
High-density gate arrays tax utility, packaging and testing 

Mixed-mode simulator accurately models real-world designs 

Denser devices, flash designs spawn new applications for EEPROMs 



Canon races away from the competition 
by offering the next step in portability design. 

The MD3611 is a 2.0/1.0MB 3.5" Floppy Disk 
Drive designed to be driven: 
• + 5V only, 1" high • Light weight ... 430g 

• Unequalled Shock Resistance .. . 
60G (ct 11 milliseconds 

• Oil Dampened Head Loading 
• Selectable Trigger on Dual 

Color L.E.D. 

• Flush Bezel. .. No more broken 
buttons 

• Low Power ... 20 milliwatts on standby, 
1 watt operating 

• Dust Shutter 

The Canon MD3611 is no ordinary microfloppy: 
Besides meeting industry standards for 

performance and reliability we went 
a step further and designed a drive 
to meet the harsh environment and 

physical demands of portability: 

When you're ready to test drive the 
Canon MD3611 please call or write: 

Canon U.S.A., Inc., 
Flexible Disk Drive Division, 

One Canon Plaza, Lake Success, NY 11042 
(516) 488-6700. 

West Coast: Canon U.SA, Inc., 4000 Burton Drive, 
Santa Clara, CA 95054, (408) 986-8780. 

Canon 
CIRCLE NO. 1 



The "Look and Feel" CAE Users Have Been Looking For 
On-Screen Prompt line makes 
it easy to find the feature 
you're looking/or. 

Hierarchical Menus eliminate 
key board commands. 

Menu Button toggles 
between menu and 
graphics. 

Pan Button Redraws 
screen around 

Command Line displays 
selected function. 

Use Visionics' Super Hi-Res graphics board for 
workstation (1284 x 960) graphics on a PC platform, 
or use standard CGA or EGA graphics. 

EE Designer III takes 
advantage of all 3 mouse 
buttons for maximum 
operating speed and 
throughput. 

Introducing EE Designer III™ 
The first ergonomic PC-based CAE software system 

The fact is that today's CAE 
software systems have a lot of 
features. The problem is that 
you have to read a huge manual 
or go to a HELP screen to find 
the feature you need. 

Finally, an integrated desktop CAE 
software system with all the' features 
you need plus an ergonomic user 
interface that lets you easily find 
and access them. 

EE Designer Ill combines on-screen 
function prompts with a graphic
based hierarchical menu structure. 
So whether you're capturing a sche
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 

You'll be hearing a lot about Visionics' 
EE Designer III in the next few 

At only $3995, no other CAE 
tool can match the features of 
EE Designer Ill: 

Supports 2 mb of UUM 
EMS memory 

• On-line Netlist Capture 
• Forward and Back-Anno

tation of Multipage 
Schematics 

• Analog and Digital 
Circuit Simulation 
Full SMT Support 
1 mil Grid Resolution 

• 45° Memory Auto
Routing 
Fabrication/ Assembly 
Drawing Support 

months. Everyone knows that our 
EE Designer was the first end-to-end 
CAE tool for under S 1000; now the 
new EE Designer III continues 
setting the price-performance 
standard. Isn't it time you found out 
what over 5000 worldwide users 
already know - that the EE Designer 
family of products get the job done. 
The best way to see for yourself just 
how good it feels to make the right 
choice in CAE software is to call 
Visionics today. 

-==--;;; .-; ;;-.. -:. ~ ~-=-~-;_-; ® . .............. .... 
• l.~l.VIWl.11~ 
CORPORATION 

343 Gibraltar Drive 
Sunnyvale, CA 94089 
(408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: ( 408) 734-9012 
CIRCLE NO. 2 



Paul picked a 
pack of pictures. 
Paul has a problem. Poor Paul. 
He's out of pictures ... again. Pity. 

Peter is more productive because he 
prefers the powerful GOULD 4070 

Series digital storage oscilloscope. 
Peter's probes stay put, because with 
4-channel capability Peter can simul
taneously view the relationship 
between signals. Also, Peter's 400 
MS/sec sample rate can capture a 
single event with 2.5 ns between 
samples. And, of course, Peter's 
primary reason for picking GOULD
Peter's plain paper plotter produces 
plotted waveforms ... immediately, 
perfectly. Peter couldn 't be more 
proud. 

Pick the plain paper plotter. Contact 
GOU LO today for a free evaluation. 
We'll leave a GOULD DSO for you to 
try. No salesperson. No pressure. Call 
1·800·GOULD·10 or write GOULD 
Inc., Test and Measurement, 19050 
Pruneridge Ave., Cupertino, CA 95014. 

GOULD 
Electronics 
CIRCLE NO. 3 
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SWIFTM 31/2" HIGH-CAPACI1Y, HIGH-PERFORMANCE 
DISK DRIVES NOW AVAIIABLE FOR EVALUATION. 

Get the 3 Y2 " disk drive that 
sets the standard for capacity and 
performance. We combined the two 
most important things everyone 
wants in a storage device-capacity 
and speed. And packed it into the 
size everyone would like ... 3 1/2 ". 

CAPACITY PLUS PERFORMANCE 
Swift disk drives feature a 

blistering 15 ms average seek time. 
The top model offers 200 Mbytes of unformatted 
storage with high-performance device level or 
intelligent interfaces. Swift drives feature 1-to-1 
interleave, synchronous or asynchonous operation 
and a 32k cache buffer with read ahead capability 
to optimize performance. 

DESIGNED FOR RELIABILITY 
A rotary voice coil actuator, 

advanced surface mount electronics 
and a unique high torque, phase
locked in-hub spindle motor are 
just a few of the advanced features 
that make Swift the industry's leader. 
SWIFT IS A FAMILY 

Production shipments of 100 
and 150 Mbyte models are already 

underway. Now you no longer have to limit the 
capacity or performance of your system just 
because you need a 3 V2" drive. 

If you're a qualified OEM, you can get an 
evaluation unit now. 

-----(52)CONTR.OL DATA------
CIRCLE NO. 4 



Mudd Capacit)' Avg. Seek ln1erfaces Tr:msfcr Rate 
9435X (Mbytes) (ms) (MHz) 

200 15 SCSI, ESDI, AT 10 
150 15 SCSI , ESDI , AT 10 
150 15 ST506/412 (RLL) 7 .5 
100 15 ST506/412 (MFM) 5 



~National 
~ Semiconductor 

In the time it takes other 
graphics engines to draw a few lines ... 

Texas Instruments TMS 34010 ( 2%) AMO Am95C60 (17%) 

Hitachi HD63484 (20%) Intel 82786 (25%) 

GeoCad p1'1'speclit'e dratl'ing courle>J' of Rudolph Hvroil'it:: and Assrx:iales. Arcbilects. 
Simu/a/ed perfim11a11cebased 011111ari11111111 patterned line· drawing rates in an eight-bi/ color system with a resolution qf J02q by 768. 

Of course. pet:forma nee ullimale(r depends on sys/em elemenls like metnOIJ' speed 



ours gives you the whole picture. 
THE FIRST FULLY 
PROGRAMMABLE 

GRAPHICS PROCESSOR 
WITH ON-CHIP 
ACCELERATION 

You can have the fast
est calculations in the 
world but if your system's 
graphics are slow, your 
system is slow National's 
latest addition to its 
Advanced Graphics Chip 
Set - the DP8500 Raster 
Graphics Processor (RGP) 
- is the fastest graphics 
engine on the market. 

