digitized analog implementa­
tions in systems include the Patriot missile system, 
compact disk players, digital audio tape, laser print­
ers, copiers, and ISDN. Examples of assemblies in­
clude signal generators, automatic braking systems 
and fuel injection. At the component level, examples 
range from a simple phase-locked loop to delia-sigma 
converters, image-compression circuits and image­
transmission circuits. 

These new types of circuits are evidence that mixed­
signal is allowing designs that previously were not 
possible. Digitized analog nullifies the key criticism 
made against mixed-signal: that it is too difficult to 
design. Analog circuits can be designed with digital 
functional blocks. This eliminates the many parame­
ters that must be tracked for each cell in a pure analog 
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circuit and, in turn, makes analog design simpler. 
Analysis of the interaction of the analog cells on the 

circuit is also simplified. Digitized analog circuits are 
a mathematical representation of what is normally 
represented with materials properties in pure analog. 
Consequently, they can be designed at the signal level 
without any concern about the enormous complexities 
of materials properties at the silicon level. 

As a result, many other design barriers are broken 
down. Existing design tools can be used since the 
design is digital. Moreover, they can be developed in 
an evolutionary manner to meet the needs of digitized 
analog design. After all, Spice will be around for a long 
time for the purely analog portion. It won't be neces­
sary to wait for the next-generation mixed-signal 
design tool. And the same will hold true for testing. 
Also, the aging pool of analog designers will give way 
to new breed of designers building new digitized 
circuits. 

I Transparency a benefit 
Digitized analog won't merely push converters out to 
the periphery of the circuit; it will find its place right 
in the heart of the chip. In that way, it will be a 
mapping technique, rather than a conversion techni­
que. The mapping ability of mixed-signal can make 
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While conventional 
wisdom has it that the 
crossover point for 
analog and digital will 
occur in the mid-1990s 
(top), some industry 
experts feel that it ac­
tually already occurred 
in the mid-1980s 
(middle). The resulting 
technology is digitized 
analog (bottom), or /Cs 
that aid in the map­
ping of analog system 
activities into digital 
system activities and 
vice versa. According 
to some experts, 
digitized analog is the 
next wave in semicon ­
ductor technology. 

computers transparent to the user. In many cases 
with mixed-signal, users never need know that th ey 
are operating computers. 

Take the modern auto, for example, with ABS 
braking, electronic fuel injection and engine control. 
Some cars already have several Mips of computing 
power. In the future, automobiles will also include 
smart power, noise cancellation and suspension con­
trol. All of this is transparent to users. Mixed-signal 
also has found its way into color pixelation, image 
synthesis, disk drives, loud speakers, and displays, to 
name a few technologies. 

This will have significant ramifications for the 
system designer because modern mixed-signal sys­
tem development is heavily steeped in converters, 
DSP, software, and standards development. But while 
mixed-signal simplifies the design problem, it does 
not eliminate it; design and simulation tools will still 
have to evolve. 

Mixed-signal offers myriad new benefits and frees 
designers to think in completely new ways. The chal­
lenge, as with any new technology, will be in learning 
how to master it. 

G. Dan Hutcheson is president of VLSI Research 
(San Jose, CA). 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

Are secondary caches for the 486 
worth the money? 

one way to find out would be to build 
a processor module with an added 
256-kbyte, 32-byte line, I-line/sector 
write-back cache, and to measure 
the bus traffic on the DRAM side of 
the module. In that case, the 
read/write prefetch mix might end 
up as shown in the bottom figure. 
Here, of the total cycles performed 
by the processor, the majority of the 
bus traffic external to the module is 
spent doing prefetch, and bus cycle 
time is clearly reduced. 

Dave Wilson, Senior Editor 

I fthe 386 needed a second-level 
cache controller, does that neces­
sarily mean the 486 will? Some 

say yes, some say no. 
The 486 chip from Intel (Santa 

Clara, CA) has 8 kbytes of on-chip 
cache. If that isn't enough, designers 
can choose from a host of peripheral 
cache controllers, both write­
through and write-back, that will let 
them build second-level caches to 
improve cache hit rates. But some 
question whether the peripheral 
cache controllers are worth the 
money. 

With each new member of the 486 
processor family, they say, Intel adds 
yet another price/performance point 
to its P C processor family t hat 
makes it less likely that designers 
would add much extra value to their 
products through secondary caching 
techniques. "Intel's pricing on 486 
processors is coming down quickly. 
Clearly, the 25-MHz 486 is priced to 
replace the 33-MHz 386, moving the 
486 into the commodity market 
where motherboard cost is the most­
important factor," says Patrick Lee, 
vice-president of marketing and 
product engineering at Pioneer 
Computer (Fremont, CA), a manu­
facturer of 486 P C motherboards. 

I Performance a moot point 
Derivatives of the 486, such as the 
486SX, will help. By Intel's reckon­
ing, the 20-MHz 486SXhits a perfor­
mance point between the 33-MHz 
386DX and the 33-MHz 486DX (see 
figure, above right). Hence, what ad­
vantage may have been gained in 
the past by accelerating the perfor­
mance of the 33-MHz 386DX 
through caching may now be moot. 
Buying a 20-MHz 486SXPC without 
cache would appear to be a more 
cost-effective solution. According to 
Intel, the 486SX at 20 MHz will out­
perform a 33-MHz 386 even when 
the 386 has a second-level cache. 

Looking at cache performance 
alone clearly is not the answer, es­
pecially for EISA-based systems 
that may support second-level 
caches in addition to other EISA bus 
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masters that may also access DRAM 
memory. "Boosting the performance 
of the cache isn't the only way to 
enhance system performance," says 
Jack Lii, vice-president of engineer­
ing at Cache Computers (Fremont, 
CA), a manufacturer of 486 PC 
motherboards. "You have to look at 
how to balance system performance 
as well." 

Intel's 486 architec­
ture is the key to 
its performance 
gains over the 
386, as demon­
strated by the 
ability of an un­
cached, 20-M Hz 
486 system to out­
perform a cached, 
33-M Hz 386 sys­
tem on integer 
benchmarks. 

20-MHz UNIX 
PERFORMANCE 

SPEC INTEGER 

DHRYSTONES V1 .1 
(VAX MIPS) 

DHRYSTONES V1 .1 
DHRYSTONES V2.1 

STANFORD INTEGER 
SUITE 

(VAX MIPS) 

Because the 8-kbyte cache al­
ready on the 486 chip uses a write­
through technique, the number of 
write bus cycles on the 486 bus in­
creases dramatically. Both Intel and 
Mosel (Sunnyvale, CA) have con­
trasted the bus cycle mix for an ap­
plication running on the 386DX with 
the same application running on the 
486 and found that the number of 
reads is dramatically lower because 
most reads are already well cached. 
It appears, then, that optimizing the 
memory subsystem for consecutive 
write cycles is the way to go. 

The crucial issue might instead be 
how well write cycle memory optimi­
zation can be performed. Perhaps 

OS READS WRITES 

UNIX (avg) 25% 14% 

DOS (avg) 29% 18% 

Assuming that Intel's mix is right, 
write cycle optimization appears to 
be key. And write-back caching, 
rather than write-through caching, 

33-MHz 20-MHz 
386 DX 486 sx 

7.7 10.2 

11.4 16.5 

19.9K 28.9K 
18.7K 26.2K 

7.9 11 .6 

would appear to be the best route to 
take with high-end 486 mother­
board designs. 

Along those lines, Mosel has re­
cently introduced its single-chip 
write-back cache controller, the 
MS441. When accompanied by the 
company's own MS443 dual-port 
burst memory, the controller can be 
used as a 64-kbyte two-way set-as­
sociative second-level cache subsys­
tem in either 386 or 486 systems. 
The chip design uses dual concur­
rent 386/486 bus controllers to man­
age the data path from the CPU to 
the cache and from the cache to the 
system. 

When a write hit occurs, the cache 

PRE FETCH 

61% 

53% 

SECOND-LEVEL 
CACHE HIT RATE 

97% 

99% 

Estimates provided by industry sources of the performance achieved by a 486 with a 
256-kbyte, 32-byte line, 1-line/sector write-back cache show that wri te bus cycle mix 
can be reduced significantly. 
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INTEGRATED CIRCUITS 

data array is simply updated, with­
out initiating any system cycles. On 
a read or write miss, it gets more 
complex. Either a read or write miss 
will generate a system fetch that 
brings new data into the cache, re­
placing older data in the cache. 
However, the data that's replaced 
may be dirty, having been updated 
in cache since it was loaded from 
memory. This would require a write­
back cycle to system memory to up­
date its version of the data. Intra­
ditional single-ported write-back 
caches, this causes a penalty since 
the system read to fill the cache with 
new data must wait until the write­
back cycle is completed. In the 443, 
however, hidden write-back cycles 
permit a background write back 
while read and write cache hits con­
tinue uninterrupted. 

I A custom design 
Perhaps the most impressive point 
about the chip, according to Lii, is 
that the dual concurrent bus con­
troller will support the 486 dual-port 
burst cache memory. On the other 
hand, he says, the Mosel dual-port 
SRAM is a single-source solution 

and only works with that company's 
cache controller. He also believes 
that the 64 kbytes of external cache 
provided by the Mosel chip is not 
enough for the 486. As a result, Lii 
has elected to design his own ASIC 
cache controller for the company's 
latest project, a 486-based EISA 
motherboard. He feels that he can 
gain more in performance by imple­
menting his own algorithm. "And it 
will cost less than an off-the-shelf 
part," he adds. 

In the custom design, Lii plans to 
combine a write-back cache control­
ler with a write buffer as well as a 
dual-port DRAM controller-all in a 
single chip. "Our goal is to break 
through the cache memory bottle­
neck and at the same time break 
through the DRAM bottleneck in the 
EISA system arbitration," says Lii. 

Normally, in an EISA system, if 
the 486 wants to access DRAM and 
the DRAM is not dual-ported, the 
processor must go through EISA bus 
arbitration to obtain DRAM owner­
ship before accessing the DRAM. Lii 
feels that by implementing a dual­
port DRAM cache controller he can 
reduce that bus arbitration cycle 
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SIEMENS 

Communications Genius 
With the development of the new 
Enhanced Serial Communication 
Control ler (ESCC2), Siemens has 
demonstrated a new genius in high­
speed multi-protocolling. 
The ESCC 2 (SAB 82532) offers an 
extraordinary range of protocol options 
at a high-speed transfer rate of up to 
10 Mbit/sec in synchronous mode. Sup­
porting X.25 LAPB, ISDN, LAPD, HDLC, 
SDLC, and both ASYNC and BISYNC, 
the ESCC2 offers outstanding capabili­
ties for a wide variety of applications. 
And it is as adaptable as it is powerful. 
The ESCC 2's flexib le 8/16-bit bus 
interface allows it to easily adapt to 
either Intel or Motorola microprocessors. 
Plus, it provides direct 8/ 16-bit accessi-

bility to all registers, as well as OMA 
and both vectoring and non-vectoring 
interrupt modes. This ensures efficient 
data transfer to and from host system 
memory, for fast, accurate and reliable 
multi-protocolling. 
For superior performance and flexibility, 
the ESCC2 features clock recovery up 
to 4 Mbit/sec, storage capability of 
64 bytes in each of its four on-chip FIFOs 
and four encoding schemes: NRZ, 
NRZI, FMx and Manchester. In addition, 
it offers user-programmable features 
such as 16/32-bit CRC, time slot 
assignment, and an 8-bit parallel port. 
The result is an excellent CMOS device 
with only 40 mW power consumption 
for all kinds of multi-protocol applications. 

For more information on the ESCC2, 
or to find out how you can receive your 
inexpensive PC-based evaluation kit 
(EASY 532), call 8 00- 4 56-92 29, 
or write: 
Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054-1514 
And put the communications genius of 
Siemens to work for you. 
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time, specified at 8 ms. 
For its initial foray into the 486 

ISA market, Cache Computers had 
ch osen a second-level write-back 
cach e controller ch ip from UMC 
(Santa Clara, CA). "Using the UMC 
chip we found that less than 2 per-

INTEGRATED CIRCUITS 

cent of the time the processor was 
going out onto the bus to write to the 
DRAM," says Lii. Read hit rate on 
the board, he claims, is running 
nearly 99 percent. For a write hit, 
it's around 96 percent. 

Mylex (Fremont, CA) is another 

MultiVendor 
• ID 

Microseconds 
Real-Time Microsecond 

Response from Multivendor 
Computer Environments 

Are fas t, real-time computations between multiple 
vendors' computers unrealistic? No. Through 
replica ted shared-memory, the SCRAMNet'" Network 
from SYSTRAN allows high-speed transfer of data 
between multivendor computers in real-time -
withou t communication software. 

SCRAMNet's ring configura tion achieves micro­
second application-to-applica tion performance with 
zero software overhead. Revolu tionary features 
include data-filtering to reduce network traffic, byte 
swapping for automatic reformatting of variables, 
interrupt passing for synchronization, and a dual 
fiber optic link that handles 150 Mbit /sec line 
transmission rates for distances up to 300 meters. 

Call SYSTRAN at 1-800-252-5601 for more 
information on the only communications network 
for stringent, real-time demands: SCRAMNet. 

SvsiRAN CORP. 
The Problem Solving Company 

4126 Linden Avenue • Dayton, OH, USA 45432-3068 
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vendor that, like Cache ompnt •r, 
believes the Mosel chip was a 1 ' AS· 
than-adequate solution : in it::; own 
EISA 33-MHz 486 moth erboul'd, 
Mylex has elected to use 128 kbyL ' 
of write-back cache. Pioneer's L 
says he would consider the Mus l 
part as a contender for hi s next-g n­
eration design, along with anoLh r 
controller from Opti (Santa Clara, 
CA). The Opti chip is part of a two­
chip set that includes a bus control­
ler peripheral chip. It integrates not 
only the cache controller but a mem­
ory controller and it can support up 
to 512 kbytes of write-back cache. 

"Boosting the 
performance of 

the cache isn 't the 
only way to enhance 
system performance. 11 

-Jack Lii, Cache Computers 

I I I 

Faced with a plethora of newer 
486 Intel derivations that will cover 
an expanding spectrum of clock 
speeds, potential users of off-the­
shelf cache solutions have split into 
two camps: one group that resorts to 
custom ASICs when their volumes 
get high enough and another group 
that doesn't believe in the benefits 
of cache techniques. Cache control­
ler vendors may find themselves 
selling products to a very select cus­
tomer base at the highest end of the 
performance range. • 

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

Cache Computers 
(415) 226-9922 . . .Circle 244 
Intel 
(800) 548-4 725 . . .Circle 245 
Mosel 
(408) 733-4556 . . .Circle 246 
Mylex 
(4 15) 683-4600 . . . . .. . . . . Ci rel 247 
Opti 
(408) 980-81 76 Ci rel 248 
Pioneer Computer 
(4 15) 623-0808 . Ci rel 249 
UMC 
(408) 727-9339 . . . .. .. . . Ci rel 2 0 
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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. Parent No. 4.562,453 

J. MITSUBISHI 
ELECTRON IC DEVICE GROUP 

CIRCLE NO. 23 



of Brooktree IC's for image­

conscious designers. They add 

to our rapidly growing family 

of Image Technologies compo­

nents. And they underscore the 

reasons why it makes sense 

to make Brooktree your prime 

resource for graphics and imag­

ing power. 

We've got IT together, looking 

at graphics and imaging from 

a systems architecture point of 

view. That means chips that work 

together to simplify your design 

task. That's IT! 

IMAGE ACQUISITION. We've got chip sets that bring image capture to 
your system with an added dimension: Image quality, made possible by 
three new 30 MSPS devices that support higher resolutions. 

The Bt252 Gray-Scale Image Digitizer, with its onboard lookup 
table, is perfect for machine vision applications. 

The Bt254 Color Image Digitizer's triple Flash A/D 's digitize your 
analog RGB for low noise, high quality multimedia applications. 

And our new Bt218 30 MSPS single channel CMOS 
Flash A/D provides another basic building 

block for image acquisition. \ 
Team any of the three with our Bt261 
30 MHz line lock controller and one of 

our true-color RAMDACs for a com­
plete image acquisition system 

on a board. 

0. 

"' 

-~ ·-

IMAGE RECEPTION. We've got chip sets to send 
and receive true-color digital video using an 8-bit 
interface. Our Bt294 CCIR 601/SMPTE RP 125 
Decoder works with our upcoming Bt297 ECL-TIL 
Translator for a complete solution to 4:2:2 digital 
component video. 



• I , 
IMAGE TRANSMISSION. We did say complete solution, didn't we? 
The Bt291 CCIR 601/SMPTE RP 125 Encoder teams with the upcoming 
Bt296 TTL-ECL Translator to provide cost effective 4:2:2 digital component 
video transmission without adjustments or support circuitry. In combination 
with the Bt294/297 reception devices, they make it easy and economical to 
add point-to-point video transmission to your multimedia system. 

IMAGE PRESENTATION. When it comes to 
display technology, we're where IT's at: We 
revolutionized RAMDACs. Now we're setting 
a new performance standard for super VGA, 
high-end XGA, 8514/A, TIGA compatible and 
x. terminal applications. It's the Bt484 true­
color RAMDAC. 

Its programmable pixel depth means you can 
run at 4 bits/pixel with 8:1 multiplex, 

8 bits/pixel with a 4:1 MUX, 
·16 bits/pixel at 2:1 MUX or 

even 32 bits/pixel for 24-bit 

GET IT NOW. 
Get with IT with 
Brooktree. Make us 

true color and 8-bit VGA. And 
its 32x32x2 three-color, user­
definable cursor is absolutely 

your source for Image 
Technologies products and 
information. We've assem-
bled especially useful packets 
of technical information, geared 
to your special interest. To get 
yours, call 1-800-VIDEO IC. Or 
write Brooktree Corporation, 9950 
Barnes Canyon Rd., San Diego, CA 

(/I 
c 
m 

92121. (619) 452-7580. FAX (619) 452-7294. 

awesome. 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

Transputer performance boosted 
to 1 Ox that of its predecessor 
Tom Williams, Senior Editor 

telligent pipeline that automati­
cally routes instructions to the 
proper execution unit without the 
need for a sophisticated optimizing 
compiler. The pipeline also has ac­
cess to a 32-word workspace cache, 
which stores the most recently 
used local variables. The work­
space cache eliminates in many 

The first member of a new 
family of transputers has 
been introduced by the 

In mos di vision of SGS-Thomson 
(Colorado Springs, CO). The trans­
puter, code named Hl, boasts an 
order of magnitude increase in all 
performance parameters, except 
power consumption. Performance 
has improved thanks to en­
hancements in the processor 
architecture as well as in the 
communications section of the 

H1 TRANSPUTER ARCHffECTURE 

chip, both of which now occupy 
approximately equal areas of 
silicon. 

The H l peaks at 200 Mips 
and offers 60-Mips sustained 
throughput with 25-MFlops 
peak and 10-MFlops sus­
tained floating-point perfor­
mance. Overall performance 
improvements include en­
hanced communications via 
the processor's four serial 
links. Each bidirectional link 
now runs at 10 Mbits/s in each 
direction. 

PROCESSOR PIPELINE 
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GENERATOR 
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CACHE 1-------< 
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LINK 3 

EVENT 0-3 I 

C LINK 0 I 
C LINK 1 I 

cases the need to go to the on-chip 
cache for data. 

Instructions are fetched in groups 
of four 8-bit instructions, that is, one 
32-bit word. Operands for some in­
structions must, of course, be 
fetched on subsequent cycles, which 
introduces gaps between some in­
structions in parallel paths in the 
pipeline. But the hardware itself is 
able to avoid pipeline stalls. When a 
group of instructions is fetched, a 
hardware "grouper" scans them and 
decides which type of instructions 
they are and to which IU they 
should be routed. The grouper then 

re-sorts them onto the proper 
paths in the pipeline, which 
includes stages of instruction 
fetch, grouping, local cache 
access, address generation, 
memory read, execution, and 
memory write. 

With this superscalar ar­
chitecture, not every instruc­
tion will perform every func­
tion possible a long the 
pipeline, and, as noted above, 
there will be times when not 
all instruction units are busy. 
The traditional way to handle 
such an architecture is to 
have an optimizing compiler 
analyze the code and schedule 
instructions to optimize the 
use of parallel execution 
units. 

This involves inserting No­
Ops into the code to avoid 
pipeline stalls when an IU 
will be idle. Instruction sched­
uling in hardware avoids pad­
ding the code with No-Ops, 
instead throwing them in at 
the last minute when the idle 
IU needs them. This avoids 
bloating the code with 
unneeded instructions (which 
is especially bad for embed­
ded applications, because 
they seek to occupy minimal 
space). It also eliminates the 
processor overhead involved 

I Superscalar architecture 
Gains in processing perfor­
m an Ce of the transputer 
come from a new pipelined 
superscalar architecture 
that passes multiple instruc­
tions per cycle down the pipe­
line, from a hierarchical 
memory scheme with cache 
hierarchy and from the re­
duction of cycle count for in­
structions. Most instructions 
now take between two and 
five cycles. In addition, fast 
CMOS process lets the part 
run at 50 MHz. Even with 
the enhancements and addi­
tions to the instruction set, the 
Hl maintains compatibility 
with the T805 transputer. 

The Hl's superscalar archi­
tecture supports multiple in­
struction units (!Us) that can 
execute in parallel for a sus­
tained instruction rate of 4 
instructions/cycle. The archi­
tecture is supported by an in-

The architecture of the H1 transputer from lnmos fea­
tures a multiple-path intelligent pipeline that uses 
grouping hardware to schedule instructions for four 
multiple execution units and four bidirectional serial 
links. A hardware virtual channel processor can multi­
plex large numbers of interprocess messages over the 
four physical links. The on-chip cache can be con­
f igured as either cache memory or program RAM for 
embedded applications. 

with fetching and processing 
No-Ops. 

The workspace cache is 
also an important element in 
avoiding pipeline stalls. 
"You can think of it as inter­
nal to the pipeline," says 
Raul Diaz, senior field appli­
cation engineer at Inmos. "So 
the pipeline, when it's fetch-
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ATMEL GATE ARRAYS 
OPEN TO THE PUBLIC 
Atmel engineers have been successfully making gate arrays for some of the world's 
biggest computer makers for more than a decade. That's some 650 different personalizations. 
Now we are offering our latest generation to the public. 

Here are seven reasons why you should _, pick Atmel for your next gate array. 

2. PERFORMANCE: 
We use a 0.8 
micron process 
so our gates run 
fast (260 picose­
cond inverter 
delays), can burn 
less fuel (3.3 
Volts) and can 
meet MIL-STD-
883C. 

3. TRANSLATION 
EASE: Transfer 
existing designs 
into our arrays for 
alternate sourc­
ing. Atmel guar­
antees to meet or 
beat the original. 
Or, you can proto-

1. FULL FAMILY: 
Currently, we 
offer eight devices 
from 4K to 160K 
gates and up 
to 360 
pins. 

type your 
design with 
our programma­
ble logic devices. 

7. MEMORY: 
Because we're a 
memory leader, 
we can put SRAM 

or EPROM 

6. TEST PROOF: 
JTAG eases in­
house system 
test, and cuts test 
development time. 

5. OPEN DESIGN 
SYSTEM: We make 
circuits, not design 
systems. Use your 
favorite hardware 

and software. 

4. PACKAGES: 
We're a leader 

in tape automated 
bonding (TAB) 
and other low­
profile, high-pin­
count packages, 
so our arrays use 
less board room . 

So, if you're looking for an old hand atgate 
.J 

arrays, look to Atmel; we 've been making 
around. Call , write or FAX us to get our great arrays for almost as long as they've been 

latest gate array literature. 

ATMEL CORPORATION 
2 125 O'Nel Drive 
San Jose, CA 95 13 1 

Ai•IL 
® 

The people who make the difference. 

CIRCLE NO. 62 

Tel. 1-800-292-8635 
Tel. (408)44 1-03 11 

FAX (408) 436-4200 



I TECHNOLOGY UPDATES 

ing local variables, doesn't ever have 
to go to the on-chip cache because it 
has its own registers inside where it 
keeps the latest parameters." The 
workspace cache allows two reads 
and one write on every cycle, so 
statistically there's little chance of a 
stall during the cache access stage 
of the pipeline. 

The on-chip cache itself is a fully 
unified set-associative 16-kbyte 
cache. It can store both instruc­
tions and data and allows 4 ac­
cesses/cycle. But the cache is also 
configurable. It can be set up as a 
16-kbyte system RAM for use with 
compact embedded applications, 
for example, as an 8-kbyte RAM 
and an 8-kbyte cache, or as a full 
16-kbyte cache. For those who 
wish to use a communications 
scheme other than the serial links 

INTEGRATED CIRCUITS 

manager David Dornblaser. 
Another problem arises when 

there are more "channels"-soft­
ware virtual links for communica­
tions between processes on separate 
transputers-than there are physi­
cal links. The solution on the T805 
and earlier transputer models has 
been to write special multiplexing 
software, for which Inmos has de­
veloped libraries. 

The Hl, however, uses a hard­
ware communications processor 
called the virtual channel processor 
(VCP) that can multiplex up to 
16,000 virtual links onto one physi­
cal link. The VCP packetizes com­
munications in 32-byte message 
packets, each of which it gives a 
distinct header and end-of-packet 
(or end-of-message) field. The VCP 
automatically decodes the headers 

C104 'WORMHOLE ROUTING' 

, I 
I I 

C104 

I 

H1 I I 

B H1 
I 

provided by the transputer architec­
ture, there are instructions for sup­
port of shared memory and DMA­
based coprocessors. 

I Enhanced communications 
Current transputer technology al­
lows interprocess communication 
via memory on the same transputer 
and via four serial links between pro­
cesses residing on different 
transputers. But the complexity of a 
network can make applications de­
velopment difficult-and may make 
porting applications to new systems 
even more so. "Portable software de­
mands that the details of the net­
work be relatively transparent ," 
says Inmos technical marketing 
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H1 

I 

H1 

of arriving packets to determine the 
destination virtual link. For every 
packet sent out on a link, an ac­
knowledge packet, consisting of 
header and end-of-packet token, is 
sent back to the originating VCP. 
This method works for point-to­
point communication adjacent 
transputers; for nonadjacent chips, 
Inmos has created a dynamic rout­
ing switch. 

The C 104 dynamic packet routing 
device had to solve the problem of 
routing messages without incurring 
any overhead from store-and-for­
ward buffering. The solution is what 
Inmos calls "wormhole routing." 
The C104 is loaded with a table, 
generated by tools developed by 

Inmos, to tell which packet headers 
are to be routed to which physical 
links. As a packet comes in, its 
header is decoded, and the routing 
switches automatically create a 
temporary circuit for the data. As 
the end-of-packet "tail" passes 
through, the channel is closed, like 
dirt collapsing behind a burrowing 
earthworm. This is done with a 
latency of less than 1 µs. A single 
C104 can handle up to 32 physical 
links. 

I Real-time enhancements 
In addition to its four serial commu­
nication links, the Hl also has four 
hardware interrupt lines that could 
be thought of as "bit links." They let 
a transputer either receive or gener­
ate interrupts. Error handling, 
which was a global function on the 
T805 , now lets errors be handled 
locally on a per-process basis. A trap 
handler can be assigned to most pro­
cess es to manage errors. For 
catastrophic errors-errors that 
have no assigned handling-a mes­
sage can be sent to the system con­
trol process over an additional link, 
the control link. The control link is 
used exclusively to propagate an er­
ror message over an entire network 
of transputers. 

Also new is a protected mode. 
Normal processes, called P-pro­
cesses, run in user mode and are 
protected against other "untrusted" 
processes. They aren't allowed to ac­
cess systems-level instructions, 
which are reserved for "trusted" or 
operating systems-level processes. 

Inmos is porting real-time kernels 
and operating systems to the Hl. 
One of these is the Chorus operating 
system by Chorus Systems, which 
includes a Unix-compatible pro­
gramming interface. Real-time ker­
nels include VRTX by Ready Sys­
tems and C Executive by JMI 
Software Consultants. According to 
Diaz, Inmos already has in place a 
suite of development tools including 
a C compiler and network configura­
tion tools. • 

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. 

SGS-Thomson 
(719) 630-4000 .. .. .. . . . . . . . .. .... Circle 215 



THE 
MEGABITE2 

WITH OPTIONS 
Now you can choose the exact megabit E2PROM to meet your system needs. You 
don't have to design around your suppliers' shortcomings ever again. Our new 
megabit family can satisfy every system requirement. Call it the megabit E2 with 
options . Look: 

OPTION I OPTION2 OPTION3 

Commercial 
Military 
Space 

No matter what options you need, our megabit E2PROMs run as fast as 120 nano­
seconds, have 300 microamp standby power, up to 100,000 write cycle endurance, 
individual byte programmability and on-chip error detection and correction. And, 
as with everything we make, they are available processed to MIL STD 883C. 

So, if you want the megabit E2PROM designed for your system, in volume 
now, call Atmel. 

ATMEL CORPORATION 
2 125 O'Nel Drive 
San Jose, CA 95131 

Alm EL 
® 

The people who make the difference. 
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Tel. 1-800-292-8635 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

80-MHz RISC processor 
screams through floating-point 

tion, data and address translation 
information directly on chip. 

There are other differences be­
tween the FRISC and the 860 in the 
way interrupts are handled and con­
text switches are performed. On the 
FRISC, the PCU is responsible for 
generating the next instruction ad­
dresses that are directed to the IFU. 
The vector interrupt unit prioritizes 
one of 16 interrupts and sends the 
interrupt service address of the vec­
tor table to the IFU. Both pre­
emptable and non-preemptable in­
terrupts can be serviced by the 
unique design of the interrupt sys­
tem. The interrupt latency can be as 
short as two machine cycles (24 ns) 
if a non-preemptable routine is not 
in progress. Since the entire set of 
pipeline registers are duplicated, a 
low-overhead real-time interrupt 
service routine could load or store 
data or refresh the DRAM and re­
turn to the current process in four 
machine cycles. The vector interrupt 
sub-unit and the block-t ransfer sub­
units support message-passing com­
munication in large-scale parallel 
applications, as in Mach. 

Dave Wilson, Senior Editor 

C ompanies introducing new 
RISC processors into today's 
crowded market must be ei­

ther crazy or extremely optimistic 
that they can bring something new 
to the processor party. Betting on the 
latter scenario, Micron Technology 
(Boise, ID), better known for memory 
technology than processor architec­
ture, will roll out a new processor 
dubbed FRISC in the third quarter. 

The objective of the FRISC project 
was to develop a 64-bit processor 
with fast context-switching time 
and high floating-point perfor­
mance. By targeting embedded-con­
trol and signal-processing applica­
tions, Micron hopes to avoid direct 
competition with the likes of Intel 
an d Motorola. Despite that fact, a 
comparison with the 860 from Intel 
(Santa, Clara, CA) will be inevi­
table. 

The FRISC chip consists of seven 
functional units: the bus unit 
(BUSU); a program control unit/vec­
tor interrupt unit (PCU); an instruc­
tion fetch unit (IFU); a register file 
(RF); a block-transfer register score­
board unit (BTRSU); a data load 
store unit (DLSU); and an execution 
unit (EXU) consisting of a parallel 
floating-/fixed-point multiplier and 
a floating-/fixed-point adder/sub­
tractor unit. The processor executes 
in a five-stage pipeline and can han­
dle background block-transfer 
load/store operations, in addition to 
instruction buffer loading. 

I Banked, f ully mapped system 
The FRISC virtual memory system 
differs from the hierarchical mem­
ory caching technique supported by 
the Intel 860 design and is best de­
scribed as a banked, fully mapped 
system. The 32-way, byte-addres­
sable, interleaved memory supports 
a 12.5-ns cycle time both in the chip 
and to the Interleaved Memory Buff­
er (IMB) registers, a 20- to 30-ns 
DRAM page-mode cycle time and an 
80- to 110-ns DRAM row/column cy­
cle time. 

A direct-mapped cache in the IMB 
MMU maps the virtual row address 
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bits to the physical row address bits. 
This banked fully mapped virtual­
memory scheme implies that the 
DRAM column addresses are both 
physical and virtual memory 
addresses. The IMB operates in a 
write-back manner with a page-mode 
write-back to the current DRAM page 
being performed only if there was a 
write to one of the eight 64-bit double 
words of that bank's line. 

"Such a memory architecture im­
plies that the chip will be well-suited 
to data that is heavily vector­
oriented," says Scott Israel, director 
of marketing at Alacron (Nashua, 
NH), a manufacturer of 860 acceler­
ator boards for the PC bus and 
VMEbus. 

I FRI SC vs. 860 
The 860 takes a more conventional 
hierarchical memory approach than 
FRISC. Designers can cache instruc- The 860, on the other hand, is 

FR/SC ARCHITECTURE 
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The FR/SC architecture provides hardware support for real-time multiprocessing. 
Capable of handling load/store operations as a background task, the FR/SC chip can 
support concurrent real-time and background operating systems. 



VME 

VME 
• Captures up to 64K VMEbus events 
• Stores 96 VME signals with a time 

tag during each event 
• SOMHz VME Timing Analysis 
• Bus Master Capability 
• Printer I Passthru port for 

connection to Printer and Host 
Computer 

VSB 

VSB 
• VSB State Analysis 
• Switches analysis between VME 

and VSB buses 
• Synchronous sampling of VME/VSB 

events up to 25MHz 
• Slot number identification 

command 

VBAT 

VBAT 
• VMEbus Anomaly Trigger 
• Screens 98 lines for 28 classes of 

violation 
• Fully automatic with 104 preset 

triggers 
• 37 individual LED's and trigger outputs 
• Detects extra transitions on strobe 

line 

A NISSHO ANALYZER is indispensable for ENGINEERS and DESIGNERS who are involved in: 

• Hardware system design, analysis and debugging • Hardware production testing and quality assurance 
• Industrial instrumentation and control system integration • Software development • Field service 

For your copy of ''ANALYZER APPLICATIONS" and a FREE 30 DAY EVALUATION, call: 
800-233-1837; in California 714-261-8811 

NISSHO 
ELECTRONICS 

17320 Red Hill Avenue, Suite 200 Irvine, CA 92714 FAX : (714) 261-0934 TLX: 181-308 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

Pushing back the limits of floating-point performance 

W hile today's fastest microprocessors run the double-precision Linpack at 14 
MFlops at best, the FRISC achieves a 340-MFlops double-precision Linpack (65-
MFlops single-precision), using a bank-interleaved DRAM main memory . Micron Tech­
nology claims that this performance is relatively independent of vector size. 
. The FRISC CPU has a peak floating-point performance of 160 MFlops single preci­

sion and 80 MFlops double precision. A unique fully scoreboarded block-transfer 
unit supports double buffering of the 64-word five-port register file so that back­
ground load/store operations can occur in parallel while current data is being pro­
cessed by the execution units. 

Unlike the Intel 860's dedicated units for integer and floating-point calculations, 
the FRISC's floating-/fixed-point arithmetic sub-unit performs all 32- and 64-bit inte­
ger, signed, and single- and double-precision IEEE 754 floating-point instructions, as 
well as maximum, minimum and subtract/compute condition code instructions for 
each data type. Full support for 1.EEE 754 rounding and exception handling is pro­
v.1ded A new.instruction can be issued every clock cycle. A floating-/fixed-point mul­
t1pl1er sub-unit performs all fixed- and floating-point multiplications, and a full-preci­
sion divide and square root. 
. All single-precision operations, mixed-precision operations and fixed-point opera­

tions can be issued every clock cycle . Double-precision operations can be issued ev­
ery other machine cycle. Full support for IEEE 754 rounding and exception handling 
1s also suppo.rted . Chained operations are directly supported for single-, double- and 
m1xed-preos1on floating-point operations. 

more software-intensive. It handles 
interrupts through the use of traps. 
Traps cause interruption of normal 
program flow to execute a trap han­
dler program. Vectored interrupts 
must be implemented with vector 
interrupt controllers and software. 
Full hardware mechanisms to save 
and restore the machine state were 
considered unnecessary in the 860, 
and are performed in software. 

The FRISC PCU also contains the 
master clock control circuitry to con­
trol the pipeline interlocks due to 
instruction buffer misses or block­
transfer scoreboard hits, as well as 
the vector interrupt processing. 
Hardware control of pipeline inter­
locks reduces the burden on the com­
piler and is critical to achieving a 
tightly coupled processor and DRAM­
and !MB-based memory system. 

The IFU contains eight fully asso­
ciative instruction buffers that are 
constrained to load using a least re-

STILL ••• MORE 

Slot TM pro 
i E R I E S 

'roduct names are trademarks or registered trademarks of their respective companies. 
186 & 486 are trademarks of tntet Corp. 
;LQTpro is a trademark of Diversified Technology 
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About The DTI 25/33MHz '486'™ 

Up to 32M 
RAM On-board 

High Performance Intel 
80486 33MHz 

Industry Standard 
Custom BIOS 



cently used replacement strategy. In 
addition, a valid buffer permits the 
buffer loading operation to occur in 
the background, with the first in­
struction issue occurring once the 
first valid instruction is loaded into 
a buffer. 

The DLSU performs all single and 
block-transfer load/stores to the 
five-port RF. Since all single or 
block-transfer pending loads are 
scoreboarded by the BTRSU, the RF 
can be made to operate as a double­
buffered memory with a background 
load of new data, or to store pro­
cessed data occurring in parallel 
with execution unit processing. The 
five-port RF allocates two read ports 
and one write port to the EXUs and 
one read port and one write port to 
the DLSU. 

The BUSU arbitrates between the 
IFU and DLSU bus requests and 
generates all memory selection and 
timing. On-chip configuration regis-

INTEGRATED CIRCUITS 

ters permit the entire memory ad­
dress definition and timing to be eas­
ily modified to suit a given applica­
tion. Direct support of the write-back 
mechanism for the IMB MMU is 
transparent to the DLSU and further 
improves the performance of the sys­
tem's average memory access time. 

A board-level demonstration su­
percomputer using the FRISC proc­
essor will be produced in 256-Mbyte 
and 1-Gbyte configurations. The 
FRISC CPU and the eight IMB 
MMUS are each housed in 164-pin 

controlled with a remote procedure 
call mechanism, or operated in a 
stand-alone mode. 

Although Micron is still in the 
early stages of software develop­
ment, the company has examined 
the applicability of both VxWorks 
from Wind River Systems and the 
Lynx OS from Lynx Real-Time Sys­
tems. On the multiprocessing side 
the company is leaning toward sup­
porting the Mach operating system, 
since hardware hooks for multipro­
cessing are provided on-chip. • 

LCC packages and are mounted in a 1--------------------l 
4x4-in. mechanical assembly that 
utilizes a mainframe-grade AMP in­
terposer interconnect system. The 
entire mechanical assembly will be 
thermoelectrically cooled so that the 
chip temperature is maintained at a 
constant 25'C. The board can oper­
ated in two configurations, either 
connected to a Sun host running 
Unix via a host interface unit and 

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

Alacron 
(603) 891-2750 
Intel 
(800) 548-4 72 5 
Micron Technology 
(208) 368-4000 
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REAL FACTS! 
COMPARE FUNCTION 

DTI CAT1010 Competitor I Competitor 2 I 
486 486 486 

Single Board Computer 

COM 1 
Design Enhancement 
For FCC/UL Approval 

On-Board Battery 
for CMOS RAM 

/ 

PS/2 Mouse 

25, 33MHz CPU- Shipping Nowl ti 
Up to 32M RAM Onboard ti 
Noise Reduction Circuitry ti For FCC Class B 

PS/2 Mouse Support ti 
PS/2 Keyboard Support ti 
On-Board Battery Real Time Clock ti -

Bi-directional PS/2 Prtnter Port ti 
2 Serial Ports - Up to l 15K Baud ti =' 
Future Domain SCSI ti ~ 
IDE Interface ~ ~ 
Floppy Interface ti ~ 
Up to C 1 '.lKb User PROM Disk ti .E 
Double Sided ti -~ Surface Mount Technology 

Manufactured In-House(U.S.A.) ti 
Landmark Vl.14 114.1 Speed at 25MHz 

Landmark V 1. 14 150.9 Speed at 33MHz 

Call us t oll free for orders and Information. 

1-800-443-2667 
P!!! Diversified 
liiil Technology 

An Ergon Co. 

U.S.A. - (601) 856-4121 Fax (60 1) 856-2888 
Outside U.S.A. - (201) 891-8718 Fax (201) 891-9629 

25MHz0nly 
7-8 Wks Del. 

ti 
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The IBM RISC System/ 
The power you've been seeking 

@ 

It's a never-ending quest for power seekers. 
You' re always looking for ways to run your favor­
ite applications faster. Well, search no more. The 
RISC System/600W family of POWERstations 
and POWERservers gives you power that soars 
as high as 23 MFLOPS. 

MF LOPS MIPS SPECmark '" 

POWERstation 320 8.5 29.5 24.6 

DECstation 5000-200 3.7 24.2 18.5 

When it comes to porting, your ship 
has come in. Of course, all the speed in the 
world wouldn' t mean much without the applica­
tions you need. So the RISC System/6000 family 

already has more than 2,500 of the most popular 
technical and commercial applications up, run ­
ning and running fa st. And if you think you 
know a good thin g when you see it, so do soft­
ware vendors. That's why you'll also be seeing 
more and more applications coming on board 
the RlSC System/6000 platform all the time. 
And if you like to build your own solutions, 
there's a full arsenal of enablers and relational 
data bases from leading vendors, as well as 
CASE tools and a host of popular programming 
languages. 

A smorgasbord of solutions. Applications 
already announced include the IBM engineering 
design packages CADAM: CAEDS: CBDS: 

0 

MFLOPS are the results of the dou~SK>n. all FORTRAN Unpack test 100x100 array suite. The Dhrystone Version 1.1 test results are used to compute RISC System/6000 Integer MIPS value where 1.757 Ohrystones/second is 
1 MIPS (Vax 11/780). SPECmark is a geometric mean of ten benchmark tests. AH pertormance data are based on published benchmark information. 

!~~~s= ~=ta=,~~.~.1~b~s8~=a~8~~~~~~~~~.zi:•~=~~~ ~~:Ss=~~B~~~~~=~~S:~~~~~~~:~~rc~1~rc:~~~k80'?8~~~ 
Equipment CorporatlOO. HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, Inc. © IBM Corp. 1991 , all rights reserved. 



6000famil~ 
for all your applications. 

LOOKS 
RIGHT/ 

CATJA ™a nd AES. Also available arc a broad Command enormous processing clout. 
spectrum of solutions from vendors like Valid The RISC System/6000 family is built to boost 
Logic, MacNeal Schwendler, Swanson Analysis, the performance of the software power seekers 
SAS Institute, SPSS, Wavefront, Alias, Polygcn, use most. It's got the best floating point processor 
Cadence, Fluid Dynamics International, Western in the business for numerically intensive 
Atlas, ECL Petro and creare.X. Scientific and applications, plus a new superscalar processor 
technical applications are available in areas like and incredible 30 
physics, structural analysis, chemistry, securities graphics capabilities. 
trading, mathematics, earth resources, opera- To find out more, ca ll 
tions research, visualization, graphics, technical your IBM marketing 
publishing and more. Theres also accounting representative or IBM 
software like FourCen and support for leading Business Partner. For 
UNixc·:_ based office automation packages. And literature, call 
there arc key industry applications for businesses I 800 IBM-6676,1 
in medical groups, retail stores, newspapers, ext. 990. · ,__..-.. __ •_•_-=•.._--.. 
pharmacies and many more. · • l ~ 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

Interconnect key to speed 
of new programmable ASICs 
Barbara Tuck, Senior Editor 

The bottom line in the program­
mable device market is to give 
designers the fastest time-to­

market with the highest-speed de­
vice. The founders of Peer Research, 
now QuickLogic (Santa Clara, CA), 
having invented the original PAL de­
vices at Monolithic Memories, can 
claim a familiarity with that market. 
QuickLogic principal John Birkner 
and his peers, convinced that a low­
impedance interconnect is the solu­
tion, have created a highly conduc­
tive path, or ViaLink, between two 
metal layers of CMOS in their just­

type floating-gate structures or 
transistor pass gates switched with 
RAM cells. These active connec­
tions, with effective resistances in 
the range of 2,000 to 3,000 Q and 
high-parasitic capacitance, can se­
verely limit device speed. 

I Programmable wires 
QuickLogic claims the pASICs'hard­
wired physical link and regular in­
terconnect structure will let the de­
vices maintain raw speeds even in 
fast pipelined designs. Speed-com­
patible with 80386, 80486 and RISC 

1,000 Q. "Actel goes down to the 
substrate and does its magic in the 
active area of the circuit," says Bir­
kner. The QuickLogic via in which 
the link is formed is more than one 
and a half orders of magnitude 
thicker than an Actel dielectric an­
tifuse, according to QuickLogic. The 
capacitance associated with an un­
formed ViaLink element is , there­
fore, many times lower. 

The density of the QuickLogic 
pASICs "is a matter of definition," 
says Birkner. A count of what Bir­
kner calls "honest gates" yields a 
500- to 4,000-gate density range for 
the first parts to go to production. 
When compared with erasable pro­
grammable logic device or Xilinx 
Logic Cell Array gates, though, 
those counts would have to be upped 
to 1,500 to 12,000, according to 

announced programmable 
ASICs (pASICs). VLSI Tech­
nology (San Jose, CA) is us­
ing a standard high-volume 

VIALINK PROGRAMMABLE INTERCONNECT 
QuickLogic, which claims 
that 20 ,000 gates are 
within the reach of the 

1.2-µm CMOS logic process, 
jointly developed by the two METAL 
companies, to manufacture 
the pASIC 1 family, expected 
to be in volume production 
by midyear. 

For the ViaLink element 
in its pASICs, QuickLogic 
uses a high-resistance 
amorphous silicon, similar 
in electrical characteristics 
to the silicon dioxide that 
insulates the vias, or verti- METAL 

PROGRAMMABLE VIA 

pASIC technology. 

I Granularity of pASICs 
The pASIC logic cell has 23 
inputs and consists of two 
6-input AND gates, four 2-
input AND gates, three 2:1 
multiplexers, and a flip-flop. 
Each cell can accommodate 
logic functions up to 14 in­
puts in width. All 200 gate 
array-like library macros 
have built-in scan cells . 
Flip-flops can be configured cal openings, connecting 

one metal line to another. 
The application of 10 V to a 
via containing a specially 
deposited layer of amor­
phous silicon triggers a flow 
of programming current 

1-------------------------" as a D, JK, T, or RS function, 
Quicklogic's Vialink interconnect in its new programmable 
ASIC devices is antifuse-based but fo rms a metal-to-metal 

and toggle rates are over 
130 MHz for a simple D flip­
flop and over 110 MHz for a 
JK. 

connection. Vialink programs at 10 V and has a resistance of 
less than 200 n and a capacitance less than 1 ff. 

Each pASIC device con­
sists of a matrix of logic cells be­
tween rows and columns of intercon­
necting metal. The densest member 
of the family at initial introduction, 
the QL16x24, contains 384 logic 
cells in a 16x24 array. According to 
QuickLogic, approximately a dozen 
equivalent gates out of each logic 
cell would be used in a typical appli­
cation. 

that permanently changes the struc­
ture of the silicon. The result is a 
metal-to-metal connection with a re­
sistance of less than 200 Q. Key to 
QuickLogic technology is the 
plasma-enhanced chemical vapor 
deposition equipment needed to de­
posit the amorphous silicon, equip­
ment that wasn't available until a 
few years ago. 

Essentially an antifuse structure 
created in a programmable via, the 
ViaLink interconnect emulates that 
of gate arrays by hooking logic gates 
together with real wires. Competi­
tive devices, according to Birkner, 
simulate real wires with memory-
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processors, pASICs have input-to­
output combinatorial function de­
lays of less than 15 ns and a quies­
cent current of just 2 mA typical. 
David Laws, president and CEO of 
QuickLogic, says a complex 32-bit 
counter operates at 90 MHz and 
draws just 100 mA max. from the 
supply. 

The obvious comparison for Via­
Link is the dielectric antifuse ap­
proach taken by Actel (Sunnyvale, 
CA). Though a programming cur­
rent applied to Actel's dielectric an­
tifuse-based FPGAs also creates a 
hard-wired interconnection, the in­
terconnect resistance is still about 

QuickLogic supports its devices 
with a Microsoft Windows 3.0-based 
environment (initial release will not 
support multitasking) on the per­
sonal computer. A database software 
architecture permits users to com­
bine general-purpose third-party 
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The P-670 Bubble Jet. 
A High-Quality, Low-Cost, 

Wide-Format Printer Engine 
forOEMs. 

Now you can offer your customers the performance 
of large-format laser printers and electro-
static plotters ... at a fraction of the cost. 

The P-670 Bubble Jet printer engine 
delivers crisp, laser-quality output at 360 
dpi on plain paper up to 17" wide 
(C-size). Able to handle cut sheets and 
fanfold paper, envelopes and trans­
parencies, it's the most versatile 
personal printer/plotter for CAD/CAM, 
business graphics, spreadsheets, 
desktop publishing and poster printing. 

The P-670's patented, 64-nozzle 
print head delivers 300 cps, or 6.7 letter 

"High Speed Mode 
©1991 Canon U.S.A, Inc. Canon is a registered trademark of Canon, 
Inc. Illustration pnnted on the P-670 1n High-Quality Mode. For 
1nformatton wnte Canon US A, Inc., OEM Operations, Printer 
Division, One Canon Plaza. Lake Success, NY 11042 -

size pages per minute* with whisper-quiet, 
non-impact printing (less than 45 dbA) ... and 
Canon's proven reliability. All of which assures 
you first-class, non-stop performance. 

Canon offers OEM printer technologies for 
today's needs and tomorrow's growth. Find 

out how Canon's leadership and innova­
tion can work for your company 

Call 1-800-323-0766 for an 
OEM information kit. 

OEM Operations/Printer Division 
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I TECHNOLOGY UPDATES 

INTEGRATED CIRCUITS 

An old argument: Can amorphous 
silicon conduct? 

anything but resting 
on their laurels. Al­
tera (San Jose, CA), 
for instance, is just 

M ore than two decades ago, Stanford Ovshinsky be­
gan theorizing that amorphous silicon could match 

now revealing archi­
tecture details of its 
0.8-µm CMOS MAX 
7000 EPLD family. 
Parts with 10,000 
and 4,000 gates will 
be introduced in the 
fourth quarter and 
the remaining mem­
bers next year. High­
end density is 20,000 
gates, and in-system 
speeds have been 
boosted to 70 MHz 
from 50 MHz for 
MAX 5000 parts. 

and exceed the semiconducting performance of expen­
sive, carefully grown silicon crystals . The scientific com­
munity ridiculed Ovshinsky for his belief that an amor­
phous material, with atoms scattered randomly, could 
conduct electricity, and difficulty in manufacturing 
Ovshinsky's "glass transistors" did little to lend credi­
bi lity to his claims. 

Ovshinsky did not let his detractors discourage him. 
The amorphous silicon-based, electricity-generating solar 
cells he makes at Energy Conversion Devices (Troy, Ml) 
are attracting worldwide interest. The thin-film tech­
nique used to make the solar cells could be adapted to 
produce ICs, Ovshinsky says. The MAX 7000 

Programmable In­
terconnect Array has 
been enhanced to 
minimize additive 
delays associated 
with earlier devices. 
The improved inter-

He has at least been recognized in the dictionary; the 
"Ovonics" entry credits the first two letters of the word 
to Ovshinsky's name. Ovonics is defined in Webster's 
Ninth New Collegiate Dictionary as "a branch of electron­
ics that deals with applications of the change from an 
electrica lly nonconducting state to a semiconducting 
state shown by glasses of special composi t ion upon appli­
cation of a certain minimum voltage." connect introduces 

less than 2 ns of sig­
nal skew, compared 
with about 13 ns for 

tools with architecture-specific 
tools. Initially, the pASIC toolkit 
contains the CAD/CAM Group's En­
gineering Capture System for sche­
matic capture, and Silicon Automat­
ion Systems' X-SIM simulator, as 
well as QuickLogic's own Seamless 
pASIC Design Environment (SPDE, 
pronounced Speedy). 

I Simulated annealing 
The SPDE tools include automatic 
place and route, modeling, and auto­
matic test vector generation. Placing 
and routing a pASIC can be done at 
the rate of 1,000 gates/15 min, ac­
cording to Birkner, who says that the 
software is based on simulated an­
nealing technology out of the 
University of California at Berkeley. 
At present, QuickLogic provides its 
own device programmer. QuickLogic 
communicates with third-party tools 
through a proprietary ASCII inter­
face description, the QuickLogic 
Data Interchange Format, rather 
than through the EDIF (Electronic 
Data Interchange Format). 

As QuickLogic releases informa­
tion on its long-awaited pASICs, 
competitive device makers are doing 
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MAX 5000 parts. By removing 
EPROM elements from the direct 
signal path, Altera has reduced 
across-the-chip logic delays to 15 
ns. 

MAX 7000 devices have five ded­
icated product terms per macrocell 
(up from four in the MAX 5000). 
Additional product terms can be bor­
rowed from adjacent macrocells 
through the use of parallel logic ex­
panders, new with MAX 7000 de­
vices. The incremental-delay pen­
alty for using parallel expanders is 
2 ns/macrocell, down from the MAX 
5000 6- to 12-ns penalty for shared 
expanders, also available on MAX 
7000 devices with a fixed 6-ns incre­
mental delay. A programmable 
speed/power trade-off option for 
the MAX 7000 parts involves a 10-
ns speed penalty for quarter-power 
operation. The devices are regis­
ter-configurable as D, T, RS, or JK 
flip-flops . 

The Windows 3.0-based MAXPlus 
II toolset that supports MAX 7000 
designs includes a multitasking ca­
pability. According to Altera, a 
5,000-gate design typically can be 
compiled in 10 minutes or less with 

the new software. MAXPlus II also 
supports EDIF. 

National Semiconductor (Santa 
Clara, CA) just recently announced 
a new electrically erasable CMOS 
PLD architecture that features a 
paged configuration, similar to that 
used in memories. The paged archi­
tecture of the 1,000- to 4,000-gate 
Multiple Array Programmable Logic 
(MAPL) family is aimed at sequen­
tial designs and consists of multiple 
PLAs interconnected via program­
mable macrostate registers and a 
global input bus. The macrostate 
register outputs have fixed feedback 
paths to the global input bus to de­
termine which PLA "page" is en­
abled. Only necessary product terms 
are active and consume power, thus 
reducing current draw to 140 mA 
max. 

The company guarantees a 
worst-c~.;e system speed of 45 
MHz (with feedback) across the 
family of MAPL products. Pro­
grammable output macrocells can 
be configured to act as either DE-, 
JK-, RS-, or T-type flip-flops. 
National supports its MAPL archi­
tecture with its own Open Pro­
grammable Architecture Language 
software package. 

Steadily mounting competition 
among complex PLD and FPGA ven­
dors is making one-upmanship the 
order of the day. But architectural 
details and spec sheets aren't 
enough to popularize a particular 
family. That comes only after de­
signs have been completed success­
fully, and the resulting silicon 
matches design specs. Hopefully, the 
newer architectures and more-so­
phisticated tools will let users de­
sign parts that perform as well as 
they look on paper. • 

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. 

Actel 
(408) 739-1010 
Altera 

. . . .. . ....... Ci rcle 239 

(408) 984-2800 .............. Circle 240 
National Semiconductor 
(408) 721-5000 ... . ....... . . .. . ... Ci rcle 241 
Quickl ogic 
(408) 987-2000 ...... .. .. .... .. ... Circle 242 
VLSI Technology 
(408) 434-3000 ... Circle 243 



Introducing an amazing new cache 
chip that gives crowded mother­
boards a new lease on life. 

It's called 386™Smart Cache, 
a family of chips that integrate a 

cache controller with up to 16Kbytes 
of SRAM onto a single, one-million-transistor 
chip. The result is a 16Kbyte chip that really 
cleans up, equalling the performance of 
128Kbyte caches. 

Intel's 386 and 386SX Smart Cache are 
one-chip solutions that give you extra space 
on your motherboards for other applications. 
©1990 lntc:I Corporat ion .. 186 b a trademark of Intel Corporat ion . 

And when you stack them up against 
other caching solutions, you'll find their inno­
vative architecture costs substantially less. 

Give your motherboard a lift . Send in 
the attached card today for a free copy of our 
unique 386 Smart Cache video, performance 
report and documentation. Or if the card's 
been ripped off, call 1-800-548-4725, dept. HA47. 

Because the reasons to look into 386 
Smart Cache are really starting to pile up. 
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COMPUTERS AND SUBSYSTEMS 

Supercomputer maker 
embraces standards 
Warren Andrews, Senior Editor 

S upercomputer maker FPS 
Computing (Beaverton,OR ), 
formerly Floating Point Sys­

tems, has just announced its first 
s upercomputer family that em­
braces a variety of industry stan­
dards from the Spare processors to 
Hippi (high-performance peripheral 
interface) and VMEbus. And on the 
software side, the machine is fully 
Unix compatible. The supercompu­
ter performance-533 Mips, 13.4 G­
Flops-is achieved using a combina­
tion of scalar, vector and matrix 
processors in the company's own mas­
sively parallel computer architecture. 

500 series will provide supercom­
puter users GFlops performance 
with the support of key industry 
standards. And, he points out, the 
prime element in providing the type 
of performance required is the abil­
ity to match-through the correct 
combination of processor quantity 
and type-the processing power to 
the customer's needs. 

I Coprocessing allows scaling 
Campbell defines FPS' multipro­
cessing approach as a coprocessor 
approach, rather than an integrated 
approach such as that used by Cray 

And while much of the system r-.--~ .......... ----,...,...--------.,......---,,.__ 
incorporates standard architec­
tures, the main processor bus han­
dling the multiple processors, mem- lo!!~~~ 
ory and I/O retains its proprietary 
identity. Unlike conventional back­
plane buses, the FPS 500 family of 
supercomputers uses what market­
ing vice-president Steve Campbell 
describes as a scalable interconnect 
architecture. The architecture is im­
plemented in what he refers to as a 
"centerplane." The physical configu­
ration is one in which the various 
processor, memory and I/O boards 
radiate off the centerplane much 
like spokes off a wheel. This also 
includes the memory system-a 
large hierarchical memory-and ad­
dress translation and virtual caches. 

Three types of processors share 
the centerplane: scalar, vector and 
m atrix processors. Each processor is 
actually a group of parallel proces­
sors whose number is dependent on 
the application. The processors get 
their data from the main memory 
system and communicate to each 
other through the main memory. 

According to Campbell, the cen­
terplane comprises four buses with 
an aggregate data transfer rate of 
better than 1 Gbyte/s . The center­
plane handles the dual role of mini­
mizing di stances-and therefore 
propagation delays-between 
boards, and reducing the length of 
the backplane and therefore the lin­
ear dimension of the machine. 

Campbell emphasizes that FPS' 
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The FPS 500 series can be configured 
with multiple scalar, vector and matrix 
processors to meet application require­
ments. By using a modular architecture, 
fielded systems are easily upgraded 
simply by swapping boards. 

Research in its supercomputer. In 
Cray's approach, the scalar and vec­
tor processors are tied closely to­
gether, and to increase the number 
of CPUs, both vector and scalar 
CPUs must be incremented equally. 

In FPS' coprocessor approach, the 
vector processor is treated as a co­
processor, so if more scalar process­
ing power is required, only scalar 
processors are added. Similarly, if 
only vector processing is needed, ad­
ditional vector processors can be 
added without disturbing the scalar 

function. The coprocessor works like 
a shared memory-management-type 
connection where the scalar processor 
passes jobs across to the vector pro­
cessor, freeing the scalar processor to 
do other functions and handle other 
parts of the application. 

The system configuration-how 
many scalar, how many vector and 
how many matrix processors are in­
cluded-in any given machine is de­
termined by the particular applica­
tion. In a scientific application, for 
example, says Campbell, more vec­
tor processors will be needed com­
pared with a database management 
application, which would call for a 
higher component of scalar and ma­
trix processors. 

One key to operating in this copro­
cessing/parallel processing environ­
ment is that the operating system 
must know exactly how many of 
each processor are in the system. 
"The Unix operating system has full 
knowledge of the configuration of 
the machine, including how many 
and what kind of processor as well 
as the amount and type of memory," 
says Campbell. The Fortran and C 
compilers used in the system auto­
matically generate vector code when 
the application calls for it. 

And while Campbell touts the ef­
ficiency of the compilers, he admits 
that in some intense applications it's 
possible for a programmer to boost 
efficiency even more by writing code 
such that it is best suited for the mix 
of processors. "In most cases, the 
machine configuration should be 
transparent to the programmer," 
says Campbell. "Programmers need 
simply to write standard Fortran or 
C code." 

I 110 plugs into standards 
The I/O subsystem on the FPS 500 
series is a memory-mapped I/O with 
various flavors of I/O types ranging 
from processors handling VME to 
the latest high-performance ap­
proach such as Hippi. "VME is pret­
ty much the I/O standard in the in­
dustry for large computer systems 
to interface disks, tapes and stan­
dard peripherals of various tech­
nology," says Campbell. Hippi is 
targeted at 800-plus Mbits/s (100-
plus Mbytes/s ) and is currently be­
ing considered as an ANSI standard. 

In operation, the memory­
mapped I/O is relatively simple. 



LINE SCAN PROCESSOR CUTS 
INSPECTION COSTS IN HALF 

"Our OT2856 is the only processor 
board designed exclusively for 
EG&G Reticon, Loral Fairchild, 
and other line scan cameras. " 

--Fred Molinari, President 

Complete camera interface for PC AT 
Complete camera controls on boards 
20kHz to 20 MHz sample rate 
Up to SK pixels per line 
Works with single or dual channel cameras 

Real-time processing 
Template matching for web inspection 
Run length encoding for fast measurement 
Binary compression 
Double buffered memory for fast data transfer 
10 MHz OT-Connect™ interface to auxiliary 
processors 

Compensates for lighting and sensor irregularities 
Gain & offset correction on pixel-by-pixel basis 

FREE software 
Setup/calibration utility 
Driver and library 

Quantity pricing available 
Fast 5-day delivery 

Call for FREE Catalog 

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

Applications 
• Inspection 

Paper, Metals, Forest Products 
Film, Textiles 

• Document processing 
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United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG112QJ, U.K., (734) 793838, Fax (734) 776670, Tix 94011914 
Germany Headquarters: Data Translation GmbH, Im We1leren 10, 7120 Biet1ghe1m-B1ssingen, Germany 7142-54025, Fax 7142-64042 
International Sales Offices: Australia (2) 699-8300; Belgium (2) 466-8199; Bra111ll240·0598; Canada (416) 625·1907; China (1) 513-7766 xl222; Denmark 2 274511; Finland (0) 3511800; France (1) 69077802; 
Greece (1) 361-4300; Hong Kong (5) 448963; India (22) 23·1040; Israel 52·545685; Italy (2) 82470.1; Japan (3) 502-5550, (3) 5379-1971; Korea (2) 718·9521; Netherlands (70) 399·6360; New Zealand (9) 415-8362; 
Norway (2) 5312 50; Poland (22) 580701; Portugal 1·7934834; Singapore 338·1300; South Africa (12) 803-7680; Spain (1) 555·8112; Sweden (8) 7617820; Switzerland (1) 723-1410; Taiwan (2) 3039836 

OT-Connect 1s a trademark and Data Translation 1s a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders. 
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Meet Changing Requirements 
Of Every BER Application 
With Plug-In Flexibility 
• 1 MHz to 1.4 GHz 
• Synthesized Clock 
• Multiple Patterns 
• Multiple 1/0 Interfaces 

The ME522A Erro·r Rate 
Measurement Equipment 
covers a frequency range of 
1 MHz to 700 MHz, and up to 
1.4 GHz with plug-in MUX/ 
DEMUX units. It provides 
abundant pattern generation 
capability and measurement 
functions, including PRBS to 
223 -1 , three words up to 2048 
bits in length , mark ratio 

variable patterns, alternate 
patterns, and isolated patterns. 

The ME522A is the most 
flexible solution to your BER 
measurement requirements, 
from component test to systems 
analysis and from low 
frequency rates to the optical 
requirements of SONET. 

For a demo, application 
assistance or literature, 
contact Anritsu America, Inc., 
15 Thornton Road, Oakland, 
NJ 07436. Call 800-255-7234 
or (in NJ) 201-337-1111. 
FAX 201-337-1033. 
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Basically the application program 
requests 1/0, and the operating sys­
tem posts a request for an 1/0 device 
to handle the operation. The operat­
ing system tells the 1/0 controller to 
perform the requested task and in-

FPS takes a RISC 

F PS Computing (Beaverton, OR) is us­
ing the 64-bit ECL version of the Spare 
chip made by Bipolar Integrated Technol­
ogy (BID "We've worked closely with 
BIT for some time," says marketing vice­
president Steve Campbell . "They cur­
rently manufacture our proprietary RISC 
chip, and we've worked with them on 
the Spare implementation. The part 
we're using is the fastest Spare chip on 
the market today. 

"We selected Spare for a number of 
reasons," he says. "We looked at 
Motorola, Intel, MIPS, and Spare as pri­
mary candidates for RISC chips. 
Motorola and Intel fell by the wayside 
very early. On the surface it looked like 
MIPS might have had some early tech­
nology advantage. But when we looked 
at Spare with the same detail, we found 
that Spare and MIPS essentially became 
a wash in terms of technology. 

"What really made the difference was 
the number of applications, systems 
software and tools readily available and 
in the market already for the Spare archi­
tecture," he says. "Quite frankly these 
are not available for MIPS. While there 
are some major vendors of MIPS ma­
chines such as Silicon Graphics and Digi­
tal Equipment Corp, there's no compati­
bility at the software level between 
those vendors. On Spare, there's a clear 
ABI (application binary interface) com­
patibility between multiple vendors so it 
truly is possible to get access to a broad 
library of software." 

terrupt the application when the 1/0 
transaction has taken place. "This 
results in a very high-performance 
asynchronous 1/0 capability," says 
Campbell. 

sulting in an aggregate throughput 
greater than would be possible with 
a single device." 

Even with these techniques, how­
ever, it's not always possible to 
achieve the types of data rates 
needed for many applications. "We 
have to go beyond that and look at 
things such as Hippi," Campbell 
says. "In addition to conventional 
peripheral interface, Hippi is being 
developed for a variety of other ap­
plications. For example, it can be 
used for high-speed communication 
from one computer to another, or as 
a high-performance interface for 
disk arrays. 

"We have a strategic relationship 
with Maximum Strategies, which is 
building a Hippi-based disk array 
that supplies some 30-plus Gbytes of 
storage at something like a 120-
Mbyte/s data rate," he says. "This 
will be interfaced to the FPS 500 
through a built-in Hippi connection. 

''There's a lot of 'rational' specula-. 
tion that more and more high-end 
systems will be interfaced to Hippi 
as a means to get access to high-per­
formance data and share data be­
tween systems. Further, work with 
vendors such as Network Systems 
Corp developing Hippi switches is 
making it possible for a single ma­
chine to talk to a high-performance 
switching system and have access to 
a variety of devices whether they be 
disk drives , computers , graphic 
frame buffers, or whatever." 

With its advanced 1/0 capability 
coupled with a flexible massively 
parallel compute engine, the FPS 
500 series is at the leading edge of 
high-performance computers and 
servers currently available . Its 
strong advocacy of industry stan­
dards make it an attractive alterna­
tive to strictly proprietary solutions. 
Futurebus+-based solutions, how­
ever, are expected to be announced 
as early as later this year boast­
ing the same type of performance, 
only with a standard proces­
sor/memory bus substituted for 
FPS' centerplane. • 

"On VME-including VME64- ~---------------1 
we're capable of increasing perfor­
mance through such techniques as 
using disk arrays , where data can be 
written (read) to multiple disks over 
multiple controllers," he says. "In 
this way it's possible to gang to­
gether multiple VME controllers re-

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. 

FPS Computing 
(503) 64 1-3151 .. Circle 219 

The Point 
We're 

Makin Is g 
Pure Gold. 

All of 
Pomona's Single 
Point Test Clips are 
gold plated for the best 
electrical contact. And, the 
contact point stays where you 
put it because the material it 's made 
of is the best: stainless steel for the smallest 
clips, beryllium copper for all the others. 

Wide Selection. "Hooked" Grabber® 
tips are available in 3 sizes, pincer tips for even 

tighter spaces (like ICs & SMDs) in 2 sizes. 
Connect them to your wire, or we'll wire 
them up for you, ready to use. They're all 
in the catalog, along with a lot of other 
"solid gold" ideas. 

See your nearest Authorized 
Pomona Distributor or contact 
POMO A ELECTRONICS, 
1500 E. Ninth St., 
P.O. Box 2767, 
Pomona, CA 91769 
FAX (714) 629-3317 
(714) 623-3463 

FREE 
1991POMONA 
CATALOG! 
140-pages of mnwst 
products and 
thousands of 
test solutions. 
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Surprisingly, it doesn't 
cost much to move into 
our 32-bit architecture. 

You don't need a French 
Provincial budget to move 
into the i960 '" SA;SB proces­

sors. Not even dose. 
In fact, at under $20, the i960 SA;SB 

processors are comparable in cost to a 16-bit 
system. And yet, with a full 32-bit internal 
architecture and a 16-bit data bus, they give 
you five to six times the performance of any 
other 16-bit embedded processors. 

i960 is a trademark of the Intel Corp:muion. ©1991 Imel Corporation. A11 righcs reserved. 

Or in other words, for almost nothing 
down you can own an impressive new home. 
With an architecture that's perfect for today's 
more demanding applications, such as entry­
level page printers, I/O controllers, and com­
munication products. 

Naturally; when you move up to a 32-bit 
architecture, you want to be sure it's a place 
where you can stay and grow. Which is why 
you'll be happy to know that the i960 SA;SB 



processors are part of a close-knit neighbor­
hood of Intel SuperScalar i960 microproces­
sors. So you get software compatibility 
across the board as well as an easy perfor­
mance path up to 100 MIPS. 

And while great price performance and 
compatibility are important, they're not the 
only reasons some very important compa­
nies have already moved into the i960 line. 
They were also impressed with the compre-

hensive array of development tools and the 
outstanding technical support that made 
them feel right at home with the technology. 

So when you are ready to move into the 
i960 SNSB line, call 800-548-4725 and ask for 
the 960 Welcome Guide. We'll not only make 
the move less expensive, we'll even help you 
set up. 
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Single-chip DSPs invade SBus 
Warren Andrews, Senior Editor 

S 
Bus is rapidly becoming host 
to a variety of digital signal 
processing chips and data ac­

quisition functions despite the lim­
ited board area (about 3x5 in.) and 
low-power budget allotted to the nor­
mally space-consuming, power-hun­
gry functions. Ariel (Highland Park, 
NJ) offers two fixed-point boards 
based on Motorola's 56000 24-bit 
ch ip and one based on AT&T's 
DSP32C 32-bit floating-point chip. 
In addition, Vigra offers a 56000-

based board with data acquisition 
circuitry on-board intended for hi-fi 
audio interface applications. Lock­
boro has announced an SBus card 
based on Texas Instruments' 
320C31, a scaled-down version of its 
320C30. And most recently, Soni tech 
International (Wellesley, MA) intro­
duced a high-performance SBus card 
based on Tl's 320C30. 

But that's just the beginning. Al­
most every manufacturer repre­
sented has plans to expand its SBus 
DSP offering soon. And undoubtedly 
some newcomers are ramping up for 
entry into the field. Sky Computers, 
for example, has already introduced 
an i860/i960 coprocessor board and 
will undoubtedly migrate some of its 
other DSP technology to SBus. 
Ariel's director of marketing, Les 
Listwa, says, "We plan to put to­
gether an SBus board based on the 
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TMS320C30 in the near future and, 
not too far down the road, squeeze 
the 96000 into an SBus form factor." 
And Sonitech's sales and marketing 
manager, John Collins, reports ac­
tive plans under way to plant Tl's 
next-generation DSP chip, the 
TMS320C40, on an SBus platform 
as soon as it's available. 

But the integration of such com­
plex floating-point functions on a 
tiny card requires a lot of design and 
manufacturing magic. The main 

Sonitech 's SBus 
DSPboard is 
designed to take 
only a single slot. 
In many cases, as 
illustrated, two of 
the three standard 
Sparcstation slots 
are taken by 
double -width 
SBus boards such 
as the frame buff­
er shown. 

DSP chip, connectors and memory 
take up almost 90 percent of the 
board area, leaving precious little 
real estate left for bus interface and 
boot functions. In fact, to bring 
memory up to the requisite mega­
byte, Sonitech had to resort to a 
plug-in memory module positioned 
over other components. 

I An 1/0 board market 
"We've seen a tremendous response 
to our SBus board, particularly in 
applications where customers need 
to work with real-time data on a 
Sparcstation platform," says Collins. 
Ariel's Listwa shares Collins' enthu­
siasm but observes, ''We've seen a lot 
of interest and inquiries, but sales 
are just now starting to ramp up." 
But even early results indicate that 
SBus will be a winner in both com­
mercial and industrial markets. 

Sales estimates of SBus boards 
for 1991 range from a high of about 
$9 million to a low of a little over $3 
million. But interpreting these num­
bers as an indication of option card 
design activity requires some under­
standing. The market for SBus 
boards is different from that of other 
standard-bus boards because it's ex­
clusively an I/O board market. In 
looking at other buses such as VME­
bus, STD Bus or Multibus, the total 
market figures usually include the 
value of all hardware and software, 
including backplanes, cardcages, 
power supplies, and standard, real­
time or DOS operating systems. In 
addition, the traditional buses offer 
CPU boards as well as I/O. For 
SBus, the figures include only the 
I/O boards. All other functions, in­
cluding CPU boards and other sys­
tem components, are considered 
part of the "host" computer. 

Still other factors have an impact 
on total market figures. SBus, for 
example, is relatively new to the 
market and still near the top of its 
cost/volume learning curve. And 
SBus poses technical challenges, 
some of which will be overcome over 
time. SBus option board manufac­
turers are not yet supported by read­
ily available ICs that integrate crit­
ical functions; only a single DMA 
controller chip, for example, is cur­
rently offered for SBus boards. And 
the postcard-sized board so limits 
available real estate that many 
ASICs will have to be developed to 
make option boards functional. All 
this means that early boards are 
expected to be relatively costly at 
introduction but to slide quickly 
down the learning curve. 

DSP board makers hope to cash in 
on some of the business as Sparcsta­
tions are used in increasingly more 
scientific and industrial applica­
tions. Some caution, however, that 
the performance advantage cur­
rently enjoyed by the Sparcstation 
may be eroded by products such as 
the new EISA-based machine from 
Hewlett-Packard. 

I On and off the board 
''When you're talking about some­
thing with the processing power of 
the 320C30, one of the critical fac­
tors is being able to keep feeding the 
DSP data," says Sonitech's Collins. 
All the DSP boards offer some provi-



CSPI 

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

• 1024 complex FFf in 0.8 msec. 
• 80 MFLOPS to 1.5 GFLOPS 
• 160 MB/sec I/O 
• Large memories 
• pSOS+ Multiprocessing 
•CASE Tools 

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

SuperCard is a trademark of CSP Inc., i860 is a trademark of Intel Corp. 
TURBOcha nnel is a trademark of Digital Equipment Corp. 
pSOS+ is a trademark of Software Components Group, Inc. 
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sion in addition to the computer bus 
to get data on and off the board. Ariel 
uses what it calls its DSP Port, 
which a number of DSP companies 
using the 56000 have standardized. 
IL essentially brings out the data 
pins of the processor, letting it rap-

idly take and output data. 
Sonitech provides a similar port 

using one of the TMS320C30 paral­
lel ports to get data on and off the 
board. In addition, the serial ports 
of the DSP chip are brought out to 
the same connector. "We're in the 

Super Cache 
Bring your entire application aboard Mizar's 
MZ 7132. 

,,w 
e 

If your application requires not only superior 68030 
performance, but plenty of on-board memory, Mizar's MZ 7132 
is the answer. An economical , yet powerful , VMEbus single 
board computer, the MZ 7132 provides 16 Mbytes of dual­
ported memory as well as a 16 Kbyte cache. Now, you can 
implement your memory-intensive applications more efficiently 
by avoiding the performance degradation of off-board memory. 
And, if you need more than 16 Mbytes, treat the on-board 
memory as a large cache and use the MZ 7132's optional 
VSB interface to access an additional memory pool. 

The fully-featured MZ 7132 includes a 68EC030 or 68030 
CPU with on-board SCSI, serial 1/0, and optional Ethernet. 
OS-9™ and VxWorks™ support is also available. For more 
information on the MZ 7132 and other Mizar products, call 
today: 1-800-635-0200. 

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

- 1991 Mizar. Inc. 
Mizar 1s a registered trademark of Mizar Digital Systems, Inc. 

Other na mes are trademarks of their respective manufacturers or developers. 
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process of designing an external 
SCSI interface-and perhaps other 
interfaces-to let users simply 
stream data off the DSP board," says 
Collins. "First, we need to do this 
externally because we can't really be 
sure of having another SBus slot 
available to tie SBus cards together 
internally. Many of the applications 
we've seen use a double-width SBus 
frame buffer or other function card 
leaving only a single SBus slot for 
additional adapters." 

The need for getting on and off the 
board is driven primarily by the 
broad variety of applications in 
which DSP boards are used. Many 
applications call for some kind of 
spectrum analysis , which requires 
digitizing an analog signal and pro­
cessing the resulting data. Soni tech, 
Ariel and other companies offer a 
stand-alone digital-to-analog/ana­
log-to-digital converter to handle 
the job. "The product we offer is a 
16-bit data acquisition box, which 
interfaces directly with our SBus 
card," says Collins. 

But the reason for keeping the 
data acquisition section separate 
from the workstation and the DSP 
board involves more than simply the 
number of slots available. With 16 
bits of resolution-approximately 1 
part in 65,000-the noise within the 
workstation's enclosure, and coming 
in through its power supply, tends to 
greatly reduce the available resolu­
tion, says Collins. 

I Still other applications 
While many applications call for 
some kind of data acquisition, says 
Collins, others require a different 
type of I/O capability. "For example, 
one of our customers uses our DSP 
board to perform vibration analysis 
of an oil-welling drill head to elimi­
nate the need to pull the cutter head 
up for frequent examination," he 
says. "In addition to the 'go-no go' 
information on the drill head, all the 
information is logged and main­
tained as part of the well-drilling 
record." In this case, information is 
taken directly off the DSP card to an 
SCSI adapter where it's perma­
nently logged on disk. 

In still other areas, says Ariel's 
Listwa, DSP boards are used as ac­
celerating coprocessors for the work­
station. The data being processed 
can be anything from speech analy-



THE NEW LOOK IN IMAGING 
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Matrox brings a new look to imaging 
applications with IP-8, a flexible low cost 
frame grabber and display controller for 
PC AT based systems. 

IP-8 delivers this new look with 
features like VGA overlay, display 
resolutions up to 1024 x 768, flicker-free 
screen, and MS-Windows 3.0 or custom 
user interfaces running in the VGA 
overlay. In addition, IP-8 accepts up to 
four RS-170 or CCIR input sources, and 
multiple memory access modes accelerate 
imaging algorithms. 

IP-8 is the cost effective 
solution for OEMs and end users. 
With extensive software tools and 3rd 
party packages, you'll cut development 
time and implement the new look in 
image analysis, scientific imaging, 
inspection and medical applications ... fast. 

The new look will change your view. 

1-800-361-4903 
or (514) 685-2630 
Matrox is a trademark of Matrox Electronic Systems Ltd., 
MS-Windows is a trademark of Microsoft Corporation. AT is a 
trademark of International Business Machines Corporation. 
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sis to specialized math processing. 
Still other applications are just 
opening up, including image and 
pattern recognition in everything 
from human physiology studies to 
automated inspection. 

"Still many of our applications lie 

in audio," says Listwa, "and we're in 
the process of developing a 16-bit 
A-D, 20-bit D-A SBus card just for 
such applications." Though he antic­
ipates that some of the noise from 
the computer system may compro­
mise the final resolution, he says the 

The Next 
Generation 

SBC 
We listened carefully over the 

past 12 years as we've pioneered 
YME Single Board Computers. 
We now present the Y36, a new 
generation of higher-performance, 
lower-cost SBCs designed for real­
time applications. 
The V36 Features: 
e 68030 MPU at up to 40 MHz 
• SCSI Interface with a 32K Buffer 
• 8 Channels of Serial UO 
e Ethernet™ with local dual-ported, battery-backed SRAM 
e 2 or 8MB of two-way interleaved DRAM with burst access 
e Upto2MBofEPROM 
• Battery-backed Real-Time Clock 
e Optional 68882 Coprocessor 
• Pin Compatibility with Motorola MVME147 
• 68040 Version Available 
Triple Local Buses for High-Performance 

Priced Under 
$1800 in 

OEM Quantities 

Through the use of buffers and component level OMA, the CPU, 
Ethernet and SCSI can operate simultaneously and independently for 
maximum performance and collision-free operation. 
Expandable 

Additional features can be added to the Y36 via a local expansion 
bus, allowing system designers the flexibility to include proprietary 
features in an off-the-shelf computer, further reducing design costs. 
Designed for Design-In 

The V36 was designed for use in enclosed systems. All l/O on the 
board is routed through the P2 connector, which means no cable 
hassles during board swaps and upgrades . Additionally, the V36 
makes extensive use of CMOS components, guaranteeing low overall 
power use (7W typ.) and the absence of "hot spots". The V36 can be 
used without a cooling fan in most applications. 
Software Support 

Software support is available for all major real-time operating sys­
tems, including VxWorks, OS-9, PDOS AND PSOS+. 

Call today to learn more about the V36 SBC, and our complete line of 
VME CPUs, 110 and memory boards. 

• GEflEAAl mlCR~ Sl'STEms me. 
4740 Brooks St., Montclair, CA 91763 (714) 625-5475 FAX (714) 621-4400 
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company offers a personal com­
puter-based product that provides 
about 90 dB signal to noise. He ex­
pects the SBus card to do as well. 

I Not just for desktops anymore 
Though SBus DSP boards are start­
ing to ramp up in volume, they're 
just touching the edge of the emerg­
ing market. According to Peter Palm, 
product line manager for Sun 
board/embedded systems products at 
Sun Microsystems (Mountain View, 
CA), Sun is doing a brisk business in 
board-level Sparcstations and will 
continue to ramp up as companies 
such as Foxboro begin to use Sparc­
stations as embedded computers. 

A number of dedicated SBus add­
on chassis are also emerging from 
companies such as Texas Microsys­
tems. These provide the electronics 
to interface to an existing SBus slot 
and three--0r more-- additional ex­
pansion slots to add adapter boards. 
The major limitation to that approach 
is that the memory is mapped to only 
the original slot, and, depending on 
the expansion option card(s), mem­
ory space could be restricted. 

Sun also offers its IE board-es­
sentially a Sparcstation on 6U VME 
that's second-sourced by Force Com­
puters (Campbell, CA). Force will 
also be developing a 2E Sparcstation 
II equivalent board to be released 
soon. Both of these single-board 
computers will work with a two­
board SBusNME adapter board in­
troduced by Sun at Buscon '91/West. 

With Sparcstations starting to in­
vade the industrial marketplace, 
there will undoubtedly be a growing 
need for all varieties of I/O cards, 
from multiple serial channels to par­
allel I/O and from low-resolution 
data acquisition to all varieties of 
frame grabbers right through and 
beyond many of the DSP functions 
just emerging. • 

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. 

Arie l 
(201) 249-2900 . 
Force Computers 
(408) 370-6300 .. 
5onitech International 
(617) 235-6824 . 
Sun Microsystems 
(415) 960-1300 . 
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YM'E Perfonnance at a price you can sirik your teeth}nto! 

Heurikon's HK68N;m offers YME standardization and design Oexibility 
wi\h a 33 MHz Motbrola 68EC030 and 2 Mbytes of memory for only $1795 
(less in quanfuy). That makes the V3D a cost efficient entry point into VME 
single-board computers. As a complement to our main course. you can add 

more memory, SCSl or Ethernet. YxWorks and OS-9 are also available. 

While our price indicates good value, it's our service which makes that value 
great. Our VME boards, real-time operating systems and software development 
environments are backed by superior technical support before and after the sale. 
The Heurikon V3D is the first in a series of new 680XO value priced entrees. 
If you're hungry for more infonnation, give us a call. 
1-800-356-9602. Bon Appetit. 