This 20-Mhz CMOS chip fea
tures a bus cycle time of 100 nano
seconds on back-to-back vector 
and block operations. 

It gives you blazing speed in 
line drawing, BitBLT, fills, poly
gons, character drawing, and 
windowing - regardless of the 
number of bit planes. It also 
controls screen refresh. 

COMPLETE FLEXIBILITY 

The RGP gives you the program
mability of a general-purpose 
processor, so you can optimize 
your system for specific appli
cations. Or differentiate it from 
your competitors through proprie
tary algorithms. 

The RGP, with our DP8511 BitBLT 
processing unit, is also the only 

© 1988 National Semiconductor Corporation 

Advanced 
Peripherals 

National DP8500 Raster Graphics Processor 

graphics solution that effectively 
allows you to select either planar
or pixel-oriented operation on
the-fly. So you no longer have to 
lock yourself into one architecture 
or the other. 

The RGP handles the very 
highest-resolution CRfs and print
ers, including laser printers. And it 
supports any type of memory. 

It also gives you the right 
"hooks" and the right architecture 
for moving into 30 and solids 
modeling applications. 

A COMPLETE SET OF CHIPS 

Our Advanced Graphics Chip 
Set also includes 
• two BitBLT processing units 
• four video clock generators 
• four video shift registers 
• three video RAM controllers 
• a growing list of video DACs 

They're all part of 
National's unique modu
lar approach - the only 
approach that addresses 
the complete graphics 
pipeline. And the only 
one with the performance 
and flexibility you need 
to carry you into the 1990s. 

COMPLETE 
SUP PO Rf 

We offer a wide range 
of software tools - includ
ing assembler, debugger, 
librarian, linker, software 

utilities, graphics kernel packages, 
and a C compiler package. 

Nova Graphics International is 
providing full support for graphics 
software standards, including 
GKS and CGI. 

Check it all out for yourself with 
the DP850EB demo/ evaluation 
board for only $1495. Buy the 
board and we'll include a coupon 
good for ten free RGPs on your 
first order oflOO or more. 

To order today, call National 
Semiconductor at ( 408) 721-5404. 
Or for a copy of our system-level 
comparison brochure, circle the 
reader service number. 

~National 
~ Semiconductor 
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Graphics processor strategy. that Intel developed them both. All 

to team with dedicated Those who have become success- that did was confuse the customer;' 

floating-point chip ful by building systems on a Sun says one industry observer. 
platform will have to reevaluate -David Lieberman 

A full 32-bit version of the 34010 both their commitment to open-
graphics processor from Texas In- systems architecture and their feel- Toolset provides 
struments (Dallas, TX), the 34020, ings about the relative safety and foundry-independent 
will be teamed with the 34082, a inflexibility of accepting dictated ASIC development specially designed 40-MFlops float- solutions. They will also have to de-
ing-point coprocessor. The math cide whether it's in their long-term A new toolset from Mentor Graph-
chip connects directly to the 34020's interests to move to a new worksta- ics (Beaverton, OR) may help 
data and address lines without glue tion platform, instead of, or in addi- change the way application-specific 
logic. tion to, Sun.-David Lieberman ICs are designed. While designers 

In addition to supporting the today must select an ASIC foundry 
IEEE floating-point standard, the FDDI chip set before beginning schematic capture, 
34082 contains microcoded func- Mentor's ASIC Vendor-Independent 
tions to support three-dimensional due in final form Designer (Avid) software lets that 
graphics. These include matrix Just 13 months after sending the decision be put off until later in the 
operations for clipping, scaling and Supernet Fiber Distributed Data design cycle. 
rotation; vector operations for light- Interface (FDDI) chip set to beta Avid provides a library of generic 
ing calculations; and splines for sites for evaluation, testing and schematic symbols that can be 
curved surfaces. debugging, Advanced Micro Devices mapped into a selected vendor's 

In addition, the floating-point (Sunnyvale, CA) will release a final component models following 
chip boasts 100-ns cycle times and revision to all customers. schematic entry and functional 
addresses up to 64k 32-bit words of The revised silicon, which will simulation. 
external microcode for user-written start volume shipment in Decem- ASIC vendors formally committed 
algorithms.-Tom Williams her, will contain only three sublay- to supporting Avid include Fujitsu, 

ers of the four-layer standard GE Solid State, Gould, Intel and 
Intel reorganizes expected to be released by Accredit- Toshiba.-Richard Goering 

ASIC effort, ed Standards Committee X3T9.5 
and accepted by the International Could Unix be replaced? 

drops gate array services Standards Organization, according That heretical thought has come up 
Citing a mismatch between market to Patrick Green, AMD strategic amid rumors that a workstation 
needs and the company's high-per- development manager for FDDI from Next (Palo Alto, CA), whose an-
formance-and high-priced-gate products. These three will be the nouncement is also rumored to be 
array operation, Intel (Santa Clara, physical media dependent layer, the imminent, will use the Mach oper-
CA) has withdrawn from the mer- physical layer and the media access ating system developed at Carnegie-
chant gate array business and reor- controller layer. Mellon University. While not Unix, 
ganized its application-specific IC Since the still-unapproved fourth Mach is said to offer binary com-
products group. layer-station management-can be patibility with BSD 4.3 Unix and 

Cell-based ASIC operations and handled by software workarounds, have virtually all functions of Unix 
programmable logic products will AMD won't wait for that layer's defi- and then some. 
be unaffected by the move, except nition and acceptance and will The system, which features inter-
for a change in reporting structure. leave it out of the revised chip set. process communication, is based on 
The gate array product team will es- -Sydney Shapiro an object-oriented model similar to 
sentially become a captive supplier Smalltalk developed by Xerox 
to Intel's other product divisions, VME II-the bus (Rochester, NY). 
providing tools and processes for that never was There's no word yet as to what 
development of application-specific kind of user interface the Next 
standard products.-Ron Wilson The VMEbus community reports machine may use, but Mach is said 

that the rumor of an impending to be able to easily run one of many 
Sun OEMs and VARs "VME II" was a temporary, and re- known visual interfaces such as 

rethink the future grettable, glitch. The bus expected Sun's NeWS, IBM's Presentation 
to become the high-end, 32-bit asyn- Manager or the Macintosh Finder. 

Sun Microsystems (Mountain View, chronous bus-of-choice already has Bets are that the system won't run 
CA) has opted not to support equal a name-Futurebus-and most the latter.-Tom Williams 
access to its disk controller after- agree that calling it VME II would 
market. This decision, plus Sun's suggest relationships and compati- Interface to link logic 
prominent position in the ongoing bilities that don't exist. synthesis with VHDL hullabaloo over the next version of "It would be a mistake to do what 
Unix, has some Sun VARs and Intel did with Multibus and Multi- Two of the hottest trends in the 
OEMs rethinking their long-term bus II, whose only relationship is electronic design automation indus-

8 AUGUST 1, 1988 COMPUTER DESIGN 



COIPUTEI 
DESIBI. 
THE FIRST MAGAZINE OF SYSTEM DESIGN , 

DEVELOPMENT AND INTEGRATION 

• There are publications that focus 
exclusively on ASICs. 

• There are publications that talk 
about board-level computers. 

• There are publications that cover software 
only. 

• There are publ ications that inundate you with 
news about people and business. 