Partners in Real-Time 

HElRIKSN 
Ouh1de !he U.S .. call 608-83 l-0900or FAX 608-83 1-4249. VxWorks ;~a trJdcmark of Wind River Systems. OS-9 j, a trndcmarl. of M1crowarc Sy~icnu •. 

CIRCLE NO. 40 



I TECHNOLOGY UPDATES 

DESIGN AND DEVELOPMENT TOOLS 

Analysis tools help digital designers 
avoid analog speed traps 

cal approach. "A field calculation 
does take time," says Wexler. "When 
you first run our tool, it's slower than 
less-sophisticated analysis tools. But it 
quickly builds a library when it finds 
identical or similar circuit configura­
tions and, by referring to this data­
base, gets speedier as the number of 
references increase. This way we don't 
sacrifice accuracy for speed. We think 
it's better to err on the pessimistic side 
for a more-extensive analysis." 

Mike Donlin, Senior Editor 

A s microprocessor clock speeds 
climb beyond the 20-MHz 
mark, electrical connections 

no longer behave as simple pathways 
that conduct signals from one device 
to another; instead they're complex 
transmission lines subject to a range 
of faults-namely crosstalk, ringing, 
time delays, parasitics, and imped­
ance mismatches. 

Because transmission line effects 
are getting worse and experienced 
analog designers are rare, sophisti­
cated analysis tools are emerging 
that can simulate analog effects on 
digital circuits so that engineers can 
place components, connectors and 
cables for optimum performance. 
The Greenfield tool suite from 
Quantic Laboratories (Winnipeg, 
Manitoba), for instance, predicts 
faults by simulating the electrical 
effects of high-speed transmission 
lines on a variety of applications in­
cluding printed circuit boards, hy­
brids and integrated circuits, as well 
as cables, connectors and other in­
terconnect media. 

The newest addition to the tool 
suite, BoardScan, is a circuit simu­
lation tool that screens printed cir­
cuit board layout data and deter­
mines critical nets where crosstalk 
and signal integrity problems are 
likely to occur. The software calcu­
lates worst-case crosstalk, time de­
lays and signal integrity parameters 
for critical nets . Results are then 
listed in a comprehensive net report. 
BoardScan makes these analyses 
by applying electromagnetic field 
principles to the traces, wires and 
interconnect media to determine 
their behavior. According to Quan­
tic, this method is much more ac­
curate than some analysis tools 
that rely on topographically rule­
based violations. 

"Many tools use heuristics as a 
rule of thumb and execute simple 
formulas to deduce where a circuit 
might run into trouble," says Quan­
tic president Al Wexler. "We think 
that such estimates are a dangerous 
proposition. Our tool looks at a cross 
section of the circuit and calculates 
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the electromagnetic characteristics 
of that circuit. By analyzing those 
characteristics and calculating the 
fields, we can judge the mutual 
inductance and capacitance of a 
circuit." 

Once BoardScan has identified 
the critical nets, they can be ana­
lyzed in further detail with the 
Greenfield simulator, which also in­
cludes a schematic and graphics ed­
itor that lets designers correct the 
offending circuitry and then resimu­
late. The latest version of the simu­
lator, Greenfield 3.0, accepts Spice 
transistor-based models. In addi­
tion, Quan tic's library of drivers and 
receivers now includes behavioral 
models for Fast, ALS, CMOS, Bi­
CMOS, and ECL devices. 

I Details take time 
A drawback to such detailed analy­
sis, of course, is that it takes more 
time than a broad-brushed, topologi-

In addition to building up libraries 
to increase calculation speed, there 
are other ways to increase a trans­
mission line analysis tool's perfor­
mance. The XTK Crosstalk Tool Kit 
from Quad Design (Camarillo, CA) 
uses enhanced calculation algo­
rithms as well as stored libraries to 
improve performance. 

"We've put a lot of work into our 
algorithms so that we can provide 
accurate circuit behavior predictions 
without undue time penalties," says 
Chuck White, vice-president of engi­
neering at Quad Design. ''The confor­
mal mapping we do is similar to a 
Smith chart, which maps an infinite 
plane into a finite-sized plane. In es­
sence, we warp space to do a finite 
computation. This means that we 

Predicting the behavior of signals and crosstalk on complex circuits can help designers 
avoid costly rework of prototypes. In this example, Quantic Laboratories' Greenfield 
simulator models the propagation of a signal generated w ithin a multichip module 
package passing through the leads of its ceramic package, across part of a printed 
circuit board, through a connector, and through a ribbon cable, and being received 
at another connector. 



• 
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 Manuj acturing Services 
- Program and Project Management 
- Peripheral Sourcing 
- OEM Developers Program 
- Life Cycle Support Program 
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System Integrator 
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I TECHNOLOGY UPDATES 

DESIGN AND DEVELOPMENT TOOLS 

don't have to specify boundary con­
ditions or boundary sizes because 
we're effectively considering an infi­
nite space in our analysis. Not hav­
ing to take these boundary condi­
tions into consideration makes a 
more efficient algorithm." 

XTK uses the Crosstalk Field Ex­
tractor, which takes the designer's 
conductor geometry data to calcu­
late signal line characteristics for all 
the traces in a given configuration. 
It also determines the degree of 
crosstalk and other distortions that 
will affect each set of parallel traces 
in a circuit network. Quad Design's 

Problems increase 
with speed 

E ngineers who design high-speed 
circuits are faced with a dilemma: if a 
circuit is designed too conservatively­
that is, if traces are placed far enough 
apart to avoid transmission line ef­
fects-then the layout will be large 
and inefficient, and performance will 
suffer. If traces are close enough to en­
sure high-speed performance, then 
these effects can cause a circuit to 
malfunction. Therefore, the more in­
formation a designer can get about 
transmission line effects before com­
mitting a project to prototype, the less 
likely that expensive rework will be 
necessary. 

Though these transmission line ef­
fects have always existed to some de­
gree, they generally didn't cause too 
many problems in the larger, slower cir­
cuits of the last 20 years. And because 
these effects were easy to ignore, the 
analog design expertise that's needed 
today to combat them is hard to come 
by. 

"Remember, not too long ago the 
computer industry decided that the 
world was made of ones and zeros," 
says Al Wexler, president of Quantic 
Laboratories (Winnipeg, Manitoba) . 
"And there was a wholesale decimation 
of analog engineering courses in the 
universities. Then as processor speeds in­
creased, analog effects started showing 
up in digital designs, and we started see­
ing the consequences of the lack of ex­
perienced analog engineers. As speeds 
increase and geometries decrease, these 
problems will only get worse." 
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Transmission Line 
Calculator tool ac­
cepts postroute 
data as well as net­
work topology in­
formation entered 
manually. It then 
analyzes all the 
nets in a design us­
ing the same data­
base from which 
the design will be 
built. 

The tool then 
calculates the ef­
fects ofloading and 
circuit topology on 
system timing and 
determines result­
ing signal quality. 
Signal waveforms 
are displayed so 
the designer can 
analyze the ex­
pected behavior of 
the circuit. The sig­
nal information 
generated by these 
tools during compo­
nent placement 
and routing can 

Quad Design's Transmission Line Calculator simulates trans­
mission line effects for a single circuit net or a complete digi­
tal system. This example shows the simulation of a printed 
circuit board system, including a backplane. The waveform 
in the background simulates the image of an oscilloscope 
with many probes, each connected to a different part of the 
network. In the upper right and at the bottom of the screen 
are close-ups of the waveform, which can be examined in 
detail. The tool also generates a report that summarizes 
error conditions. 

then be back-anno- t__ _____________________ --1 

tated into Quad's 
Modular Timing Verifier for compre­
hensive timing analysis at the sys­
tem level. "Of course the watchword 
here is accuracy," White says. "So we 
actually represent detail inside the 
pixel so the finite elements displayed 
aren't simplistic representations." 

I Low-end tools available 
Of course not everyone can afford 
the comprehensive analysis tools 
such as those from Quantic 
Laboratories and Quad Design. But 
even smaller design houses with 
lower-speed products can benefit 
from some sort of transmission line 
simulator. Personal computer-based 
tools are available, such as the Line­
Sim from Hyper Lynx (Redmond, 
WA), that give preroute simulation 
information to assist designers in 
component placement. 

The LineSim software is an inter­
active tool that predicts circuit re­
sponse and calculates board trace 
impedance. The circuit to be simu­
lated is specified in a schematic 
where users can select transmission 
lines, resistors and capacitors via a 
mouse. The simulation itself is dis-

played in an oscilloscope format. To 
resimulate after a parameter 
change, the user modifies the sche­
matic and replots. No recompilation 
or netlist step is required. The tool 
supports a library of digital devices 
that are modeled for device non­
linearities such as dynamic driver 
impedance and diode clamping. In 
addition, LineSim models printed 
circuit board trace geometries in­
cluding microstrip, buried micro­
strip, stripline, and asymmetric 
stripline. 

Though these tools offer varying 
degrees of accuracy and performance, 
they all have one thing in common­
they give designers vital information 
during the place, route and simula­
tion phase of circuit design. • 

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. 

Hyperlynx 
(206) 869-2320 
Quad Design 

.. Circle 216 

(805) 988-8250 .......... . ... . .... Circle 217 
Quantic Laboratories 
(800) 665-0235 ........ . ....... Circle 218 



dProsper. 
M U L T I B U S II 

It is logical to choose the bus architecture that will 

deliver the greatest return on your development 

investment, for the longest possible time. 

• Today's Multibus II not only gets you to 

market quickly, with higher performance 

and superior reliability. But of all available 

buses, only Multibus II provides the per­

formance headroom to effectively absorb 

silicon advances through the 1990s, to pro­

tect your investment long into the future. 

• During the past year Multibus II has grown faster 

than any other open architecture. One third more 

vendors have expanded the range of available 

Multibus II boards, systems, software and 
packaging products by nearly 40 percent! 

• You can explore the world of Multibus II 
with your free copy of the new 1991 

Multibus II Product Directory. Just 

send your business card to the MMG. 

And, contact the enterprising manufac­

turers listed below for complete information on 

Multibus II products that will transport you into the 

future. • Discover Multibus II. Your application will 
live long. And you will prosper. 

CONCURRENT TECHNOLOGIES 
Jerry Hoffman 217-356-7004 FAX 217-356 6238 
NEW! 1486 CPU Board/Communications Controller 

INTEL 

Call 800·548·4 725 
NEW! High 1ntegrat1on 33 MHz 1486 CPU board • 

MICRO INDUSTRIES 
8111Jackson800-446-6762 FAX 614·548·6184 

NEW! 1960-based RISC development board 

SIEMENS AG 
Dr. Klaus P. Killian, Germany0894144 5737 FAX089 4144 5841 

NEW! Scalar CPU board with Hard-Realt1me Unix 

MENTEC 
Ralph Shaw 800-446·6762 FAX 614·548·6184 
NEW! 1860-based SBC runrnng UNIX System V Rel. 4 MULTIBUS MANllFACTURERS GROUP c COPYRIGHT 1991 MULTIBUS MANUFACTURERS GROUP 

PO. BOX6208. ALOHA, OREGON 97007. 503 6967155 



~National 
~Semiconductor 

"The world runs on infor 
silicon breakthroughs to 
right to the desktop" 

How NATIONAL SEMICONDUCTOR IS HELPING 
YOU MEET THE CHALLENGES OF TODAY'S-AND 
TOMORROW'S- DATACOM AND TELECOM SYSTEMS. 

j ohnjorgensen, National's 
Directo r, Advanced Communica­
tions Business Group, talks about 
applying advanced VLSI tech­
no logy to next-generation com­
munications syste ms. 

Setting the stage 
for connectivity 

"National has a definitive 
strategy for providing voice- and 
data-communications solutions 
in silicon. 

"We have solutions fo r Ether­
net, FDDI, and integrated -digital 
networks. And we're working on 
next-generation solutions for ultra­
high-speed network applications. 

"111e key to build ing devices 
this sophisticated is o ur experi ­
ence with advanced analog+ d igital 

HJf)f Cbip Set 

integration. We have all the enab­
ling technologies. BiCMOS, CMOS, 
and ECL processes. Powerful 
design tools. Experienced analog 
+digital designers. 

"It isn't ea5y But we're doing it: ' 

Linking LANs with FDDI. 
" Our FDDI chipset provides 

the backbone that links Ethernet 
LANs at the workgroup level ·with 
integrated-digital networks, such as 
ISD and SONET- and it provides 
the high -speed datapipe that links 
workstations directly 

"We're the first manufacturer 
to introduce a fully-integrated FDDI 
solution . It offers more network 
management features and con­
sumes less power than any other 
solution. 

"Our latest device, called the 
BSI , provides the system interface 
between our core FDDI chips and 
the host-system bus, such asVME, 

SONIC 

l :'!be111l'I CbipSel 

DP111no A;:< 

tUt? 
-- l'Jt.Ut, 

/DD/ /3ackbone 
CunfiR" ration D -.-

AT, Microchannel, or EISA. It gives 
you the ma,'Cim um available system 
bandwidth, with burst-mode trans­
fers of 800Mbits/ second through 
a 32-bit-"-;ide data interface - with ­
out the need for an external 
processor. 

"So now you can develop prod­
uct<; for highly-integrated FDDI 
networks, such as bridges, route rs, 
and concentrators, or you can 
develop adapter cards for high­
performance workstations and PCs 
- all from one supplier. National: ' 

Linking the workgroup 
with Ethernet. 

"Our SONIC - Systems 
Oriented Network Interface Con­
troller- integrates, for the first 
time, a digital controller wi th a 
lOMbit/ second analog encoder/ 
decoder. 

ISDN 1·1111e1face 



matio~and we're making 
bring that information 

"It suppottS all IEEE 802.3 
functionality in a single chip that 
goes right on the motherboard in 
16- and 32-bit systems, providing 
full network management func­
tions in hardware. 

"And with a transfer rate of 50 
Mbytes/second, it's 20 times faster 
than most other solutions, and 
cuts bus occupancy by up to 80%. 

"The workgroup is linking itself 
with Ethernet. And we're making 
it happen faster, smaller, and more 
cost effectively That's the standard, 
and we're setting it:' 

Linking voice and data 
withISDN. 

"Our U interface breaks the 
ISON logjam. It allows the simul­
taneous transmission of voice and 
high-speed data over the existing 
twisted-pair telephone network, 
providing the missing link between 
the subscriber and the central office. 

"It may be the most technically 
complex mixed analog+ digital 
device ever designed. The receiv­
ing front -end is analog, but the 
back-end signal processing is all 
VLSI digital. And this had never 
been done before. Until we did it:' 

Putting it all to work for you. 
"TI1e communications revolu­

tion is accelerating. As a datacom 
or telecom systems designer, I'd 
feel the need for advanced solu­
tions to tomorrow's problems 
today. That's why I'd call National. 
Because we have those solutions. 
Today" 

1-800 -NAT-SEMI, Ext. 115 

~National 
~Semiconductor 

BSI, BMAC, CDD, CRD, PLAYER <md SONI C are trnclemarb o f 
National Semiconductor Corporation. 

\'t\.\E is a trademark of J\totorola, I nc. AT:m<l f\ticrochanncl are 
trademark'i of I memational Business Machines, Inc. 

© 1991 National Semiconductor Corixxation 



REAL-TIME STRATEGY 

For Critical Minds and Systems 
Your product is only as reliable as your embedded software. Which explains why 

real-Lime experts like you at over two thousand companies have made the strategic 

move to Software Components Group's real-Lime software and development lools. 

Smart choice, since we offer you so many critical advantages. First, there's Lhe 

famous quality and performance of our pSOS+ operating system, complete with 

superior multiprocessing and UNIX-friendly network suppmt. Plus the besl, most 

inlegniled development and debugging environment for your C or Ada application. 

And it's all available for Lhe widest range of hosts - Sun, PC, VAX, HP, HP Apollo. 

And for all the popular processor families - M68K, M88K, i86, i386 and i960. 

Best of all, when you're on the critical path, our service is just as friendly, reliable 

and complete as our software. We support you from seven U.S. offices and thirteen 

countries. 

So whether your software is life-critical, mission-critical or just plain Lime-critical, 

call us at ] -800-458-pSOS for Lhe winning real-Lime strategy. Or wrile to us al 

1731 Technology Drive, San Jose, CA 95110. Fax: (408) 437-0711. 

DI SOFTWARE COMPONENTS GROUP 
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SOFTWARE 

RISC instruction benchmarks 
spark performance debate 

delayed by the hardware interlock 
even though an instruction is not ex­
ecuted. Factoring out differences such 
as this produces a closer overall in­
struction count between the two proc­
essors. But it also opens the question, 
"Why not also count cache access and 
multiplexing and other elements of 
the processor that can cause delays?" 

Tom Williams, Senior Editor 

A noth er salvo of benchmarks 
h as been fire d in the often­
heated debate over the advan­

tages and disadvantages of certain 
RISC architectures. A recent study 
conducted by Su n Microsystems 
(Mountain View, CA) has analyzed 
the Spare and MIPS instruction sets 
u sin g th e widely accepted Spec 
benchmarks. 

The analysis showed a small dif­
ference between the two processors 
in terms of the performance pro­
vided by their instruction set archi­
tectu res. But after isolating archi­
tectura l d ifferences, the study 
concluded that the combined effects 
of the strength s and weaknesses of 
the compilers and library routines 
used on both processors fai led to 
give either a clear advantage. MIPS 
Computer Systems (Sunnyvale, CA) 
h as countered that analyzing in­
st ruction usage doesn't necessarily 
reveal anything about performance. 

One of the au thors of the study, 
Sun engineer David Ditzel, claims 
that it is not about performance, but 
only a look at efficiency of instruc­
tion set usage. Somehow, the issue 
of real-world performance seems to 
come up anyway. 

I Multiple performance factors 
The analysis started from the prem­
ise that differences in instruction set 

gives MIPS an opening to claim that 
many other factors must be consid­
ered in evaluating the two processors. 

On both MIPS and Spare proces­
sors, for example, a load instruction 
is often unable to return its data 
before the cycle immediately follow­
ing the load. MIPS requires a no-op 
instruction in the intervening time, 

BENCHMARK MIPS 

I Benchmarks and architectures 
The Spec benchmarks consist of 10 
programs (six floating-point and 
four integer) written in C and 
Fortran. The benchmarks include 
compilation timing, PLA optimiza-

SPARC MIPS/SPARC 
INSTRUCTIONS INSTRUCTIONS 

SPICE2G6 21 ,569,202,673 22,878,017,309 0.94 

DOD UC 1,613,227,089 1,303,276,485 1.24 

NASA7 9,256,812,144 6,614,656,686 1.4 

MATRIX300 2,775,967,947 1,693,589,255 1.64 

FPPPP 2,316,200,144 1,443,008, 199 1.61 

TOM CATV 1,812,691 ,974 1 ,626,342,454 1.11 

FLOATING-POINT GEOMETRIC MEAN 1.3 

GCCL.35 1,110,816,041 1'155,986,011 0.96 

ESPRESSO 2,828,804,443 2,930,860, 108 0.97 

LI 6,022,855,076 4,661 ,320,853 1.29 

EQNTOTT 1,243,469,361 1 ,321 ,536,444 0.94 

INTEGER GEOMETRIC MEAN 1.03 

OVERALL GEOMETRIC MEAN 1.18 

utilization could only come from 1-- -----------------------------­
three sources: differences in instruc­
tion set architectu re; differences in 
the compilers; and differences in the 

Among the overa ll dynamic instruction counts from running the 10 Spec benchmarks, 
the overall mean ratio (bottom right) shows MIPS executing 18 percent more instruc­
t ions than Spare. 

library rou tines, which may have 1-------------------------------­
been h and-coded and, hence, used 
different algorithms. One of the 
points conceded by the study is that 
even if a benchmark analysis is di­
vorced from timing and system ar­
chitectu re influ ences, such as cache 
and memory organization, a raw in­
struction count doesn't necessarily 
reflect true performance. The study 
further concedes that to be fair one 
must include functions that cause 
delays similar to executing instruc­
tions. But using factors other than 
actual instructions to normalize the 
comparison of instruction usage 

while Spare has implemented a 
hardware interlock function that op­
erates if the data is not going to be 
ready for the following instruction. 
The effect of both techniques is to 
impose a delay in terms of cycles. 
The Spare approach yields a lower 
total instruction count, while the 
MIPS approach yields a lower cy­
cles-per-instruction ratio . However, 
judging performance on instruction 
count alone would appear to give 
Spare an advantage that is not war­
r anted because throughput is 

tion, circuit simulation, chemical, 
thermodynamic engineering prob­
lems, matrix and Boolean equations. 
Different benchmarks were able to 
highlight some aspects of the archi­
tectural differences between the 
Spare and MIPS. According to the 
study, the most significant architec­
tural differences are that MIPS has 
only single-precision floating-point 
loads and stores while Spare has 
both single- and double-precision 
floating-point loads and stores, giv­
ing Spare an advantage in the float-
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ing-point benchmarks. However, 
MIPS has a single compare and 
branch instruction, while Spare uses 
one instruction to set condition codes 
and another to branch. This gives 
MIPS an advantage in the integer 
benchmarks. 

SOFTWARE 

Some differences relate to the im­
portance the architects of the chips 
placed on the trade-offs in imple­
menting operations in silicon as op­
posed to library routines. The MIPS 
processor, for example, has multiply 
and divide/remainder instructions, 

No TRANSLATION R EQUIRED 

GREEN HILLS C++ IS A 

TRUE COMPILER 
Unlike a C++ translator, Green Hills 
C++ goes direct from source to 
executable code in one step. With 
over 50 advanced optimizations, 
Green Hills C++ produces far faster 
code than cfront pre-processors. 

THREE COMPILERS IN 

ONE!! C++, ANSI C , 

KERNIGHAN & RITCHIE C 
Simplify your development envi­
ronment with one compiler for 
your C++ and C sources. Green 
Hills C++ supports multiple inher­
itance, operator overloading and 
data abstraction. 

CIRCLE NO. 43 
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One Cranberry Hill • Lexington, MA 02173 

Tomorrow's Solutions, Today 

D EVELOP EMBEDDED OR 

N ATIVE APPLICATIONS 
Reduce the cost of complex cross/ 
embedded applications by using 
object oriented technology. Green 
Hills C++ supports 680x0™, 
88000™, and i860™ targets. 

T HE C HOICE IS y OURS 

Available on over 15 hosts: Native 
and cross: Sun-3, Apollo, 386 
UNIX, Apple Mac II (A/UX), 
Motorola, NeXT, DG AViiON, 
Sony NEWS and 88open certi­
fied hosts; Cross only: Sun-4 , 
DEC VAX (VMS & Ultrix), 
DECstations, Apollo, IBM RS/ 
6000. More ports in process, call 
for details. 

We' re flu ent in C++ 
Call (617)862-2002 
or FAX (617)863-CODE (2633) 

i860 is a trademark of In1el Corporation. All other trademarks 
are acknowledged to their respective companies. 

while the Spare chip does not. As a 
result Spare incurs a penalty on 
these operations, averaging 19.8 in­
structions/call for integer multiply 
and 35 instructions/call for di­
vide/remainder. Spare, on the other 
hand, has a floating-point square 
root instruction while MIPS does 
not. MIPS, in turn, pays a penalty 
averaging 62 instructions/call for 
floating-point square root. For­
tunately for both processors, the Spec 
benchmarks are not heavy with these 
calls. The worst-case benchmark for 
Spare uses 1.4 7 percent of the in­
structions for integer multiply and 
2.20 percent for divide/remainder. 
Conversely, the highest percentage 
of floating-point square root instruc­
tions required of the MIPS chip is 2 
percent. 

According to the study, the com-

MIPS/SPARC RATIO 
BENCH-
MARK FLOATING- INTEGER ALL 
RATIOS POINT 

TOTAL 1.3 1.03 1.18 

TOTAL+ 1.25 0.88 1.09 

TOTAL++ 0.86 0.97 0.97 

Three ratios measure instruction set 
usage between MIPS and Spare using 
the Spec benchmarks. ''Total" indicates 
raw counts of user-level instructions. 
" Total+" shows the ratio considering 
other delay factors, such as trap han­
dling and load-use interlocks. "Total++" 
shows the estimated effect of adding 
hypothetical instructions to both ar­
chitectures to even out differences in 
instructions. 

pilers and the library routines affect 
performance. But again, most of the 
differences measured are the result 
of conscious trade-offs, and the net 
results on overall performance tend 
to cancel out. 

I Performance gap narrows 
The raw instruction data gathered 
using the Spec benchmarks showed 
the MIPS processor executing 18 
percent more user instructions than 
the Spare. However, when Sparc's 
non-instruction events, such as load­
use interlocks, are brought into the 



You Don't Have To Take Chances With Bugs. 
THE LOWEST ·COST XDB ROM MONITOR DEBUGGER FOR MOTOROLA 68000, 68020, 68030, 68302, 
68332 AND 68340 MICROPROCESSORS. 
Every embedded microproces.sor application starts off with a few bugs. But you can eliminate 
them without missing a beat - or a deadline. Because with Inter Tools XDB ROM Monitor 
Debuggers, you start and finish debugging sooner in actual prototype environments. XO B's 
powerful user-friendly interface and "smart" ROM Monitor make it the most productive 
debugger available. And, starting at just$ 2 ,4 9 5, it's also the lowest priced. Call 
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Price is for IBM PC and compahble version; call for pricing for other platforms. 733 Concord Ave., Cambridge, MA 02138 
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I TECHNOLOGY UPDATES 

picture, the difference drops to 9 per­
cent. Finally, the study team esti­
mated the effects of adding hypothet­
ical instructions to each chip to factor 
out all architectural differences. What 
if MIPS had a floating-point square 
root instruction and Spare had inte-

SOFTWARE 

ger multiply and divide/remainder 
instructions, for example? In that 
case, the difference would narrow to 
3 percent in favor of MIPS. 

But since RISC means "reduced 
instruction set," the two processor 
architectures have made different 

CIRCLE NO. 45 
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choices in terms oflimiting the size of 
their instruction sets. As Robert 
Novak, product marketing manager 
for MIPS' performance group, says, "If 
we were to do an instruction count 
comparison of a CISC machine, ver­
sus a RISC machine, a CISC machine 
would have many fewer instructions 
than a RISC machine-but many 
more cycles." So performance really 
can't be divorced from the relation­
ship between instructions executed, 
the cycles per instruction and other 
architectural overhead. 

I Neither has significant edge 
Because RISC relies on intelligent 
use of a smaller number of instruc­
tions than CISC, RISC is more de­
pendent on compiler technology and 
on efficient library rou tines for per­
formance. The Sun study concluded 
that the combined strengths and 
weaknesses of the two processors' 
library routines and compilers do 
not give either the MIPS or the 
Spare processor a clear advantage. 
However, since the hardware ar­
chitectures are likely to remain sta­
ble for some time, practical progress 
in reducing the number of instruc­
tions used will probably come from 
improvements in compiler technol­
ogy and fine-tuning the library 
routines. 

Pure processor performance can­
not be judged solely on the basis of 
instruction counts. Architectural 
features not directly related to in­
structions can also affect perfor­
mance. According to MIPS' Novak, 
the MIPS processor can, for exam­
ple, simultaneously access data and 
instruction caches, while Spare can 
not-an element that must surely 
affect performance. If Sun is going 
to concede that there are some fac­
tors other than instructions exe­
cuted that affect performance, it 
must admit to all of them. And ifthe 
results of Sun's own study were so 
close, designers must look at factors 
beyond instruction utilization to 
draw their own conclusions. • 

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. 

MIPS Computer Systems 
(408) 720-1 700 
Sun Microsystems 
(41 5) 960-1 300 
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~()ftJuptotwi~ 
the~rofa 

standard haue~ 
Introducing two new 

rechargeahles from Gates that 

are commanding everyone's 
attention: Nickel-Metal Hydride 
and ULTRAMAXN Nickel­

Cadmium batteries. 

Ni-MH offers up to 100% 
more capacity than a standard 

Ni-Cd battery. while our 
ULTRAMAX line offers up to 
70% more capacity. 

And, with this increase in 

power comes unequaled design 
flexibility. such as longer 
run time, additional features, or 

downsizing without sacrificing 

performance. To contact a sales 
engineer near you, give us a call 

at 1-800-67-POWER. And see 
w hy no battery ranks higher. 

Th e poll' er of grea t idea.f. 
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Ask Sun. 
Synthesis is one of the reasons the SPARC® systems get to market so fast. Sun's Chris Malachowsky says, 

"I can now design 30,000 gates in the time it would take to design 2,000 gates the old way. Synthesis gets me to 

simulation and verification faster and more accurately." Synopsys tools have become the synthesis standard, 

compatible with all major ASIC libraries, hardware platforms, and other design software. Chris is convinced: 

"Logic synthesis is the safest way to design complex, gate-intensive chips-and to meet impossible deadlines." 

syn®~sys® 
DAC Booth # 2218 

Synopsys Inc., 700 East Middlefield Road, Mountain View, CA 94043-4033 FAX: 415-965-8637 TEL: 800-388-9125 
c 1991 Synopsys Inc. SPARC 1s a reg1s1ered trademark of SPARC International, Inc Products bearing the SPARC trademark are based on an architecture developed by Sun Microsystems, Inc. 
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ASIC complexity fuels 
drive to HDL design 

Spiralling gate 
counts and 
time-to-market 
pressures are 
making HDls 
mandatory. 
Designers must 
choose the right 
HDL and integrate 
it into their design 
environment. 

Mike Don lin 
Senior Ed itor 

A s design tasks get more complex and ASICs routinely surpass the 
20,000-gate level, it's impossible for an engineer to visualize a design 
without using a high-level description. In addition to this "can't see the ASIC 
for the gates" problem, time-to-market pressures will require simulation at 
the architectural level as time-consuming iterations of a design become 
unacceptable. 

High-level languages in general and hardware description languages 
(HDLs) in particular will do for hardware designers what C, Pascal and Ada 
did for software developers-free them from thinking about the minutiae 
of a design and let them optimize its behavior. 

Quite simply, the HDL revolution addresses two increasingly important 
issues: circuit complexity and designer productivity. "Companies just don't 
have a choice anymore," says Patrick Beauvillard, technical marketing 
manager at Cadence Design Systems (San Jose, CA). "Even if it were 
possible to design a complex ASIC at the gate level , statistics show that 
about half the time it won't work when interfaced to the rest of the system. 
It's imperative to simulate performance at a high level of abstraction. You 
need an HDL to do this." 

I More-productive designers 
"Another critical benefit of HD Ls is designer productivity," adds Venktesh 
Shukla, the open Verilog program manager at Cadence. "With traditional 
methods an engineer might be able to design 30 to 50 gates a day. With an 
HDL, productivity is more in the neighborhood of200 gates a day. Does this 
mean a company will need fewer logic designers? I don't think so. There are 
plenty of other tasks, like exploring design efficiency and real estate 
requirements before implementation, that need to be addressed." 

In addition to increasing productivity, HDLs also decrease the costly 
portions of the design cycle, namely the test and debug of complex circuits. 

Mentor 
Graphics' design 
environment lets 
users specify 
designs graphi­
cally or textually. 
The upper right 
w indow displays 
a high-level 
block diagram 
for a graphics 
processing 
design. The 
upper left win ­
dow contains 
the VHDL 
description of 
the ALU block. 
The lower two 
schematic win ­
dows display the 
gate level logic 
synthesized 
from the VHDL 
description. 
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I HDLs 
"What you have is a shift in how 
engineers use their time," says 
David Coelho, executive vice-presi­
dent of strategic planning and busi­
ness development at Vantage Analy­
sis Systems (Fremont, CA). "In a 
typical bottom-up approach, a de­
signer might spend 10 percent of his 
time doing high-level architectural 
planning, 40 percent on gate-level de­
sign and 50 percent on test and debug. 
In a top-down approach, that shifts to 
maybe 30 to 40 percent for design 
description, but only 30 to 40 percent 
in logic design and only 20 to 30 per­
cent in test and debug. By simulating 
at the front end, you don't have as 
many penalties at the back end." 

HDLs also give engineers an op­
portunity to generate test vectors at 
an early stage in the design cycle. 
P roducts such as Test Compiler from 
Synopsys and Test Design Expert 
from ExperTest (Mountain View, 
CA) generate test programs from 
VHDL descriptions. "We find that if 
an HDL description is being written 
for synthesis, it's very close to what 
we need for test generation," says 
Charlie Miller, vice-president of 
sales and marketing at ExperTest. 
"We can tweak a description like 
that in a day or so. If the code has 
been written for simulation pur­
poses, however, it might take a little 
longer becau se there are structu res 
in there that have nothing to do with 
th e physical implementation of the 
device and which don't translate 
into test parameters." 

I Thinking in code 
Even though the debate over 
whether to use an HDL is subsiding, 
there are other issues, such as which 
HDL to use and how to implement 
it into a company's design philoso­
phy, that are just beginning. The 
real question that fuels these de­
bates is simple-how does a com­
pany get design engineers who are 
used to thinking in graphical or 
schematic terms to think of a design 
as lines of code? 

The transition to an HDL method­
ology is usually not as much of a 
problem for engineers who have re­
cently graduated from schools 
where software is part of the cur­
riculum as it can be for designers 
who simply haven't had to work with 
or think about software. The push to 
adopt HDLs is real, however, and 
even experienced engineers are be­
ing forced to learn new ways. The 
transition is not always easy. 

"I guess you could say that at the 
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outset, some people aren't wildly en­
thusiastic," says Terry Coston, di­
rector of systems development at 
Harris Semiconductor (Melbourne, 
FL). "But if you look at the history 
of EDA, it's full of the same kind of 
painful transitions. In the '60s and 
'70s engineers were forced to use 

GRAPHICAL DESIGN TOOLS 

12 

MENU-DRIVEN MACROFUNCTIONS 

FSM SYNTHESIS 

BOOLEAN DESCRIPTIONS 
AND LIBRARY TRANSLATION 

Graphical tools gi ve designers a familiar 
way to conceptualize portions of a cir­
cuit at a high-level of abstraction. These 
tools are emerging as an entry point for 
designers who aren 't familiar with think­
ing of a project in terms of fines of code. 
Shown here are some examples of the 
form that such tools might take. The top 
diagram shows how menu-driven macro­
functions can be drawn to represent 
commonly used devices such as ALUs 
and registers. The diagrams can repre­
sent structural elements as well as data 
paths and can replace many lines of 
VHDL. Familiar representations such as 
bubble diagrams (middle diagram) and 
Boolean descriptions (bottom diagram) 
are used to represent finite state 
machines and PLD circuits. 

computers to verify circuits. They 
weren't wild about that at first, ei­
ther. In the '70s the real EDA tools 
started coming out, and engineers 
had to start working on worksta­
tions. The same thing will happen 
with HDLs. It will be a slow transi­
tion, but it will happen." 

Harris conducts in-hou se semi­
nars to teach its engineers VHDL, a 
language the company uses prima­
rily for building cell libraries for syn­
thesis. "The trick is not to ju st push 
people through a two-week course," 
Coston points out, ''but to get an 
engineer working on a project using 
an HDL as soon as possible. Of 
course the time it takes someone to 
master a language varies, b u t 
within a few month s just about any­
one can become proficient." 

I Designing at a higher level 
Traditional design methodologies 
force designers to focus on wiring 
up gates. The HDL a pproach per­
mits designers to work at a higher 
level, where th e function and be­
havior of a device is considered be­
fore committing the design to a spe­
cific architecture . 

Considering a device's functions 
and behavior first has its advan­
tages. "Take, for instance, someone 
who's designing an adder," says Ca­
dence's Beauvillard. "If the device 
has been designed with a schematic 
editor and it's not fast enough , there 
aren't a lot of options for improving 
its performance. A designer might 
optimize the place and route and get 
a 10 to 15 percent speed improve­
ment, but if that's not enough, either 
the design has to be thrown out or 
the slower speed has to be designed 
around. With an HDL, however, a 
designer can evaluate the architec­
ture and choose the best one before 
committing it to gates." 

Some engineers are approaching 
HDL design methodology by adopt­
ing traditional software methods. In 
his VHDL training seminars, Bill 
Billowich, president and CEO of the 
VHDL Consulting Group (Allen­
town, PA), encourages this ap­
proach, especially for students unfa­
miliar with software design . 
"Anytime you tell a hardware engi­
neer to take a design and start cod­
ing, he's probably going to be intim­
idated," says Billowich. "So I think 
the best method is to train someone 
how to approach the job. If a hard­
ware designer asked a software en­
gineer how to approach a 10,000-
line piece of software, he'd get some 
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I HDLs 

VHDL, Verilog and UDUI: An example-driven comparison 

v HDL, the IEEE­
and ANSI-standard 
hardware descrip­
tion language, is in­
creasingly used in 
the defense and 
commercial sectors 
of the electronics in­

dustry for digital design . Verilog, a pro­
prietary HDL recently placed in the pub­
lic domain, is widely used in North 
America and Europe . UDUI is the emerg­
ing Japanese standard HDL. Why are 
there three commonly used HDLs? 
What do they look like7 What are the 
differences between them? When 
should the use of one language be fa­
vored over another? 

To compare these three HDLs, we can 
look at an example worked in all three 
languages. The model is a clocked, se­
rial-input, parallel-output, 8-bit shift reg­
ister wi th asynchronous, active-low 
clear. To more easily understand the ex­
amples, the language keywords used in 
each model are in bold type. 

The VHDL model shown is built around 
the draft IEEE-standard multivalued log­
ic model. VHDL allows signals of arbitrary 
sca lar or composite type; we'll use the 
IEEE 's proposed nine-state model, which 
comprises two main elements: the en­
tity interface and the architecture body. 

The entity interface, beginning with 
"entity Sh iftRegister" and ending with 
"end ShiftRegister," describes the 
model's interface to the universe. Here, 
the ports, or signals that pass informa­
tion across this interface, are listed. 
Each port has a mode, or direction of 
data flow, and a type. Type "Bit" is a sin­
gle bit defined by VHDL that indicates 
the port's mode. "Std_logic" and 
"std_logic_vector" are the nine-state 
scalar and vector types, respectively, of 
the IEEE logic model. 

There's also an assertion statement in 
the interface to check that the shift reg­
ister is not simultaneously strobed (a ris­
ing edge on clock while shift is high) 
and cleared (clear low). 

The architecture body, beginning with 
"architecture Functional" and ending 
with "end Functional," describes the 

A VHDL example 

use IEEE.Logic_System. all; 
entity ShiftRegister is 

port (Cir: inBit;- asynchronous 
clear 

Clk: inBit;- shift clock 
Sh: inBit;- shift enable 
LR: in Bit;- shift direction 
S 1, S2: in Bit;- shift control 
Q: instd_logic;- serial input 
Output outstd_logic_vector (1 to 

8));- parallel output 
begin 

assert not (C ir= 'O' and Clk = '1' 
and Clk'event and Sh= '1 ') 

report "Shift register simul­
taneously strobed and cleared" 

severity Warning; 
end ShiftRegister; 

architecture Funct ional of Shift­
Register is 

signal v: std_logic_vector (1 to 8) 
register; - register's internal storage 

begin 

Output <= v 30 nS; 

AsyncClear: 
block (C ir= 'O') 
begin 
v <=guarded (others => 'O') after 

12 nS; 
end block AsyncClear; 

Shifter: 
block (Clk = '1' and Clk'event and 

Sh= ' 1 ') 
subtype three_bit is Bit_ Vector (1 

to 3); 
begin 

with three_bit'(LR & S 1 & S2) 
select 

v <= guarded 
Q & v(1 to 7)when "000", 

'O' & v(1 to 7)when "001 ", 
' 1' & v(1 to 7)when "010", 
v(8) & v(1 to 7)when "0 11 ", 
v(2 to 8) & Qwhen "100", 
v(2 to 8) & 'O'when "101 ", 
v(2 to 8) & '1 'when " 11 0", 
v(2 to 8) & v(1)when "111 "; 

end block Shifter; 
end Functional; 
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structure or behavior of the model. 
Models may have multiple architecture 
bodies per entity interface. In this way, a 
collection of architectures may represent 
different organizations or different de­
sign abstractions of a model. 

The functionality of this shift register 
is described with three concurrent state­
ments. The first (immediately after the 
"begin " in the architecture) drives the 
outputs as a function of the internal state, 
"v." The second clears the internal state 
whenever clear is low, and the final state­
ment implements the shift logic. 

If both the second and third state­
ments are simultaneously active, then 
"v" will have conflicting drives applied 
to it. The IEEE logic model specifies a res­
olution function to handle such cases; 
"v" will be set to all "X"s in this case. 
Note that both of these statements are 
simultaneously active precisely when 
the assertion condition is violated. 

Together, an entity interface and one 
of its architecture bodies compose a 
complete model. 

I Verilog version 
The Verilog version of this model uses 
the built-in data type for signals­
Verilog does not give you the choice of 
using your own-and is organized in 
much the same way as the VHDL ver­
sion. But since Verilog doesn't separate 
the interface and body of a model, this 
model is built as a single module. 
Moreover, Verilog has only relative (or 
scaled), and not absolute, delays. Hence, 
we specify that the delay scale factor cho­
sen for this model is 1 ns per unit at the 
top of the model_ Finally, Verilog's built­
in resolution mechanism handles the 
case where both the final two always 
block drive "v" at the same time. 

Like Verilog, the UDUI version allows 
the use of only its built-in, four-valued 
data type for signa ls. Also, the bits are 
numbered from zero to seven, and not 
from one to eight as in the other two ex­
amples, because UDUI requires bits be 
numbered from zero. Other than this dif­
ference, the UDUI model is very similar 
to the Verilog model. 

As illustrated by these examples, the 

Paul J. Menchini, MSEE: Computer Engineering, Corporate Strategic Staff, CAD Language Systems Inc 
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A Verilog example 

'timescale 1 ns/1 OOps 

module ShiftRegister (Cir, Clk, Sh, LR, 
S 1, S2, Q, Output); 

input Cir,// asynchronous clear 
Clk,// shift clock 
Sh,// shift enable 
LR,// shift direction 
S 1, S2,// shift control 
Q;!I serial input 

output [1 :8)0utput;// parallel out­
put 

reg [1 :8)v;// register's internal storage 

always @(posedge Clk) 

if (C ir == 0 && Clk == 1 && Sh== 
1) $display ("Shift register simul­
_taneously strobed and cleared"); 

assign #30 Output= v; 

always @(Cir) 

if (!Cir) 
#1 2 assign v = O; 

else 
#12 deassign v; 

always @(posedge Clk) 

begin 
if (Clk == 1 && Sh== 1) 

case ({LR, S 1, S2}) 
3'bOOO:v = { Q,v[1:7)}; 
3'b001 :v = { 1 'bO, v[1 :7)}; 
3'b0 10:v = { 1'b1, v[1 :7)}; 
3'b0 11:v = {v[8) , v[1 :7)}; 
3'b100:v = (v[2:8), Q}; 
3'b101 :v = {v[2 8), 1 'bO}; 
3'b110:v = {v[2 8), 1 'b1}; 
3'b111 :v = {v[2 :8), v[1)}; 

end case 

end 
endmodule 

three HDLs have large areas of overlap . 
Each, however, has features that distin­
guish it from the others and that may 
make it especially suited for a particular 
application . 

I Selecting a language 
VHDL contains the most features for de­
sign abstraction, especially data-type ab­
straction. It's especia lly suited for 
design-space exploration and for life-cy­
cle management of designs. VHDL has 
features (configuration declarations­
not used in the VHDL example) for the 
management of design configurations . 
In addition, VHDL was a well-specified, 
publ ic standard from the start. Accord­
ingly, many tools from many different 
vendors are now or soon to be availa­
ble, giving users the widest choice in 
EDA tools. 

On the other hand, VHDL is the most 
complex of the three HDLs. If you don't 
need any of the extras that VHDL pro­
vi des, then Veri log or UDUI may let you 
start designing more quickly. Veri log 
also has the most-mature suite of tools 
available, although currently only a 
smal l number of vendors support 
Verilog. That number may soon grow 
because Verilog has recently become a 
public standard. 

But you have to be careful when us­
ing Verilog models as input to synthesis. 
Verilog conta ins some nonhardware-ori­
ented constructs; moreover, some con­
structs are ambiguous. UDUJ, in contrast, 
was designed to drive register-transfer­
level synthesis tools. No constructs are 
included that cannot be synthesized by 
such tools, which may limit your ability to 
describe complex behaviors. Another 
problem you 'll face when attempting to 
use UDUJ is that there are currently no 
tools commercially available, although this 
situation wil l soon change. 

With these examples in mind, design­
ers should carefully consider their needs 
and goals when choosing an HDL for a 
particular task. 

A UDL example 

IDENT: Registers; 
NAME:SHIFT _REGISTER; 
LEVEL:CELL; 
INPUTS: SH," shift enable" 

LR," shift direction" 
S 1, S2, "shift control" 
Q; "serial input" 

OUTPUTS:OUT <0:7>; "parallel out­
put" 

RESET _PIN:C LR;" asynchronous 
clear" 

CLOCK:CLK; "shift clock" 

ASSERTION_SECTION: 

ASSERT ("-CLR) & RISE(.CLK) & SH 
ELSE PRINT ('Shift register simul­

taneously strobed and cleared') 
END_ASSERT; 
END_SECTION; 

BEHAVIOR_SECTION: 

REGISTER:V<0:7> DELAY 12NS; 

OUT := V DELAY 30NS; 

IF '\CLR THEN 
RESET(V); 

END_IF; 

V := IF .SH THEN 
AT .CLK DO 

CASE LR 11 S 1 ! ! S2 OF 
#3o0QI ! V:6 
#3010!! V:6 
#3021 !! V:6 
#3o3V<7> 1 ! V:6 
#3o4V< 1 :7>11 Q 
#3o5V<1 :7> 1 ! 0 
#3o6V< 1 :7>! ! 1 
#3o7V< 1 :7>!! V 

END_CASE 
END_DO 

END_IF; 
END_SECTION; 

EN D; 
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I HDLs 

valuable advice. The issues are the 
same for both hardware and soft­
ware engineers, namely ones of 
modularity, commentary, partition­
ing, and defining interfaces up 
front ." 

I Thinking in pictures 
Because some engineers are reluc­
tant to change their methods of 
thinking and because portions of a 
design may be best left to a graphi­
cal methodology, some EDA vendors 

charts. Using these graphical de­
scriptions , Express VHDL can sim­
ulate the performance of a system 
and generate VHDL code that can 
be synthesized into schematics. 

At first blush, this ability to 
graphically depict system behavior 
and have a tool translate the result­
ing diagrams into VHDL might 
seem like the best of both worlds, 
but some engineers are skeptical 
about such an approach. Critics 
point out that code translated from 

Express VHDL, a graphical entry tool from i-Logix, lets engineers validate a be­
havioral model of a device before any code is written. The tool then generates VHDL 
code that can be synthesized into schematics. In this example, the transmitting func­
tion of a dual asynchronous receiver/transmitter is described graphically in the upper 
left window. Resulting VHDL code is printed to the right. 

are coming out with products that 
let designers use a combination of 
block diagrams and HDLs. A tool 
called Express VHDL from i-Logix 
(Burlington, MA) lets users create a 
visual model of system specifications 
through Activity-Charts, which show 
data and control flows hierarchically, 
along with the system's processing 
capabilities. These Activity-Charts 
translate into Statecharts, which de­
scribe the dynamics of a system and 
show the control aspects of the sys­
tem's functions. 

The charts identify all possible 
states and the transitions between 
them , while labels on the transitions 
indicate when and under what con­
ditions each transition will take 
place. The tool uses Module-Charts 
to describe the hardware and soft­
ware components of a system and 
their relationship to the elements 
identified in the previous two 
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such high-level descriptions will not 
be as efficient as software written by 
a good designer. In addition, some 
people think a large design can't be 
conceptualized at a graphical level. 

"It's hard to picture a state ma­
chine bubble diagram stretching be­
yond two pages," says the VHDL 
Consulting Group's Billowich. "It's 
difficult to think of a large project 
that way because after a while you 
have to think of a design as a classic 
enumeration of states. By the time 
you get to page five or six of a graph­
ical representation of a design, you 
don't know where you are or what 
connects to what. This isn't to say 
that a graphical entry for VHDL is 
a bad thing-you just have to be 
careful how you design it." 

Still , because engineers are accus­
tomed to using graphical represen­
tations for design definition, EDA 
vendors are pursuing ways to make 

such tools available. Mentor 
Graphics (Wilsonville, OR), for in­
stance, acquired high-level graphi­
cal description tools when it pur­
chased Silicon Compiler Systems 
(SCS). According to Mentor, the Au­
toLogic and LogicLib tools from SCS 
let ASIC designers raise the level of 
their design specifications from 
gates and improve the efficiency of 
those designs without having to 
learn new design practices. With 
these tools, designers can express 
functions with building blocks . 
These blocks can represent over 50 
synthesizable logic functions in­
cluding adders, AL Us, comparators, 
counters, multipliers, tally blocks, 
and Wallace trees. Custom func­
tions can also be developed by users. 
The synthesis side of the tool ac­
cepts these blocks as input, as well 
as NETED schematics, netlists, 
Boolean descriptions, PLA tables, 
and finite state machines. 

I The goals of HDLs 
Regardless of how a design is en­
tered, it's only useful if it can be 
simulated, synthesized down to an 
actual product and accurately docu­
mented. Interestingly enough, the 
three main HDLs in use today, 
Verilog HDL, VHDL and UDL/I 
(Unified Design Language for In­
tegrated Circuits), were all de­
signed with one of these capabilities 
in mind. 

Verilog HDL from Cadence was 
developed as a high-level language 
for use with the Verilog-XL simula­
tor by Gateway Design Automation, 
a company that was acquired by 
Cadence in 1989. The Verilog family 
caught on with a number of ASIC 
vendors because of its excellent sim­
ulation capabilities. According to 
Cadence, Verilog HDL is currently 
the most widely used HDL in the 
industry with over 10,000 users. In 
addition to its high-level description 
and simulation capabilities, Verilog 
HDL is also supported as a synthe­
sis language. Although highly re­
garded, Verilog carries neither the 
DOD stamp of approval nor IEEE 
standardization (VHDL has both ). 
In a move designed to keep Verilog 
HDL alive as a competing force 
against VHDL, Cadence opened the 
language as public domain software 
in May of 1990. 

VHDL was designed for the U.S. 
government by Intermetrics (Cam­
bridge, MA) to provide a standard 
way to document designs. Because 
VHDL provides a standard simula-



NETWORKING 
FOOi, TOKEN-RING AND ETHERNET 
COMMUNICATIONS 
The need to network has never been greater. Diverse processing 
platforms, distributed architectures, client-server. departmenta l and 
workgroup environments all contribute to increased demands on the 
network. System and network designers need a proven source of 
technology solutions for the wide range of networking and 
communication application problems they face. 
lnterphase delivers those solutions. 
FOOi, TOKEN-RING AND ETHERNET SOLUTIONS 
lnterphase has long led the industry in high-performance VMEbus 
peripheral controllers, and that same leadership is now evident in 
networking node controllers. lnterphase has FDDI, Token-Ring and 
Ethernet solutions for virtually any VMEbus system application 
challenge. 
PROVEN FOOi SPEED AND INTELLIGENCE 
lnterphase's FDDI 100 Mb/s offerings are a logical choice for the 
industry The V/FDDI 3211 Falcon received UnixWorld magazine's 
Product of the Year designation and was the industry's first 6U 
VMEbus FDDI solution. lnterphase's newest FDDI product is the 
V/FDDI 4211 Peregrine, a RISC-based high-performance node con­
troller capable of link level operation or on-board protocol processing. 
The Peregrine provides single or dual attach configurations, with 
SMT [Station Management Software) running on-board, all in one 6U 
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The V/Token-Ring 4212 Owl is an ultrafast Token-Ring node controller 
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workstations, supercomputers or any other VMEbus system into 
an IBM® environment using IEEE 802.5 Token-Ring. This multiple 
processor design provides an elegant queued interface to the system 
supporting IEEE 802.2 LLC, and a flexible 4 or 16 M bit interface to the 
Token-Ring network. 

ETHERNET CHOICES 
lnterphase also offers two Ethernet design options. The V/Ethernet 
4207 Eagle 32-bit protocol platform is the high-performance stan­
dard for the industry, and offers on-board TCP/IP support. The 
V/Ethernet 3207 Hawk is designed specifically for cost-sensitive 
VMEbus applications. 
GET YOUR NET WORKING NOW 
No matter what your networking need - FDDI, Token-Ring or Ethernet 
- lnterphase is ready to provide the solution. For more information 
call today: 
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I HDLs 

tion input language, it's supported 
by most major CAE vendors' simu­
lators. Several companies, among 
them Synopsys, Racal-Redac (West­
ford, MA) and Viewlogic, support 
VHDL as a synthesis language. The 
fast-growing acceptance of VHDL, 
however, probably stems more from 
DOD support and the IEEE en­
dorsement rather than its ease of 
use or popularity. Many users feel 
that because VHDL has so many 
features and capabilities, it's diffi­
cult to use. 

"VHDL was developed by soft­
ware designers," says James Vel­
lenga, manager of design represen­
tation at Racal-Redac. "I remember 
in the '80s looking at some of the 
original proposals for VHDL and 
thinking that it wasn't being de­
signed for hardware designers; it 
was being written for software de­
signers who didn't understand the 
issues of synthesis and implementa­
tion. Restricting it would make it 
more usable. People don't want 4 7 
different ways of expressing some­
thing-it confuses them." 

The most recent contender in the 
HDL arena, UDUI, is being devel­
oped by the Software Development 
Committee, an organization of Ja­
panese electronics firms and the 
Japan Electronic Industry Develop­
ment Association. Based on Nippon 
Telephone and Telegraph's internal 
HDL, UDUI is primarily targeted to 
drive register transfer level (RTL) 
synthesis tools. Though the fact that 
it's being designed to support syn­
thesis is attractive, the large market 
share of Verilog HDL and the stan­
dardization efforts behind VHDL 
are causing most EDA vendors to 
take a wait-and-see attitude about 
UDUI. 

I HDLs for programmable logic 
Most companies that support VHDL 
and Verilog view these languages as 
a way to design large ASICs and 
even larger systems. But there are 
other HDLs that are targeted to pro­
grammable devices such as PALs, 
PLDs and field -programmable gate 
arrays (FPGAs), and these are often 
an entry point for engineers who are 
just starting to use language-based 
designs. Companies such as Data 
I/O (Redmond , WA) and Mine 
(Colorado Springs, CO) offer HDLs 
that support the development of pro­
grammable devices. Because these 
languages aren't intended for large 
system designs , they're simpler to 
use and don't need the complicated 
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simulation and synthesis constructs 
of other HDLs because their LargeL 
devices can be programmed, tested 
and reworked in a matter of 
minutes. 

"Our Abel language is designed to 
work at the behavioral level," says 
David Kohlmeier, division engineer­
ing manager for the design software 
business unit at Data I/O. "We don't 
get into structural issues such as 
data paths. We can go from a de­
scription to a device, whereas VHDL 
and Verilog produce generic netlists 
and then need synthesis to get to a 

"Basically two types of people deal with 
VHDL," says Bill Billowich, president of 
the VHDL Consulting Group. "A minority 
are model developers who support the 
CAE funct ions of a company. They w ill 
produce a model of a multiplexer that 
the design team might need. The second 
group, digital designers, use VHDL to 
describe what these models do." 

particular part." 
Even though these programmable 

logic languages provide a migration 
path for engineers to move from tra­
ditional methods of design entry to 
HD Ls for ASIC design, most vendors 
of these tools and languages agree 
that they will someday move into 
VHDL either as a subset or by pro­
viding hooks for file input and out­
put. In fact, Viewlogic's VHDL syn­
thesis translates from RTL 
descriptions to FPGA part formats. 
According to Mine vice-president 
Kevin Bush, "In the long term, we'll 
end up with some form ofVHDL in 
our tools. When you have companies 
like Mentor and Valid incorporating 
VHDL into the suite of tools of which 
you're a part, it's pretty hard to stay 
on the sidelines." 

Analog designs are one of the last 
frontiers that need an HDL stan­
dard. Work on an analog HDL 
(AHSL) standard is in its infancy, 
with the IEEE SCC30 committee 
looking into it as a language or as an 
extension of VHDL. One of the pro­
posals the IEEE committee is con­
sidering is the Mast AHDL from 
Analogy (Beaverton, OR). Designed 
for use with Analogy's Saber simu­
lator, Mast can be used to write mod­
els for circuit-level devices, such as 
transistors and diodes, up to sys­
tem-level boxes, such as control 
functions and differential equations. 
Saber can then simulate these ana­
log parts, as well as ASICs, digital 
components, lasers, motors, and 
control systems. 

HDLs, whether graphical, textual 
or some combination of the two, will 
undoubtedly be a primary force in 
the designs of the '90s. "Let's face it," 
says Dick Albright, director of mar­
keting for CAE products at Valid 
Logic Systems (San Jose, CA). "If 
you can keep a designer working at 
a high level, you're going to increase 
productivity. If I have a language, a 
simulator and a synthesis tool, I 
don't want my engineers wasting 
their time laying gates out on a sche­
matic. To be competitive you simply 
have to move to a higher level of 
abstraction." • 

For more information about the technol­
ogies, products or companies mentioned 
in this artide, call or circle the appropriate 
number on the Reader Inquiry Card. 
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At lnterferometrics Laboratories Todd Brackett, Control System Group Leader on NRL's Big Optical Array Project, adjusts the optics on a laser interferometer. 

Opening a New Eye on the Cosmos 
The Naval Research Laboratory needed a better way of 

seeing the Universe. They came to Interferometrics for 
help. 

When Interferometrics needed computers to control 

NRL's revolutionary Imaging Optical Interferometer they 
came to Themis Computer. 

The NRL Big Optical Array imaging interferometer 
requires a perfectly synchronized dance of mirrors to 

eliminate the delay and distortion of starlight passing 

through turbulence cells in the atmosphere. These 
mirrors require an intricate network of motors, sensors 

and actuators, linked through Ethernet, working together, 

to counter the earth's motion and distorting effects of the 
atmosphere. Themis Computer's broad, fully-compatible 

family ofVMEbus CPU, 1/0 and Communication boards 
provides real-time control for this stellar project 

The result will be a new generation of optical telescope 
capable of imaging star systems to an angular resolution 

1,000 times greater than conventional ground-based optical 
telescopes, and 200 times greater than the Hubble Space 

Telescope. Significantly, this will be accomplished at a cost 
of only $10 million, 1/200th of the Hubble's cost. 

This remarkable project will result in more accurate 

mapping and measurement of the stars and improve our 
understanding of phenomena such as black holes, binary 
stars, and quasars. 

We at Themis are proud of our involvement in this 

endeavor. 
Whether your application is on the factory floor or out 

of this world, Themis has the hardware and software to put 
it all together. 

Call (415) 734-0870, fax: (415) 734-0873, or in Europe, 

33.1.69.86.15.25, fax: 33.1.64.46.45.50. 

At Themis, we're making the 
open systems promise a reality. 

Americas: 6681 Owens Drive, Pleasanton, CA 94588 
Europe: 29, Av. de la Baltique, 91953 Les Ulis Cedex-France 
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ST16C554 
If you're looking to reduce costs and pin counts, the 

ST16C554 quad UART with FIFO from STARTECH can make a 

world of difference. This PC-compatible quad UART offers FIFO, 
modem control signals and an internal programmable baud rate 
generator. And it's fab'ricated in CMOS for low power drain and 
high speed performance. Best of all , its evaluation board is 

available now. 
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ST68C554 
ow you can squeeze more ~lUt pf your boar~ for less with 

the VME-compatible ST68C554 quad UART with ·FIFO from 
STARTECH. Available at a lower price than the competition, the 
ST68C554 brings you world class performance. And unlike the 
competition, it provides a complete modem interface. 

PRODUCT NUMBER DESCRIPTION PACKAGE 

STl 6(550 UART with FIFO 40 PDIP / 44 PLCC 
STl 6C552 2 UARTS with FIFO + printer 68 PLCC 

STl 6C2550 2 UARTS with FIFO 40 PDIP / 44 PLCC 

STl 6(554 4 UARTS with FIFO 68 PLCC 

ST16C450 UART 40 PDIP/44 PLCC 
ST16C452 2 UARTS with printer 68 PLCC 

STl 6C2450 2 UARTS 40 PDIP / 44 PLCC 

ST68C554 4 UARTS with FIFO for VME·8US 68 PLCC 

Whatever your application, whatever your operating system, 
we 've got the perfect quad UART For more information on our 
complete family of products and quad UART samples, call 
STARTECH: 1 (800) 245-6781 or ( 408) 24 7-8781. 
FAX (408) 247-0292. 

3 
STARTECH 
SEMICONDUCTOR. INC. 

11 01 S. Winchester Blvd., Bldg. A!Ol , San Jose, CA 951 28 
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IT'S TIME TO MAKE THE 

SWITCH CRAFT'S 
NEW SNAP-56 ... 
IT'S ONE OF THE 

SMARTEST DECISIONS 
YOU'LL EVER MAKE! 

C:IS I 
e 

Making the right business decision always takes time. But choose the 
new SNAP-56 and you 'll discover a whole new way thinking. The 
SNAP-56, with full UL approval, now features universal 19 and 23 inch 
mounting flanges. These separate flanges make fast mounting in 
either size configuration a snap.! 

FEATURE BY FEATURE, THE SNAP-56 WILL 
HELP YOU MAKE A TIMELY DECISION: 
• Switchcraft ... 1st with total modularity, front cross­

connects, jacks, and monitor LED's are removable from front of 
panel. 

• Total flexibility, wiring of all cross-connects can be made or 
changed from front of panel ; jacks and circuit cards can be used at 
any location. 

• High performance patching circuits for connecting, monitoring 
and re-routing facility digital signals. 

• High density, 56 circuits in 19 inch panels. 

• Total in-service maintainability, all individual circuit elements 
(jack, circuit board, LED) can be changed , replaced or modified 
without disrupting other channels. 

PLUS MANY MORE FEATURES! 
When you add on-time deliveries, responsive customer service and 
competitive pricing, you 'll come to one of the best business decisions 
you've ever made . .. in a snap! 
The SNAP-56 Jackfield, only from Switchcraft! 

For more information and specifications call Richard Neidl at (312) 
792-2700, Ext. 232. or FAX your request to (312) 792-2129. 

Switchcraft 
A Raytheon Company 
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5555 N. Elston Ave. 
Ch icago, IL 60630 
(312) 792-2700 
FAX: (312) 792-2129 



Object-oriented tools 
expand the repertoire 
of real-time developers 

Object-orie_nted 
programming 
eases problems 
caused by . 
program size 
and complexity, 
and its benefits 
are coming 
to real-time 
applications. 

Tom Williams 
Senior Editor 

o bject-oriented software technology has become one of the major 
concerns of the computer industry for the '90s. The hoped-for benefits of 
object orientation have spawned a huge amount of activity in the design of 
object-oriented languages, database systems, programming environments, 
and third-party support products. It has also raised a number of "cultural" 
issues that revolve around the way programmers do their work and how 
they must adapt to an object-oriented discipline. 

The advantages offered by products and technology available today are 
causing many organizations to make a commitment to object orientation. 
Among these benefits are reusability of code, the ability to manage increas­
ingly complex applications, and the ability to more easily extend and modify 
existing software products. And the benefits appear to apply to all ranges 
of applications. "The techniques really apply to any type of application that 
you're creating and are almost independent of the language you're using,'' 
says Zack Urlocker, Turbo Pascal product manager for Borland Inter­
national (Scotts Valley, CA). 

David Hoffman, president ofTeamOne Systems (Sunnyvale, CA), makers 
of the TeamNet product, which comprises software for development project 
management in CASE, CAD/CAM and CAE disciplines, says that object­
oriented technology is especially appropriate for the engineering field 
because "one is dealing with objects such as circuits, ICs, software modules, 
and the like. And one needs to deal with these objects in a way that's 
manageable." He says that rather than having the behavior of objects 
known to the entire monolithic system, it's easier to partition their behavior 
within the objects themselves, "because then you can reuse components 
more easily and the system is more scalable. You can evolve the system 
more easily." 

These observations touch on just some of the more formally defined 
characteristics that make object-oriented technology attractive. First, the 
idea of objects with attributes is not new. Integrated Systems (Santa Clara, 

Smalltalk usually 
comes with an 
integrated de­
velopment en­
vironment. Mod­
ifications have 
been made 
recently to adapt 
Smalltalk for 
embedded ap­
plications that 
can run in ROM 
without having 
to include all the 
tools of the 
programming 
environment. 
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I OBJECT-ORIENTED PROGRAMMING 

CA), a vendor of control engineering 
design software, developed a prod­
uct called SystemBuild with which 
the user puts together control blocks 
in a hierarchy of functions and as­
signs behavior to design control sys­
tems. But it was possible to repre­
sent such an environment without 
using object-oriented programming 
internally. Michel Floyd, manager, 
CAE product development, at Inte­
grated Systems, notes that the com­
plexity of the product and customer 
demands for enhancements are forc­
ing the company to make the "inter­
nal representation of its products 
object-oriented." 

The move to object-oriented rep­
resentation in the internals is seen 
as critical to both the development 
of new applications and the mainte­
nance of existing products. "We 
found we just couldn't deliver what 
the customers were asking for in a 
timely manner," Floyd says. "We 
were constrained by the framework 
we had built for ourselves." 

I Languages and t ools 
Perhaps the most striking difference 
between modern structured lan­
guages and object-oriented program­
ming is in the approach to construct­
ing code. In languages such as 
Pascal and C, there's a relatively 
small list ofreserved words and syn­
tax rules out of which the program­
mer can construct enormously elab­
orate programs. In pure object­
oriented programming, these words 
and syntax rules are encapsulated 
within a large number of"classes" of 
objects. A class describes a set of 
objects with similar characteristics. 

90 MAY 1, 1991 COMPUTER DESIGN 

Michel Floyd 
of Integrated Sys­
tems says his com­
pany's investment 
in reworking its 
entire product line 
in C++ is necessary 
because "we had 
such a large prod­
uct in so many 
pieces tha t we 
needed a lot of 
people to work 
on it, yet it was 
impossible to 
manage that 
effectively." 

An object is an "instance" of a class 
with an actual state (data) that can 
be acted on by the methods of that 
class. Programmers construct code 
by browsing the class library and 
selecting those objects that will do 
what the programmers want. En­
capsulation also means the program­
mer can try out the objects' behavior 
on the spot to see if they are what 
the programmer really wants before 
including them in the program. 

The two currently most popular 

Advantages of objects 

languages for object-oriented pro­
gramming, Smalltalk and C++, re­
flect this different approach to pro­
gramming. Smalltalk is more than a 
language; it's a programming sys­
tem. The user is forced to work 
within the object-oriented frame­
work of browsing the class library, 
selecting objects, trying them out, 
and building them into the program. 

In C++, the programmer could 
choose to program entirely in stan­
dard C if desired, or to select only 
those objects the programmer 
wished to build into the code. While 
arguments can be made for the sink­
or-swim method of Smalltalk, C++ is 
the most widely used language sim­
ply because of the vast number of 
trained C programmers in the world. 

I Objects in real time 
For object-oriented development of 
embedded and real-time systems, 
C++ is clearly in the lead because it's 
compiled completely to object code. 
Smalltalk, on the other hand, uses a 
byte-code interpreter and until re­
cently only came in versions that 
were integrated with the rest of the 
programming environment, such as 
browser, editor and debugger. The 
interpreted nature of Smalltalk has 
led to the conclusion that it must be 
slow, and in traditional computer 
architectures that has been the case. 

T he advantages of objects can be largely described by three words: encapsula­
tion , inheritance and polymorphism Encapsulation means that an object contains 
both a state and the operations that can be performed on that state. Actions on 
an object's state, called methods, are initiated by messages sent to the object. 
With encapsulation the user really need not worry about how an object performs 
its function but simply what it can and cannot do. Users can be confident that 
adding an object to existing code will not cause unpredictable things to happen 
to other parts of the program. 

Inheritance is the ability to associate characteristics common to all members of 
a class of objects; lead, gold and iron, for example, all have the characteristics of 
metal. In object-oriented programming, subclasses of objects can inherit charac­
teristics of the class they belong to . Drawing a square or a triangle uses methods 
inherited from the method of drawing a polygon . Different types of triangles in 
turn inherit characteristics from the general class of triangle, such as having three 
sides. 

Polymorphism means that an operation to be performed on an object is deter­
mined by the type of object it addresses. The same command to edit the drawing 
of an IC, for example, would act differently when applied to the drawing of a 
printed circuit board because the characteristics of the two objects are different 
as are the internal methods that act on them. But the programmer, as well as the 
user, need only deal with the concept of "edit." The abi lity to general ize behavior 
over many types of objects allows a higher degree of abstraction in software de­
sign since the programmer only has to think about specifying actions rather than 
the details of how to implement them . 



First, we're delivering 040 VME 
single board computers today. 
In quantity. So you can get 
started while the rest of the 
world waits for a delivery date 

from other suppliers. 
Second, our new CPU-40 

board is setting performance 
standards nobody else can touch. Like 30,000 
dhrystones sustained at 25 MHz: And DMA 
transfers at a screaming 50 Mbytes per second 
sustained (3 microseconds on the VMEbus). 

So it might just be the last 040 board you'll 
ever need. 

That's because we've fully optimized the on­
board architecture. Thanks to our 281-pin gate 
array, DMA operations can be handled between 
on-board RAM, the VMEbus and on-board 
110 devices. Or through our FLXi inter­
face to other 1/0 drivers. 

All of which means the CPU is free 

over 7 5 % of the time to run your application. 
Of course, we provide comprehensive support 

with the industry's best-rated documentation:* 
complete systems integration support and techni­
cal assistance. 
CPU-40 PERFORMANCE CHARACTERISTICS 

Datalrom 

Transfer to 

Transfer 
Speed 

CPU CPU CPU CPU 

Shared EPROM Serial 1/0 SCSI, 
RAM Timers Ethernet 

53.7 16 2 
MB/sec MB/sec MB/sec 

Controller. 
Floppy Disk 

2 
MB/sec 

VMEbus SCSI. flop py Ethernet• Shared VMEbus· 

Shared 
RAM 

Disk' RAM ' 

Shared Buffered Dual·port VMEbus VMEbus 
RAM RAM RAM 

5 4 500 10 15 15 
MB/sec MB/sec KB iVsec MBiVsec MB/sec MB/sec 

Local 68040 100% 
CPU 

100% 100% 1 OO°to 70% 80% 100% 100% 75% 100% 

Operation 

'DMA x FPS 

So be the first in your company to turn 040. 
Call 1-800-BEST-VME, ext. 40, for more informa­
tion or fax a request to (408) 374-1146 for an im­
mediate response. It'll be to your lasting advantage. 

FORCE Compul ers. Inc. 3165 Winchester Bl vd. Campbell, CA 95008-655 7 
• Aclual dhrys tone result s may vary depen ding on compiler used . .. Comput er 
Des ign News, Ma rch 12 , 1990. All brands o r products arc t rademarks of the ir 
res pec ti ve holde rs. © 1991 FORCE Compute rs. Inc. 
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I OBJECT-ORIENTED PROGRAMMING 

On a modern RISC processor such 
as the Motorola MC88000, however, 
the entire byte-code interpreter and 
the Smalltalk virtual machine, 
which consists of about 100 byte 
codes or Smalltalk instructions, can 
run out of the on-chip cache. 

Running the interpreter in the 
cache means that fetches from mem­
ory are a relatively small number of 
high-level instructions that gener­
ate greater numbers of machine 
code instructions out of the cache. 
That machine code runs much faster 
when it emanates directly from the 
cache than if it had been fetched 
from memory as normal compiled 

Recently, however, Object Tech­
nology International (Ottawa, On­
tario) has modified Smalltalk/Vin a 
licensing agreement with Digitalk 
for embedded applications. Embed­
ded Smalltalk/V is available for the 
Motorola MC680XO family of proces­
sors and also in versions that will 
run on top of commercial real-time 
executives such as VRTX by Ready 
Systems and VxWorks by Wind 
River Systems. Object Technology 
International (OTI) also provides a 
configuration control environment 
called Envy/Developer that has, 
among other things, a packaging fa­
cility, which can separate the execu-

EVENT CONTROL MANAGEMENT SYSTEM 

PROCESS 
MANAGER 

DUMPER 
STATION 

COORDINATOR 

MIXER 
STATION 

DUMPER 
INFEED 

CONTROLLER 

DUMPER 
STATION 

CONTROLLER 

MIXER INFEED 
SCREW BATCH 

MIXER 

DISCHARGE 
SCREW 

CONVEYOR 

In an application based on Forth 's Event Control Management System- here a 
materials mixing system--discrete process objects are arranged in a hierarchy such 
that each subordinate process reports conditions upward to its supervisor process 
and receives events from its subordinates. It can also send messages down to subor­
dinates to cause them to change to a desired state. The highest priority is assigned to 
the lowest level of the hierarchy, the VO. 

code would be. "That's going to make 
us rethink some previous assump­
tions about interpreted languages 
and speed," says Dan Goldman, 
vice-president general manager of 
marketing and advertising at Digi­
talk (Los Angeles, CA), publishers of 
the leading version of Smalltalk. 

But speed isn't the only require­
ment for real time; preemptability 
and predictability are also essential. 
One characteristic of Smalltalk that 
has inhibited its acceptance for such 
applications is its automatic gar­
bage collection facility. The danger 
is that the program might be gar­
bage collecting-searching memory 
for program or data segments that 
are no longer active and reclaiming 
the unused memory blocks-when a 
critical interrupt could occur. 
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table part of a Smalltalk application 
from the rest of the programming 
environment and produce a RO­
Mable run-time module. 

Currently, embedded Smalltalk/V 
is preemptable but not fully deter­
ministic. When running with a real­
time executive, for instance, inter­
rupts are caught by the real-time 
executive and forwarded to the vir­
tual machine, which has a fixed re­
sponse time. The garbage collection 
facility, however, is not yet fully pre­
dictable. John Duimovich, manager 
of embedded systems at OTI, says 
the garbage collector has been built 
to "average out the pain of garbage 
collection on a workstation." The 
scavenger routine interrupts for 
about 0.001 seconds every 10 sec­
onds. "However," he notes, "the best 

garbage collection techniques are 
not up to hard real-time yet ... where 
it's a predictable, schedulable ac­
tion. Currently we don't have one of 
those , but it's a high priority for us." 
Still, a great deal can be done in 
embedded control that does not need 
submicrosecond response times. 

I Factory control systems 
A system for constructing modular 
factory control systems built on the 
object-oriented concept is the Event 
Control Management System 
(ECMS) by Forth (Manhattan Beach, 
CA). ECMS is based on software ob­
jects called processes and receptors. A 
control system can be constructed by 
assembling processes and receptors 
into a hierarchy in which a process 
receives input from a subordinate pro­
cess, acts on that input and sends 
messages back down to its subordi­
nate and/or reports its new state to its 
supervisory process. 

A process can be thought of as a 
state engine that contains a state 
(data ) and one or more actions 
(methods, in object-oriented termi­
nology) that it can perform on that 
state. The actions it performs inter­
nally can cause its state to change 
to one or more different defined 
states. A receptor is an object that is 
generally used for communication 
between processes and between pro­
cesses and I/O. Receptors provide a 
means of bringing an event-such 
as the change in state of a digital 
point-to a process. Each higher 
level in the hierarchy allows a 
greater degree of abstraction in de­
scribing the system. 

Interestingly, the lowest levels in 
the ECMS hierarchy, starting with 
the I/O level, have the highest prior­
ity. This means that in terms of lev­
els of priority, the lower-level pro­
cesses are handled before the 
higher-level ones. The entire hierar­
chy of processes is coordinated by an 
executive task running under Forth's 
pF/x real-time operating system. 

I Databases aid design systems 
Complex data structures that don't 
lend themselves to the traditional 
relational database tools are typi­
cally found in applications such as 
engineering design and CASE, says 
Ian Schmidt, director of product 
marketing at Object Design (Bur­
lington, MA), which produces 
ObjectStore, an object-oriented da­
tabase system. One way design ap­
plications differ from general busi­
ness applications is that they use 
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I OBJECT-ORIENTED PROGRAMMING 

Industry group working toward standards for object-oriented programming 

To bring object 
technology into 
the mainstream, 
the industry must 
agree to cooper­
ate. The Object 
Management 
Group (OMG) 
was founded in 

April 1989 to establish a framework 
for object technology supported by de­
tailed and widely available interface 
specification . From just 9 initial mem­
bers, the group has grown to more 
than 110 members representing over 
80 percent of the companies pursuing 
object technology development. A 
nonprofit corporation, the OMG is 
headquartered in Framingham, MA 
with marketing offices in Boulder, CO. 
The OMG welcomes participation by 
both users and developers of object 
technology. 

The Object Management Architec­
ture (OMA) Guide, released in October 
1990, was the first product of the 

group's efforts. The OMA Guide con­
tains the architecture for an object-ori­
ented environment along with a glos­
sary of terms to standardize the 
terminology used to describe object 
technology. The architecture forms the 
foundation for the OM G's work. From 
this the group will adopt interface 
specifications that will let developers 
build products that fit into an inte­
grated environment constructed from 
products offered by many vendors . 

The architecture gives a framework 
for an object-oriented environment. 
The key elements are applications, 
shared facilities, common services, and 
the object request broker. Currently the 
OMG is working to adopt interface 
specifications that will support the pass­
ing of messages across an object-ori­
ented environment. After the architec­
ture, the most important element was 
deemed to be the ability to establish 
communications among the objects in 
an object-oriented environment. 

The OMG's work plan extends over 

Chris Stone, president, Object Management Group 

the concept of things being derived 
from other things. One creates 
something and then modifies it­
but may wish to save the original 
version. Or, one takes an existing 
object and modifies that, creating 
different versions, or instances. A 
vast number of objects in engineer­
ing are represented as aggregations 
of parts or levels of detail or a com­
bination of both. And the inheri­
tance and encapsulation character­
istics of object-oriented software 
technology fit such a means of rep­
resentation naturally. 

Schmidt also notes a particularly 
good fit between object-oriented lan­
guages and the kinds of entities that 
are stored in an object-oriented da­
tabase, and that there are very few 
sophisticated applications that have 
a CAD or design flavor to them that 
aren't being written in C++. "C++ is 
attractive because it almost has the 
capability within it for people to de­
sign their own language," he says. 

Users design their own classes 
and types starting with some basic 
given classes and then making mod­
ifications. Thanks to the property of 
inheritance, new instances of an ob-
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ject that a user creates can reuse the 
code of that class; the user changes 
or adds only those attributes that 
make the new object unique. "The 
beauty of this," says Schmidt, "is 
that there's a long start-up time to 
define your base classes. But you 
find that as you're defining classes 

With encapsulation 
the user need not worry 

about how an object 
performs its function 

but simply what it 
can and cannot do. 

I I I 
for your application, you keep bor­
rowing from stuff that already ex­
ists, and before long, you're writing 
less and less code." 

Not only do new classes inherit 
the characteristics of previously de­
fined classes, but it's also possible to 
build in the characteristic behavior 
(methods) of the data objects. Be­
cause the behavior is built into the 

the next two years. In that time the 
group will adopt interface specifica­
tions, based upon commercially avai la­
ble products, for applications inter­
faces, database interfaces and other 
specifications to support the adopted 
reference architecture. The group has 
recently issued a Request for Informa­
tion for an object model , which is a 
formal description of the allowable be­
havior and visible characteristics of ob­
jects within an object environment. 
Once completed, the object model will 
act as a bridge for the many propri­
etary object models being developed . 

In order for object techno logy to be 
widely and quick ly adopted, it must 
adhere to a nonproprietary architec­
ture with w idely ava ilable interface 
spec ifications. This will create a mar­
ket condition where both users and 
developers can buy and build prod­
ucts, confident in the ability of those 
products to communicate. 

object, the user need not worry 
about the details of handling any 
given object since that object knows 
how to respond to messages it re­
ceives. "C++ gives you an incredible 
data modeling tool," says Schmidt. 
''You can treat the class 'elephant' 
the same as the class 'integer' (for 
example, store, delete, edit) because 
the language knows about all the 
things 'elephant' can do and how." 

And this is where the object-ori­
ented language begins to overlap 
with the object-oriented database. 
Since both work with objects, and 
since objects are the same thing in 
both language and database-namely 
data and the methods to operate on 
that data-<me can refer to objects in 
the database the same as if they were 
parts of the language. This is an es­
sential feature for those who wish to 
use object-oriented databases in large 
design environments. 

I A user's move to objects 
Valid Logic Systems (San Jose, CA) 
has incorporated an object-oriented 
database in its newest product, 
called Design Manager. Design 
Manager fits into Valid's Framework 
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I OBJECT-ORIENTED PROGRAMMING 

design environment and is a univer­
sal storage mechanism for manag­
ing data and the output of Valid 
tools. ''You want to combine an ob­
ject-oriente d programming lan­
guage with an object-oriented data­
base and see how well you can map 
C++ classes into the database," says 
product manager Larry Rice. 

The idea is that one can model all 
the types of data one wants to store 

representations of those parts. "So 
instead of just having gate-level rep­
resentation, we're having VHDL and 
physical representation and who 
knows what else ," he says. Now, he 
adds, the whole EDA marketplace is 
moving to editors that can deal with 
such different representations as 
logic, behavior and physical attri ­
butes all at once, and that's possible 
thanks to the fact that an object-ori-

OBJECTSTORE DATABASE 

M E M ORY DISK 

Object Design's ObjectStore database uses a virtual memory mapping architecture 
that can preserve the inheritance relationsh ip of data objects. If an object is not in 
physical program memory, it's brought in from disk. This gives developers a "single­
/eve/ store" of objects. 

in the system, and the database can 
accept them just the way they were 
modeled by the programming lan­
guage. With a relational database, 
the programmer almost has to un­
ravel the structure to deal with it 
and store it. As Object Design's 
Schmidt puts it, "That's almost like 
taking your car apart at night before 
you put it in the garage." Object­
Store, on the other hand, maintains 
the class hierarchy of stored objects. 
The database is retrieved in virtual 
memory, so that if a desired object is 
not in physical memory, a page fault 
will fetch it off the disk, maintaining 
all its links within the schema so the 
user can easily move up and down 
the hierarchy. 

But hiera rchical organization of 
data is not a ll one gets from object­
oriented data storage. It allows stor­
ing the models of electronic parts, 
but not just electronic parts, says 
Rice. It can also provide different 
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ented programming language such 
as C++ maps so well to the database. 

I Making the move mentally 
"Some people believe it (object-ori­
entation) is the same old thing in 
new packaging," says Jeff Mc­
Kenna, founder of McKenna Con­
sulting Group (Portland, OR). "I 
don't happen to believe that. It's a 
fundamentally new way of thinking 
about software." Adopting an ob­
ject-oriented programming disci­
pline means changing some basic 
ways of thinking for an individual, 
and so it can entail some wrenching 
changes for an organization. And it 
must be remembered: in today's in­
dustry, programming is not an indi­
vidual activity; it's an organization­
al activity that requires planning, 
coordination, communication, and 
management. 

"Shifting to an object-oriented en­
vironment isn't worth it ifthe user's 

fundamental approach to program­
ming isn 't ch anged as well," says 
McKenna . "It's a lot of effort ; there's 
a learning cu rve t hat t akes about six 
month s." But he cautions tha t while 
making t he ch ange isn't wor th the 
trouble from the point of view of 
individual productivity, "it's worth it 
from the point of view of the reuse 
of software in t he long term." So as 
an organization moves into an ob­
ject-oriented mode, it will create ob­
jects tailored to its application needs 
that can be reu sed a nd sh a r e d 
among other member s of the organ­
ization. Eventually, it will amass an 
inventory of commercially acquired 
and custom-designed-or derived­
software component s. 

Increasingly, t h e programmer 's 
job will entail finding the right com­
ponent (object) for the job by brows­
ing class libraries-much like hard­
ware engineer s perusing their Texas 
I nstruments or Motoro la d ata 
books. McKenna says tha t software 
engineerin g is going to h ave to 
change to where programmers are 
told, "What you read is more impor­
tant t han what you write." Finding 
the right obj ects and figuring out 
how to use them to build solutions 
will be t he major activity. 

But the cu ltu ral bur den is not just 
on programmers. "Managers are re­
warding programmers for writing 
code, so it's not in t he programmer 's 
interest to find an object that he can 
use because it doesn't add to his line 
count," says McKenna. So there has 
to be a way to reward programmer s 
for delivering solutions to problems 
rather than grinding out and debug­
ging code. • 

For more information about the technol­
ogies, products or companies mentioned in 
this article, call or circle the appropriate 
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Will monolithic or multichip 
processors win the 
performance race? 
Alex Mendelsohn 
Contributing Editor 

The era of the million-transistor . . 
m1Croprocessor 1s upon us. 
11Megachip 11 blockbusters-some 
executing 100 Mips or more-are 
becoming available in both RISC 
and CISC designs. 