C oMPUTER DESIGN is the ONLY publication that's devoted 
exclusively to all of the things you do-design and integrate systems 
that incorporate microprocessors, ASICs, single-board computers, 
OEM computers and software. And COMPUTER DESIGN is 
particularly useful if_you supervise or manag.§.J2ystem design and 
integration pIQjects because it goes beyond the "how-to''. 

COMPUTER DESIGN zeros in on the "why-to" of design: on the 
suitability of a technology or design strategy; on alternative solutions; 
on build-or-buy trade-offs, and on cost/performance trade-offs. 

IN EVERY ISSUE OF COMPUTER DESIGN, YOU'LL FIND: 

• TECHNOLOGY FOCUS REPORTS 
These in-depth articles highlight a technology area of importance to COMPUTER 
DESIGN readers. Tech Focus Reports provide timely analysis of technology 
news and market-related factors which may affect design choices and decisions. 
These articles include snapshots highlighting " real-life" applications, which 
delve into the problems, trade-offs, solutions and experiences of a typical user, 
and offer insight into the way the technology discussed is actually applied . 

• SPECIAL REPORTS 
These comprehensive features explore the technology and design issues 
that are of major importance to COMPUTER DESIGN readers. They provide 
in-depth analyses that examine the directions in which key technologies are 
driving microprocessor- and computer-based product design and development. 
The emphasis in these reports is on design trade-offs and the build-or-buy deci
sions senior engineers and engineering managers must always make when 
choosing a technology approach or implementing an overall design strategy. 
These reports highlight the most important or controversial issues, assess the 
impact of technological developments, and offer insights on how real-life 
design decisions are made. 

• PRODUCT FOCUS REPORTS 
Included in every issue, Product Focus Reports complement the coverage 
provided in other reports and the Buying Guides by stressing product features, 
specifications, availability and price for products such as standard ICs, disk 
drives, power supplies, and oscilloscopes . 

• REGULAR MONTHLY COLUMNS 
Design for Testability 
ASICs in Systems 
Technology Market Forecasts 

PLUS, COMPREHENSIVE BUYING GUIDES SIX TIMES 
A YEAR ... 
The Buying Guides are targeted at the special needs of engineering teams 
that design board-level products using microprocessors, peripheral ICs and 
ASICs, and build systems around single-board computers and peripheral 
boards. These Buying Guides are especially useful to senior engineers and 
engineering managers because they present key specifications, performance 
characteristics and prices in a concise, organized fashion , which makes 
product comparisons quick and easy. 

HERE'S HOW TO GET YOUR FREE SUBSCRIPTION 
Just complete the enclosed subscription form today (please be sure 
you answer all questions). Then sign, date and drop it in the mail. 

If you are already a subscriber, please pass the subscription form on 
to anyone else in your organization who needs up-to-date information 
on ICs. ASICs, single-board computers, OEM computers or software. 
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try-logic synthesis and the VHSIC functions interchangeably. formed a strategic alliance with 
Hardware Description Language Steve Jobs, president of Next (Palo Texas Instruments (Dallas, TX). 
(VHDL)-will be brought together Alto, CA), announced his company Under the agreement, TI will 
as the result of an agreement be- will be bundling the package with manufacture and distribute certain 
tween Sile Technologies (Burling- the long-awaited Next workstation. of Altera's high-density PLDs. Add-
ton, MA) and Vantage Analysis Jobs stressed Mathematica's impor- ing the TI alliance to a similar ex-
Systems (Fremont, CA). tance as the basis for a new genera- isting relationship with Intel 

The two companies will build an tion of applications that will use (Folsom, CA) may give Altera mar-
interface between Sile's Silesyn intense mathematics. keting and distribution strength to 
product, which can synthesize gate- Addison-Wesley (Redwood City, supplement its architectural 
level logic from behavioral descrip- CA) will be publishing a new calcu- moves.-Ron Wilson 
tions, and the Vantage Spreadsheet, lus that will use the interactive fea-
a VHDL simulation environment. tures of the package. Other DEC ponders purchase of 
This interface will eventually let companies supporting Mathemati- RISC chip users describe designs using VHDL ca include IBM, Silicon Graphics, 
and have Silcsyn automatically Ardent Computer, Apple Computer Rumors persist that Digital Equip-
generate the gate-level logic. and Sun Microsystems.-Tom ment Corp (Maynard, MA) may final-

Both toolsets run on workstations Williams ly move away from its proprietary 
from Mentor Graphics (Beaverton, microprocessor and build products 
OR).-Richard Goering Program established around a reduced-instruction-set 

for application-specific computer chip. The likely candidate 
New platform may be memory design 

appears to be the R3000 CPU from 

antidote for workstation Mips Computer (Sunnyvale, CA), al-

vendors' woes Standard-memory IC vendors will legedly capable of yielding 20 VAX 
have to alter their approach to Mips, or 20 times the integer perfor-

Competition is intensifying in the vendor-customer relationships if mance ofa DEC VAX-111780. 
workstation market, and nobody the promising application-specific Feeding the rumors was DEC's re-
knows this better than Apollo Com- memories market takes off. That at cent cancellation of two develop-
puter (Chelmsford, MA). After un- least seems to be the assumption ment projects, one to develop a 
expectedly low second-quarter underlying a new program devel- faster VAX and a second to build an 
earnings, Apollo unveiled two new oped by NEC Electronics (Mountain in-house RISC CPU. IfDEC does de-
product families that it expects will View, CA). cide to go the RISC route, questions 
be price/performance leaders for the Under the program, a team of the about compatibility will be the first 
near term. company's design managers will to surface. The company has made 

Built around a 33-MHz MC68030 work with customers to identify and dramatic inroads on competitors in 
CPU and a 33-MHz MC68882 design products to specific system recent years on the strength of its 
floating-point coprocessor, the memory needs. One example would product lines' uniquely compatible 
Series 4500 delivers up to 7-Mips be to embed processing elements VAX design.-John Mayer 
performance. Prices for the series right in a memory array. The 
start at about $19,000. application-specific memory de- Desktop parallel machine 

A lower-cost series features a signs will then draw on NEC's dy- supports portable software 25-MHz MC68030, a 25-MHz 68882 namic RAM and static RAM exper-
and 4 to 32 Mbytes of main memory. tise at company facilities in Japan Cogent Research (Beaverton, OR) is 
The 4-Mips Series 3500 sells for un- and Roseville, CA.-John Mayer trying to bring software portability 
der $8,000.-John Mayer into the parallel market by combin-

Altera allies with Tl ing a parallel-processing software, 

Math software wins flurry on erasable PLDs called Linda, with its XTM worksta-

of big-name approval tions. Other parallel processors use 
Altera (Santa Clara, CA), which is proprietary software to take advan-

Heavy hitters from seven major just beginning to branch out from tage of a system's unique architec-
computer firms turned out at the re- relatively conservative architec- ture, but that approach produces 
cent introduction of a new math tures into larger-scale PALs and software that's incompatible with 
software package to announce their application-specific programmable all other parallel machines. 
support. Mathematica from Wolf- logic devices, must face challenges Linda isolates the peculiarity of 
ram Research (Cupertino, CA) can both from standard-parts vendors particular parallel architectures 
function both as an application pro- that are beginning to add program- from applications software, letting 
gram and as a programming Jan- mable logic to their devices and the same programs run on any 
guage to form the basis of more from radical new, gate-array-like Linda-based processor. Though this 
specialized applications. It can do PLD architectures. In an apparent concept has been adopted by others, 
numerical calculations at arbitrary effort to recruit additional allies in Cogent is the first to implement the 
precision, perform symbolic math this growing war over programma- methodology in a desktop 
on algebraic formulae and graph ble logic architectures, Altera has machine.-Michael Donlin 
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oq~ct-Qriented 
Englneerl ng gra~~~~~~~~~~o~~~~t~~;~-

created equal. 
Especially when it comes 

W·ithout Ob~iect·1, 10-C® to features and support. 
'J V"<., / Unfortunately, many software engineers find 

\AQU COUid be m·ISS.lng thisouttoolate. 
I· Avoid missing out by using Objective-C It's the 
something important most advanced obj~ct-oriented environment for 

• C programmers available today. 