S emiconductor makers continue 
to refine and redefine the micro­
processor, conceiving increasingly 
sophisticated architectures on 
multimillion-transistor chips. Other 
processor architects are opting for 
the increased design flexibility and 
higher manufacturing yields of 
multichip processor designs. Which 
camp is right? More important, can 
either stake a clear claim to the high 
end of the performance spectrum? 
Will the fastest processors be 
megatransistor monoliths or multi­
chip devices? 

One key for processor architects 
in the monolithic camp has been the 
ability to keep faster transistors pro­
ductively used in VLSI. Transistor­
rich logic blocks now let processors 
schedule multiple activities per 
clock cycle, creating parallelism at 
the chip level. And optimizing com­
pilers, able to extract parallelism 
from source code, are getting better. 

At the same time, the clock speed 
of processors is increasing. Even 8-
and 16-bit single-chip microcompu­
ters of conventional architecture 
now routinely run with 25- and 30-
MHz clocks. Speeds over 25 MHz 
mean that system designers must be 
especially wary of potential perfor­
mance penalties due to physical lay­
out. While this would seem to favor 
integrating all critical functions on 
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a single chip to minimize physical 
separation, the need to eventually 
access things off-chip keeps system 
layout effects a major consideration 
for monolithic architects. 

IC makers are touting highly in­
tegrated CISC and RISC ICs and 
compilers. The recent superscalar, 
superpipelined debate has seen ven­
dors announcing a spectrum of hard­
ware/software architectures. 

I Partitioning is key 
In the face of multiple unique archi­
tectures, partitioning is emerging as 
an issue. IC vendors extol VLSI­
even ULSI- chips that integrate 
many systems-level features. But 
there's growing evidence that some 
of the largest, most-integrated sili­
con devices eventually may be con­
strained by packaging limitations 
and wind up in some sort of"micro­
card cage" module. Texas Instru­
ments, for example, is now experi­
menting with silicon "backplanes" 
and "plug-in" dice. 

Some argue that well-partitioned 
silicon will become essential as the 
integration revolution continues. 
Many of the arguments in the par­
titioning camp make good engineer­
ing sense, especially from a cost-ver­
sus-performance point of view. 

"The partitioning controversy is 
based on arguments between people 

who relate to instruction set archi­
tecture development in silicon ver­
sus those who have to write com­
pilers and operating systems," says 
Phil Hester, director of IBM's En­
gineering Center for Advanced 
Workstations (Austin, TX). "It's a 
delicate balancing act. 

I Sil icon or software? 
"The compiler folks ask what silicon 
does at execution time versus what 
a compiler does at compile time," he 
says. "With today's multiple execu­
tion unit designs, some people be­
lieve it's efficient to move things 
such as handling responsibility 
away from silicon and into a com­
piler. Others feel it's better to add 
such functions to the hardware. 

"Silicon is very precious to semi­
conductor makers, especially mer­
chant market vendors," he says. 
"They want to reduce die size. So, 
they move functions to a compiler 
for things such as interlocking mul­
tiple execution units." 

IBM's RS/6000 multichip design 
embraces the hardware approach, 
thanks to excellent compilers and 
well-developed and available fabri­
cation processes. "We don't rely on 
software," Hester says. "We keep in­
terlock handling on-chip because 
with our fab process we pay a mini­
mum penalty in terms of silicon area 



and cycle time/clock rates. And we 
build a set of efficient compilers for 
a number oflanguages withou t hav­
ing to tie specific implementation 
details to the compiler. 

"It's true that the simpler you 
make a chip, the easier it is to prove 
that it works correctly. The more 
special cases a chip has to handle, 
the more design validation you have 
to perform, especially simulating 
gate level descriptions to convince 
yourself it'll work as designed." 

A critical capability for IBM re­
sides in its IC validation technology. 
"If you have hardware simulation 
engines that let you run a few hun­
dred million simulation cycles per 
week, you'll come to different conclu- • 
sions about partitioning issues than 
if you have to let simulations run for 
months," Hester says. "Testability is 
at issue too. If you have sophisti­
cated validation tools, time-to-re­
lease-to-manufacturing penalties 
for IC makers are reduced." 

I Partitioning choices 
Nathan Brookwood, marketing di­
rector for Intergraph (Palo Alto , 
CA), acknowledges IBM's leader­
ship. "The fastest machine today, 
the IBM RS/6000, using a multichip 
CPU design, proves there really are 
multiple schools of thought about 
architecture and partitioning," he 
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says. "We eschew the semi­
conductor macho mentality 
in our Clipper chip set to 
get the highest possible 
performance consistent 
with reasonable cost." 

Intergraph's Advanced 
Processor Division's latest 
Clipper (there h ave been 
three Clipper "compute en­
gines" since 1985) is enjoy­
ing popularity in the com­
pany's RISC-based CAE 
products. The system makes 
use of minimal cache and of­
fers moderately powerful 
floating-point ability. 

opportunities for competi­
tors to provide functionality. 
They would rather not do 
that. 

"And, when it comes to 
testing, with off-chip cache 
it's easy for a logic analyzer 
to trace program execution. 
With on-chip cache, you 
can't do that. The more 
highly integrated, the more 
difficult it is to know what's 
going on within the chip un­
less you want to pay a pen­
alty in silicon real estate for 
diagnostics." 

I Transistor-bound caches 
Another problem for mono­
lithic processor architects is 
transistor cost of caches. 
"Many highly integrated 
chips typically have only 1-, 
2- or 4-kbyte caches, which 
prove not nearly large 
enough," says Brookwood. 
"People will discover that 
they'll really need much big­
ger caches of 16 or even 64 
kbytes ." 

Intergraph~ approach 
relies on efficient par­
titioning , low-voltage 
logic, advanced packaging, 
and multichip modules 
(MCMs). The company's 
reason for using MCMs is 
multifaceted. Its chip set 
designers dropped logic op­
erating voltage to 1 V in­
stead of the more typical 
5-V TTL or even 3.3- or 3.6-
V levels. Of course, there 
were compromises. The 
Clipper chips require two 
voltages-5 V for internal 
logic, a long with a refer­
ence signal, and 1 V for I/O 
signals. "But, as we low­
ered logic levels, we got 
away from using conven­
tional or multilayer circuit 
boards and got onto a better 
surface in MCMs," says 
Brookwood. "Raw dice are 
bonded directly to chips 
rather than having pack-

The first 64-bit RISC CPU chip, Intel's i860 architecture 
emphasizes balanced integer, floating-point and graphics 
performance. Its floating-point and graphics performance 
have made it more successful as a graphics and math 
accelerator than as a CPU. 

IBM's Hester agrees. "If I 
had future submicron tech­
nology, I'd allocate more of 
the multimillion device bud­
get on much larger caches to 
get the off-chip bandwidth 
requirements down. Then 
you'd see dramatically bet­
ter single-chip RISC than 
single-chip CISC. 

"Regardless of RISC or 
CISC, with single-chip tech­
nology, you're bandwidth 
limited getting in and out of 

ages placed on a board. MCMs give 
us control over parasitic capacitance 
and inductance." 

Hybrid-like packages, eliminat­
ing long conductors between dice 
and packages, let Intergraph realize 
1- or 2-ns off-chip delays. "It's almost 
as good as the on-chip prop delays 
people tout," Brookwood says. "With 
low-voltage logic and MCMs, you 
don't have to drive nearly as much 
capacitance." 

Intergraph says wire-bonding 
techniques have dramatically im­
proved over the past few years. As­
sembly yields and reliability are ex­
ceptional. "We don't sacrifice 
anything," Brookwood says. 

MCM performance data from 
Texas Instruments (Dallas, TX) sup­
ports Intergraph's findings. Tl's cus­
tomized MCMs, based on molded 
modules using ceramic substrates, 
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typically result in cost reductions 
from 2 times to as much as 10 times 
at the systems level. 

TI found that stress, moisture and 
thermal sensitivity fell by 3 to 8 
times with MCMs. Lead length re­
ductions of 6 times resulted in in­
ductance reductions of 60 times, 
with load capacitance lowered by 6 
times. Critical path delays with 
MCMs were typically reduced by a 
factor of three, say TI engineers. 

"The argument for large-scale in­
tegration is it eliminates interchip 
propagation delays like you have 
with multichip designs," says Inter­
graph's Brookwood. "But, mega­
chips fundamentally constrain the 
hardware you can use in a system. 
Megachip vendors force architec­
tural compromise. They want to put 
more and more on a single chip. If 
they leave things off, they create 

a chip to main memory because of 
cache size limitations," Hester says. 
"That's why IBM chose multichips. 
We simply can't put enough devices 
on one chip today. We have separate 
chips for instruction and data 
caches. And separate ICs for the ex­
ecution units for fixed point, floating 
point and branching." 

Like Intergraph, IBM defined its 
own interchip logic for its fastest 
platforms. The highest-performance 
IBM RS/6000, the 41-MHz Model 
550, with 0 .5-µm effective gate 
length ICs, uses 3.6-V logic. 

I The big win: chip costs 
Multichip proponents point to eco­
nomics as a big factor. Wafer yields 
are key. Getting a big chip to yield 
acceptably, from an economic view­
point, has always been recognized as 
difficult. In fact, most semiconduc-



We put SoftBench on Sun. 
So you can put your CASE 
on autopilot. 
SoftBench automates all those 
tedious, repetitive tasks in the 
software development process. 
This gives your developers 
more time to think and speeds 
up the project life cycle, while 
reducing errors 
and rework. 
And now it 
runs on 

Sun SPARCstations, as well as 
HP and Apollo workstations. 
A tool integration platform, 
with its own set of tools, Soft­
Bench provides distributed 
computing services, tool com­
munication, and a common user 
interface that's easy to learn 
and use. Add Encapsulator, and 
you can integrate your favorite 
CASE tools. Now and in the 
future. Without even having to 
change source code. 

SoftBench will make your soft­
ware development process far 
more efficient, cost-effective 
and accurate than ever before. 
It will protect your present and 
future hardware and software 
investments, too. 
Call 1-800-637-7740, Ext. 
2195 for complete product 
information. And get the best 
CASE environment under 
the Sun. 
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The economics of megachips 

I ntergraph 's Clipper microprocessor 
uses superscalar dispatch and deep 
floating-point pipelines. Several moder­
ately sized dice ensure worthwhile pro­
duction yields and low program risk. In 
a paper delivered at Compean recently, 
lntergraph's Howard Sachs, vice-presi­
dent and general manager of the Ad­
vanced Processor Division, and Harlan 
McGhan, manager of analysis and appli­
cat ion, make a case for multiple-chip 
microprocessors. 

In their presentation, Sachs and Mc­
Ghan note that a "pure" superpipelined 
microprocessor, able to operate in 
CMOS at speeds in excess of 100 MHz, 
would require an exotic and expensive 
memory subsystem. The other alterna­
t ive is to implement large on-chip 
caches that require large die areas and 
consequently carry severe economic 
penalties. 

The largest die feasible today typically 
supports only a relatively small cache 
(perhaps 8 kbytes or so). This means it's 
still necessary to construct off-chip sec­
ondary cache. The resulting multiple 
paths to and from memory for multiple 
load/store pipes become expensive and 
1/0-pin intensive . Required elaborate de­
code circuitry also tends to slow down 
overall processing . 

I 4.5-million-transistor caches 
The superfast Clipper microprocessor 
therefore relies on unpackaged die 
mounted in multichip modules. Purely 
on the grounds of cost-effectiveness , 
say the authors, it makes sense to imple­
ment microprocessors as a set of two or 
more moderately sized chips . 

They cite the IBM RS/6000 as an ex­
ample . It partitions 7 million transistors 
over nine chips. Of these, 4.5 million are 
expended just for cache. The accompa­
nying graph illustrates a possible cost­
versus-performance trade-off. 

Given information about defect den­
sity ratios taken from a learning curve 

tor vendors , when asked, are reluc­
tant to talk about the subject, and 
are even more hesitant to provide 
metrics. "Things like megachips of­
ten happen more because they're 
possible than because they're sen­
sible,'' says Howard Sachs, vice­
president and general manager of 
Intergraph's Advanced Processor 
Division. 
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(see graph), it's possible to calculate Y, 
the effective yield. 

Y = e-AD, 
where A= area in cm2 and D = de­

fect density (number of defects/cm2
) . 

Applying this formula to the column 
for 2-cm2 die, the large area die gener­
ates just 70 candidates on a 6-in. wafer 
versus 146 on a 1-cm2 die. Assume the 
first year of production that the defect 
ratio is the typical maximum for a new 
process of 1.5 defects/cm2. Then, on av­
erage, just 3 of the 70 candidates will 
be good. 

As the defect ratio drops in time, the 
number of good dice rises accordingly. 

~ 
~ 1,000 

~ 
0 
a: 
Cl. 

<.? z 
3 500 
w 
(/) 

1.75 1.5 1.25 

good chip is nearly $1,200. This drops 
to $389, and ultimately to $135 . · 

Assume one of these "super" ch ips 
would be used in a system, and 
100,000 systems a year would be sold 
over a period of three years . Tota l silicon 
costs would add up to $169 mi llion . 

Compare that with $42 million for 
the same period, but using two 1-cm2 

die with exactly the same si licon area. 
There 's a real savings of $127 mill ion . 
It 's four times as expensive to imple­
ment a microprocessor as a single 
megachip than as two smaller chips. 

Of course, this simple "level sales" 
model can be accused of exaggerating 

1.0 .75 .5 .25 

DIE AREA (cm 2) 

During the second year of production, 
at a ratio of 1 defecVcm2

, yield triples 
to 9 good die. During the third year and 
beyond, when the defect ratio bottoms 
out at 0.5, yield nearly triples again to 
around 26 good die. 

From this analysis a calculation of the 
cost of working silicon can be derived . 
Assume that a 6-in . wafer must bring 
$3,500 in revenue (including packag­
ing). In the first year of making 2-cm2 

die, when the defect ratio hovers 
around 1 5, the actual cost to produce a 

Intergraph's numbers show that 
monolithic designs with everything 
squeezed onto one chip push the 
practical limits of chip size. "Off-the­
shelf processing equipment won't let 
you deal with chips larger than 2 
cm2

," says Brookwood. "Mask repair 
and reticle size limitations pose 
manufacturing limits. We deal with 
world-class foundries, but the bigger 

the problem. Sales are likely to be sma ll­
est during the f irst yea r, w hen the cost 
differential is greatest, and largest in 
years three and on, w hen the differen­
tial is lowest. Even so, a substantial dif­
ference remains . If 10,000 systems are 
sold the first year, 50,000 the second, 
and 100,000 the third, the cost of us ing 
a single large die will drop to $45 mil­
lion . The cost of a two-die implementa­
tion over the same period, however, w ill 
be only $17 million, 2.7 times lower. 

the chip, the lower the yield. Re­
gardless of vendor, yield goes down 
exponentially with area. From an 
economic standpoint, it makes a lot 
of sense to use multiple smaller ICs." 

Intergraph's analyses point to the 
use of two small dice instead of one 
large one with equivalent area (see 
"The economics of megachips," 
above ). 
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This photomicrograph of Motorola's exist ing 88200 RISC cache memory management 
chip illustrates vast expenditures o f silicon real estate consumed by relatively small 
SRAM caches. Future higher-density devices will obvia te the need to go off-chip for 
larger caches. 

"Single-chip designers recognize 
the need for on-chip cache located 
near integer units (IUs )," says 
Brookwood, "but fast cache is tough 
to design. In a 33-MHz MIPS Com­
puter Systems R3000, you need a 
66-MHz cache. If you put it on-chip, 
how does the floating-point unit act 
with the cache? 

"Caches and FPUs are very con­
sumptive of real estate. There's no 
middle ground where you can easily 
marry an IU and cache and still 
have a separate FPU. You can do it, 
but you lose performance." Not all 
RISC vendors agree. "Fast IEEE 
FPUs are something that RISCs 
have over CISC designs," says Mar­
tin Booth, senior product marketing 
engineer for RISC processor prod­
ucts at Fujitsu Microelectronics (San 
Jose, CA). "It's a function not only of 
the FPU definition but also of the 
interface between the IU and the 
FPU. A lot of design is moving to­
ward integrating both on the same 
chip die. We do both with about 
255,000 transistors." 
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Still , Brookwood contends that 
partitioning is better, emphasizing 
that interchip delays are not a prob­
lem at 1991 real-world silicon clock 
rates. "Our 50-MHz pipelined archi­
tecture requires an extra stage in 
the pipeline, but once the pipeline is 
filled, prop delay is not significant to 
throughput," he says. 

I Beyond 50 MHz 
Will prop delays be more critical 
when I Cs roll out of fab with tran­
sistors toggling at 100 MHz? "They 
might be," Brookwood says, "but cal­
culations show that a single-chip 
100-MHz design would only give a 
10 percent better performance spec 
than a multichip design that would 
run at 90 MHz because of the inter­
connects. If you save 35 or 40 per­
cent in cost, the 10 percent perfor­
mance sacrifice figure isn't that 
significant. At 50 MHz, there's no 
trade-off." 

But what about merchant market 
superfast products? It's one thing to 
be a captive supplier like Inter-

graph, and quite another if your sil­
icon is fueling the vast commercial 
marketplace. 

"We're driven by the need to de­
liver between a quarter and a half 
million 68040s in 1991. There's no 
right or wrong philosophy about par­
titioning," says Jim Reinhart, man­
ager, M68000 marketing and applica­
tions at Motorola (Austin, TX). "It 
depends on what you're driven by." 

Megachip technologies and par­
titioning are recognized as interre­
lated at Motorola. "Both factors play 
a strong role in one's thinking about 
the future ," says Reinhart. 

I Cultural preference 
"Motorola has a goal-call it a re­
quirement-for future generations, 
including the 68040," Reinhart says. 
"It's to focus on single-chip designs. 
Everything has to be on one chip, 
from where you process the simplest 
integer instructions to where you 
get your main memory interface. 

"Driven by the market, we believe 
customers must have such devices 
to help them build cost-effective sys­
tems. They must deliver competitive 
performance without having to re­
sort to large external caches or other 
things that tend to dramatically in­
crease systems cost and reduce per­
formance by going off-chip. The 
fastest transistors and buses must 
be on-chip. Mainstream perfor­
mance levels must be achieved with 
low-cost DRAM. Sixteen-way inter­
leaving or large external static 
caches don't play into this definition. 

"Sophisticated memory control­
lers are key, not just the size of 
caches. Memory controllers are 
measured by how well you handle 
cache hit-and-miss cases, as well as 
how well a processor handles a very 
complex set of memory events. 

"Although much progress has 
been made with MCMs, I'd be sur­
prised if you could come anywhere 
near the volume , cost and quality of 
what we're doing. MCMs do provide 
excellent results , but they're really 
much more suitable for lower-vol­
ume applications. 

''Testability is also a mixed bag," 
Reinhart says. "We don't find MCMs 
more testable than monolithics. In 
fact, we have military customers who 
use MCMs; we sell them dice. For 
them, a big problem is final testing. 
We can do a much more thorough job 
when a chip is packaged than at die 
probe. We can test at a higher fre­
quency. Wafer probes won't let us 
drive a 68040 die at 25 MHz under 
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complete and flexible open bus si li con product line. 
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In today's tight-corner designs, 
reliability all too often depends on 
precise (and costly) manufacturing 
practices. Our CHAMP .050 con­
nectors weigh in on your side with 
economic simplicity, and inherently 
tolerant contacts. 

Overview: 0.050" centers, trape­
zoidal interface, dual-row leaf-contact 
design. Small, friendly, and forgiving. 

Board-to-board: our proprietary 
compliant-receptacle, fixed-plug 
contact system tolerates wide mat-

ing depth variations that come with 
pcb warp-happy news for high­
line-count designs-and offers 
superior performance in assembly, 
especially in blind-mate applications. 
Parallel, perpendicular, and in-line 
styles, 30-200 positions. 

Shielded I/0: here, compliant 
plug and receptacle contacts take 
full advantage of the controlled 
header-to-plug interface to meet 
emerging global intermateability 
standards. Shielded receptacles and 

plugs provide EMI protection. Mass 
IDC termination and fast braid 
crimp keep production rates up; 
AMP tooling covers your volume 
requirements. 14-100 positions. 

The CHAMP .050 high-density 
line: think of it as a very big factor 
in small-form design. For details, 
call our Product Information Center 
toll-free at 1-800-522-6752 (fax 
717-561-6110). In Canada call 
416-475-6222. AMP Incorporated, 
Harrisburg, PA 17105-3608. 
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thermal and electrical stress . 
There's too much inductance in 
probe fixtures." 

But, systems flexibility still 
means multichip designs, some ar­
gue. For that reason, Hewlett-Pack­
ard (Cupertino, CA) used partitioned 
silicon rather than monolithic mega­
chips in its Precision Architecture 
(PA) RISC. Forthcoming PA ma­
chines include 90-MHz CMOS five­
stage pipelined CPUs that HP engi­
neers anticipate will vie with 

puter family from SGS-Thomson 
(Colorado Springs, CO), for example, 
has always used partitioning as a 
route to scalability. Transputer users 
describe the bounds of a system in 
software, and then implement it in 
just enough hardware to do the job. 

Newestinmos Hl chips are highly 
integrated CMOS VLSI devices. In­
dividual Hl transputers are ex­
pected to execute more than 150 
Mips peak (60 Mips sustained) and 
deliver greater than 20-MFlops. Hl 

R4000 PIPELINE 

1 CYCLE 

IF IS RF EX OF OS TC WB 

IF IS RF EX OF OS TC WB 

IF: INSTRUCTION CACHE FETCH (FIRST ACCESS) 
IS: INSTRUCTION CACHE FETCH (SECOND ACCESS) 
RF: READ REGISTER FILE 

OF: DATA CACHE FETCH (FIRST ACCESS) 
OS: DATA CACHE FETCH (SECOND ACCESS) 
TC: DATA TAG CHECK 

EX: ALU OPERATION WB: WRITE BACK TO REGISTERS 

By implementing a fine-grained pipeline, MIPS Computer Systems' R4000 "super­
pipelined" chip issues two instructions simultaneously. 

competitive ECL implementations. 
PA RISCs compete in both work­

station and commercial market­
places based on adaptability. HP 
says its approach to superfast pro­
cessing encompasses unanticipated 
demands. HP claims performance 
can be more readily scaled with cost 
by varying clock speed and cache 
parameters, which is made easier by 
partitioning. 

Based largely on standard-cell 
control blocks, library-based data 
paths and PLAs, HP's fully static 
design avoids large on-chip caches. 
Claiming large caches display unac­
ceptably high miss ratios when run­
ning the large benchmarks simulat­
ing multiuser workloads, PA relies 
on instruction store buffers that act 
like small associative caches. 

Off-chip propagation delays be­
tween PA chips are shortened by 
low-voltage (3.3 V) drivers and con­
trolled impedance signal buses plus 
low inductance power and ground 
lines . Machine cycle times are 
closely matched to typical SRAM cy­
cle times, with unused cache cycles 
used to write specially buffered data 
to off-chip SRAM caches. 

I Partitioning for transputers 
Different vendors use different par­
titioning approaches to extract ben­
efits from VLSI. The Inmos trans-
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chips should be able to execute up to 
eight instructions and generate two 
addresses per clock cycle. Signifi­
cantly, the area of each IC measures 
less than 1 cm2

. 

As pipelined superscalar devices 
simultaneously dispatching several 
instructions from cache, Hl trans­
puters pack CPUs, scalar FPUs, 64-
bit external data buses, and rather 
large 16-kbyte on-chip memories, 
which can be programmed to act as 
8 kbytes each of instruction and 
data cache. Also included are pro­
grammable external memory inter­
faces. The transputer sidesteps ex­
ternal glue logic, supporting 
board-level designs using up to 16-
Mbytes of off-chip DRAM. 

But the real key is the trans­
puter's interprocessor communica­
tion scheme, supported by Inmos' 
Occam language compiler. The ease 
in which users can create scalable 
concurrent processing arrays may be 
the transputer's trump card. Arrays 
of transputer chips communicate over 
serial message-passing links. 

The latest Hl chips, however, tar­
geted at higher-performance real­
time and fault-tolerant concurrent 
systems, stick with the message­
passing approach but with en­
hancements. The newest Hls have 
elaborate multiple 4-wire serial in­
terfaces that are capable of transfer-

ring data at up to 80 Mbits/s. This 
contributes to a 10 times perfor­
mance increase over predecessors. 

Regardless of demonstrated cost­
versus-performance advantages of 
well-partitioned, smaller-die-size 
chip sets, single-chip designs are 
stealing the limelight. First- and sec­
ond-pass functionality of multimil­
lion-transistor chips , clock rates 
pushing 50 MHz and beyond, rela­
tively short 3-to 4-year development 
times, and the concurrent develop­
ment of optimizing compilers are fu­
eling the monolithic fires. 

Complex architectures are now 
the rule. Some CISC processors are 
taking on RISC features. And RISC 
ICs, requiring less silicon real estate 
to begin with, are integrating previ­
ously separate peripherals on-chip. 

I Memory subsystems 
Main memory limitations continue 
to impose complex cache and mem­
ory subsystem designs on users. 
Unique and varied secondary cache 
controller schemes are migrating 
on-chip. The trend is to integrate a 
first level of cache and resort to sub-
25-ns SRAMs off-chip in secondary 
caches addressed over high-speed 
memory buses. But bandwidth is 
recognized as a bottleneck. Wider 
buses to secondary memory are 
needed. 

MIPS Computer Systems (Sunny­
vale, CA) has a new CMOS R4000 
RISC architecture that uses a 64-bit 
external address bus. The chip han­
dles addressing via a built-in 64-bit 
virtual address MMU, and includes 
internal 64-bit registers, buses and 
multiple execution units . 

The R4000 design avoids prob­
lems surrounding multiple execu­
tion data dependencies. Unlike com­
petitive RISCs such as Motorola's 
88000, R4000s don't rely on main­
frame-like scoreboarding tech­
niques to keep track of which in­
structions have been executed. 
Bypass circuits keep pipelines filled, 
and the chip's compiler handles the 
overhead. 

Unlike R3000 predecessors that 
use five-stage pipelines (the latency 
of individual pipe stages equaled 
one clock period), 100 native MIPS 
R4000 chips implement a finer­
grained pipeline. They issue two in­
structions simultaneously (the 
R3000 issues one). 

The R4000 is noteworthy for its 
100-MHz internal circuits, with the 
execution pipeline running 2 times 
as fast as instruction fetch logic. 
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leading supplier of 5-1/4" optical disc drives. For more information, call 1 (800) 955-FILE. 

0 RH5500/5-1/4" REMOVABLE CARTRIDGE HARD DISK DRIVE 
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Design decisions and technology that were keys to success of RISC System/6000 

F rom the outset 
of the America proj­
ect in 1985, we 
knew we needed 
to achieve signifi­
cant advances over 
previous RISC archi­
tectures and the 
earlier IBM RT PC, 

IBM's first RISC-based Unix workstation. 
In 1986, we defined a second-genera­
tion RISC architecture that would come 
to be known as the Performance Op­
timization With Enhanced RISC (Power) 
architecture. Of primary concern was 
that the Power architecture and chip set 
needed to offer both scientific and com­
mercial users the lowest price and high­
est performance possible. It also had to 
be extensible, so that it would carry the 
RISC System/6000 product line through 
several technology generations. 

Building upon earlier work by John 
Cocke at IBM's Yorktown Heights Re­
search facility (Yorktown Heights, NY), 
we determined that an architecture that 
permitted overlap of each basic func­
tion-branch processing, integer instruc­
tion execution and floating-point execu­
tion-would best meet this goal and 
achieve equivalent integer and floating­
point performance . 

We believed it was necessary for the 
Power architecture to provide instruc­
tion-level parallelism that could execute 
up to 5 instructions/cycle: one branch in­
struction, one fixed-point instruction, 
one condition register instruction, and 
one floating-point multiply-add instruc­
tion, which would be counted as two 
floating-point instructions. 

Behind every architecture lies a series 
of decisions that build one upon the 
other; the Power architecture was no 
different. For me, four decisions, plus 
the software technology embodied in 
our compilers and operating systems, 
stand out in particular. 

I Starting from scratch 
The RT PC had been introduced only 
months before we set out to define the 
Power architecture and chip set. Thus, 
the first decision we faced was whether 
to build upon the RT's architecture or to 
start from scratch . At first, we thought 
it might be possible to graft a super­
scalar architecture and other key design 
concepts onto the existing RT architec-

ture, but we soon realized that would 
be extremely difficult. For one thing, the 
RT architecture wouldn't allow the ex­
ploitation of instruction-level parallelism 
we wanted to achieve in the Power chip 
set, and without that, we couldn't 
achieve our performance goals. 

Even if we could extend the RT archi­
tecture to support superscalar imple­
mentations, we were certain it wouldn't 
scale much beyond that. A key design 
criterion for the Power chip set was that 
it would be extensible through several 
successive technology generations. We 
wanted the chip set to process at least 4 
instructions/cycle in its first generation. 

We worked 
closely 

with our 
compiler teams 

to generate 
code that could 

exploit the 
architecture to 

its fullest. 

I I I 

While it might be 
possib le to extend 
the RT architecture 
that far, we knew 
we cou Id not ex­
tend the arch itec­
tu re any further, to 
implement 6 or 8 
para lleli n struc­
tions/cycle lateron, 
for example, with­
outsignificant 
reworking. 

The RT had other 
limitations as well. It had only 16 gen­
eral-purpose registers, for instance, 
while our design called for 32. We 
found that, with 16 registers, we kept 
running out of fixed-point registers, par­
ticularly in floating-point codes. This 
wou ld severely limit our floating-point 
performa nee. 

We had determined that the Power 
microprocessor unit would have three 
separate processors-branch, fixed and 
floating-point. In the RT architecture, 
the fixed-point and the branch proces­
sors were the same. Separating these 
two processors would be difficult. 

Finally, the RT processor required a co­
processor interface to floating-point ex­
tensions. In the end, we realized the RT 
architecture simply had too many limita­
tions to meet our design goals. Of 
course, we were keenly aware that cus­
tomers had already made significant in­
vestments in RTs, and that independent 
software vendors (ISVs) were porting 
their applications to the RT. At first, we 
thought that any new RISC CPU design 
should incorporate binary compatibility 
with the existing RT, to help preserve 
customer and ISV investments . 

Maintaining binary compatibility, how-

ever, carried substantial performance 
penalties. Since this was to be an opti­
mized architecture, we knew we had to 
avoid that. In the Unix market, source 
code compatibility was the norm and 
would give us an important perfor­
mance advantage. So we opted for that. 

I Selecting a floating point 
From the beginning, the Power architec­
ture was designed to deliver the best 
price/performance possible for both 
commercial and scientific applications. 
Therefore, we sought to optimize the 
Power architecture for both integer and 
floating-point operations, respectively. 
Our goal was to execute floating-point 
operations at the same speed as integer 
operations. That meant the Power archi­
tecture had to complete one floating­
point operation every clock cycle . 

The question was, which floating 
point-370 hexadecimal or IEEE floating 
point? Standards drive the Unix market, 
and the IEEE floating point ranks as 
such a standard, espec ially among many 
mathematicians and scientific users. 
IEEE floating point was standard on the 
RT, for instance. 

There was significant debate about 
whether we would give up too much 
performance implementing the IEEE 
standard. After drawing heavily on re­
search at IBM's Yorktown laboratory, we 
were able to select an IEEE-compatible 
floating-point implementation with no 
significant performance penalties . 

I Partitioning chips 
The next decision we faced was how 
best to partition the chip. We had three 
priorities: to optimize performance, to 
create a scalable architecture that 
would expand for low-end and high­
end products, and to provide an imple­
mentation that would require minimal 
changes through several technology 
generations. 

In the end, we determined that six 
unique chip designs would offer the 
best chance for successful scaling and a 
long life for the implementation . Those 
six include a branch processor, fixed­
point processor, floating-point proces­
sor, MMU, the Micro Channel Architec­
ture bus interface unit, and a data 
cache unit, implemented in combina­
tions of two or four chips . 

We also decided that the initial de­
sign point of the Power chip set would 

Randy Groves, MSEE, senior engineer/manager of Advanced Products Development , Advanced Workstations Division, IBM 
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Using 64-bit data path s to cache and 
main memory as well as a 64-bit 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~____, floating -point ALU, t h ese ver y 
dense chips rely on a superpipelined 
architecture and this double-speed 
internal clocking to provide perfor­
mance gains. MIPS' a pproach in­
cludes hefty on-chip instruction and 
data cach es (8-kbytes each ) for its 
multiple execution units. 

perform at 25 M Hz. That would give us 
an excellent lead in integer and floating­
point performance for the first RISC Sys­
tem/6000 products, yet also let us de­
vise faster clock cycles in successive 
generations. In fact, at the initial an­
nouncement we introduced a 30-MHz 
system as well as two 20-M Hz systems. 
We also knew that chip-to-chip cross­
ings wouldn't drag down performance 
beyond 25 MHz, and that the memory 
interface cou ld scale for additional low­
and high-end systems. 

With these two criteria defined, we 
designed the six ch ips, then optimized 
the chip-to-chip interconnects. In this 
way, we wou ld be able to increase the 
clock frequencies without having to 
rework the entire chip set. 

The proof of the success of ou r ef­
forts was the announcement of RISC 
System/6000 Model 550 Powersta­
tion/Powerserver in October 1990. The 
550 implements a 41-MHz design of 
the Power CPU in IBM's latest CMOS 
technology. 

I Verification tools 
The scope of the Power chip set, with 
six unique chip designs, was consider­
ably more complex than the three-chip 
RT design. We rea lized early on that tra­
ditional design verification and simula­
tion tools-such as those used for the 
RT processor-would be inadequate for 
the task. 

Moreover, time-to-market was cru­
cial. We had to find a way to verify the 
new design as quickly as possible. Using 
tools such as those for the RT wou ld 
have taken longer. 

We turned to IBM's mainframe de­
signers for software simulation tools. 
Those tools let us run automated simula­
tions overnight and randomly generate 
complex instruction sequences. With 
many of our traditional tools, we would 
have had to generate simulation codes 
manually, which wou ld have limited the 
code our verification team could test. 

IBM 's compiler and operating system 
technology played a crucial role in the 
success of the RISC System/6000. We 
cou ldn 't have achieved our ambitious 
performance goals for the Power archi­
tecture without the close cooperation of 
IBM 's compiler technology laboratory in 
Toronto, Ontario. 

When we built the Power chip set, 
we implemented one of the first-if not 

the first-true superscalar RISC architec­
tures. But the hardware's ability to pro­
cess multiple instructions in parallel 
would have been useless without com­
piler technology to exp loit that. We 
worked closely with our compiler teams 
to generate code that could exp loit the 
architecture to its fullest. They, in turn, 
provided us with insight into how we 
could best implement architectural ele­
ments to improve compiler performance 
even further. 

In addition, earlier work on operating 
system technologies proved invaluable 
to providing the high reliability users 
achieve in the RISC System/6000 fam­
ily's AIX operating system-IBM's imple­
mentation of Unix . IBM's 801 project 
had developed its own operating sys­
tem, called Control Program-Research 
(CPR). But, early in RT development pro­
cess, the design team realized Un ix had 
become a standard, especially for techni­
cal computing. 

Therefore, it was decided that AIX 
would be the operating system for the 
RT and successive RISC-based products 
such as the RISC System/6000. Still, key 
technologies of CPR could be stitched 
into the AIX kernel on the RT and, later, 
the RISC System/6000. CPR technology 
improved AIX's file system reliability and 
provided preemptable kernel routines, 
program management, dynamic bind­
ing, and other features. All of this re­
mains transparent to the user, who sees 
a standard Unix interface on a system 
that is inherently more reliable. 

I Foundation for the future 
The Power architecture of today pro­
vides a solid and extensible foundation 
for future technology generations. 

At the low-end, the original architec­
ture will let us use fewer chips, which , 
in turn, will lower the cost of entry 
while maintaining performance . At the 
high-end, the Powerstation/Powerserver 
550 is only the beginning. We plan to 
offer increased performance in a num­
ber of ways: through faster clock rates, 
by exploring clustering and multipro­
cessor (M P) technologies, and by exploit­
ing fiberoptic link technology. 

We also plan to extend the original 
superscalar concepts on w hich the 
Power architecture was based : Future 
iterations of the Power chip set wi ll pro­
cess even more instructions in a single 
clock cycle . 

VLSI R4000s include FPUs, IUs 
and control logic for cache-coheren t 
system s, as well as option al second­
ary cache interfaces. The design is 
compatible with 32-bit forerunners 
and peripher al product s and lets de­
signers "tune" off-chip VO for opti­
mal costJperform ance trade-offs u s­
ing special selection circuits. 

While MIPS indicates that lab 
version R4000 chips h ave been 
tested at 50 MHz, other vendors a re 
annou ncin g processors r unn ing 
even faster (although none so far 
sport 64-bit-wide address buses). 

One h igh-speed single-chip design 
played center stage a t this year's 
ISSCC conference. Intel (Folsom, CA) 
reported development of a 0.8-mm, 
triple-metal CMOS implementation 
of the 80486 operating at 100 MHz. 

Such a 486, if commercialized and 
properly supported with superfast 
packaging, peripherals and memory 
devices, would certainly boost the per­
formance of applications software in 
the world's largest installed applica­
tions software base-MS-DOS. 

Intel's racer, having seen silicon , 
integrates 1.2 million transistors in 
a fabrication process optimized for 
on-chip ph ase-locked loop t iming 
circuits that slash setup, hold and 
output valid times. Intel says its 
vehicle is based on mark edly re­
duced wire lengths, plan ar dielec­
trics, salicided gates and sou rce 
drains, and tungsten-filled vias and 
contacts. These are factors that will 
play important roles in Intel's much­
closer-to-market 50-MHz 486. 

I Embedded applications abound 
"The newest technology and the 
fastest processors tend to debut in 
computer systems and worksta­
tions," says Fujitsu's Booth , ''but, 
their impact in the embedded con­
troller arena is equally significant." 

The 1-million transistor supersca­
lar core from National Semiconduc­
tor (Santa Clara, CA) is a case in 
point. Tailored for on-ch ip digital 
signal processing, National's high ­
throughput chip is aimed squarely 
at embedded applications. 

Code-named "Swordfish," Nation-
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486110 PERFORMANCE AT 100 MHz Simulation 
results based on 
Intel's 100-MHz 
486 processor 
illustrate how 
multipackage 
modules (MPMs) 
and multichip 
modules (MCMs) 
perform as de­
vices get faster. 
A typical MPM 
might include a 
processor and an 
SRAM cache. An 
MCM would also 
include 

6.0 

4.0 

(/) 

~ 
~ 2.0 

0 .0 
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20.0 25.0 

al's 100-Mips Type 32SF640 engine 
includes not one but two indepen­
dent integer units, each with a four­
stage pipeline. The dual execution 
units effectively execute two in­
structions per clock cycle. 

But the parallelism doesn't stop 
there. P arallel execution of integer 
and DSP functions is handled by 
separate on-chip hardware. Execu­
tion of multiply/addition routines for 
DSP algorithms and floating-point 
calculations overlap with integer 
processing. On-chip instruction and 
data caches feed all four processing 
sub-blocks (any two of which can be 
simultaneously active). 

Although N ational's latest cre­
ation includes a system interface at 
the data bus that is 64 bits wide, it 
uses a conventional 32-bit address 
bus. It's limited, therefore, to ad­
dressing a 4-Gbyte uniform address 
space. The Swordfish's data bus also 
dynamically supports 8-, 16- and 32-
bit peripheral ICs. To minimize em­
bedded cost, National expects 
Swordfish users will choose an op­
tional clocking scheme that lets an 
external system bus operate at half 
the frequency of the chip's internal 
clock. The Swordfish design will 
read/write to relatively slow DRAMs 
and EPROMs-devices that are rel­
atively inexpensive and readily 
available. Pipelined and wide-band-

114 MAY 1, 1991 COMPUTER DESIGN 

- MULTIPACKAGE MODULE IMPLEMENTATION 
- MULTICHIP MODULE IMPLEMENTATION 

1. OUTPUT ENABLE CLOCK 
2. ADDRESS DRIVER PIN 
3. PIN OF CHIP CLOSEST TO THE DRIVER 
4. PIN OF CHIP FARTHEST FROM THE DRIVER 

30.0 
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width interleaved memory are also 
supported. 

As impressive as the CMOS 
Swordfish is, its primary caches are 
still relatively small. This is suit­
able, however, because a lot of em­
bedded code-especially time-criti­
cal inner-looping routines-execute 
over and over and are generally less 
than 400 bytes. A 1-kbyte two-way 
set-associative data cache and a 
4-kbyte decoded instruction cache 
is provided on-chip. Both are 
equipped with a locking mecha­
nism to prevent replacement of 
data deemed performance-critical 
(National also uses bus snooping 
logic to ensure coherency between 
data cache and main memory). 

National 's preliminary data 
sheets discuss three versions of the 
Swordfish, running at either 33 
MHz, 20 and 40 MHz, or 25 and 50 
MHz. These clock speeds, when com­
bined with the device's superscalar 
architecture, result in one very fast 
controller. If it proves economically 
reproducible, it should find wide favor 
in commercial embedded graphics ap­
plications. A lot of sockets are waiting 
for 100-Mips processing in scanners, 
laser printers and fax machines, 
among others. 

Raw clock speed, plus the ability 
to put more elaborate structures in 
silicon, drives the embedded control-

35.0 

control circuitry, 
possibly mount­
ed on a silicon 
substrate. The 
curves depict per­
formance for 
pins both close 
and far from 
on-chip driver 
stages. 

ler effort at Advanced Micro Devices 
(Sunnyvale, CA) too. The company's 
new 29050 RISC embedded control­
ler now packs 428,000 transistors­
nearly a quarter million more than 
the widely used 29000 predecessors. 

The small feature size CMOS 
29050 clocks as high as 40 MHz. At 
this rate, a 29050, which includes an 
on-chip pipelined IEEE floating­
point processor, can perform 34 sus­
tained MFlops, peaking at 40 inte­
ger Mips and 80 MFlops (based on 
4x4 and l x4 graphics transforms). 