0 

And it will be tomorrow. 
Our business is object-oriented technology, so 

we have the know-how and desire to keep you at 
the leading edge. 

Objective-C is 100% compatible with the new 
ANSI C standard So you can freely intermix object
oriented code with "straight G' And combine new 
object-oriented programs with existing C code. 

Objective-C provides powerful type checking 
and compile-time error detection independent of 
your C compiler. Plus, you can choose between 
static and dynamic binding. 

Even better, you get powerful memory 
management features ranging from a memory 
leakage detector to a set of state-of-the-art gar
bage collectors. 

There's also built-in support to automate the 
complexities of releasing multiply-owned objects. 
And built-in support for your own runtime 
memory manager. 

Objective-C puts you in control. You determine 
just how much of the power of object-oriented 
engineering you vvant to use for each application. 

So if you vvant your softvvare to turn out as effi
cient and safe as you planned, get Objective-C 

You'll never know what you've been missing till 
you do 

f!~R§!QU~:ogy 
TheStepstone Corporation 75 Glen Road Sandy Hook, CT06482 203 4261875 1800 BUY OBJECT (1800 289 6253) 
Objective-C is a registered trademark of The Stepstone Corporation. Stepstone is a trademark of The Stepstone Corporation. 
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•a CLEVER TOY, BUT WE 
EXPECTED SOMETHING THAT WOULD 

BE MUCH MORE USEFUL~ 
AMERICAN JOURNALIST, 1879 



ll!T'S A GREAT PRODUCT, BUT 
I DOWT WANT TO LEARN A WHOLE 

NEW LANGUAGE JUST TO USE IT." 

For years, people have been intrigued with the 
latest in technology. But, they've been less than 
enthusiastic about learning how to put it to good 
use. The Transputer from INMOS is no exception . 

System designers agree that Transputer's 
are revolutionary, but the prospect of learning a 
new programming language has made some of 
them a little uneasy. 

The truth is, Transputers can actually be 
easily programmed i.n most high level languages 
developed for standard microprocessors including 
C, Fortran and Pascal. And, since Transputers are 
so much more than standard microprocessors, 
weve also developed OCCAM. 

But don't let that scare you. OCCAM actually 
eases the system designer's task by simplifying the 
representation and control of parallel systems. 
It's easy to learn and can be intermixed with the 
languages you already know. 

DESIGN ENGINEER, 1988 

And OCCAM creates a whole new program
ming dimension. Because a program running in a 
Transputer is formally equivalent to an OCCAM 
process, a network ofTransputers can be described 
directly as an OCCAM program. 

Together with just one or more Transputers, 
the formal rules of OCCAM provide the design 
methodology for true concurrency and unlimited 
system extendability. And OCCAM programs do 
not have to be rewritten as Transputer-based 
systems grow to utilize future levels of integration. 

So take another look at the Transputer with 
OCCAM. It's a revolutionary way of processing 
information. And it's easy to speak the language. 

TRANSPUTER 
• ·omJmos 

INMOS, Colorado Sprin>JS, Colorado 80935. Tel. 719-630-4000, Orange County 714-957-6018, Santo Claro 408-727-7771 , Denver 303-368-0561 , 
Minneapolis 612-932-7121 , Dollos 214-490-9522, Boston 617-229-2550, Baltimore 301 -995-6952, Atlanta 404-242-7444. 

INMOS Transputer ~ond IMS ore trodemorlcs of the INMOS Group of Compornes. 
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11lust because 
we have to be 

serious doesn 1t 
mean we have to 

be stodgy. 11 

John C. Miklosz 
Associate Publisher/ 

Editor-in-Chief 
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A change in style 
but not in substance 

W e've talked about it for a long time and now we've done it. It is 
Computer Design's new look. It's a look that's contemporary and 
makes for easier reading, but isn't flamboyant or too flashy. After all, 
Computer Design is targeted at senior design engineers and design 
engineering managers like yourself. You're serious about the techni
cal decisions you have to make, and Computer Design is serious 
about bringing you the kind of information that will help you in 
making those decisions. The look and the content of Computer De
sign have to work together, but just because we have to be serious 
doesn't mean we have to be stodgy. We think we've achieved the right 
balance and the right look. We hope you agree. 

It took some doing, and some key people working together: Bruce 
Sanders, the publication designer who turned verbal_ expressions of 
abstract descriptions into type and layouts; Jan Horner, our art 
director, and Jan Lopez, our production director, the two people who 
kept everything moving through design, typesetting and layout; 
Jan Kasiecki, our expert in composition who formatted the new pages 
on our page-makeup equipment; and Mari Rodriguez, our production 
manager, who saw to it that every detail of editorial, art, photogra
phy and type came together correctly at just the right time for this 
first issue-and who'll be doing the same for future issues. And final
ly, Susan Nykamp, our managing editor, and our indefatigable copy 
editors: Richard Dagley, Kerstin Rosenquist and Barbara-Ann Scofi
dio, all of whom had to struggle with unfamiliar type specs, new lay
outs and different ideas about graphics without missing a beat in the 
regular schedule. 

But a word ofreassurance among all of this hoopla about redesign. 
We've made some major alterations in our appearance, but we 
haven't changed our editorial charter. That charter, summed up in 
the subtly different tag line that you'll find right under the Com
puter Design logo, is to be "the first magazine of system design, devel
opment and integration:' Since our first issue, published in 1962, 
Computer Design has taken the "systems" view. It's a view that 
treats hardware design, software development and hardware/software 
integration-at all levels, whether chip, board or box-as inseparable 
aspects of the product creation and development cycle. Some other 
publications have apparently heard our message because they now 
include the word "systems" in their names. But Computer Design 
was the first-and will remain the first. The first magazine of system 
design, development and integration. 



The Complete UNIX/Real-Time Connection. 

OS-9 UniBridge 
Integrating UNIX and C applications in

to VMEbus systems has just been made 
easier with Microware's introduction of 
Un i Bridge. Uni Bridge is a complete devel
opment and communications package that 
allows you to connect your SUN 3, DEC 
VAX, HP 9000 or M otorola Delta worksta
tion, to the world's premier real-time oper
ating system : OS-9. 

Uni Bridge provides a ga teway so you can 
utilize UNIX in every phase o f VMEbus 

OS-9 utilizes common UNIX features: 

• Multi-user, Multi-tasking 
•UNIX 1/0 model 
•UNIX task model : 

• Pipes and Signals 
• Shell User Interface 
• Hierarchical Disk File 

System (fork, set priority,. .. ) 

... and more to connect you to Real-Time: 

• Fast task switching • Fast interrupt servicing 
• Data modules • Events and semaphores 
• Easy system generation 

and reconfiguration 
• Resident OS-9 compilers, 

assemblers and debuggers 

And no other operating system complements UNIX with real-time functionality 
better than 05-9. OS-9, like UNIX, is a complete operating system to provide 
extensive C and math libraries, independent file managers, inter-process 
communicati ons, debuggers and res ident compilers. Yet OS-9 is 100% ROM
able and executes in real-time to host thou sands of imaging, process control , 
data acquisition, communications and roboti cs projects worldwide. 

Best o f all , every module of UniBridge and 
OS-9 is written entirely by Microware to pro
vide you one source for technica l support and 
servi ce. 

From UNIX and C, to OS-9 and VME, contact 
Microware today and let your next real-time 
applica tion shine with UniBridge: The Com
plete UNIX / Real-Time Connection . 

system integration . From hosting C appli cation development to monito ring 
large real-time networks, UniBridge connects UNIX to your OS-9 ta rget 
system; whether it's ROM-based, disk-based , netwo rked or stand alone. 

UniBridge contains three high performance software mod ules that link 
UNIX and OS-9: 

• OS-9 / XCC Cross C Compiler allows you to produce compact, re-entrant 
and position independent C appli cati ons on your workstation for high 
speed execution on your OS-9 target. 

• OS-9 / ESP Ethernet Support Package provides industry standard BSD 4.2 
sockets for TCP/ IP communications with ful l FTP and Telnet support. 
Uni Bridge lets your workstati on become a rea l-time server. 

• OS-9 / SRCDBG debugs resident VMEbus applications at the C source 
level, all interactively, across the Ethernet network from your UNIX 
terminal. And UniBridge makes all file access and transfer transparent 
from system to system while you debug. 

OS-9 and UrnBndge are trademarks of Mtcroware Systems Corporation 
VAX and VMS are trademarks o f 01g1tal Equtpment Corporation UNIX 1s a trademark ol Bell l aboratories Sun is a trademark of Sun Microsystems. Inc 

Microware Systems Corporation 
1900 N. W. l 14th Street 
Des Moines, IA 50322 
Phone: 515-224-1929 

05-9 
Microware Western Regional Office - Sa nta Clara , CA 408 /980-0201; 
Microware Japan 0474 (22) 1747 
Distributors: West Germany 0622 1 ·86209 I; France ( I )43-33-96-38; Ital y (6) 76Z22 I; 
Switzerland (056) 83-3377; Sweden (0 18) 138595; Australia (02) 919-4917 
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LETTERS 

Accuracy and ease-of-use practical object recognition works 
We are writing to you concerning with gray-scale images. Use of color 
Richard Goering's article entitled often facilitates recognition of objects 
"Behavioral simulation speeds path- and, in many cases, can entirely elimi-
delay modeling;' (Computer Design, nate the need for image processing in 
April 1, p 33). Although it was gener- the recognition process. Color frame 
ally a fair and unbiased report, a sin- grabbers for PCs have been available 
gle sentence in the article incorrectly for several years from such manufac-
implied that the Cadnetix method for turers as Truevision (Indianapolis, 
behavioral model development might IN). Recently, Data Translation (Marl-
result in inaccurate models. We would boro, MA) and Coreco (Longueuil, 
like to set the record straight. Quebec) have added color frame grab-

During the process of design tool hers to their product lines. 
development, Cadnetix' focus has tra- Robert K. McConnell 
ditionally been twofold: to produce a Arlington, MA 

technologically advanced application 
tool that is also easy to use. For this Congratulat ions 
reason, Cadnetix developed a heuris- You've done a lot with Computer De-
tic method for creating behavioral sign in the last several years and are 
models. This approach allows Cadne- to be congratulated for not only the 
tix users to automatically model most technical quality of the magazine but 
parts to 100 percent accuracy, at a for your willingness to speak out on 
very rapid rate. As cited in your arti- issues of conscience. It seems that 
cle, this is the case because the system technology is ever in danger ofbecom-
heuristics do not automatically ad- ing its own god. Ifwe are to be masters 
dress certain situations (e.g., trans- of technology, rather than be mas-
mitting from floating to unknown tered by it, we must always be mindful 
states). In these instances, the user of the consequences. 
can add his or her own rules, with a David Barnes 
minimum of effort, to complete the M anager, M arketing Communications 
model(s) in question. Cadnetix has Advanced Processor Division, Intergraph 

chosen this approach in order to offer Palo Alto, CA 

customers both ease of use-the hall-
mark ofall Cadnetix tools-and 100 Sign me up 
percent model accuracy. I have been using copies of your maga-
David Niehaus zine at other institutions very produc-
CAE Product Market ing M anager tively for about a year, and I would 
Chuck Robertson like to compliment you on a fine publi-
CAE Product Development cation. Computer Design has been so 
Cadnetix 

useful , in fact, that I wonder if you Boulder, CO 
would consider adding me to your 

Recognizing two misconceptions 
"qualified subscriber" list. 

I am an investigator on NIH-funded 
I enjoyed the Special Report on Object research in lung physiology, and the 
Recognition (Computer Design, May 1, work involves acquiring, setting up, 
p 69). The article does, however, rein- and running a digital image-proces-
force two common misconceptions sing workstation in my lab, with a 
about object recognition. Both of these couple of different image sources. The 
are exemplified by the statement in system will probably be a Sun-3/150 
the second paragraph: "All practical with Vicom image-processing board 
image processing works with gray- set and software, a Sky array pro-
scale images." cessor, and an Interphase H-SMD in-

First, image processing and object terface, with a 330-Mbyte hard disk, 
recognition aren't synonymous. Image 4-Mbyte system memory and 8-Mbyte 
processing customarily imp! ies image memory to start with. I do 
modification of one image to produce a much of the programming and have 
new image. It is used to enhance cer- done the investigations and winnow-
tain diagnostic features relative to ing out that led to these choices, so 
other features. Image processing is your magazine could be quite a help. 
often, but not always, used as part of Eben H. Oldmixon 
traditional object recognition procedures. M emorial Hosp ital of Rhode Island 

Second, it is no longer true that all Pawtucket, RI 
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This powerful new graphics processor 
comes with one very important attachment. 

Introducing 
the Vexcel 
GT-the 
most versa
tile graphics 
and data 
communi-
cations 

system ever developed - from KMW 
Systems. 

The Vexcel GT vector-to-raster con
verter provides an optional Ethernet 
LAN connection, which allows multiple 
users to share hardcopy output devices 
such as electrostatic plotters more 
productively than ever before. 

The Vexcel GT is ideal for high
density mapping and other complex 
electrical and mechanical CAD applica
tions. Features of the Vexcel GT 
include: 
• file transfer through standard Ethernet 

TCP/IP protocols 
• support for both HPGL 7585/7586 and 

CGM 
• multiple input and output capabilities 
• optional external spooler with a 

capacity of up to 140 megabytes 
• support for virtually all electrostatic 

plotters 
• unattended overnight plotting 

abilities 
• raster buffer storage for up to 

200-dpi E-size plots or 400-dpi 
C-size plots 

• internal disk subsystem for 
extremely dense plots 

• full color support, with 
user-selectable opaque or 
transparent modes 

See us at SIGGRAPH, Booth #1418 

Your LAN. 

The lat.est solution 
frornKMw. 

The Vexcel GT is the newest graphics 
processor from KMW. If you don't 
require the extensive capabilities of the 
Vexcel GT, you'll find all the process-
ing power you need with KMW's cost
effective VP-10. 

The VP-10 is perfect for less 
demanding applications, with the capa
bility of driving color or monochrome 
printers or plotters up to 24" wide. 