I Low- vs. high-density MOS 
CMOS processes such as those of the 
100-MHz Intel 486, National 's 
Swordfish and AMD's 29050 domi­
nate superfast single-chip news. 
CMOS density enables things such 
as multiple execution units and 
cache. But BiCMOS and bipolar 
ECL are gaining favor for high­
speed, low-density logic used in su­
perpi pel ine d RISC approaches. 
BiCMOS and ECL designs offer bet­
ter control over clock skewing in 
high-speed circuits, both partitioned 
and single-chip designs. 

As for ECL, some experts predict 
a move away from the power-hungry 
logic, regardless of its obvious speed 
advantages. Motorola, for one, has 
dropped its plans to collaborate with 
Data General on a 100-Mips ECL 



More project managers are turn­
ing to Microsoff Project for Windows: 
the number one management package: 

Probably because Microsoft Project 
for Windows wouldn't be any different if 
you'd planned it yourself. 

Work with data easily. Create cus­
tomized filters, tables, even output. 
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How high-end embedded processors are changing 

The embedded 
processor market is 
changing. The tradi­
tional constraints of 
high performance 
and low system 

-.,,, cost are no longer 
the only consider­
ations. Designers of 

fax machines, laser beam printers, 
speech compression equipment, and im­
age compression equipment are now 
demanding that embedded processors 
be customized for specific low-cost ap­
plications. This customization reduces 
the user's time-to-market and results in 
a better cost/performance ratio. 

While customization is receiving a 
new level of emphasis, the user's need 
for performance is continuing to grow. 
It's no longer sufficient for a processor 
to excel in a few specific benchmarks. A 
typical multifunction imaging applica­
tion, such as a combination laser 
printer/fax machine, requires digital sig­
nal processing for the modem function, 
fast handling of floating-point opera­
tions for the Postscript interpreter, and 
integer arithmetic for image compres­
sion and system control. And the bus in­
terface of such a processor must oper­
ate with low-cost memory arrays yet still 
deliver high performance. External 
caches are too expensive, so an innova­
tive design approach is needed to 
achieve high system performance with 
DRAM arrays. 

The design goals for the embedded 
processor core now called Swordfish 
were driven by these demands. The de­
sign's dual pipelines, high-performance 
floating-point unit and DSP capabilities 
formed the basis of the architecture. 
The addition of on-chip instruction and 
data caches and the design of the pro­
cessor's bus interface were key to the 
ability to provide high levels of system 
performance with low-cost memory ar­
rays. And on-chip peripherals were 
added to reduce the system board size. 

I An embedded architecture 
We knew that by early 1991 we could 
produce a device that would have more 
than 1 million transistors and operate re­
liably at 50 MHz. The problem was 
where to allocate the transistors. We 
had to choose among larger caches, 
more execution pipelines, improved FPU 

performance, and a faster multiplier. 
We also faced the challenge of building 
a RISC processor while still maintaining 
compatibility with other members of 
National's Series 32000 embedded pro­
cessor family. 

We could have chosen to define a 
more complex logic for issuing instruc­
tions, using out-of-order execution. In­
stead, because an optimizing compiler 
can reorder the code and yield about 
the same performance, we decided to 
allocate the transistors to modules that 
would have a greater impact on the to­
tal performance. The logic for issuing in­
structions, together with the instruction 
cache and the instruction loader, are 
key contributors to performance, so the 
greatest effort was concentrated on op­
timizing this path . 

The bus interface 
More high-end unit is one of the 

processors 
will include 

on-chip system 
modules, 

reducing the 
costs of systems. 

Ill 

most sophisticated 
parts of the chip . 
This unit must de­
liver high perfor­
mance for a wide 
range of memory 
structures. The bus 
interface unit pro­
vides full support 

for two interleaved memory banks by 
providing two sets of control signals. 
Furthermore, the unit can be pro­
grammed to operate at half the internal 
execution frequency. As a result, execu­
tion is fast, even with slow memory ar­
rays. 

Finally, we put a lot of effort into on­
chip debug features. The most impor­
tant feature is support of in-system emu­
lation (ISE), with a special serial link 
from ISE equipment to the Swordfish 
processor. 

I Interdisciplinary cooperation 
The design process of a complex proces­
sor requires the expertise and coopera­
tion of many disciplines. The Swordfish 
design team comprised architects, chip 
designers, compiler experts, system de­
signers, and a logic verification group, 
working together to define the architec­
ture specification of Swordfish. 

During initial definition of the proces­
sor's architecture, we focused our atten­
tion primarily on the number of execu­
tion pipelines, the cache structure and 
the system interface. The architecture 
group built a performance simulator, 

and the compiler experts built a proto­
type compiler. Together both groups 
simulated different pipeline models with 
different instruction sets. At the same 
time, chip designers evaluated the feasi­
bility of implementing the different mod­
els. By defining the compiler at the 
same time as the architecture, we were 
able to choose whether a function 
would be implemented in hardware or 
in the compiler. Next, we defined the 
caches and the system interface. 

The bus was defined primarily by sys­
tem designers. At this stage, we consid­
ered supporting half-frequency bus op­
eration and interleaved memory 
configurations. We also integrated a sys­
tem interface module into our perfor­
mance simulator, enabling simulations 
of off-chip caches, DRAM arrays with in­
page support and other memory con­
figurations . 

The result of this design effort was a 
RISC CPU core optimized for compute­
intensive embedded applications. Its 
dual integer units, each with a four­
stage pipeline, and its on-chip FPU with 
an array multiplier, and caches for in­
structions and data, allow a high degree 
of parallel execution of instructions. 
Combined with clock rates up to 50 
MHz, the architecture provides execu­
tion speeds up to 100 Mips. This super­
scalar RISC processor core is the first in 
a new generation of high-performance 
processors that will form the computa­
tional heart of embedded processors 
customized for specific applications. 

The changes in the embedded proces­
sor market will continue to drive integra­
tion . More high-end processors will in­
clude on-chip system modules, reducing 
the costs of systems by providing 
greater functional integration . The com­
mon goal of embedded processor de­
signers and users is ultimately to have a 
single-chip solution for a given applica­
tion, requiring that a specific CPU core 
be integrated with a different set of on­
chip modules for each application . 

The main obstacle to high perfor­
mance in the embedded control market 
is limited memory speed . Future proces­
sors will solve this problem using larger 
caches and wider buses. They will also 
provide on-chip support for interleaved 
DRAM arrays to narrow the gap be­
tween processor speed and memory 
speed . 

Gideon lntrater, MS EE , chief Swordfish arch itect, engineering manager, National Semiconductor design center 
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l lines, No waiting . 

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

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

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

• RUN 

+ 

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

along with diagnostics and 
a Streams driver. 

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

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

Macrolink Inc., 
1500 North Kellogg Drive, 
Anaheim, California 92807. 
Phone (714) 777-8800, 
FAX (714) 777-8807. m mactolliinl~® iirnie .. 
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88000 spin-off. But not everyone metric superscalar 88110. The chip liver 4 billion instructions/s perfor­
agrees ECL's days are numbered. is fabbed in triple-level metal 0.8-µm mance by the year 2000, Motorola 

MIPS Computer Systems' new CMOS, but Motorola seems likely to engineers forecast. 
systems-level server products, for use BiCMOS in a post-88110 family of Intel a lso plans for 50- to 100-mil-
example, built in conjunction with highly parallel superscalar lion transistor CPUs. Its Micro 2000 
Prime Computer and Control Data microprocessors. architecture includes ICs capable 
Corp, are based on ECL microen- These ICs will probably have very of 2 billion instructions/s, main­
gines. NEC, MIPS' foundry partner, wide buses and 100-MHz speeds. taining binary compatibility with 
is expected to start shipping volume The BiCMOS 88110 is intended to the 386 family and MS-DOS/OS­
production quantities of MIPS' be object-code compatible with the 2/Unix architectures. 
three-chip ECL RISC chip set. original 88000, but it will feature Of course, such efforts will be in-

And, it's only been a short while multiple independent pipelined exe- credibly costly. As performance com­
since Bipolar Integrated Technology cution units. petition heats up in CISC and RISC 
(Beaverton, OR) introduced r----------------------::::;;;::-------, camps, processor makers 
an ECL FPU chip-the must adopt new and in-
IEEE-compatible B3130. creasingly expensive fabri-

"There are no fundamen- cation and test systems. 
tal manufacturing limita- Intel recently announced a 
tions facing ECL makers," $1 billion spending plan for 
says Jim Peterson, vice-pres- an 8-in. wafer fab this year. 
ident of engineering at 
Bipolar Integrated Tech- I Pushing the limits? 
nology (BIT). "And, the in- With industry leaders such 
clusion of CMOS memory as Intergraph, SGS-Thom-
into ECL processes may ac- son and others capitalizing 
tually accelerate ECL den- on small-die multichip sys-
sity and performance curves. terns and advanced packag-
Moreover, ECL processes are ing, one wonders whether 
able to deliver the required megachips represent a via-
clock frequencies to support ble course for future gener-
superpipelining." ations. Some industry ana-

Significantly, BIT's bi- lysts say no. They contend 
polar process competes with today's fab technologies are 
CMOS for density. It trims rapidly approaching practi-
power dissipation from bi- cal limits to feature size re-
pola r's typical 2 or 3 duction. Conventional step-
m W/gate to a few hundred pers and wet and even dry 
mW/gate. plasma etching cannot 

For now, the highly pipe- " There are no fundamental manufacturing limitations facing ECL meet the submicron chal-
lined B3130 device is set to makers," says Jim Peterson, vice-president of engineering at lenge necessary to make 
provide sustained perfor- Bipolar Integrated Technology. "And, the inclusion of CMOS ICs such as BIT's and Na-
mance at 200 MFlops. memory into ECL processes may actually accelerate ECL den- tional Semiconductor's fea-
Sporting a 64-bit I/O bus, sity and performance curves." sible in the marketplace, 
the B3130 incurs only 20-ns ECL 88110s will likely have on- they say. Particle control 
latency for ALU and multiply oper- chip FPU, special graphics units for and clean-up techniques may not be 
ations, resulting in 100 MFlops for 3-D number crunching, demand adequate either. Moreover, many 
random scalar operations and up to paged MMUs and on-chip caches. systems designers suspect on- and 
100-Mips scalar performance. The Motorola says these RISCs will have off-chip packaging and interconnect 
chip concurrently executes ALU, less than 1.5 million transistors. constraints will put a damper on 
multiplier and divide/square root What do IC giants such as Mo- further reductions in feature sizes, 
operations. torola and Intel see in the future for too. 

BIT is already enjoying design fab technologies where 1.5 million Others disagree. "We've just 
wins for the B3130 and acceptance device chips are considered sleek? In opened a fab line with sub-0.5µm 
of the company's bipolar technology. recent statements to the industry, optical technology," says Bob Rowe, 
HP/Apollo has signed up to use the Motorola discussed its dual-pronged RISC marketing manager at Inte­
new chip, FPS Computing's super- BiCMOS RISC and CMOS CISC grated Device Technology (Santa 
computer is using BIT's ECL-based strategy. The company identified Clara, CA). That company builds 
Spare RISC, and BIT has been se- process technologies to achieve 4 products based on MIPS Computer 
lected by MIPS Computer Systems times performance improvements Systems' RISC instruction set and 
as the foundry for MIPS' fastest on each generation of 88000 RISC architecture. "Remember, only a few 
R6000 32-bit processor in its throughout the decade. years ago folks said the limit for 
RC6280 RISComputer server. Motorola predicts improvements CMOS was 1 µm, but that proved 

I BiCMOS gains favo r 
BiCMOS is gaining momentum too. 
Motorola is discussing its next-gener­
ation 88000 RISC product, the sym-
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in transistor density and speed not to be the case." 
thanks to BiCMOS. The company Rowe says there's no reason why 
predicts over 100 million devices on the trend shouldn't continue. "Sub­
a chip, clocking at over 300 MHz. micron fab makes 30-MHz clock 
Single-chip microprocessors will de- speeds routinely possible. Look at 



• Areyoupla 
board games? 

Choosing a board is serious business. 
The quality of the motherboard will 
determine the performance and 
reliability of your machine, and the 
success of your company. 

That is why more OEMs and 
Integrators are using American 
Megatrends, Inc. for their mother­
board needs. Already the industry 
leader in 386 and 486 BIOS, AMI 
has now established the standard 
for EISA and ISA boards. 

EISA TECHNOLOGY 
AMI has the expertise 
to provide you 
with premium 
486 EISA boards. 
These 33 
MHz systems 
can support up to 
96 meg of memory and 
up to 256K of CPU cache. 

ISA SOLUTIONS 
If EISA is not required, the AMI 486 
ISA boards are the answer. Operating 
at 33 MHz and possessing the 
fastest video speeds in the industry, 
they provide the perfect platform for 
graphic intensive applications. 

THE AMI DIFFERENCE 
Unlike any other motherboard, AMI 
boards provide total BIOS compatibil­

ity; this ensures the highest levels 
of performance and reliability. 

Call today and see how 
the team at AMI will 

put you ahead of 
the game. 

--. - -
Used along with the optional 
SCSI Host Adapter, it creates a 
terrific high performance network 
server or UNIX hub. SINGLESoURCETECHNOLOGY 

AMERICAN MEGATRENDS, INC. 
800-U-BUY-AMI or 800-828-9264, 404-263-8181, fax 404-263-9381 



• Sold and proven in Europe, now available in the 
US and Canada. 

• Package includes sophisticated DSP and analog 
plug-in cards for a fast PC AT compatible. 

• Twin analog input channels allow disk capture 
from microphone or line input. 

• Display types include spectrograms, 
time waveforms, spectral slices, energy and 
pitch contours. 

• Split-screen mode allows time/ frequency 
comparisons of two signals. 

• Add your own custom functions that execute on 
the PC or on the DSP board. 

• Signal editing includes cut, copy and paste 
fa cili ti es. 

Loughborough Sound Images Ltd 
The Technology Centre 
Epinal Way Loughborough 
Leics LE11 OOE England 
Tel: (0509) 231843 
Fax: (0509) 262433 

• Two 16 bit AID converters allow simultaneous 
sampling up to 100 kHz. Latest Sigma Delta 
technology provides 64 times oversampling and 
true anti-aliasing. 

• Pull-down menus and mouse operations for quick 
learning and easy use. Moveable markers allow 
precise quantitative analysis. 

• USA - Spectrum Signal Processing Inc 
Tel: 800 323 1842 (East US) 
Tel: 800 663 8986 (West US & Canada) 

• France - LSI France SARL 
Tel: 1 43 94 99 86 
Fax: 1 43 94 99 89 

CIRCLE NO. 74 



our latest R3000 devices-40-MHz 
ICs are coming off the lines in eco­
nomically feasible production quan­
tities." 

Motorola's Reinhart agrees. "At 
the present time the 68040 is 
580x609 mils with 1.2 million tran­
sistors. It's cost-effective, yet if you 
asked two years ago we would have 
said it wouldn't have been." 

Today's defect-reduction and 
yield-enhancement techniques en­
able manufacturability. "Our goal 
has been to consistently double 
performance," Reinhart says. "We 
presently build 68040s in two­
layer metal, 0.8-µm drawn feature 
size (0. 7 L-effective) dimensions. 
We've also built a few 68040s with 
0.65-µm features, and we're quali­
fying this process for use later in 
the year. This will give a smaller 
die cost reduction and make possi­
ble 40 MH z." 

I Submicron 68050s are coming 
Notably, 0.65-µm is also the starting 
point for Motorola's next-generation 
superfast CISC-the 68050. "To 
double the 040's performance, we 
have to set a clear path to 0.5-µm 
CMOS," says Reinhart. "We've al­
ready invested in a fabrication line 
for 8-in. wafers, with process capa­
bility for microprocessors with very 
fast SRAM." 

Regardless of the confidence semi-

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. 

Advanced Micro Devices 
(408) 732-2400 .... .......... Circle 255 
Bipolar Integrated Technology 
(503) 629-5490 .... Circle 256 
Fujitsu Microelectronics 
(408) 922-9000 
Hewlett-Packard 
(800) 752-0900 
IBM 

. . .. Circle 257 

... Circle 258 

(800) 426-3333 ............... Ci rcle 259 
Integrated Device Technology 
(408) 7 27 -6116 ..... Circle 260 
Intel 
(800) 548-4725 
Intergraph 
(415) 494-8800 
MIPS Computer 
(408) 720-1700 

.. . Circle 261 

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

..... Circle 263 
Motorola Semiconduct o r 
(512) 891-2839 ......... Circle 264 
National Semiconductor 
(408) 72 1-5000 
SGS-Thomson 
(719) 630-4000 
Texas Instruments 
(800) 336-5236, ext 700 .. 

... Circle 265 

.. Circle 266 

. Circle 267 

conductor manufacturers express 
for optical lithography, resource­
rich firms such as Motorola are 
also investing in X-ray lithogra­
phy. Motorola is doing so in con­
junction with IBM, Sematech and 
others. 

I FAST PROCESSORS 
quired particle accelerator. One 
wants to be generating a lot of rev­
enue to justify that." 

"It's a tremendously scary tech­
nology, though," says Reinhart. "It 
costs millions just to build a re-

Reinhart says optical lithogr a ­
phy will live on, even where it has 
recently been predicted to fa ll 
apart. "There's no way to avoid X­
ray in the future," he says, "bu t is 
it at 0.5, 0.25 or less than 0.1 µm? 
We don't know." • 

You can choose the most appropriate 

We will provide you with anything from 
an empty metal shell to a complete 
turnkey system. And, we will gladly combination of chassis size, 

basic configuration, card cage, 
mass storage, 

~ integrate VME cards, mass storage devices, 

power supply, 
1/0 panels, 
cool ing and 
enc losure. 
Zoltech's 
modular 
chassis 
concept 
allows your 
VME system to be optimized for spec ific 
applications and environments. 

Low Prices and Fast Delivery 

IE 

The use of ou r off-the-shelf components 
allows your special system package to be 
delivered qu ickly and at a standard system 
price. 

Long-Term Reliability 
A low-cost package really isn't low-cost if it 
fails in the field. Zoltech's unique positive­
pressure, fi ltered air cooling system insures 
that your machine will run clean and cool. 
The EMI shielding integrity of the fully­
enclosed chassis is preserved regardless of 
the number of cards installed in the card 
cage. 

Call or write for 
complete specifications and prices 

1/0 cables, peri pherals 
and system software. 

A typical complete 
system: 
VLV- 11/Model 30 
chassis, twelve 
6Ux 160 slots, 68020 
CPU, SMB memory, 
18 serial channels, 
floppy, cartridge 
!ape, dual 
Winchesters, 400W 
power supply, eight 
fans, in lower 
enclosure. 

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

Representative and dealer inquiries are invited . 
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Power Debugging 
SOPHIA 

EMULATORS 
SUPPORT 

INTEL 
80C86/88 10 MHt. 
80Cl86/Cl88 20 MHt. 
80286 25 MH1 
80386 25 MHz 
80386SX 16 MHz 

MOTOROLA 
68000/10/12 16 MHt. 
68020 20 MHz 

NEC 
V20/Y30 16 MH7 
Y40/V50 IOMHz 
Y25 16 MHz 
Y33 16 MH7 
Y53 16MHt. 
86/V 16 MH1 

... plus processors from 
AMO. Hitachi. Mitsubishi. 
Rockwell. Zi log. 

... for Real-Time Targets 
Do you need to debug a real-time 
embedded system? Do you use C 
along with assembly language? 

Our emulation systems can help you 
complete your project faster. 

Real-Time Target Control 

0 Emulate without stealing target 
resources or adding wait states. 

0 Step through your actual source 
code, comments and all. 

0 Choose from many popular 
compilers. 

0 View code, registers, data, and 
commands all at once with our 
windowed intetface. 

0 Capture precise information using 
our powerful trace capabilities, 
including sequential triggers, all 
in real time. 

0 Use full symbolic debugging 
capabilities, including high-level 
trace. 

Real-Time Technical Support 

0 Experienced software and 
hardware engineers. 

0 Step-by-step troubleshooting 
assistance. 

0 24-hour Bulletin Board for users. 
Upload problem software, 
questions. Download code 
fragments , new releases, examples. 

Sophia Systems' emulators give you 
the power to debug your target in your 
environment. And we're continuing to 
expand our capabilities to match your 
processor and debugging needs. 

Call and tell us about your target. 

and Technology 

1-800-824-9294 
Sophia Systems and Technology. 777 California Ave .. Palo Alto. CA 94304. TEL: (4 15) 493-6700 FAX: (415) 493-4648 
Sophia Computer Systems. Ltd .. Alpha House. London Road. Bracknell. Berkshire RG 12 2TJ England. TEL: 0344-862404 FAX: 0344-861374 
Sophia Systems Co .. Ltd .. Shinjuku NS Bldg. 8F. 2-4-1 ishishinjuku. Shinjuku-ku. Tokyo 163. Japan. TEL: (03) 3348-7000 FAX: (03) 3348-2446 
'.<: 199 I Sophia S) '>lcm-. am.I Tcchnolog) 



I PRODUCT FOCUS/32-bit Emulators 

DESIGN AND DEVELOPMENT TOOLS 

32-bit emulators 
struggle with 
processor 
complexities 
Jeffrey Child, Associate Editor 

W ith budgets tighter than 
ever, designers of 32-bit 
microprocessor-based sys­

tems may welcome any alternative 
to buying an emulator. Most admit, 
however, that there's no real substi­
tute for a full-blown in-circuit emu­
lator for debugging systems in real 
time. And as processor speeds reach 
33 MHz and above, many are start­
ing to question the feasibility of build­
ing emulators at a reasonable price. 

The challenge for emulator manu­
facturers is to create emulators with 
the control capabilities needed to 
debug complex programs and to in­
tegrate complex systems. But accom­
plishing this for 32-bit devices is not 
an easy task, especially with the 
combinations ofhigh speed and com­
plex architectures found in today's 
high-end microprocessors. 

As microprocessors have become 
more complex, so has the task of 
debugging and development. Faster 
devices can process more instructions, 
leading to larger applications, leading 
to more software. While around 80 
percent of that software in a design 
needs to talk only to other parts of the 
software, there's still that important 
remaining part of the code that must 
interface with the hardware directly. 
Developing this 10 to 20 percent of 
code is the job of the emulator. 

I Network support 
As a result of growing size of code, 
the ratio of software designers to 
hardware designers involved on proj­
ects h as gone from 1: 1 to around 

10:1. This new design environment 
requires development tools that fit a 
team-oriented concurrent engineer­
ing methodology. Recognizing this, 
an increasing number of emulator 
vendors are including network sup­
port in their products so that emula­
tors can pass code to other systems. 

"A problem that comes up with 
32-bit designs is that the scale of 
projects has changed, and all the 
managers and designers working on 
the project should recognize that," 
says Richard Jensen, vice-president 
of new business development at Ap­
plied Microsystems (Redmond, WA). 
"Tools are needed to support that 
different scale." 

Design projects for 32-bit emula­
tors are more complex, creating em­
ulation problems for designers and 
cost problems for emulator manufac­
turers. "The first scale of problems is 
linear-wider addressing and data 
capability. That means more signals, 
more pins and more problems," says 
Jensen. "So from the number of 
added signals all the way to the 
amount of memory that's required, 
the tool is going to cost more to build." 

Speed requirements also contrib­
ute to cost. The generally accepted 
rule is $1,000/MHz, which holds up 
reasonably well for most of the full­
featured emulators (see chart, p 124). 

Applied Microsystems' latest of­
fering, the EL3200, is a development 
environment for the Intel i960CA 
microprocessor. The system includes 
a 33-MHz emulator and a software 
development package. The emulator 

The M ice- V 
emulator for 
the i486 from 
M icrotek Interna­
tional features 
an isolation 
mode that lets 
users remove the 
processor from 
the probe tip 
and still do 
emulation. The 
emulator doesn 't 
need functional 
hardware to 
begin emulat­
ing-all that's 
required is a 
working clock 
signal. 

is designed to offer real-time trans­
parent emulation to full i960 speeds 
with no wait-states. Special features 
of the i960 are supported by the 
EL3200, including pipelining, burst 
modes and the different bus widths. 
The emulator's trace-and-event sys­
tem allows tracking and isolation of 
complex, real-time interactions be­
tween hardware and software. Full 
networking capability is provided for 
Sun Spare workstations and per­
sonal computer-compatibles. 

I Complex architectures 
Another hurdle manufacturers of32-
bit emulators face is the sophisti­
cated architecture of the latest pro­
cessors. "It used to be that the logical 
execution flow and the physical exe­
cution matched. By observing the 
execution on the bus you could deter­
mine what was going on inside the 
chip," says John P. Romano, man­
ager ofresearch and development at 
Hewlett-Packard's Logic Systems 
Division (Colorado Springs, CO). 

In 32-bit processors that's no lon­
ger the case. Internal pipelines, mul­
tiple execution units for floating 
point and memory management, and 
on-chip caches all confound an emu­
lator's ability to observe the internal 
workings of a chip. This complexity 
also inhibits the ability to correlate 
activity on the system bus with the 
high-level instruction the user ex­
pects to see. ''You basically have to 
replicate the logic of the processor," 
says Romano. "Accomplishing this is 
becoming prohibitively expensive." 
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Applied Microsystems 5020 148th Ave NE, PO Box 97002, Redmond , WA 98073-9702 (206) 882-2000 Circle 301 

EL3200 33 i960CA 4M 53 4 B kx139 y $30,000 zero wait-state 20-MHz read and ze ro wait-
state 30-MHz write; fu lly networked ; Sun 
or PC hosts 

EL3200 33 6B020 , 2M 53 4 B kx139 y $30,000 same as above 
6B030 

ES1BOO 25 6B020 2M 32 4 2 kx10 y $16,000 Sun network operation; SCSI communica-
lions; Sun, PC or VAX hosts 

Cadre Technologies 19545 NW Von Neumann Dr, Beaverton , OR 97006 (503) 690-1300 Circle 302 

SmartProbe/3B6 25 B0386 2M 4 4 2 kxBB y $19,450 source-level debug for C and Ada real-time 
source trace; Sun, PC or VAX host 

SmartProbe/020 25 6B020 512 k B 4 2 kx96 y $12,450 same as above 

SmartProbe/030 25 68030 512 k B 4 2 kx96 y $16,450 same as above 

Embedded Performance 2840 San Tomas , #100, Santa Clara, CA 95051 (408) 980-8833 Circle 303 

SYS29K 25 AM 29000, 256 k-4 M 50 16 2 k y $14 ,995-$32,370 interfaces to assembly and C debuggers; 
AM 29005, supports 7 host systems 
AM 29050 

SYS29K-TURBO 33 AM29000, 256 k-4 M 50 16 Bk y $24 ,995-$66,B70 Ethernet interface; supports 7 host sys-
AM29005, terns; low-capacitance probe head 
AM29050 

SYS-R3000 33 MIPS R3000, 256 k-4 M 50 16 Bk y $27,500-$69,B70 Ethernet interface; supports 5 host sys-
R3000A, terns; cross-development software 
R3001 

Hewlett-Packard PO Box 617, Colorado Springs, CO 80901-0617 (800) 447-3282 Circle 304 

HP64774 25 AM29000, 1 M B 8 1 kxBO y $24,445 supports big- and little-endian byte order-
AM29005 ing; supports several file formats 

HP64772G 30 NS32532, 512 k-4 M B B 1 kxBO y $24,294-$30,554 precise dequeueing and analysis of code 
NS32GX32, running in cache 
NS32GX320 

HP6477BG 30 6B040 512 k-4 M 8 B 1 kxBO y $39,960 active probe; extensive help; software 
dequeueing; custom memory mapper 

HP64420SB 20 B0386DX 512 k 16 16 2 kxBO y $2B,475 software dequeueing; full 803B6 debug 
register support 

HP64773A/L 50 AT&TDSP32C 64 k B B 1 kx64 y $2B,503 interfaces on the PC and HP4000 series 
300/400 workstations 

HP64760 25 i960KA/KB 4M 8 8 1 kx10B y $25.000 real-time transparent access to target 
i960MC memory; supports several file formats 

HP6474B 33 68020, 2M 8 8 1 kx80 y $19,300 download speeds exceed 1 Mbyte/min; 
6BEC020 cable adapters allow probing of PGA and 

PQFP packages 
HP64430/31 33 6B030 , 1-2 M 16 16 2 kxBO y $41 ,500 active probe; custom memory mapper; 

6BEC030 zero wait-state to target memory 

Huntsville Microsystems PO Box 12415, 4040 S Memorial Pky, Huntsville , AL 35802 (205) 881-6005 Circle 305 

HMl-200-6B020 16, 25, 33 6B020 , 256 k-4 M 8 4 two 4 kx104 y $12,000-$21 ,000 integrated with window-driven debugger; 
6BEC020 real-time performance analysis operates 

transparent to system 
HMl-200-6B030 16, 25, 33 6B030 , 256 k-4 M 8 4 two 4 kx104 y $15 ,000-$23,000 same as above 

6BEC020 

HMl-200-68300 16, 20 6B331 /2, 256 k-4 M B 4 two 4 kx104 y $16,000 same as above 
6B340 , 
68330 
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Intel 3065 Walsh Ave , Santa Clara, CA 95051 (408) 765-8080 Circle 306 

ICE386DX 25, 33 80386DX 128k-2M 12 4 4 kx96 optional $22 ,500 windowed-interface; trace filtering 

ICE486/33 33 i486 2M 12 4 8 kx96 N $38 ,000 execution trace instructions; sequential 
break points on events that occur from 
cache; trace filtering 

ICE960-R3.0 16, 25 i960KNKB 2M 10 8 1 kx240 N $16,495 module selection for symbol table im-
i960/SA/SB proves download time; trace filtering 

Microtek DSD 3300 NW 211th Ter, Hill sboro, OR 97124-7136 (503) 645-7333 Circle 307 

Mice-Ill 25 68020 1 M 7 8 8 kx96 y $16,500 code coverage option identifies code that 
is or isn't used 

Mice-Ill 25 68030 1 M 7 8 8 kx96 y $18,000 same as above 

Mice-V 33 80386 512 k 12 4 8 kx144 N $25,000 -
Mice-V 20 80386SX 512 k 12 4 8 kx144 N $18,250 -

Mice-V 33 i486 - 12 4 8 kx144 N $32,000 can isolate the i486 chip from the emulator 
pod ; permits debugging of nonfunctional 
hardware 

Motorola PO Box 3600 , Austin , TX 78764 (512) 891-3759 Circle 308 

CDS32 25 68331/2 1 M 4 4 8 kx136 N $7,950 runs on PC-compatible or PS/2 hosts; 16 
software breakpoints 

Softaid 8930 Rt 108, Columbia , MD 21045 (301) 964-8455 Circle 309 

CodeStalker 33 386 512 k 4 1 4 kx48 N $9,995 fiberoptic link provides fast downloads 
386 (250,000 bytes/s) 

CodeStalker 16 386SX 512 k 4 1 4 kx48 N $9,995 same as above 
386SX 

Step Engineering 661 E Arques Ave, Sunnyvale, CA 94086 (408) 733-7837 Circle 310 

Adapt II Plus 33 AM29000, 1 M 1 0 4 kx160 N - logic analyzer interface; zero wait-state 
AM29005, overlay memory 
AM29050 

Excel 930 40 Fujitsu Sparclite 0 5 0 8 kx160 N - Ethernet interface; 32 external bits; cache 
MB86930 reconstruction 

ExpressPlus 960CA 33 i960CA 0 9 0 8 kx160 N - Ethernet interface; cache reconstruction 

Adapt II 25 AM29000, 1 M 1 0 4 kx160 N - logic analyzer interface; 32 external bits; 
AM29005, zero wait-state overlay memory 
AM29050 

Zax 2572 White Rd , Irvine, CA 92714 (714) 474-1170 Circle 311 

ERX-68030/20 HS 25, 33 68020/30, 256 k-2 M 1,000,000 4 8 kx88 optional $23,150 256-kx4-channel memory scheme allows 
68881 /2 over 1 million hardware breakpoints 

ERX-68030 20 68030, 256 k-2 M 1,000,000 4 8 kx88 optional $16,840 same as above 
68881 /2 

ERX-68020 20 68020, 256 k 1,000,000 - 8 kx88 optional $14,730 same as above 
68881 /2 

ERX-80386 16 80386, 256 k-2 M 1,000,000 4 8 kx88 optional $16,840 same as above 
80387 
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I PRODUCT FOCUS/32-bit Emulators 

DESIGN AND DEVELOPMENT TOOLS 

Universal 
Compression Processor 

• Compatible with all major imaging boards (AT bus). 
• Image compression with proposed JPEG standards. 
• Offers both lossless and selectable quality. 
• Processes TIFF 5.0, PCX and GIF image files. 
• Two opt ional processors to accelerate time-sensitive 

operations. 
• A compression processor from a reputable imaging 

supplier. 
AT is a registered trademark of Internat iona l Business Mach ines Corpo ration. 

. ---· .. "'.....,I'\. L.. "'....., 

EXCELLENCE IN MACHINES THAT SEE 

Tel : (514) 333·1301 • 1-800-361-4914 (USA) • Fax: (514) 333-1388 

CIRCLE NO. 69 
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Designed to deal 
with the com­
plexities of 32-bit 
microprocessor­
based design, 
Hewlett-Packard's 
HP64440 emula­
tion/analysis sub­
system for the 
68020 processor 
provides real-time, 
no-wait-state 
operation up to 
33-MHz in target 
memory. The 
emulator uses an 
active-probe 
technology that 
provides maximum 
electrical and func­
tional transparency. 

HP's 64000 series of emulators 
offers a feature called prestore, 
which is particularly important in 
larger applications. The emulator 
can be set up so that the trace buffer 
captures only write to this data 
area. If the prestore is on, it cap­
tures not only the write cycle but 
also the previous state; in other 
words, it identifies where the write 
came from. If a pointer value is 
misused in C, for example, prestore 
can capture information showing 
which piece of code uses that 
pointer and where the pointer re­
ceived the wrong value. 

I Cache problems 
On-chip caches provide advantages 
to aid system performance. They 
not only boost speed but also let 
instructions be executed inside the 
chip, freeing up the bus for other 
devices in the system to use. Cache 
can be a nightmare for in-circuit 
emulators as they try to match in-

PCB MANUFACTURING 
DESIGN AND ARTWORK ! 

ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 

PCB DESIGN 
• Backplanes 
• Impedance control 
• Analog and ECL 
• Surface mount 

PCB MANUFACTURING 
• 2 Day turn on multi-layers 
• Prototype and product ion 
• One tooling charge for both 
• Turn-key assembled boards 

TECHNICAL ASSISTANCE 
• PCB design tips 
• Mfg cost cutting tips 
• Testing guidelines 
• We accept gerber data via 

modem (714) 970-5015 

CALL FOR A QUOTE ! 
A MANUFACTURING, PCB DESIGN AND SUPPORT CENTER 

i\\£19 M~=~~~A 
4761 E. HUNTER AVE. ANAHEIM, CA. 92807 

TEL: (714) 970-2430 FAX: (714) 970-2406 
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structions executed with correspond­
ing bus cycles. Keeping track of in­
structions executed from main mem­
ory is straightforward, but when 
instructions are executed from inside 
the cache, no bus cycles are involved. 

The 8-kbyte cache in the Intel 486, 
for example, complicates the job of 
an emulator. Some emulator vendors 
provide the option to turn off the 
cache while emulating, but by doing 
so the system is no longer running in 
real time. Other solutions involve 
using algorithms to estimate which 
instructions are in the cache. Intel, 
which also makes emulators, has an 
obvious advantage because it can tap 
into proprietary signals on the ch ip. 
Using these signals, Intel can iden­
tify exactly which instructions are 
being executed from in the cache. 
The 486 also contains debug regis­
ters that aren't proprietary. 

"The i386 and i486 were designed 
for debugging from the start," says 
Tovey Barron, senior technical mar­
keting engineer at Intel (Hillsboro, 
OR). "They both have debug regis­
ters that provide the capability to 
control events that occur in the chip, 
as a first step in that direction. As 
the caches get bigger, and the func­
tions on the chip get more and more 
sophisticated, the debug capability 
built into the chip will have to be­
come equally sophisticated, because 
the emulator vendor will not be able 
to see into a chip through its pins." 

I On-chip support for RISC 
Solving emulation problems of 
faster-speed RISC processors may 
also require on-chip circuitry that 
supports emulation. In fact, the lack 
of such on-chip support is a possible 
reason behind the lack of emulators 
available for RISC processors. When 
it comes to building an emulator for 
a Spare or MIPS RISC processor, 
speed isn't the fundamental prob­
lem. "RISC chips are easier to emu­
late," says Applied's Jensen. "The 
cache is outside, the MMU is outside, 
and there are no half instructions or 
byte-wide instructions. It's all pretty 
balanced. The problem is that RISC 
processor designers have put very 
little in the chip that lets us get 
control of the processor." 

Despite the many concerns ex­
pressed about the feasibility of build­
ing emulators for tomorrow's faster 
processors, some views are optimis-

tic. ''The market has proclaimed the 
end of emulators since about 1984, 
when everyone was saying that it will 
be impossible to emulate the next gen­
era ti on of processors," says Rick 
Leatherman, vice-president of mar­
keting at Microtek International's 
Design Systems Division (Hillsboro, 
OR). "Emulators can be built for al­
most any processor out there, as long 
as the speeds are within TTL limits. 
However, the price to support the 
faster speeds goes up exponentially." 

Even some of the high-end 32-bit 
emulators are not all that they could 
be. According to Leatherman, even 
sophisticated emulators require that 
a board be at least 75 percent func­
tional before it could be of any use. 
To address this issue, Microtek's 
Mice-V emulator for the 486 features 
an isolation mode with which a user 
can actually remove the processor 
from the probe tip. When the emula­
tor is initialized and realizes that the 

processor is missing, it allows the 
user to stimulate the target system. 
Thus, the emulator doesn't need 
functional hardware to begin emu­
lating; all that's required is a work­
ing clock signal. The key to this is a 
cable technology, where the chip is 
mounted on a small printed-circuit 
board at the end of the cable. 

Full in-circuit emulation alterna­
tives that offer some view into the 
internal workings of a processor are 
appearing. Texas Instrument's scan­
based emulation and Applied Micro­
systems' CodeTap are two examples. 
But neither of these offer true sub­
stitutes for full in-circuit emulation. 
"If you could come up with an instru­
ment or a methodology," says Jen­
sen, "that lets you control the execu­
tion of the processor, provide visibility 
into the execution of that processor 
(even with interrupts coming in), 
and do it in real-time, then you've 
got a substitute for an emulator." • 
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If you can see it, we can print it. 

ti:) 1991 Seiko Instruments 

No matter what application you're 
using, no matter what monitor you're 
viewing it on, the CH5500 video 
color printer can produce a hard copy 
It supports over 350 video sources­
more than any other printer. 

Moreover, since the CH5500 doesn't 
use software, it captures your image 
fast-so you can get back to work. And 
it otters outstanding 300 dpi quality 
in both A and B sizes. 

To find out more, give us a call at 
1-800-873-4561, Dept. SI-A4. 

After all, we pioneered video color 
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do it best. Anybody w 
Can See that. Seiko Instruments 



I NEW PRODUCT HIGHLIGHTS 

DESIGN AND DEVELOPMENT TOOLS 

I Simulation tool simplifies 
top-down analog design 

One of the problems in migrating 
analog simulation into a top-down 
design environment has been the re­
luctance of analog engineers to work 
in software languages to describe 
analog behavior. In addition to this 
reluctance, there's no IEEE-sanc­
tioned analog hardware description 
language (AHDL) for even the most 
willing engineer to embrace. Valid 
Logic Systems' Profile 
and Analog Workbench 
II may be the answer to 
this dilemma. 

Profile lets analog de­
signers describe blocks 
or entire circuits at the 
behavioral level by using 
a combination of graph­
ics and text. The result­
ing models can be simu­
lated in Workbench II, a 
mixed-behavioral and 
structural-level design 
environment. With this 
combination, engineers 
can adopt a top-down or 
bottom-up strategy, 
which is useful for large, 
hierarchical designs 
that must be partitioned 
across multiple design 
teams. 

I Strong models 
Profile's graphical in­

circuit that drives them. So if you 
want to design a good circuit, you 
need a good model." A purely lan­
guage-based approach, he adds, is 
not going to work until an AHDL 
standard is defined. 

With Profile, Valid focused on 
ease of use: engineers aren't re­
quired to use the templates or com­
pilation methods that are common 

and basic arithmetic. In addition to 
providing electromechanical device 
models for motors, solenoids and 
sensors, Profile can build mixed an­
alog-digital models for components 
such as data converters and phase­
locked loops. 

I Multilevel simulation 
Once analog designers have devel­
oped Profile models, they can simu­
late and analyze their designs in 
Analog Workbench II. Multilevel 
simulations containing both high­

level behavioral de­
scriptions and tran­
sistor-level circuitry 
operate in the simula­
tion environment. It's 
also possible to simu­
late systems in which 
some, but not all, of 
the blocks have been 
fully designed at the 
circuit level. This al­
lows users to begin 
manufacturability, 
quality and reliability 
analyses at early 
stages in the design. 

terface lets users create In this example of Profile at work, top-down design begins with a sys­
and simulate an archi- tern diagram (top left). Profile models of one or more blocks can then 
tecture without having be created (center left) while a detailed circuit-level implementation of 
to resort to a language- this block can reside in the design hierarchy. After simulation, the sys­
based behavioral model- tern response is shown in the oscilloscope output window (top right), 

Profile models are 
fully compatible with 
all Analog Workbench 
II analysis tools in­
cluding sensi ti vi ty 
analysis, pole/zero 
analysis, stress anal­
ysis, and parameter 
analysis. For specific 
needs, Valid also pro­
vides a User-Coded 
Models feature, 
which lets engineers 
write analog models 
in C or Fortran and 
simulate them in 
Valid's version of 
Spice, Spice Plus , 

in g technique. The and a model-generated diagnostic message appears (bottom right). 
Profile models also sup- ~-------------------------~ 
port user-specified error 
and warning messages, allowing in­
processcircuitdiagnostics. 