Unrnat.ched senice and 
support. 

You can count on KMW's dedicated 
field service team for support 
after the sale. We also 
offer a technical support 
hotline for immediate 
answers to your 
questions. 

Hewlett -Packard Graphics Language is a registered trademark of Hewlett-Packard. Plot data courtesy of Versacad. 
©1988 KMW Systems Corporation 

KMW has been helping companies 
make the right connections for more than 
ten years, with graphic element proces
sors, protocol converters, and channel 
interfaces. We have sales representa
tives across the nation, as well as in 
London. Call (800) 531-5167 for the sales 
office nearest you. 

B KMW 
SYSTEMS 
CORPORATION 

(800) 531-5167 
In Texas, (512) 338-3000 
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FDDI. 
From deskwork to 

network. 

Good news for networks! 

The X3T9.5 Task Group, under 
the procedures of ANSI Accredited 

Standards Committee XJ. has 
rea.iJirmed approval of the Media 
lnterj(J.ce Connector (M!C)jor the 
p[Qposed FDDI (Fiber Distributed 

Data lnterj(J.ce) Physical layer 
Medium Dependent (PMDJ document. 

AMP and OPTIMATE are trademarks of AMP Incorporated. 

More good news! AMP 
has the complete fiber optic 

interconnection system-the AMP 
OPTIMATE Fixed Shroud Duplex 
System-that meets all FDDI PMD 
requirements. And includes all the 
physical components you need to 
make your fiber optic network a 
reality. 

Of special note: the transceiver 
-the first of its kind-is capable of 
operating at data rates up to 125 Mb/s. 
Available in standard or raised ( + 5v) 
ECL logic, it gives you a compact, 
board-mount data link in a single 24-
pin module. Reliable duplex mating 

and electro-optic conversion are now 
easier than ever. 



All system compo-
nents, in fact, are easy to 
install and reconfigure. Our 
field termination kit makes 
short work of attaching 
duplex connectors to fiber 
cable. And because all inter
connections use a floating 
interface, you get consistent, 
low-loss mating (0.6 dB typical) 
throughout. 

You can also order 
complete, custom-built cable 
assemblies from us. Either 
way, you'll have the assured 
compatibility that comes 
from dealing with only one 
supplier for all your FDDI 
interconnection components. 
A supplier whose capability 

AIVIP 
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in fiber optic technology is everything 
you'd expect from the world's largest 
connector company. 

For technical literature and 
more information, call l-800-
522-6752. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

Interconnecting ideas 



For Long Life. 
In the Fast 
Lane. 
Rev-up your system 
with llitachi's 
durable new 382MB 
driving machine 

Who says fast can't 
last~ Not Hitachi. Our new DK514-38 
382MB 5.25-inch drive brings you lightning
fast performance with unbeatable reliability. 

Sophisticated technology has cut average 
seek time to a scorching 16ms, and increased 
the data transfer rate to I. 8MB/sec. Normally , 
you'd expect such speed to cost endurance. Not 
with Hitachi . In-house design and production 
of all major components and the most stringent 

Hitachi DK514-38 38ZMB 5.15" Winchester 
16ms seek 
J. BMB/sec. transfer 
ESDI, E-SMD, SCSI interface 
30,000MTBF 

quality assurance 
program in the industry give 

the DK514-38 30,000-hour MTBF. 

If your super-micro, mini or workstation 
demands a drive that can keep up with your 
processor, and do it over the long haul, our 
DK514-38 is one machine you can't afford to 
pass up. 

To learn more about this powerful , 
dependable performer, contact your best 
partner for mass-storage solutions ... Hitachi. 
We'll show you the right way to drive. Fast. 
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Fast Action: 

To get product literature immediately, 
CALL TOLL FREE 1-800-538-8157 , Ext. 877. 
In California, 1-800-672-3470, Ext. 877. 
Ask for literature number PB-514. 
Regional Sales Offices: Natick , MA 
617/655-5501 • Dallas, TX 214/991-7983. 
Brea, CA 714/993-1610 • San Bruno, CA 
415/872-1902 

Hitachi America, Ltd. 
Computer Division 
950 Elm Avenue, Suite 100 
San Bruno, CA 94066 

@HITACHI" 



•TECHNOLOGY UPDATES 

COMPUTERS AND SUBSYSTEMS 

Application tuning: 
a key to RISC system development 

associative data cache was working 
well, its similar instruction cache 
wasn't suited for some applications. 
In data base applications in particu
lar, Gimple 's team discovered that 
the working set, which is the portion 
of an active program that is most fre
quently executed, was much larger 
than had been the case for more 
traditional Unix-based applications. 
This larger working set didn't fit in 
the instruction cache, resulting in a 
loss of efficiency . 

Ron Wilson, Senior Editor 

T
he fundamental principles of 
reduced-instruction-set com
puter design assume a smooth 

flow of instructions through the 
CPU. To achieve this flow at high 
CPU speeds, RISC designers rely on 
extensive instruction and data 
caches. But for this strategy to beef
fective , every part of the system, from 
instruction set to operating software 
to applications code, must work to 
minimize flushing and reloading of 
the caches. Designers at Pyramid 
Technology (Mountain View, CA) 
and Hewlett-Packard (Palo Alto, CA) 
have used system-level simulations 
with actual application-code samples 
to choose their cache-management 
strategies. 

Pyramid has used actual applica
tion data extensively in the design of 
its new 9000TA processor family . 
The approach lets Pyramid's design
ers increase throughput substantial
ly by tuning the instruction set, 
Unix-derived operating system and 
cache organization without major 
changes to the CPU execution unit . 
"We have performance gains of 30 to 
100 percent on data base and 
network-serving applications, even 
though the underlying Mips figure 
has increased by only 5 percent,'' 
says Stephen Tolchin, vice-president 
of software development at Pyramid. 

I Tailoring cache to application 
The performance enhancements in 
the 9000T A family were born during 
architectural research for an entire
ly different family of Pyramid 
products. " In the course of develop
ing our next-generation product, we 
took instruction streams from Pyra
mid machines in production environ
ments and ran the streams through 
four levels of simulation. We fo und 
that for many applications, we could 
make substantial improvements in 
throughput without an entirely new 
architecture,' ' says William Gimple, 
vice-president of systems technology 
and product marketing. 

"First, we made important changes 
in the way Unix schedules jobs for 

the CPUs in a system. Then we made 
hardware changes focusing on the or
ganization of the instruction cache," 
he continues. Pyramid's investiga
tion of the instruction streams 
showed that, while its two-way set-

''We have 
performance gains of 
30 to 100 percent on 

data base and 
network-serving 

applications, even 
though the underlying 

Mips figure has 
increased by only 

5 percent. 11 

- Stephen Tolchin, Pyramid Technology 

I I I 

I Eight-bank organizat ion 
The design team began trying vari
ous instruction cache designs with 
their simulation. They found that no 
matter how large they made a two
way set-associative cache, it still had 
problems with the large working 
sets. When a process became inac
tive, at least half of the instruction 
cache had to be invalidated. 