"Analog behavioral models are 
key elements of a good architectural 
design," says Eric Filseth, Valid's 
product marketing manager for an­
alog CAE. "After all, if your specifi­
cation is wrong, most probably the 
product won't work. But getting ac­
curate analog models has been a 
real problem, especially for parts 
that aren't entirely electrical, like 
motors and sensors. The character­
istics of such an electromechanical 
device have a definite impact on the 

with language-based tools. Profile 
models can incorporate effects not 
supported by macromodeling such 
as hysteresis , memory, state varia­
bles and conditional branching. This 
lets users construct complex models 
including pulse-width modulators, 
multiplexers and sample-and-holds. 
For even higher-speed analyses, 
piece-wise linear models can be cre­
ated in Profile. Analog designers can 
also write flexible descriptions of a 
range of user-programmable blocks, 
including differential equations, La­
Place domain-transfer functions 

along with conventional devices. 
Profile is available now as an op­

tion to Analog Workbench II for 
$15,000. Analog Workbench II , in­
cluding user interface, basic analy­
sis tools and Spice Plus, is available 
on Sun, Digital and IBM RISC Sys­
tem/6000 workstations. Prices start 
at $12,000. -Mike Donlin 

Valid Logic Systems 
2820 Orchard Pky 
San Jose, CA 95134 
(408) 432-9400 
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I Design system option generates 
DSP code from block diagrams 

Two new options for Comdisco 
Systems' Signal Processing Work­
system (SPW), a CAD system for 
digital signal processing, let desig­
ners automatically generate program 
code from the same graphical descrip­
tion that can be used for the system 
architecture. These features give de­
signers greater flexibility in partition­
ing their designs between hardware 
and software and in applying multiple 
processors to a system design. 

The two new software generation 
modules , called MultiProx (MPX) 
and DSP ProCoder (DPC), fit into 
the SPW environment, which in­
cludes a graphical block diagram ed­
itor and a signal display editor that 
lets designers describe a DSP sys­
tem in terms of signal flow blocks. 
SPW already can output VHDL and 
netlist descriptions for the design of 
ASICs and printed circuit boards . 

I Simple and automatic 
MPX lets DSP designers partition a 
system block diagram into various 
functional regions to be executed by 

separate processors. The system 
Lhen generates C code for each 
processor. DPC targets specific 
fixed-point DSP chips and auto­
matically generates assembly lan­
guage code from the signal flow 
block diagram. 

MPX supports all the SPW appli­
cation libraries, which include some 
500 DSP signal blocks, from filter 
designs and encoder/decoder func­
tions to math blocks. Users simply 
assemble the blocks with the SPW 
block diagram editor and then draw 
boxes around those portions of the 
diagram that they wish to run on 
separate processors. 

The sysLem not only generates 
the C code to run on the different 
processors, but automatically han­
dles the details of interprocessor 
communication via shared memory. 
The links between modules can use 
either data flow designs or control 
flow designs. Users have the option 
to substitute their own interproces­
sor communication protocols. 

The C code can then be compiled 

A DSP ProCoder screen shows a signal flow block diagram created with the Signal 
Processing Worksystem5 block diagram editor. In the accompanying window is 
56001 assembler code that has been automatically generated directly from the block 
diagram. 
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for any general-purpose processor or 
specialized DSP processor for which 
a C compiler exists. This allows de­
signers to do a good amount of their 
design verification in an execution 
environment other than the final 
target system. It also lets them ex­
periment with load balancing and 
identify possible bottlenecks among 
multiple processors. Decisions can 
also be made about possible hard­
ware implementation of all or part 
of the design in ASICs. 

Comdisco has initially targeted 
MPX at Texas Instruments' TMS 
320C40 and Motorola's M96002 
DSP chips on chip-specific PC-based 
hardware and software develop­
ment systems. In the future, Com­
disco will target MPX and additional 
chips at different system buses, such 
as VMEbus and VXIbus; it also 
plans to add its own multi processing 
performance diagnostic tools . 

I More-specific option 
DPC, like MPX, generates code from 
graphical signal flow diagrams. 
However, DPC is aimed at the effi­
cient generation of assembly code 
and is therefore tailored for specific 
DSP chip architectures and instruc­
tion sets. The initial target processor 
will be Motorola's DSP56001 , fol­
lowed by Texas Instruments' TMS 
320C50. 

Initially DPC will support fixed­
point DSP chips where optimization 
is essential; later, it will be moved to 
support floating-point DSP proces­
sors. Currently it supports a library 
of 60 functional blocks and can gen­
erate one to three lines of assembly 
per kernel block. 

Both MPX and DPC are based on 
an open architecture in which de­
signers can add their own blocks or 
segments of code. Both code genera­
tor systems run on the same en­
vironments as the SPW-Sun, 
Hewlett-Packard/Apollo and Digital 
Equipment Corp workstations. 

Both software modules are sched­
uled for shipment in the fourth quar­
ter. MPX will cost $10,000; DPC will 
cost $15 ,000. - Mike Donlin 

Comdisco Systems 
919 E Hillsdale Blvd 
Foster City, CA 94404 
(415) 574-5800 
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I Hardware modelers meet needs 
of small and large design teams 

out the LM-500. It supports devices 
as large as 160 pins, including the 
80386, 68030 and 29000. The LM-
500 supports more than 95 percent 
of the hardware models currently 
offered by Logic Modeling. 

A typical circuit board today consists 
of a complex microprocessor and 
coprocessor, as well as a conglomera­
tion of ASICs, standard parts, 1/0, 
memory and glue logic. For such an 

arrangement to work, reliable mod­
els must be incorporated into a sim­
ulation environment to accurately 
predict prototype behavior. As clock 
speeds and device complexity in­
crease, modeling technology must 
keep pace-a need that Logic 
Modeling Systems has addressed 
with the introduction of its latest 
hardware modelers, the LM-1200 
and LM-500. 

The LM- 1200 achieves up to six 
times higher performance than 
Logic Modeling Systems' first hard­
ware modeler, the LM-1000, which 
was introduced in 1989. To do so, it 
uses a much faster CPU (the 25-
MHz 68040), an improved network 
server and enhanced hardware­
modeling algorithms. The system 
also hosts 8 Mbytes of memory (ex­
pandable to 32 Mbytes), which in­
creases its fault simulation capacity 
by as much as a factor of 10. 

Higher processing speeds let the 
LM-1200 support multiple design 
teams , all working concurrently 
with a variety of complex models. As 
many as 2,560 signal pins can be 
modeled on the Logic Modeling sys­
tem, and support is provided for 
complex standard devices, including 

the 486, 68040, R3000A, and 29050. 
In a nod to the needs of smaller 

design teams who might not be able 
to afford the horsepower of the LM-
1200, Logic Modeling has also rolled 

To support existing users, Logic 
Modeling also is offering an up­
grade kit for the LM-1000. The kit, 

------ --4 which will bring the performance 
At the heart of 
the performance 
of Logic 
Modeling's LM-
1200 hardware 
modeler l ies this 
12-layer, surface­
mount board 
based on a 33-
MHz 68040, with 
up to 8 Mbytes of 
memory and a 

'' 64-kbyte cache. 

of the LM-1000 up to t hat of the 
LM-1200, consists of a CPU board 
and software. Although the LM-
1000 will be phased ou t of produ c­
tion by the end of June 1991, Logic 
Modeling plans to support exist­
ing systems. 

The LM-1200, the LM-500 and 
the upgrade kit will all be available 
by mid-June. Prices for the LM-1200 
start at $87,000. The LM-500 starts 
at $35,000. The upgrade kit costs 
$19,000. -Mike Donlin 

Logic Modeling Syst ems 
1520 McCandless Dr 
Milpitas, CA 95035 
(408) 957-9181 
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Marketing OEM 
Computer Graphics? ____ _ 

AMONG ICC ATTENDEES, 
COMPUTER DESIGN IS #1 

D
COMPUTfR 
fBIBll 

MEMORANDUM 

During 1989/90, Dataquest/ICC asked 
their engineering graphics series 
attendees to name the publications 
they read. 

AMONG 
ENGINEERING GRAPHICS 
SERIES ATTENDEES 
THE #1 CHOICE 
IS COMPUTER DESIGN . 

.......... 
But that shouldn't be a surprise. After 
all, COMPUTER DESIGN is 100% 
design & development qualified, 70% 
engineering management and has 
more than 70,000 engineering 
managers. Plus we reach buyers 
and specifiers of graphics/imaging 
products in a big way: 
PRODUCT 

Graphics/Display Controllers 

Image Processing Boards 

Graphics ICs 

CAE/CAD/CAM Workstations 

Graphics/Imaging 

Graphic Display Terminals 

#SUBSCRIBERS 

42,681 

23,053 

24,792 

44,210 

40,804 

47,325 

Graphic Input Devices 30,579 

Plus more than 45,000 specifiers of 
CAE/CAD/CAM software. 
If you're marketing graphics products 

to OEM specifers, we should be 
your #1 advertising buy. 

Call any of us for more information. 

Thanks, and good selling. 

* June, 1990 BPA 
Publisher's Statement Delivering Today's Electronics OEM 
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INTEGRATED CIRCUITS 

I Single-chip decoder PLDs 
give users freedom of choice 

Fast enough for systems with clock 
rates of up to 50 MHz, the 12-input, 
8-output CY7B336, CY7B337 , 
CY7B338, and CY7B339 BiCMOS 
programmable logic devices from 
Cypress Semiconductor let u sers 
tailor the products' benefits to their 
needs. With the PLDs, designers can 
either use 40-MHz-or-faster proces­
sors, or specify slower, less-expen­
sive SRAMs for designs that use 33-
MHz processors. 

The 336 and 337 have registered 
inputs that make them compatible 
with RISC processors such as the 
MIPS R3000, the AMD 29000 and 
some Spare implementations, all of 
which assert addresses for a short 
period around clock edges. The 338 
and 339 have output latches to ac­
commodate CISC processors such as 
the 80486, which does not issue an 
address with every clock and which 
removes addresses and data before 
the end of clock cycles. Users can 
also select the 6-ns 336 and 338, in 
which product terms are limited to 
two per output for speed, or the 7-ns 
337 and 339, which have four prod-

uct terms per output for implement­
ing an addressing scheme with bank 
select and/or byte write control. The 
338 is faster than, but similar in 
architecture to, Intel 's CMOS 
85C508 single-chip decoder. 

I Users pick the benefit 
Designers can use the new parts ei­
ther to significantly reduce system 
memory cost, or to use faster proces­
sors with faster memory, according 
to Cypress senior product marketing 
engineer, Robert Moore. "The fast 
decoders allow designers to make 
that trade-off between dollars and 
speed." 

Cypress accomplishes that speed 
by actually implementing ECL cir­
cuitry, says Moore. The fuse -pro­
grammable BiCMOS features an 
ECL speed path, BiCMOS-level con­
version circuitry and CMOS for con­
trol. Cypress uses the same Bi­
CMOS to manufacture its 7.5-ns 
P AL22Vl OC-7. 

The dozen input registers of the 
6-ns 336 and dozen inputs of the 
6-ns 338 capture data at the rising 

edge of the clock signal and forward 
information to a 24x16 pro­
grammable array. Processed data 
from the array is available to exter­
nal logic via the eight output pins. 
One of the two product terms sums 
products from the array while the 
other controls tristate output buff­
ers. All outputs of the 7-ns 337 and 
339, whic h have 24x32 pro­
grammable arrays, can be tristated. 
Each of the four parts has an asyn­
chronous output enable, power-on­
reset and more than 2,001-V input 
protection from electrostatic dis­
charge. 

Packages for the Cypress decoders 
include 28-pin, 300-mil plastic and 
ceramic DIPs, SOJs, LCCs, and 
PLCCs. The 336 and 338 cost $16.35 
(lOOs) and the 337 and 339 cost 
$14.30 (lOOs). Production quantities 
of the 338 and 339 are available now; 
samples of the 336 and 337 are avail­
able now, with production quantities 
expected next quarter. 

-Barbara Tuck 

Cypress Semiconductor 
3901 N First St 
San Jose, CA 95134-1599 
(408) 943-2600 
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33-MHZ PIPELINED ADDRESSING WITH DECODER PLDs Output latches in 
the 6-ns Cypress 
CY78338 enable 30 NS 

80386 I 
CLOCK . .____\ ~' !.____~\ 

ACCESS TIME 

ADDRESS OUT [>(ADDRESS 1 ~ 

ALE 
5 NS 
~ 

5.5 NS ... 

DEVICE---+------<"l/ADDRESS 1 SELECT V'\.'. 

6 NS 

I I 
\l,/1NPUT 
/f'-~, --+-~ 80386 

DECODER PLD 

it t o decode 
addresses in a 
C/SC-based sys­
tem, such as this 
33-MHz 80386. 
The program­
mable logic device 
decodes the ad ­
dress data and 
maintains it on 
the bus until the 
next data screen. 
The effect is to 
allow cache 
design based on 
45-ns SRAMs, 
instead of the 
more-expensive 
35-ns devices 
required without 
the decoder PLD. 
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I High-speed CMOS gate arrays integrate 150,000 gates 
The CMOS-7 series of CMOS gate 
arrays from NEC Electronics offers 
up to 150,000 usable gates. At 0.3 ns 
for a power NAND gate, the devices 
also push the envelope of ASIC 

speeds. The CMOS-7's mix of density 
and performance is targeted to meet 
the integration and speed require­
ments of ASIC implementations in 
superminicomputers, high-end work-
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stations, telecommunications sys­
tems, and instrumentation. 

The devices feature a sea-of-gates 
architecture that provides gate com­
plexities from 60,500 to 250 ,000 
equivalent gates using four master­
slice options. Power dissipation of the 
devices is 6.5-mW/gate. The parts 
have I/O pin counts from 220 to 488. 

The CMOS-7 devices use the 
same cell library as NEC's previous 
generation ASICs, simplifying migra­
tion from the older 1.0-µm CMOS-6 
series. More than 300 macrocells are 
available, including ROM and RAM 
macroblocks with built-in self-test 
circuitry. 

Built with NEC's 0.8-µm channel­
less architecture, CMOS-7 products 
use a self-aligned twin-well technol­
ogy. The gate array chips are divided 
into I/O and internal cell areas. To 
isolate the internal cells from high­
energy input signals, the I/O cell area 
contains input and output buffers. 
The internal cell area is an array of 
basic cells, each composed of two 
p-channel MOS transistors and two 
n-channel MOS transistors, as well 
as four additional n-channel MOS 
transistors for compact RAM design. 
These transistors are sized to pro­
vide an optimum ratio of speed to 
silicon area. 

The CMOS-7 series is supported by 
NEC's OpenCAD Design System. 
Aimed at reducing design cycle time 
and increasing the customer's control, 
OpenCAD lets NEC accept postlayout 
simulation results from customers 
and go directly to mask making. 

Design kits supporting the CMOS-
7 series are provided for use with 
Mentor Graphics on Apollo worksta­
tions; Valid Logic Systems on Sun 
workstations and PC platforms; and 
Dazix on Sun workstations and 
Daisy platforms. 

CMOS-7 gate arrays are available 
in three package styles: PGA, QFP 
and PLCC. Pin counts range from 68 
to 528. Prices range from 2¢ to 5¢ 
per available gate depending on 
quantities and package type. 

- Jeffrey Child 

NEC Electronics 
401 Ellis St, PO Box 7241 
Mountain View, CA 94039 
(415 ) 960-6000 
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OEM PRODUCT UPDATE 
Canon 
Laser Beam 
Printer 
Family 
The Canon fami ly of OEM 
Lase r Beam Printe r 
E ngines comprises the 
larges t instal led base in the 
laser printer market. Thi s 
success has been built on 
Canon's well-docume nted 
reputation fo r re li abi li ty and 
low maintenance, innova­
tion and high quality 
images. 

There's a Canon e ngine 
for every OEM application . 
Pe rsonal printers. Desktop 
publishing and printing. 
Sp readsheets. Engineering. 
Graphics production. CAD/ 
CAM. A unique feature of 
Canon's table top mode ls is 
the patented EP cartridge 
syste m. Housing vi rtually 
all consumables, the EP 
cartridge makes user 
mainte nance simple. 

As an OEM associated 
with Canon, you 'll work 
with a leade r in laser 
technology and engine 
re liability. You'll get the 
product and techni cal 
support yon need to serve 
existing customers and 
respond to e merging 
market opportunities . 

For more information, 
ca ll 1-800-323-0766. Or 
wi-ite to Canon USA, Inc., 
OEM Operations, Printer 
Division , One Canon Plaza, 
Lake Success, NY 
11042-1113. 

Product specifications 
subject to change 
without notice. 

canon® 
OEM Operations 
Printer Division 
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LBP-LX Laser Beam Pdnter Engine 

A compact, affordable printe r engine ideal for desktop 
applications. Utili zes the disposable EP-L ca1iridge. 
Ava ilable in both Video (ex te rnal OEM controlle r) and 
PCB (inte rnal OEM controlle r) models. 

LBP-SX 

The most popular laser beam printe r in tbe world . 
Clamshell top cover permi ts easy access to pape r path 
and di sposable EP-S image cartridge. Avai lable in 
\'idco and PCB models. 

Monthly prints: 
Resolution: 
Print speed (PPM ): 
Dimensions: 

LBP-20 

5000 
300/400 dpi 
8 
18"\V x 19.5"D x 9.1"11 

A hca\'y-duty laser beam printer for large-format 
print ing. Modular des ign all ows multi ple product 
con fi gurations. 

i\ lonthly prints: 
Resolution: 
Print speed (PPM ): 

Simplex: Lette r 

30,000 
300/400/480 clpi 

20 
11" x 17" 10 

Duplex: Le tte r l.J (impressions) 
I In X 1711 

Dimensions: 
8 (impressions) 
29" \V x 24"D '20" 1 I 

Monthly prints: 750 
Resolution: 300/400 dpi 
P rint Speed (PPM ): 4 
Dimensions: 

LBP-TX 
and 

LBP-RX 

l 6.7"W x 14.l"D x7.6"1l 

------

Hard-working laser beam p rinte rs feat11ring expanded 
pape r handling. The RX model offers duplex capability. 
Dual cassettes hold up to 400 sheets and two 1)1)es of 
paper. EP-S cartridge in all versions. A\'ai lable in 
Video and PCB models. 

Month ly prints: 
Resolution: 
Print speed (PPM ): 

TX Simplex 
RX Duplex 

Dimensions: 

LBP-DX 

5000 
300/400 clpi 

8 
7 (impressions ) 
TX 18"\\lx J9 .5" D x 12.5"H 
HX 18"v\l x25.0" D x l2.5"H 

Our largest-forrnat laser beam prin lL r. Outputs 
high-quality photographs , halftones and line art prints 
on vellu m or pape r. ldeal for e ngineering and graphics 
production. 1land les500-foot rolls of 24" "~de paper or 
cut sheet sizes up to D (24" x 36" ). 

Month ly p1ints: 5000 
Reso lu tion: 400/508 clpi 
Print speed (PPM ): 

D size (24" x 36") 3 
C size (18" x 24") 5 

Dimensions: 30"\\ ' x 39"D x 46" 1 I 



I NEW PRODUCT HIGHLIGHTS 

COMPUTERS AND SUBSYSTEMS 

I Contoller moves PC architecture 
into embedded arena 

faces with ECM modules. 
EPControl programs include con­

figuration and set-up routines to es­
tablish I/O ports and format the 
flash solid-state disk. Debug soft­
ware consists of a command line di­
agnostic program, called BusProbe, 
that allows the EPC-6 to manipulate 
the VME interface. It can read and 
write single addresses or blocks of 
VME memory, and manipulate in­
terrupts and error signals. A stan­
dard DOS debugger gives access to 
the EPC-6 memory and I/O. The 
debug software can be invoked via a 
serial port or over the backplane. 

The P C architecture is evolving into 
a control computer for embedded 
and real-time systems, not just for 
the Intel 80286 or 80386 found at its 
heart. As a result, users will be able 
to do a great deal of code develop­
ment on standard PC-type platforms 
without the need for cross-compila­
tion and debugging, which could 
greatly reduce application develop­
ment time and cost. 

Along these lines, Radisys has in­
troduced a PC-compatible VMEbus 
controller, called the EPC-6, which 
can be used as a stand-alone control 
processor. The EPC-6 contains a 20-
M H z 80386SX processor, an op­
tional 387SX math coprocessor, up 
to 4 Mbytes of dual-ported DRAM, 
and 8 kbytes of battery-backed 
SRAM for storing critical data. It 
uses the ROMed version of Microsoft 
MS-DOS and includes a 16-kbyte 
instruction and data cache to in­
crease performance for high-speed 
control functions. Radisys has taken 
advantage of the highly integrated, 
low-power core logic ICs that have 
been developed for laptop and note­

terface includes master and slave 
capabilities, slot-1 controller func­
tionality, and generation and receipt 
of all seven VMEbus interrupts. The 
controller also contains one EXM­
bus expansion module slot. (The 
EXMbus is an electrically compati­
ble, but more physically compact, 
version of the AT bus.) The slot can 
be used for an Ethernet interface, 
VGA graphics support, extra RS-
232 I/O, or a modem; VMEbus can 

The run-time software libraries 
can handle VMEbus interrupts, 
manage a VME window in local 
EPC-6 address space and do data 
transfers over the VMEbus. The li­
braries also support remote proce­
dure calls (RPCs) to allow the EPC-6 
to communicate in a multiprocessor 
environment. RPCs can take place 
over the VMEbus or serial I/O ports, 
or via Ethernet if an Ethernet card 
is installed in the bus slot. 

The EPC-6 does not have a key­
board interface or on-board graphics 
display hardware. Application soft­
ware development can take place in 
a number of ways. If the EPC-6 is 

book PCs to implement the architec- J-.!!'="""""'""' ~::.__-----= •&lilllilliL_j being used in an environment that 
The EPC-6 embedded controller contains requires an embedded human inter-tu re on a single VME card. 

I Flash memory the key 
The EPC-6's 512 kbytes of flash 
memory for program storage, which 
is treated by the system as a solid­
state disk drive, is key to its use in 
embedded applications. The drive 
can be formatted and downloaded 
with DOS-compatible files. 

Most PC-based compilers gener­
ate code as relocatable .EXE files, 
and the disk format of the flash 
memory allows them to be stored 
and run in that format . Systems 
based on Intel CPUs, which use 
EPROMs for program storage, must 
first convert the code to a hex format 
with absolute addresses before it 
can be loaded into the EPROM and 
used by the system. The flash mem­
ory not only eliminates the need for 
this step, it makes it easier to dy­
namically download control pro­
grams and/or program changes di­
rectly from an attached PC or over 
a network. 

The EPC-6 is implemented on a 
single-slot VME card. The VME in-

136 MAY 1, 1991 COMPUTER DESIGN 

a full PC-compatible architecture, includ- face, the computer supporting that 
ing DOS in ROM, with access to VMEbus interface can be used to emulate 
functionality. EPC-6 functions before the final 

c-----------------< code is downloaded to the EPC-6. 

then be used for high-speed I/O and 
communication with other real-time 
controllers. 

I Tailo red to VME 
In an embedded application, pro­
grams would normally communicate 
with the EXMbus via DOS and BIOS 
calls, as would a normal PC. For 
VMEbus communications, Radisys 
supplies a library of software tools 
and modules, called EPControl, to 
allow system configuration, debug 
and communication via the VME 
backplane. Control applications 
communicate with the VMEbus ei­
ther directly using the run-time li­
brary communication modules or via 
a real-time multitasking executive 
that can be loaded in memory. DOS 
does not participate in the real-time 
functionality of the EPC-6; it merely 
loads control programs and inter-

Alternatively, a desktop PC can be 
used for software development up to 
the stage where it must be linked 
with the VME run-time library rou­
tines. It would then be transferred 
either by disk or Ethernet to an em­
bedded PC with a human interface 
for final debugging and testing. The 
final system, however, will often con­
tain only the EPC-6 and other VME 
cards that communicate via the EP­
Control software. Human access to 
such a system could then occur via 
serial ports or Ethernet, when 
needed. 

The EPC-6 costs $1,995 in single 
quantities and $1,495 in OEM 
quantities. - Tom Williams 

Radisys 
19545 Von Neuman Dr 
Beaverton , OR 97006 
(503) 690-1229 
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COMPUTER DESIGN 
Card Deck Circulation 
Increased to 100,000 
AT NO EXTRA COST. __ _ 

COMPUTER DESIGN has increased the distribution of its Direct 
Action Card Decks by 10,000 - at no extra cost to you. This totals 
over 100,000 design and development qualified engineers and 
engineering manager subscribers from COMPUTER DESIGN 
Magazine's newly expanded U.S. and Canadian circulation base. 

Circulation - 100,000 Design and Development Qualified Including: 
71,000 Engineering Managers 
29,000 Design Engineers 

Now, More Engineering Managers Than Any Other Deck! 

COMPUTER DESIGN Direct Action Cards have always been top­
performers for new product introductions, catalogs, literature, mailing 
list compilation, and lead generation. 
Now, with extra reach, COMPUTER DESIGN Direct Action Cards are 
even better. And best of all, these 10,000 new prospects are free! 

1991 Direct Action Cards Schedule 
Mailing Date Insertion Order 
January 1 December 3 
March 1 February 1 

April 1 * March 1 
Surface Mount Devices Specifier Deck 

May 1 April 1 

June 3* May 1 
Design & Development Tools Specifier Deck 

July 1 June3 
September 2 August 1 

October 1 * September 2 
Test & Measurement Tools Specifier Deck 

November 1 October 1 

*Special Marketing Directed Decks with special pricing. 

Materials 
December 4 
February 4 

March 4 

April 4 

May 3 

June 4 
August 5 

September 4 

October 4 

1991 Rates: 
1x .......... $2,080 
2x .......... $1 ,945 
4x .......... $1 ,650 
6x .......... $1 ,445 
2nd Color: 
Std add $200 
PMS add $300 

Call for information on 
1990 Rate protection 
and multiple Cards Per 
Pack discount. 

For more information, production assistance, 
or to place an order, call Sue Nawoichik 
at 800-225-0556 or 508-392·2194 
or FAX us at 508-692-0525. 

COMPUTER 
.PE·· N- WE·· L.L.PU· B·LI·SH. IN· G· C·O·M·PANY-·· 0- E·T-EC·H· O· L·OG· Y· P·ARK- D.RJVE· ·· ·· WE- ST·FO· RD- . MA- 0-188· 6· · · 50· 8-·69·2·0. 70· 0- DISIGN 
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I NEW PRODUCT HIGHLIGHTS 

COMPUTERS AND SUBSYSTEMS 

I Versatile 1/0 processor races at 10 Mips 
Recognizing the need for fast I/O 
processing in systems using mili­
tary interconnected buses, such as 
the Naval Tac.:Lical Data System 
and the MIL-STD-1553 Multi-

plexedAvionicsBus,Antareshasde­
veloped a second-generation intelli­
gent I/O processor for VMEbus en­
vironments. Based on a bit-sliced 
architecture, the board executes I/O 

More bounce 

Customize your 1/0 with 
IndustryPacks™ from GreenSpring 

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

Flexible 1/0 for your PC/AT, 
VMEbus or Mac II 
Mount up to four different I P's on one 
VMEbus or ATbus, 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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operations at a 10-Mips rate. It can 
be tailored to service different I/O 
protocols simply by changing a 
piggy-back board containing bus­
specific circuitry and PROMs with 
microinstructions setforthe specific 
I/Oprotocol. 

Capable of performing a variety 
of I/0-to-VMEbus transactions as 
either a VMEbus slave or master, 
the board makes virtually all 
VMEbus resources available to An­
tares' microengine, which is at the 
heart of the board. Complete mi­
crocode drivers are provided on the 
board to simplify integration. 

If users require a MIL-STD-1553 
interface, for example, the micro­
code driver needed to handle that 
protocol is already resident. They 
merely have to install the proper 
piggy-back board and to provide 
the board with message-passing 
information. 

I Microengine heart of board 
The Antares microengine, which is 
built around WaferScale Inte­
gration's 2901 bit-slice processor, is 
made up of a 32-bit 2901 ALU, to­
gether with the 2910 microsequen­
cer chip and microcode PROMs. The 
32-bit ALU operates at a 10-MHz 
clock rate, resulting in the 10-Mips 
processing rate. A 32-bit 100-kHz 
real-time clock allows timing of I/O 
events with a 10-ms granularity. 
Combined with the fast PROMs, the 
design offers a highly programmable 
I/O interface path with the VMEbus 
interface. 

All operations are controlled by 
microinstructions stored in 2 kbytes 
of fast, 64-bit-wide PROM. Each 64-
bit word contains data, op-code and 
address information. Microinstruc­
tion pipelining is implemented to 
provide an additional speed boost. 
By always having the next instruc­
tion available, a PROM fetch cycle 
is eliminated. 

Available now, the Antares TIO 
processor is offered on a single-slot 
6U card. Prices start at $3,525. 

Antares 
4025 Hancock St 
San Diego, CA 92110 
(619) 223-4311 
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28th ACM/IEEE 
DESIGN AUTOMATION CONFERENCE® and EXHIBITION 

FROM GATE ARRAYS TO THE GOLDEN GATE 
• Over 125 exhibitors of CAD 
hardware and software products. 
• Over 60 exhibitor technical 
presentations Monday, 
June 17, 1991, many 
announcing new products. 
• Monday Exhibits Only Passes. 
Free invitations available 
from participating companies 
or call toll free, 1-800-321-4573 

• DA Professionals world-wide 
attend DAC to keep current 

with advancements 
in Design Automation. 