The designers' novel solution was 
a 256-kbyte cache, organized into 
eight banks. Rather than being 
strictly set-associative, the banks are 
associated with a process identifica
tion code assigned by the operating 
system. Each active process in a 
CPU, therefore , can have its own 

William Gimple, vice-president of systems technology and product marketing for Pyramid 
Technology, discusses performance evaluation results of the new caching subsystem 
Pyramid developed for its 9000TA processor family. By using application data extensively 
in designing the family, according to Gimple, Pyramid's designers increased throughput 
by tuning the instruction set, Unix-derived operating system and cache organization 
without major changes to the CPU extension unit. 
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COMPUTERS ANO SUBSYSTEMS 

bank of instruction cache, even if 
many processes share the same vir
tual address range. The result is that 
when a process becomes inactive, 
only a small portion of the instruc
tion cache has to be invalidated. 

I Another application-tailored design 
The developers of the Precision 
Architecture at Hewlett-Packard 
were among the first to use compre
hensive application-code samples to 
tune their system design. "The start
ing point for design of the Precision 
Architecture was an extensive set of 
code samples from actual applica
tions running on existing HP sys
tems. The data covered interactive 
and batch environments and con
tained code generated in all of the 
popular languages," says Michael 
McMahon, district manager for HP's 
information technology group. 

The HP designers fed their code 
samples into an iterative process. 
"We would postulate an architecture 
from observations of the actual work
load and then validate it with feed
back from the software and hardware 
implementation groups," explains 
McMahon. This approach led to 
many of the key characteristics of the 
HP RISC CPU, including the design 
of the instruction set and the organi
zation of the register file. In addition, 
the application data influenced cer
tain system software decisions, such 
as the way registers are managed 
during a context switch. 

I Embedded-system implications 
The experiences of HP and Pyramid 
designers indicate the value of tun
ing a RISC system with real applica
tion code samples rather than 
benchmarks. Both companies found 
that non-CPU issues such as context
switching strategies and cache-man
agement techniques have an impact 
on real system throughput in the 
commercial environment. 

As RISC machines move into 
embedded applications, the same 
conclusions may remain valid. Like 
large data base and transaction
processing installations, embedded 
computers tend to have a small set of 
tasks that must be performed within 
a fixed response time. Like commer
cial systems, embedded computer be
havior has been notoriously hard to 
predict from benchmarks. And like 
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the larger systems, embedded com
puters are known to be sensitive to 
such issues as context switching time 
and cache hit rates. 

It may well be that system model
ing and tuning using actual code 
samples will be a key tool in RISC 
embedded system development. This 

technique may offer designers a way 
to choose between on-chip and exter
nal caches, to select caching strate
gies, and to plan real-time kernel 
designs. Certainly if the technique 
can yield the kind of performance im
provements reported by Pyramid, it's 
worth a try. I 

PS/2 boards equipped for speed 
in data-acquisition tasks 
Sydney F Shapiro, Research/Special Projects Manager 

A lthough the IBM PC is still by 
far the dominant controller 
for laboratory and small-to

medium factory data-acquisition sys
tems, there's little question that sys
tem designers will eventually re
place the PC with a faster, more ver
satile small computer. As would be 
expected, one contender-the Micro 
Channel-based IBM Personal Sys
tem/2-has a major advantage over 

Designers of data
acquisition systems 

will likely opt for 
boards that meet the 

PS/2 specifications 
because the Micro 
Channel bus can 

handle much higher 
throughputs than can 

the 16-bit AT bus. 

Ill 

any other computer competitor. Sim
ply because it's an IBM product, the 
PS/2 is most likely to be the eventu
al successor to its elder sibling. 

A main concern of users of data
acquisition systems is how quickly 
they can input and access data. One 
reason that designers of data-acqui
sition systems will likely opt for 
boards that meet the PS/2 specifica
tions is the capability of the Micro 
Channel bus architecture to handle 
higher throughputs than can the 
16-bit AT bus. That's particularly 

true with the 32-bit 80386-driven 
PS/2 Model 80 and the Model 70 386. 
While direct memory access on PC-

, based products is limited to about 
400 kbytes/s (unless special, costly 
measures are taken), it's possible to 
routinely obtain throughputs of up to 
1 Mbyte/s on the Micro Channel. 

Multiple DMA channel capability 
of the Micro Channel bus architec
ture lends another advantage to the 
PS/2. The IBM PC AT provides only 
two DMA channels; the PS/2 has 
eight. A designer of a data-acquisi
tion system, therefore, can provide 
multiple boards without worrying 
about one going fast because it's un
der DMA and another going slow be
cause its 1/0 operations are limited 
by the CPU. 

I PS/2 board threesome 
National Instruments (Austin, TX) 
announced its first PS/2 data-acqui
sition board-the MC-GPIB IEEE-
488 interface-last July, only a few 
months after IBM introduced the 
PS/2. Now, a year later, National has 
announced three very high speed 
data-acquisition boards that let IBM 
PS/2 Models 50 through 80-includ
ing Models 70 386 and 50 Z, which 
were introduced in June-handle 
time-critical laboratory and factory 
applications. 

National Instruments ' efforts 
haven't been limited to the PS/2. In 
fact, one-quarter of National's busi
ness has focused on boards for the Ap
ple Computer Macintosh II and its 
Nubus, according to James Truchard, 
president. The company's expertise 
in designing data-acquisition boards 
for other buses, however, has aided in 
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An International Symposium and Exhibition on 
Fiber Optics, Optoelectron ics, and Laser 
Applications in Science and Engineering 

6- 10 September 1988 • Boston Marriott Copley Place Hotel • Boston, Massachusetts USA 

Cooperating Organizations: Applied Optics Laboratory / New Mexico State University 
Center for Applied Optics Studies / Rose- Hulman Institute of Technology 

Center for Applied Optics / University of Alabama in Huntsville • Center for Electro-Optics / University of Dayton 
Center for Optical Data Processing / Carnegie Mellon University • Electro-Optics Technology Center / Tufts University 

Georgia Institute of Technology • The Institute of Optics / University of Rochester • Massachusetts Fiberoptic Council 
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Two-Conference Program on 

Lasers and Applications 
• Excimer Beam Applications 

Conference Chairs: Anthony Pirri , Physical Sciences, Inc.; 
Bernhard P . Piwczyk , Leitz-Image Micro Systems Co. 

• Advances in Photochemotherapy 
Conference Chair: Tayyaba Hasan, Wellman Labs ., Harvard 
Medical School and Massachusetts General Hospital 

Two-Conference Program on 

Laser Radar and Wavefront Control 
• Laser Radar II I 

Conference Chair: Richard J . Becherer, Science Applications 
International Corporation 

• Laser Wavefront Control: Critical Reviews of Optical 
Science and Technology 
Conference Chair: John F. Reintjes, Naval Research Laboratory 

Four-Conference Program on 

Fiber and Laser Sensors 
• High Bandwidth Analog Applications of Photonics II 

Conference Chair: Barry T. Neyer, Monsanto Research 
Corporation / Mound 

• Fiber Optic and Laser Sensors VI 
Conference Chairs: Eric Udd, McDonnell Douglas Astronautics 
Company; Ramon DePaula , Optical Technologies , Inc. 

• Fiber Optic Smart Structures and Skins 
Conference Chair: Eric Udd, McDonnell Douglas Astronautics 
Company 

• Chemical, Biochemical, and Environmental Applications of 
Fibers 
Conference Chair: R. A. Lieberman, AT&T Bell Laboratories; 
M . T. Wlodarczyk, General Motors Research Laboratories 

Boston '88 Exhibition 
The 0 -E/FlB ER LASE Exhibition, located in the hub of 
the Northeast fiber, laser, computer, and co m munica
tio ns industries, will present a major exhibition of 
related products and services. while emphasizing 
device and equipment demonstrations and use. 