• Seven full day tutorials 
~~~~~ Friday, June 2'f, 1991. 

• Over 140 papers, tutorials 
and panel presentations. 

sponsored by: 

eSIGDA~ ADVANCE REGISTRATION ENDS MAY 17, 1991. 
In cooperation with : 

11 1111 CIRCUITI I .., 
IYITIMI IOCllTV"" 

€D'l.tUf./"&ma 

MOSCONE CENTER 
June 17- 21, 1991 

ATTEND THE WORLD'S 
LARGEST DESIGN AUTOMATION EVENT 

San Francisco, California This year's conference starts Monday, June 17, 1991 !! 

------ HOTE~ESERVATIO~ORM -----,----------------------

28th Design Automation Conference ADVANCE REGISTRATION FORM 
June 17. 21 1991 28th Design Automation Conference 

' June17-21 , 1991 
Hotel reservations will be handled by the San Francisco Convention and Visitors 
Bureau, on a first-come, first-served basis. The following hotels are available: To register, mall your payment with this form or a copy to: 

HOTEL 
_ Holiday Inn Union Sq. 
_ King George 
_ Le Meridian 
_ Mark Hopkins 
_ Nikko 
_ Pare Fifty Five 
_ Ritz • Carlton 
_ S. F.Hllton 
_ S. F. Marriott 
_ Sheraton Palace 
_ Sir Frances Drake 
_ The Handlery 
_ The Raphael 

SINGLE 
$ 85.00 

85.00 
115.00 
115.00 
115.00 
115.00 
115.00 
115.00 
115.00 
115.00 
105.00 
85.00 
83.00 

DOUBLE 
$ 85.00 

85.00 
115.00 
145.00 
115.00 
115.00 
145.00 
125.00 
125.00 
115.00 
115.00 
95.00 
96.00 

Above rates honored only if your reservation Is made by May 16, 1991 . 

Complete the form below and send to: 

DAC HOUSING BUREAU 
P.O. Box 5612 
San Francisco, CA 94101 
Fax (415) 227 • 2602 

Name 
{I/rs/) 

Company 

Malling Address 

City 

Country 

Arrival Date 

Departure Date 

CAUTION: 
Hotel reservations sent to 

the DAC office will be 
discarded! 

(ls1/) 
Mall Stop 

State Zip 

Telephone (_) 

Time AM __ PM __ 

Time AM __ PM __ 

Reservations will be confirmed b¥ the DAC Housing Bureau and the hotel to which you I 
are assigned. A one night deposit, payable to the appropriate hotel will be requested at 
~~. I 

0 VISA 0 MASTERCARD 0 AMERICAN EXPRESS I 
Number _____________ Expiration Date __ _ 

Signature ___________________ _ 
I 
I 
I 

28th Design Automation Conference 
clo DAC REGISTRATION DESK 
7490 Clubhouse Rd. #102 
Boulder, CO 80301 

For Information Only, Call (303) 530·4333 or e-mail DACINFO@DAC.COM 
NO TELEPHONE REGISTRATIONS OR CREDIT CARDS ACCEPTED! 

IMPORTANT· Regletratlon ln1tructlon1 

1. Full payment In U.S. Dollars MUST accompany registration. 
Any registration without payment WILL be discarded. 

2. Advance registrations must be postmarked no later than May 17, 1991. 
3. Register one person per form (copy this form as needed). 
4. Refund Polle : Written requests for refunds must be received In the DAC office 

no later than ay 17, 1991 . Refunds are subject to a $15.00 processing fee . 
5. Make checks payable to: 28th Design Automation Conference. 

PLEASE TYPE OR PRINT CLEARLY CAUTION: 
This informnlion will be used to print your ID bndgc! 

Name-,,----------------------------------------
(flrst) (IHI) 

Company ________________________________ _ 

Street Address __________________________________ _ 

Mall Stop _______________________ ______ _ 

Clty ___________________ State ___ .-Zlp __________ _ 

Country Telephone (_) __________ _ 

*MEMBER NO. ACM/IEEE _________ _________ __ 

Advance Registration 
(postmarked by May 17, 1991) 
Member IEEE/ACM 
Non-Member 

CONFERENCE REGISTRATION FEES 

Conference 
Only 

$130.00 
$160.00 

Conference 
and Tutorial 

$230.00 
$310.00 

At Conference Registration 
(after May 17, 1991) 
Member IEEE/ACM $160.00 $260.00 
Non-Member $200.00 $350.00 
Students and One-day-only registrations will be accepted AT CONFERENCE only! 
"This Is for Individual members only. This does not apply to company memberships. If this 
membership number Is not Included, non-member feea wlll be charged. 
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Computer Design, 
in cooperation with Sun Microsystems, 

presentsA MAJOR EDll 
SPECIAL 

S-BUS 
ADVERTISING 

SECTION 

COMPUTER 
DISIGN 

Staff Written S-bus 
Keynote Feature 
·-­-·-

SECTION ON 

THIS SPECIAL SECTION 
WILL FEATURE: 

• ITS OWN COVER AND IDENTITY, 
IN A LIFT-OUT FORMAT 

• MULTIPLE PAGES OF EDITORIAL 
OVERVIEW IN COOPERATION 
WITH SUN MICROSYSTEMS 

• FULL-PAGE ADS WITH 
ACCOMPANYING FULL-PAGE 
EDITORIAL POSITIONING 



ORIAL/ ADVERTISING 
IN JUNE -

ABOUTS-BUS 
S-Bus is on its way to becoming 

the standard mezzanine bus for 
Futurebus+. Motorola has already 
endorsed it for its Futurebus+ 
products and VITA is considering it 
as a standard mezzanine bus for 
Future bus+. 

The competition is intense. There 
are over 130 manufacturers of S-Bus 
boards vying for business from the 
rapidly growing list of vendors build­
ing S-Bus-based systems. This 
translates into 400,000 S-Bus slots 
currently in the market and 20,000 
to 30,000 new slots being added 
every month. 

ABOUT THE S-BUS 
ADVERTISING SUPPLEMENT 

This supplement will open with 
a major editorial overview that 
discusses the opportunities and 
options S-Bus provides to today's 
technical decision makers. 

Each participant will provide 
COMP UTER DESIGN with a 
full- page ad and editorial copy of 
approximately 900 words. This copy 
can detail whatever opportunities, 
benefits and predictions you choose. 
A black & white photo of the author 
(preferably your company's Presi­
dent, CEO or other high-ranking 
individual) will be included in the 
piece. Participants should also 
provide 40 words of copy for the 
July/August Showcase S-Bus forum. 

The advertiser's editorial copy will 
face its ad and provide a strong posi­
tioning statement. 
• In total, a participant in the 

S-Bus advertising supplement 
receives a spread consisting of a 
full-page ad and an editorial 
positioning statement plus a 
V9th-page ad in the July-August 
S-Bus Showcase forums 

• Reservations deadline is 
May 1, 1991 

• Editorial and ad material by 
May 6, 1991 

• Positioning of advertising will be 
at the discretion of COMPUTER 
DESIGN, with priority given to 
early commitments 

• The back cover (in 4/C) will be 
available to a participant for an 
additional $5,000 

ABOUT COMPUTER DESIGN 
• Covers today's microprocessor/ 

computer-based electronics OEM 
• Provides design directions, 

options and choices ... with 
exclusive ''Why-to" editorial 

• Serves 100,000 Design and 
Development Engineers and 
Engineering Managers-all 100% 
design and development qualified 

• Reaches 71,000 Engineering 
Managers-more than any other 
electronics publication 

• And it's the fastest growing publi­
cation in the market! 

COMPUTER DESIGN reaches 
subscribers involved in:* 
• Super Microcomputers/ 

Workstations 

• System Boards 
• Integrated Circuits 
• Design and Development 

Equipment including 
CAE/CAD/CAM 
Workstations 

• Software including 
CAE/CAD/CAM and 
Embedded Systems 

* JUNE, 1990 BPA 

41,583 
84,066 
77,922 

85,312 

88,949 

Each advertiser will appear with 
its own full-page ad and full-page 
positioning editorial. 

Plus: 
• Two free S-Bus forum show­

case ads-one in July and one 
in August 

• All 4-color 
• Free copy editing and layout of 

positioning editorial 

A total value of more than $18,000. 
All at a single inclusive 
price of $8,000. 

COMPUTIR 
DESIGN 

l'EC\C\\\'EJ.l. l'L 'Bl.ISllIC\(; CO\l l'AC\Y . 0:\ 1·: TECIIC\OI.O(;Y l'AI<K I> I<I\ 'I: . !'() 1mx '1!11 1. ll'ESTF(JJ<I>. \ I,\ OIHHli . ;,11X.li'l:!-lllllO 
For more i11fi1n11atio11 . co11tact a11y of us .. 

A Penn Well Publication 
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More and more ... 

Advertisers are investing 
in Computer Design's 
unique readership ______ __ 

1,500 

1,250 

1085 

1,000 

Pages 

COMPUTER DESIGN'S ADVERTISING GROWTH - 1989/90 

PAGES - BOTH EDITIONS COMBINED 

1989 

Magazine Edition 
1989 821 pages 
1990 1, 111 pages 
UP 35% 

1520 
pages 

News Edition Both Editions 
1989 264 pages 1989 1,085 pages 
1990 408 pages 1990 1,520 pages 
UP 55% UP 40% 

1990 
Source: MMS Rome Reports 

Our Magazine Edition's 70% engineering management, 
100% design & development qualified circulation 
combined with our News Edition's 100% Time-To-Market 
management circulation is causing more and more 
advertisers to take a new look at where electronics 0 EM 
marketers are placing their ad dollars. 
In these leaner, tougher times, they are turning to 
COMPUTER DESIGN to deliver their message, 
promote their products and boost their sales to today's 
computer I microprocessor-based 0 EMs. 

Delivering Today's Electronics OEM 

PENNWELL PUB LI SHI NG COMPANY • ONE TECHNOLOGY PARK DRIVE • PO BOX 990 • WESTFORD, MA 01886 • 508-692-0700 
For more i11for111atio11, co11tact any of us ... COMPUTER PUBLISHER: David L. Allen , 508-392-211 1 • ASSOCIATE PUBLISHER: Tim L. Tobeck, 516-883-88 15 • SALES OFFICES: 
PORT WASHINGTO , NY, Eleanor Hobbs, 516-883-8815 • WESTFORD, MA, Tim Pritchard, 508-392-2217 • MKITESON, IL, 
George Mannion, 708-748-7565 • SPRING, TX, Eric Jeter, 713-353-0309 • SANTA ANA. CA, Tom Boris, Greg Cruse, Phil Cook, 
714-756-0681 • PALO ALTO, CA, John Sly, Bill Cooper, 415-965-4334 • SURREY, ENGLAND, David Round, 81-686-7655 • PARIS, 
FRANCE, Daniel R. Bernard. 1-43-54-55-35 • MUNICH , GERMA Y, Johann Bylek, 089-903-88-06 • MILA , ITALY, Luigi 
Rancati, 02-753 1445 • TOKYO, JAPAN , Sumio Oka, 03-502-0656 • SINGAPORE, REPUBLIC OF SINGAPORE, Anne Goh-Taylor, 
734-9790 • SEOUL, KOREA, Jay G. Seo, 776-2096 
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EMPLOYMENT OPPORTUNITIES, OUTPLACEMENT AND POSITIONS WANTED 

Recruitment Advertising Managers 

Eastern U.S. 
Sue Nawoichik (508) 392-2194 

Western U.S. 
Tom Murphy (213) 372-2744 

CAREER 
CONNECTIONS 

Closing Dates for upcoming 
magazine issues 

Issue 
June 
July 

August 

Closing dates 
May 3 
June 3 
July 3 

----- POSITIONS WANTED----------

POSITIONS WANTED ADS 
Free 1" ad to subscribers seeking full-time 
employment. Just include 50 words of copy 
and your subscription label. We'll run your 
ad in 2 consecutive issues. 

Available to non-subscribers or consult­
ants/companies at $125 per column inch. 
Mail your position wanted ad to: 

COMPUTER DESIGN 
Positions Wanted 

One Technology Park Dr 
PO Box 990 

Westford , MA 01886 

LEADER IN TRANSFER OF PRODUCTS FROM 
ENGINEERING TO MANUFACTURING. 
Successful background for 1 O years in Manufac­
turing technologies for electro-mechanical pro­
ducts in commercial and military markets. Job 
responsibilities have included Senior Engineer, 
Production Manager, New Product Transition 
Manager, Manufacturing Engineering Manager. 
Willing to relocate. Call Connie at (714) 525-9220 
or write to 211 S. State College St. #278, Anaheim, 
CA92806. 

Project Manager/MIS Management: 15+ years 
MIS/Software (Mfg) implementation and manage­
ment experience. Desires progressive company 
offering new challenges and growth opportunities. 
IBM and HP hardware/software . P.O . Box 
870775, New Orleans, LA 70187 (504) 649-0485. 

Project or R&D Engineer, 30 years experience 
from initial concept to product support for electro­
mechanical and electro-optical systems. Aircraft 
instruments, air data computers and flight data 
recorders. Specializing in transducers for the 
above systems. Charles A. Liucci (201) 569-8641. 

EMBEDDED SOFTWARE DEVELOPMENT - Can 
provide software (assembler, C), simulator, pro­
grammer, and design assistance for 68XXX ser­
ies. 16 years software development including real­
time, diagnostics, and embedded systems, main­
frame and language variety. Nick Werle, 86 Saddle 
Mt. Rd, Co. Springs, CO 80919 (719) 550-4253 

SALES MGMT/TECHNICAL MARKETING: Over 
20 years experience in high tech electronics spe­
cializing in selling components, sub-assemblies, 
and sub-systems to OEM Computer, Peripheral , 
Data Communications, LAN , Process Control and 
Telecommunications industries including Military, 
Industrial , and Commercial manufacturers. Ex­
perience includes carrying a bag, Key Accounts 
Manager, Regional Manager, and Marketing Man­
ager working with direct inside/outside sales and 
Mfgr Reps. With Engineering degrees, MBA and 
proven track record, focused on people, planning, 
and results while exceeding customer expecta­
tions. Would like to run or open your NE office as 
Regional or East Cost Mgr. If you are ready to 
grow contact : Bill Elswick (603) 926-8044. 

ADP/MIS/PROJECT MANAGER. Extensive 
mainframe computer software development, 
operations managerial experience in business 
and technical environments. Results-oriented. Ef­
fective leadership, team-building, communicative, 
and problem solving skills. Maintains excellent 
ADP staff-client relationships. MNBS/AAS ADP 
degrees. Professionally certified. Security clear­
ance. Relocatable. For resume, send require­
ments to : Mgr/CD ; 5464 Alteza Drive ; Colorado 
Springs, CO 80917 

PURCHASING MANAGER, 15+ years in pur­
chasing for electrical/electronic manufacturing en­
vironments. Specializing in R&D , design support, 
and troubleshooting. Main thrust is efficiency, and 
profitability, and inventory management. Also has 
capabilrty for consulting and off site procurement. 
Northwest Chicago and suburban area. Call (708) 
541 -4164 eve. and (312) 539-3373 days. Resume 
on request. 

HARDWARE ENGINEER, 7 years experience as 
a field , test, integration and, for the last 3 years, 
design engineer on digital devices, boards and 
systems. Design experience with AS I Cs and gate 
arrays in addition to VLSI and MSI on parallel 
processing architectures. Familiar with most CAD 
tools on market , Mentor, Orcad, etc. I'm a moti­
vated team player who needs a challenge. Re­
sume on request and willing to relocate except the 
southwest. Call Frank at (301 ) 730-1590. 

HARDWARE/SOFTWARE SYSTEMS EN­
GINEER; BSEE +29 years broad experience - DC 
to RF, Analog, Digital, Microprocessors, EO, ATE, 
design & test, specification writing/BASIC , 
ATLAS, FORTRAN &C;MIL-STD-2167A; 1750A, 
VAX/VMS, HP1000 & HP9000. Commercial , mil­
itary & aerospace products. West/East coasts. H. 
Thomas; 5133 Laurette Street, Torrance, CA 
90503. (213) 316-5322. 

Software/Hardware Design Engineer. Six years of 
software/firmware design experience in assembly 
and C using Intel, Motorola, and Zilog processors. 
8 years of hardware design experience, including 
Programmable logic design. Considerable amount 
of real-time systems experience - both hardware 
and software/firmware. Relocation acceptable. 
Contact: Jody Weber, 2048 S. 327th Lane #FF104, 
Federal Way, WA 98003. (206) 874-5948. 

MANAGER, DIRECTOR OR VP OF ENGINEER­
ING. 19 years of experience in electro-mechanical 
products and machine design and development. 
Management, Development, Design and hands 
on experience with machine, inspection, fabrica­
tion , plastic and woodworking shop equipment, 
fixtures, tools, molds, etc. Plus plant startup. Will 
relocate. Call Dan (708) 584-8555. 

SALES ENGINEER or SALES MANAGER - de­
monstrated success with high-tech components, 
equipment, systems, datacomltelecom, networks, 
services. Distribution and direct sales experience 
in 15 Southeastern states, calling on manage­
ment, eng ineering, specifiers, purchasing. BS-de­
gree. Strong "hands-on" technical training/ex­
perienoe. Peter Alexander, P.O. Box 957111 , Duluth, 
GA 30136. or call (404) 945-6950 (Atlanta) . 

SENIOR QA/TEST ENGINEER with over 20 years 
in the computer industry is seeking position that 
would benefit from over 6 years of excellent ex­
perience in all aspects of QA/Testing. Mil-Std 
2167N2168 and all related DID's and related 
documentation development. Wish to stay in the 
St. Louis area. Please call and leave message for 
resume (314) 921 -8066. 
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---------POSITIONS WANTED---------

Documentation: editing/writing, inter-area ms-to­
bound book liaison, productivity/QC inroads 
maven and implementation; walk on eggs and get 
things done. Remove documentation-details ag­
gravation and side-tracking delays from higher­
salaried programmers and system analysts re­
sponsibility. Thoroughly grounded (25 yr) in hard 
sciences publications practices and procedures. 
Supportive. Paul T. Johnson, (212) 925-6983, 
(914) 647-7016. 

CONTRACT MANAGEMENT/ACQUISITION 
MANAGEMENT/LOG ISTICS Professional with 
20 years experience as US Government con­
tracting Officer and senior logistician. B.S. and 
J.D. Degrees. Technical/Military training. Familiar 
with Aerospace, Defense, and Telecommunica­
tions industries. Seeks challenging position. Will 
relocate. Major Charles W. Hughes, 10072 
Roselee Drive, Garden Grove, CA 92640 (714) 
537-8961 . 

SENIOR HARDWARE/SOFTWARE EN­
GINEER/SCIENTIST, PhDEE, MSEE, BSM +25 
years experience in R&D and Design, D&A cir­
cuits, Microprocessor, DSP, ND , DIA, Parallel 
Processing, Control , Communications, Radar, Ul­
trasonic, Voice, Image. Has new great product 
idea for PC market. Looking for R&D challenging 
position or investors. W. Klimkiewicz, 360 McBath 
St., State College, PA 16801 , Call Voitek : (814) 
237-1118/234-1149. 

SR. SOFTWARE ENGINEER, BS/Comp. Sci ., 14 
years experience. Full life cycle development. 
Diagnostics, networks, multi-processors, sys­
tems, applications, User interface. C, C++, As­
sembler, PASCAL, and several others. Intel & 
Motorola families familiarity. UNIX, Macintosh , 
IBM, DEC. I. Rabinowitz, POB 1379, L.G., CA, 
95031-1379. Please call (408) 354-9991 . 

HARDWARE/ SOFTWARE DESIGN EN­
GINEER. 10+ years experience. Digital/Analog/rt 
circuit design. Have worked on projects involving 
micros, electro-optical , communications, robotics, 
device drivers, and data collection systems. Soft­
ware: assembler, Pascal , "C", Forth, Postscript , 
Occam and others. Lots of IBM PCs and DOS 
experience. Tom (313) 665-7366. 

AVIONIC SYSTEMS INTEGRATION. Hands on 
Senior Engineer 9+ years experience. FUR/TV, 
Digital/Analog , DSP, Control Systems/Tracker, 
Optics and Microprocessor Circuit design and 
test. M68000 assembly, MS-DOS, UNIX, Most 
high level languages. RS232, RS422, RS 170, 
IEEE488 and MIL-STD-1553B. BSEE. Will 
travel/relocate. Chris, 2981 Black Horse Dr, On­
tario, CA 91761 (714) 947-0463. 

Mfg. Engr. Surface Mount Assm. Desire N. Cal. 
but will consider offer. Dave Hughes (408) 266-
2823 early A.M. 

Hardware/Scftware Engineer: Experienced with 
analog and digital hardware, as well as software 
(assembly for many uPs, BASIC, and C under 
UNIX and MSDOS). Very proficient in docu­
menting HW/SW projects using a variety of pack­
ages, including '1rotf'. Se~-taught hobbyist with 
degree to back it up, management experience, 
and strong interpersonal skills . Prefers NY Metro 
area. Call Gene at (718) 894-9139 

_ HELP WANTED 

SOFTWARE CONSULTANT - Consulting with 
faculty on the use of hardware (IBM 3090, VAX 
8650), operating systems (CMS, VMS), and soft­
ware (programming languages and statistical 
packages); electronic mail system (office vision); 
conduct special studies and investigations per­
taining to development of new information sys­
tems to meet current and projected needs; 
Providing support for remote communications of 
PC's with the central facility, including data 
uploads and downloads. 
37 1/2 hours per week, 8:30 a.m. to 5:00 p.m. with 
1 hr. breaks, $22,500 annual salary. No overtime. 
BBA-major; Computer Information Systems. 6 
months experience as a programmer. Job Service 
of Florida, 701 S.W. 27th Ave., Room 15, Miami, 
FL 33135 Job Order #FL0415873. 

Generate cost-effective sales leads with 
Computer Design's Showcase Advertising 
For as little as $840 for each 1/9 page ad, your advertising message 
reaches over 100,000 computer systems designers, and developers 
-each a key decision maker responsible for purchasing your 
products. 
Just send a glossy photo and approximately 60 words of copy. We'll 
do the rest...with no production charges. If no photo, 100 words of 
copy accepted. Two and four color available at nominal charge. 
Closing date: First day of previous month. 

For more information or to reserve space: Call Sue Nawoichik at 800·225·0556 
or in Massachusetts at 508·392·2194 COMPUJf R 
COMPUTER DESIGN 
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We believe 
the eggs come first. 
eo•TOR\"'\.. 11eADERStt11:. 

STAFF WRITTEN 
TECHNOLOGY 

ENGINEERING 
MANAGEMENT 

£.NGINEER/NG 

Delivering value to our advertisers 
begins with editorial, circulation and 
readership. 

"Why-to" editorial - strong, technology 
editorial. 65% of our editorial is technology 
driven. Design choices, options and 
directions, staff written, multi-vendor, 
multi-product driven - essential! 
Essential, to our 71 % Engineering 
Management circulation - "why-to" 
editorial is exactly 
what's needed 
by Design & 
Development 
Engineering 
Managers 

-100 

malting the tough decisions on design 
tradeoffs and directions. 
Readership - That's why Computer 
Design wins readership among such 
important audiences as those senior 
technical trend setters attending meetings 
like the Invitational Computer 
Conferences. Among all attendees 
registering at all 1989 ICC conferences 
Computer Design was #1. 

Ad pages are simply the score card. 

So, the next time someone asks why 
Computer Design is doing so well, 
remember ... the eggs come first. 

1990 
GROWTH IN 

Ad pages source: MMS/Rome 

•
400 t-.l>~ERTISING 

.'$/:) 9t-.Gi.t. 

PENNWELL PUBLISHING COMPANY• ONE TECHNOLOGY PARK DRIVE , WESTFORD, MA , 01886 • (508) 692-0700 

CIRCLE NO. 84 
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SYSTEM SHOWCASE 

SYSTEM 
SHOWCASE--

Reach over 100,000 
qualified engineers and 
engineering managers 
with 
SYSTEM SHOWCASE 
advertising. 

Rates start at $840 
For more information 
call Sue Nawoichik. at 
800·225·0556 or 
508·392·2194 

A 3"x5" Single Board Computer 
with FREE C Source Utilities! 

30-Day Money-Back Guarantee! 
• 8051 type architecture • 5x4 keypad encoder 
• Siemens 80C535 • On board +5V regulation 
• 40 digital 1/ 0 lines • Optional real time clock 
• 2 RS232 ports and • Over 40 FR EEC source 

I RS485 port utilities 
• 8-Bit N O converter with 8 

multiplexed inputs 
• Power supervisory circuits 
• BKB or 32KB RAM/32KB 

or 64 KB EPRO M 

lRl-LDATASYSfEMS, INC. 
~1 Farrington Hwy, 2nd F1 
Waipahu. J lawaii USA 96797 
Phone: (808) 671-5133 
Call Toll Free: 1-800-245-8745 

CIRCLE NO. 168 

COAX SWITCH BOXES 

CIRCLE NO. 171 
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Industrial 386sx 
$3200.00 

• 19" Rack Mountable • lMbRAM 
• Passive Backplane • 14 Expansion Slots 
• VGA Graphics • 44Mb HD 
• 1.44Mb Floppy • 270w Power Supply 
• 2 Serial/ I Parallel • One-Year Warranty 
• Intel 80386sx-16MHz 

Custom Cases/Graphics OU1er Systems Available 
Distributors Welcome 

Call For Complete Information 

Industrial Computer Solutions 
236 Bergen Blvd.. West Patterson. J 
07424 (201) 256-7272 Fax (201) 256-1126 

CIRCLE NO. 166 

X.25 
QLLC 

ADCCP 

SDLC 
HDLC 
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. 169 

E/EPROO>~ $180 77. _, < 

Buy your ._ 
E/EPROM 
programmer from a • Expert techn1col 

company with over .~r.ffi~ ufll1t1es 
l 2 years experience included 
in providing both • Supports 
hardware and EPROM and 
sohware tools EEPROMs to 

· 32 pins 
Order today, • NMOS ond 
call 800· CMOS devices 

ta l MBit 
4 4 8 · 8 5 0 0 • 4, 8, ond 16 

socket models 
avoiloble '-"C • IBM PC/XT/ AV\LJ ET ~:~~~ble 

SYSTEMS~ I NC. • l yeor worronty 

120 Union St., Rockport, ME 04856 
Outside US 207-236-9055 • FAX 207-236-6713 

CIRCLE NO. 172 

VMEbus ANALOG 1/0. 
The RVE788 is a 3U (halfwidth) VMEbus 
card w/ 16 inputs and 8 outputs, all w/ 12 
bit resolution. Replace two or even three 
of our competitors' cards with one 
RVE788. Input filters, res. prog. gain, 
sample-hold, variable speed operation, 
low power CMOS, optional current loops_ 
Throughput rates to 33 kHz. 

ROBOTROL CORP. 
925 W. San Martin Ave. 
San Martin CA 95046 

(408) 683-2000 

CIRCLE NO. 167 

Program 
Your Chips 
In Sets of 4 for $495.00 

Special offer Now Includes: 
Free UV eraser, CUPL starter Kit and 
a $300.00 Rebate with the PDT-1 
Universal Programmer System\Kit. 

LOGICAL 1-800-331-7766 
D•VICH, INCCIRCLE NO. 170 

• • Table oased absolute macro cross-assembler 
using manufacturer's assembly mnemonics. 

• Includes manual and MS-DOS assembler disk 
with tables for ALL of the following processors: 

16CSX ~I RO 680 1 8048 H8/300 ZJI 
37700 6502 6805 805 1 H8/XIO Z80 
S0140 0581 6 6809 !IOU TMSJ20 Z l llO 
78C IO COP-400 6811 80116 TMSJ40 Z.2 110 

SU PERll COPllOO 011000 8096 TMSJ70 MORE. 

• Users can create tables for other processors or 
ask us, wo havo many moro1 

• Generates listing, symbol table and binary, 
Intel, and Motorola hexcode. 

• Free worldwide airmail shipping & handling. 

• Canadian residents please add 7% GST 

US $199.00 CN $239.00 

UNIVERSAL CROSS-ASSEMBLERS 
PO Box6158, SaintJohn, NB, E2L4R6 
Canada Voice/Fax: (506) 847-0681 

CIRCLE NO. 173 

I 



SYSTEM SHOWCASE I 
Multibus II 

Parallel System 
Bus Analyzer 

P S BA-100 A productivity 
enhancement tool for the system 
integrator, fie ld service engineer, 
software, and hardware engineer . 

Stand-alone, single board com puter 
6U form factor , installs in a single slot 
Bu il t -in, terminal-based user inte rface 
Supports all fou r address spaces 
Data captu re based on Multibus II protocol 
Fully programmable fil ter logic uses 
templates based on Multibus II prolocol 
Filter logic supports 16 trigger levels 

PRC 
PRC Inc. 
1410 Wall Street 

Bellevue, NE 68005 

For more 
info rmation 
a nd free Demo 
Disk. Call . (402) 293-3900 

CIRCLE NO. 174 

Reduced size 
100 MHz 
Clock Oscillator 

Connor-Win fi eld Corp. 
announces l i terature on a 
new line of High Speed 8-
pin DIP osc illators. The 

A53 Series line of A CMOS logic clock osci llators covers 
the high frequency range of 50- 120 MHz. L iterature for 
a 14-pin version (AC53) with frequencies to 200 MHz is 
also available. The A53, 8-pin model will soon be available 
in a .48" square ceram ic surface mount package. Contact 
Barney I I I for details. Addi tional speci fi cations listed 
below: 

Model A53 
Package 8-pin DI P 
Duty Cycle: 50/50 +/- 2% 
R/F Times : 2-3 nS typical 

Connor-Winfield Corporation 
1865 Selmarten Road 
Aurora, IL 60505 
PH: (708) 851-4722 FAX: (708) 851 -5040 

CIRCLE NO. 177 

Precision Time 
Plug-ins 

by TRUETIME 

VME · Multibus · PC 
TIM E COD E 

Time in various formats 
is furnished to the host 
computer over its particular 
bus. Time resolution to 1 
microsecond is ava ila ble. 

STN CHRONI ZED CLOCKS 

Availa ble in a nu mber of 
sizes and configurations, 
these boards provide 1 
millisecond time synchroni· 
zotion refe renced to UTC. 

CIRCLE NO. 180 

• on boud latelll9eaee 
• modular design 
• acnuce level debugging 
• future expandability 
PROM/CE. The Firmware 
Development System of 
7bmonow: .• ..... ~=m =-\ 

Inc. [)SI 1161 Cherry Sll~I 
San Car!;)S C<il\loml<l. 94(170 
4151595-2252 

CIRCLE NO. 175 

For memory protection : 
two fierce competitors! 

For memory protection, NiCd rechargeables 
and lithium primary cells go head-to-head. 
Varta's unique mass-plate NiCd cell con­
struction provides the longest time between 
charges, can be trickle charged continuously 
and lasts 500-1,000 full -charge cycles over 
4 or more years. Varta CR lithium cells offer 
the highest capacity available and 10-year life. 
So whichever your application requires, Varta 
has the best solution. Contact Varta Batteries, 
1-800-431 -2504, Ext. 270. FAX: 914-592-2667. 

~VARTA 
CIRCLE NO. 178 

........ 

Instrument 
Control and 
Data Acquis ition 
Free 1991 color cata­
log of instrumenta­
t io n produ cts fo r 
pe rso nal co mpu ­
ters and work s ta­
tion s- applicati on 

~--------'so ftwa re with gra-
phical user inter faces acquires data 
from RS-232, GPIB , or VXI in stru­
ments and PC data acq uisition boards, 
and analyzes and presents data. In­
cludes data acquis ition, GPIB , and 
VMEbus controller boards, and signal 
conditioning. 
National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730 
(51 2) 794-0100 (800) 433-3488 

CIRCLE NO. 181 

For METALWORKING FLUIDS, 
QUENCHANTS, PLATING BATHS, etc. 

TM 
The DYNATROL System is designed fo r 
meas urement a nd /or co ntrol of densi ty, 
specific gravity, percent solids, and percent 
concentration of METALWORKING FLUIDS, 

QUENCHANTS, PLATING 
'D.vnabutl· BATH S, ACIDS , CAUS-

TI CS , SLURRIE S, etc . 
Response is immediate 
and continuous. Rugged, 
accurate , an d easy-to­
insta ll o n-line sensi ng 
cell has no moving parts 
and maintains long term 

stab ili ty. For mo re info rm at ion , requ es t 
Bu lleti n J -67 DA . 

AUTOMATION PRODUCTS, INC. 
3030 Max Roy Street Houston, TX 77008 USA 
Toll Free (800) 231-2062 Fax: (713) 869-7332 

CIRCLE NO. 176 

80386DX/80486 25/33MHz 
INDUSTRIAL 

Single-Board PC/AT Computer 
For Passive Backplane System 

2 YEAR WARRANTY 
45-Day money-back guarantee 

\\\\111111111 
1111111111111 

80486-25/33MHz 
• fntel 80486-25/33 CPU • Up to 32MB of DRAM 
• SK Internal CACHE • Floppy In terface 

• 256K Secondary CACHE Memory 
• IDE Hard-Disk Interface 
• 2 Serial & l Parallel Ports 

$895.00 (Wi thout CPU or Memory) 
$2245.00 (Wi th 25MHz CPU & 4MBJ 

25/33MHz 386 PASSIVE BACKPLANE 
CPU BOARDS 

• 80386DX 25M Hz with 2MB $875.00 
• 80386DX 33MHz with 128K Cache & 4MB $1295.00 

CMOS 386SX BOARD (From $395.00J 
4.75 .. x 10 .. , 2S, IP, FDD, IDE. 16MB DRAM. 

512KBytes EPROM/SRAM 

OEM, Distributors & Dealers DISCOUNT avai lable. 
Cal l or FAX for complete info r mation. 

Designed & Manufactured by: 

Toronto MicroElectronics Inc. 
1848 Bon hill Rd.# IS Mississauga, Ont. L51'- l C4, CANADA 
Thi : 416-564-4833 Pax: 416-564-4768 

CIRCLE NO. 182 
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SYSTEM SHOWCASE 

C6805 Code Development System 

• First 6805 C 
compiler 

assembler 

• Includes 

• Expert system 
optimizations 

Call today! 519-888-6911 

BITE CRAFT LIMITED 
421 King St.. N. 
Waterloo. ONT. N2J 4E4 
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STD BUS PRODUCTS 

8 & 16 Bit CPU's 
Peripherals & Card Cages 

Custom Design 
Worldwide Service 

OEM Discounts 
Guaranteed Delivery 

ZWICK SYSTEMS INC. 

17 Fitzgerald Rd., Suite 104 
Nepean, Ontario, Canada, K2H 9G I 

Tel (613) 726-1377, Fax (613) 726-1902 
Representatives Required! 

CIRCLE NO. 186 

RUGGED AND lflGH PERFORMANCE COMPUTER 
SYSIBMS WITH FOW DOWN KEYBOARD AND VGA 

MONITOR FOR RACK, BENCH OR PORTABIEAPPUCATIONS 
Standard features include: 
* 12 slot passive back plane 
• 80386 CPU card at 20/25/33 MHz. up to 8MB of 

zero wait state RAM 
• Sony Trinitron tube. high resolution VGA (640x480) 

monitor and card 
* Room to mount three half height drives 
• 2 serial. I parallel port, MS DOS/GW basic 
Also available with 80486 or 80286 CPU cards in 
various configurations, for further details contact 

181 SYSTEMS INC. 
6842 NW 20 Ave., FL Lauderdale, FL33309 

(305) 97&9225 Fax: (305) 97&9226 Telex: 529482 IBt SYSTEMS 
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ELECTROMAGNET 
RADIATK>N 

Analyze DC and AC 
Electromagnet 
Field Radiation 
from the gamma 
range (1 gamma = 

0.000001 gauss) to 200 kgauss from DC to 
lOOKHz. Earth's field is typically 0.5 gauss DC. 

Typical Applications: 

ELF field measurement of power lines, trans­
formers, motors, lamp ballasts, etc. 
CRT /VDT field measurement 
Electromagnetic clean room environment 
analysis 
Determine magnetic shielding effectiveness 

Walker Scientific Inc. 
Rockdale Street 
Worcester, MA 01606 U.S.A. 
Toll Free: (800) 962-4638 
FAX: (508) 856-9931 
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E~~;;:;;§ Complete, Low cost, 
Distributed 
Thermocouple 
Temperature 
Measurement Package. 

Literature on new "Thermo­
coupler" temperature measure­
ment systems is now available. 
The Thermocoupler is a com­

plete system providing precise thermocouple measure­
ment for as little as $30 a channel. No external signal 
conditioning is required. The Thermocoupler returns real 
data in Fahrenheit, Celsius or microvolts. Cold Junction 
Compensation and linearization built in. The system 
supports hundreds of thermocouples, located up to 5000 
feet from the host computer, using a single twisted pair 
cable. Long , expensive, thermocouple wire runs are 
eliminated. Thermocoupler software collects data in the 
background, allowing the use of CmC or any other 
software package for display or analysis of real time 
data. Data logging. 

(800) 426-2872 (203) 354-9395 
Connecticut microcomputer, Inc. 
568 Danbury Rd. New Milford , CT 06776 
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C for the 8051 
~ Compare: 

NEW PROFESSIONAL EDITION 
~BellcllnarkstromBVTE(1/8JJ.10oleral1onsSmallrll!JTIO!YmOllel 

Whets!~oodl!omSmgleP1ec•s1on'Mle!Sloroe6entl'rmrkPlOQ!;im(A001) 
Oh!ystone51seccn:1!1omC/1ll'!OQ!Mnhom~·MDldPWet0.e!CACMVol27 

f'rogra'l'ISl'!hllalOOl!WJ 
FRANKLIN BSD/ IAR,IArchlmedes 

ona2SMhl.1'3!1iAT PROFESSIONAL TASKING ICC8051 

f-----
C-51 '13.0 CC51 Vl .0.3 v4.01B _, 

Total Execution Time 6.744 sec T 8.753 8.388 
{large model) 8.287 sec 10.98 17. 295 

Module Code Size 188 bytes 266 238 
{large model) 188 bytes 303 343 

dynamic Data Size 41 bytes 126 96 

Total Code Size 1223 bytes 1936 1626 
(large model) 1292 bytes 3467 2088 

WhetstoneS/Second 13 Fl/:lall'IOlf91 

"'""'"' 
Dhrystones/Second 203 I 163 90 

FRANKLIN 
SOFTWARE. INC 

888 Saratoga Ave. #2 •San Jose, CA 95129 
(408) 296-8051 • FAX (408) 296-8061 
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1991 UPCOMING ISSUES Computer Design Magazine Edition 
MONTH 

June 1 
DAC 

July 1 

August 1* 
Siggraph 

September 2 
Buscon-E 
ESC 

SPECIAL REPORT 

Design synthesis 
Barbara Tuck 

CASE for real-time 
programming 
Tom Williams 

Mixed-signal ASICs 
Barbara Tuck 

Enhanced-performance 
standard buses 
Warren Andrews 

TECHNOLOGY FOCUS 

Mil-Spec standard buses - Warren Andrews 
Disk controller ICs 

Mezzanine buses - Warren Andrews 
Device modeling - Mike Donlin 

Display controller ICs 
Software-management tools - Tom Williams 

CAD frameworks - Mike Donlin 
RISC in real-time - Tom Williams 

PRODUCT FOCUS 

Op amps 
Jeff Child 

Multibus CPU boards 
Jeff Child 

DRAMs 
Jeff Child 

Device programmers 
Jeff Child 

COMPUTIR 
L---•starchR-eadershipS ......... tudy/ssue _______ OISIGN 
~ell Publishing Company • One Technology Park Drive • Westford, MA 01886 • 508-692-0700 
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SYSTEM SHOWCASE I 
357 MHz 14-Pin 
Clock Oscillator 

Connor-Winfie ld Corp. 
announces literature on a 
new line of high frequency 
ECL Logic clock oscilla­
tors . The ECLB Series 

oscillator covers the high frequency range of 8 MHz-360 
MHz. AVA ILABLE NOW IN A 14-PIN DIP. Literature 
for a double DIP version w ith frequencies to 500 MHz is 
also avai lable. Frequencies to 90 M Hz are now available 
wi th Voltage Control function (model EV53 series). 
Contact Barney Ill for detai l s. 

Additiona l specifications listed below: 
Model ECLB 
Package 14-pin D IP 
Frequency : 8 M Hz to 360 MHz 

Supply : -5.2 or -4.5 Vdc 

Connor-Winfield Corporation 
1865 Selmarten Road 
Aurora, IL 60505 
PH: (708) 851-4722 FAX: (708) 851-5040 
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•Quick pulse pgms. eight 1 Mbit EPROMs in 40 sec. 
•Stand-alone or PC-driven •1 Megabit of DRAM 
•RS-232, parallel in & out ports •Made in U.S.A. 
•Binary, Intel hex, & Motorola S tormats •A9 Identifier 
•100 user-definable macros •2 year warranty 
•Information, call (916) 924-8037 •Single pgmr. $550 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento , CA 95841 

_... (M-F, 8-5 PST) ~ 

'WW CIRCLEN0112 -
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TARGET 
COMPUTER DESIGN SUBSCRIBERS 

BY MAIL--
COMPUTER DESIGN subscriber li st 
available for rent. 100,000 direct mail 
responsive engineers and 
engineering managers. Key decision 
makers, by name, at business 
addresses. Target by job function , 
company type, design management, 
product design, purchase influence 
or geographic areas. Proven winner 
for books, subscriptions, technical 
reports, seminars, conferences, tools, 
components, catalogs, hardware, 
software, testing instruments and 
many other offers. 

For more intonnalion call 
Deanna Rebro al PennWell Lists, 
Advanced Technology Group: -----

800·982·4669 or 918·831·9551 

Passive Backplane CPUs 
80386SX 16 MHz & 20 MHz, 

512K through 16M DRAM 

80386DX 25 MHz & 33 MHz, 
lM through 32M DRAM, 
128K cache optional 

80486 25 MHz & 33 MHz, 
lM through 32M DRAM, 
256K cache optional 

Call. write, or FAX for complete 
specifications and OEM terms. 

Retail, OEM, and Private Label available 

Designed, Manufact ured, Sold and Serviced by: 

rt~lnc. 
Voice ... (612) 345-4555 

FAX . .(612) 345-5514 

Modem .. (612) 345-4656 

907 N. 6th St., Lake City, MN 55041 
CIRCLE NO. 193 

''T ango-PLD is the price/performance 
leader in logic design tools." 

"I regularly put this 
program 1hrough its paces 
It's inexpensive and v.urks 
great I'm telling as many 
friendsaslcanthat 
Tango-Pl.Dis the Dest 

value in 
program­
mable logic 

') design" 
j<)IJ11'hllrolb 
f lNrf E1111•ttr 

Tango-PLO is a universal 
PLO design tool with 
sophisticated fea1ures 
including schematic emry 
or "C-like" language 
design options. Its 
affordable price includes 
great documentalion and 
tech suppon and a 
money-back 

'Jll.._____~Ofi 
See ror youn.clf. Call locla) 10 order your 
free PU) design evaluation package. 

800 488-0680 
619 554-1000 • FAX, 619 554-1019 

AOClil Technologies, Inc. 
6825 Flanders Dri1e • San Diego, Ci\ • 92 1 l I • USA 
Con1act u.\ for 1he represen1~11 1e neJrl'St )'OU 
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OrCAD introduces Release IV of our en ­
tire line of PC-based design automation 
software. All products , from pro­
grammable logic and schematic design 
through simulation to printed circuit board 
layout now work seamlessly within the 
new ESP framework . Try it for y~urself. 

OrCAD EE 
Call (503) 690-9881 today ~ 
for a FREE demonstration disk. 

CIRCLE NO. 199 

(E)PROM/PLD PROGRAMMERS 

Low Cost, High 
Performance so­
lutions for users 
of programmable 
ICs. BYTEK offers 
logic & memory 
programmers for 

Design , Production, Field Service & 
Engineering Labs. Stand-alone units 
offer RS232 & Parallel Port for quick 
data transfer. 3.5" Disk Drive for easy 
updates. FREE Warranty & Updates 
for 1 yr. Models from $495. (US) 
Call for Catalog: 800-523-1565. 

BYTEK Corporation 
543 NW 77th St., Boca Raton. Fl 33487 

(407)994-3520 FAX: (407)994-3615 

CIRCLE NO. 194 

Quality Debugging Accessories 
• Protect your ICs from damage. Insert and extract LCC, 
PLCC, PGA, and PQF P packages with the right tool. 
• Use receptacle boards to build test fixtures, and mount 
your test equipment, in half the time. 
• Get the right production sockets, burn-in sockets, test 
leads, and test clips for SMT, SOIC, or PLCC circuits. 
• Quick turnaround on custom engineering services, ii 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 197 

ZBX-380 
SCS I/ Floppy 
Host Adapter 

Powe rfu l SCS I 
host adapter with 
floppy drive con­
troller on single­
wide iSBX-com­
pat ibl e ( Int e l ) 

module featu ring sing le-ended operation using 
NCR 's 53C90 SCSI processor. ZBX-380 supports 
high -speed data transfer--4MB/sec. synchronous 
and l.SMB/sec. asynchronous. DMA operations 
from host iSBX-compatible boards are supported 
(Zendex MB! master/s lave SBC with 486, 386, 286, 
or 186 CPU), as are interrupt servi ce operations. 
SCS I implementation conforms to ANS I X3T9.2 
specifications. The ZBX-380 is an ideal SCS I host 
adapter for virtu ally all Multibus l/11 , VME, PC-AT/ 
and SBus system s. Dri vers are available for Intel 's 
RMX I/I I and Microsoft's MS-DOS operating sys­
tems. Zendex Corporation, 6780A Sierra Court, 
Dublin, CA 94568-2623. (415) 828-3000. FAX 
(415) 828-1574. 
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As design engineers and managers you know that the higher speeds and greater complexity of electronic systems are making 
your jobs more challeng ing. As clock speeds climb to 50MHz and beyond, analog characteristics become majo r consideration s 
for digital designs. In addition, demands for mixed-signal techno logy have increased in the consumer, automotive, and telecom 
markets. According to Techno logy Resource group , 40% o f all AS!Cs will be mixed analog and digital by 1994. 

Analog and mixed-signal design issues are tbe most challenging area of design engineering. 
Until now you 've been on your own ... 

Announcing the First Annual 

ANALOG & MIXED-SIGNAL 
DESIGN CONFERENCE 

Finally, there's a source for objective and up-to-date information on analog and m ixed-signal design . This technical conference, 
sponsored by COMPUTER DESIGN Magazine, features over 45 lectures and workshops dedicated 100% to your needs as an 
analog designer. Nowhere else will you find so much information, so much technology and so much expertise all under one roof. 

High-Quality Workshops 
Respected engineers w ill offer high-quality information that you 
can immediately use to help you complete your design projects 
more quickly, creatively, and elegantly. You'll lea rn about 
analog and mixed-signal simulators, different design techniques, 
analog implications of high-speed systems, and much more in 
workshops such as: 

Transmission-Line Effects in High-Speed Design • Mixed 
Analog/Digital Design, Modeling, Simulation, and Test • 
Designing with Worst Case and Monte Ca rlo Analysis 
Techniques • Solving Convergence Problems in SPICE • 
Modeling Device Performance Over Temperature • And much, 
much more. 

Practical, Hands-on Instruction 
For years you've been subjected to oral press releases from 
vendors under the guise of objective panel discussions. The 
ANALOG & MIXED SIG AL DESIGN CONFERENCE is different. 
You'll find in-depth, practica l and rea l-world information from 
well-known practitioners-experts who will give you 
knowledge you ca n bring to the workstation tomorrow! 

r--------------------------------------------, 
PLEASE SEND ME COMPLETE INFORMATION ON THE 

FIRST ANNUAL ANALOG & MIXED-SIGNAL CONFERENCE . 

l ' M INTERESTED IN D ATTENDING D E X HIBITING 

N AME 

CITY, STATE, ZIP _____________ _ 

PHONE/FAX--------------- -

Analog & Mixed-Signal Design Conference, P.O. 7843. San Francisco. CA 94120-7843 

CDS/91 

L------------------------------ ----- ---------~ 

Who Should Attend? 
The Analog & Mixed-Signal Design Conference is clecl icatecl to 
the unique needs of mixed-signal design. If you're an analog 
design engineer, a digita l designer w ho must address the 
analog implications of high speed design, o r an engineering 
manager, you should attend this conference . 

Question Authority 
The Analog & Mixed Signal Design Conference Vendor 
Products Exhibition features booths crammed with the latest in 
analog and mixed-signal design tools. As questions arise 
about different products o r problems, you can go directly to 
the vendor authoriti es on the exhibi t floor for answers. They 
will be on hand to let you t1y out and compare products, give 
you a clea r grasp of the practica l tools available, and tell you 
where to look for new avenues of information exchange. And 
the convenient Silicon Valley location gives you access to the 
best and the brightest in the design community. 

As an attendee at the Analog & Mixed-Signal Design 
Conference you'll lea rn how to improve your design skills, 
how to increase your productivity, and where to turn in order 
to ensure design success. All in three clays, all under one 
roof. 

j oin your colleagues this October in Santa Cla ra. Launched 
with your needs in mind, this in-depth , technical conference 
promises to be one of the most significant inclusny events of 
the year! 

ANALOG & MIXED-SIGNAL Santa Clara Marriott 
I 

1

~ "' Santa Clara, California 
~ 

(II I 111 I J(ll II l 

' DESIGN CONFERENCE October 30 - November 1, 1991 

For more information ca ll : 
Angela Hoyte at (415) 905-2354 
or FAX ar (4 15) 905-2630 

Sponsored by: COMPUTER DESIGN Magazine 
Produced by Mil ler Freeman, Inc. 
P.O. Box 7843, San Francisco, CA 94120-7843. 
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Access in 
Europe 

Microelectronics 
Components 

Boards 
Systems 

EUROPEAN SALES OFFICES 
FINLAND 
lntef 
Ruosilantie 2 
00390 Helsinki 
Tel.: (358) 0 544 644 
Fax: (358) 0 54 40 30 
Telex: 1 23 332 

FRANCE 
Intel 
1. rue Edison - BP 303 
78054 St. Quentin­
en-Yvelines Cedex 
Tel.: (33) (1) 30577000 
Fax: (33) (1) 30 64 60 32 
Telex: 599016 

UNITED KINGDOM 
Intel 
Pipers Way 
Swindon, Wilts SN31 RJ 
Tel. : (44) (0793) 69 60 00 
Fax: (44) (0793) 64 14 40 
Telex:444447/8 

NETHERLANDS 
Intel 
Postbus 84130 
3099 CC Rotterdam 
Tel. : (31) 10.407.11 .11 
Fax: (31) 10.455.46.88 
Telex: 22283 

ISRAEL 
Intel 
Atidim Industrial Park­
Neve Sharet 
P.O. Box 43202 
Tel-Aviv 61430 
Tel.: (972) 03-498080 
Fax: (972) 03-491870 

iii Telex: 3 71 215 

5' ITALY 
~ Intel 
l> Milanofiori Palazzo E 
~ 20090 Assago Milano 
- Tel. :(39)(02)89200950 
~ Fax: (39) (02) 349 84 64 
_, Telex: 341286 

SPAIN 

Intel 
Zurbaran, 28 
28010 Madrid 
Tel.: (34)-1-308.25.52 
Fax: (34)-1-410. 75. 70 
Telex: 46880 

SWEDEN 

Intel 
DalvAgen 24 
17136Solna 
Tel. : (46) 8 734 01 00 
Fax: (46) 8 27 80 85 
Telex: 12261 

SWITZERLAND 

Intel 
ZUrichstrasse 
8185 Winkel-Rueti bei Zurich 
Tel. : (41) 01/860 62 62 
Fax: (41) 01/860 02 01 
Telex: 8 25 977 

GERMANY 

Intel 
Dornacher Strasse 1 
8016 Feldkirchen 
Tel. : (49) 089/9 09 92-0 
Fax: (49) 089/9 04 39 48 
Telex: 5-23177 
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Abraham Lincoln 
Strasse 16-18 
6200 Wiesbaden 
Tel. : (49) 0611176 05-0 
Fax: (49) 0611171 8615 
Telex: 4-186183 

Intel 
Zettachring 1 O A 
7000 Stuttgart 80 
Tel.: (49) 0711172 87-280 
Fax: (49) 071117280137 
Telex: 7-254826 
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40+ MB/SEC 
DUAL-PORT VMENSB 

HIGH • DENSITY 
MEMORY 

~ from 
~ Chrislin 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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No Matter 
What the 
Applimtion) 

SBEFits. 
Matching your high-speed data 

communications requirements with 
a quality supplier has never been 
easier. Whether you 're a manufacturer 
of mini/superminicomputers , work­
stations or high-performance data 
communications products, only SBE 
provides a perfect fit. 

Only SBE offers a complete line of 
intelligent high-performance com­
munications controllers for all major 
interface technologies: FDDI , Token 
Ring, Ethernet and High Speed Serial. 
Only SBE adds premium features, 
without a premium cost, for the best 
price/performance in the industry. 

Add integrated hardware/software 
solutions; availability in VMEbus, 
Multibus and SBus; plus legendary 
development assistance and continu­
ing product support. 

Discover how SBE's intelligent 
high-performance controllers can 
meet your LAN and WAN interface 
requirements . Turn to SBE today. 

, ...... 

For fast action1 call: 1-800-347-COMM 
Germany: 0130-810588 

United Kingdom : 0800-378-234 

SBE, Inc., 2400 Bisso Lane, Concord, CA 94520 
CIRCLE NO. 89 

Communications & 
Real-time Solutions 



Embedded control challenge of the 90s: 
Applications are increasingly burdened with the 

overhead of friendliness. Even so, users expect 
everything to happen immediately, if not sooner. 

As a result, applications with embedded micro­
processors need more computing power than ever. 
Our CY7C611 SPARC® RISC controller gives you 
the power to create, at a price that fits your 
application. 

It performs. At 25 MHz, our CY7C6 l l delivers 
18 sustained MIPS. 

It handles interrupts brilliantly. Asynchronous 
and synchronous traps let you jump to trap routines 
with 200 ns worst case response.16 prioritized inter­
rupt levels let you tailor your application. You get 
136 32-bit registers that you can divide into register 
banks for fast context switching. 

It has hooks. Connect our CY7C602 concurrent 
floating point unit for 5 MFLOPS. Use our CY7Cl57 
Cache SRAM for a zero wait state memory system. 
+I (800) 387-7599 in Canada. (32) 2-652-0270 in Europe. © 1991 Cypress 
Sem1conductor. 3901 North First St reet. San Jose, CA 95134. Phone: 
14081943-2600. Tele" 821032 CYPRESS SNJ UD. TWX: 910-997-0753. SPARC os a 
re~istered trademark of SPARC International. Inc. Products bearing the SPARC 
tradttmark are based on an architecture developed by Sun Microsystems. Inc. 

Use our CY7C289 512K PROM for glueless, virtually 
waitless program storage. 

It is extendable. You get a large address space, and 
support for multitasking and multiprocessing. 

It is affordable. We're talking a few dollars per MIPS. 
And it is SPARC. You can choose from a multitude 

of SPARC platforms to operate as native development 
platforms. You work with the world's most popular 
RISC architecture. You can expect faster evolutions, 
to keep your design current well after it is designed. 

The whole story-from data sheet to User's Guide­
is yours for a fast, free phone call. 

-----

Free SPARC RISC User's Guide. 
Hotline: 1-800-952-6300~ 

Ask for Dept.( 11 K. 

~~ ·:.a .CYPRESS 
F SEMICONDUCTOR 
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