Exhibit Coordination and Promotion by 

Two-Conference Program on 

High Data Rate Atmospheric, Space, and 
Analog Communications 
• High Data Rate Atmospheric and Space Communications 

Conference Chair: Robert Hauptman, Ford Aerospace and 
Communications Corporation 

• High Frequency Analog Communications 
Conference Chair: Paul Sierak, Rome Air Development Center 

Four-Conference Program on 
Fiber Optic Communications 
• Fiber Optic Datacom and Computer Networks 

Conference Chairs: J. E. Hayes, Fotec Inc.; J. Pazaris, Digital 
Equipment Corporation 

• Components for Fiber Optic Applications and Coherent 
Lightwave Communications 
Conference Chairs: Paul M. Kopera , Amphenol Fiber Optic Products; 
Harish R. D. Sunak , University of Rhode Island 

• Fiber Optic Systems for Mobile Platforms II 
Conference Chairs: Norris Lewis, Litton Poly-Scientific 
Divisio n / Engineering and Research; Emery L. Moore , Litton 
Systems, lnc. / Guidance and Control Systems Division 

• Fiber Optics Reliability: Benign and Adverse Environments II 
Conference Chairs: Dilip K. Paul, COM SAT Laboratories; Roger 
A. Greenwell, Science & Engineering Associates, Inc.; Shekhar 
Wadekar, University of Delaware 

Two-Conference Program on 
Integrated Optoelectronics 
• Optoelectronic Materials and Devices, Packaging, and 

Interconnects II 
Conference Chairs: Glen McWright , Lawrence Livermore National 
Laboratory; Henry Wojtunik, Microwave Semiconductor 
Corporation 

• Integrated Optical Circuit Engineering VI 
Conference Chair: Mark A. Mentzer, Sechan Electronics , Inc. 
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t he design of its new PS/2 boards. 
Designers used the knowledge gained 
from their development of Nubus 
boards to fit all the components re
quired for high-speed data acquisi
tion on the small-format boards used 
in the PS/2, Truchard says. 

One of the three PS/2 boards in
troduced by National Instruments is 
the MC-MI0-16, a high-performance, 
multifunction analog, digital and 
timing I/O board with a Micro Chan
nel DMA interface. Even though the 
Micro Channel card size is 29 percent 
smaller than that of the Macintosh 
II, all of the functions on the Nubus 
board have been included in this PS/2 
board, according to Audrey Harvey, 
engineering group leader for data ac
quisitions. National accomplished 
th is, she says, by reducing compo
nent counts on the MC-MI0-16 
through the use of a commercially 
available PS/2 Micro Channel inter
face gate array. 

I Features lend speed and accuracy 
Two features of the MC-MI0-16 PS/2 
board are software-programmable 
gain and analog-to-digital (A-D) first
in, first-out (FIFO) timing. With the 
PC versions, data-acquisition boards 
either had fixed gains determined by 

the values of resistors on the boards 
or hardware jumpers that had to be 
moved to change the gain. The latter 
solution meant that the boards had 
to be removed for every gain change, 
which endangered the accuracy of 
the gain setting unless the board was 
handled very carefully. With soft
ware-programmable gain, however, 
several gain settings can be set in ad
vance, and there's no need to access 
the boards physically. 

An A-D FIFO gives the PS/2 boards 
higher throughput speeds. With PC 
boards, data-acquisition and through
put speeds were limited by on-board 
counters that had to count down be
fore a data conversion could be in
itiated. The converted data was then 
stored until the system was inter
rupted by a DMA request. If the com
puter could respond within one sam
ple interval, there would be no need 
for a FIFO because the last value 
stored would then be read out before 
the next value arrived. But latency 
can be highly variable, and the tim
ing sequence can't be assured. The 
A-D FIFO memory buffers the inputs 
and allows storage of up to 16 values 
before the memory has to be serviced 
by the computer. This increases by 
an order of 16 the time that can be 
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Although much of the expertise for development of National Instruments ' line of data 
acquisition boards for the IBM Personal System/2 Micro Channel bus architecture resulted 
from the company's experiences in designing similar boards for Apple Computer's 
Macintosh II, comparable functions could be included on the PS/2 boards only through 
use of Micro Channel interface gate arrays. 
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tolerated before data is lost. 
The MC-MI0-16 also provides on

board timing, a flexible automatic 
channel-scanning system, double
buffered D-A converters and timer
generated interrupts. It has a 12-bit 
A-D converter with 16 single-ended 
analog inputs, two 12-bit D-A con
verters, eight lines of TTL-compat
ible digital I/O and three 16-bit 
counter/timer channels. 

Conversion times for three avail
able versions of this board differ ac
cording to the speed of the on-board 
A-D converter. A 9-µs board samples 
data acquired at a typical rate of 100 
ksamples/s, a 15-µs board samples at 
71 ksamples/s, and a 25-µs board 
samples at 45 ksamples/s. 

I Completing the set 
A second PS/2 board, the MC-DI0-
32F, is a high-speed 32-bit parallel 
digital I/O interface that features a 
maximum DMA transfer rate of 
400,000 16-bit words/s. Its 32 lines of 
digital I/O are divided into 4 bytes, 
with each byte programmable as in
put or output. Compatibility to a 
wide range of peripheral devices and 
other computers is attained through 
several digital 1/0 handshaking op
tions. Two DMA channels can receive 
16-bit transfers simultaneously. 

Completing the picture is the MC
DI0-24, a 24-bit parallel digital I/O 
interface for applications that don't 
require more than a maximum trans
fer rate of 300 kbytes/s. A program
mable per ipheral interface controls 
24 bits of digital I/O. This board can 
operate in either unidirectional or bi
directional mode and can generate 
interrupt requests. 

A salient feature of these new 
boards, according to National Instru
ments' Harvey, is a timing bus that 
the company had first developed for 
Nubus data-acquisition boards. Con
ventional computer buses don't pro
vide high-speed timing signals 
because they're more concerned with 
data transfers, addressing and inter
rupts. But data acquisition requires 
timing signals between boards, and 
timing buses provide the necessary 
paths for these signals. This feature, 
plus the inherent speed of the PS/2 
Micro Channel, provide a solid plat
form for the PS/2 as the eventual suc
cessor to the PC and the PC AT for 
data-acquisition applications. • 
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SCSI adapter ties computers 
and peripherals into Ethernet 

In addition, the intelligent nature 
of SCSI fits well with a network such 
as Ethernet, which uses CSMA/CD 
(carrier sense multiple access/colli
sion detect) protocols. Such networks 
are fairly unpredictable in terms of 
exactly when a request for access or 
data will be granted. SCSI's discon
nect/reconnect ability lets an inter
face accept a request and data from 
the host, then free the host until, for 
example, the interface has obtained 
access to the network, has transmit
ted the packet, and needs more data. 
The interface then can "reconnect" 
with the host by issuing an interrupt 
without the host having to poll it. By 
the same token, the host doesn't need 
to get involved with trying to gain ac-

Tom Williams, Western Managing Editor 

Anew, flexible LAN interface 
unit lets any device using the 
small computer system inter

face (SCSI) connect to any Ethernet 
network. The SCSI-based Nodem 
from Adaptec (Milpitas, CA) acts as 
an Ethernet interface for systems 
that already have SCSI. The connect
ing device can be a peripheral-such 
as a disk drive or a printer-or a com
puter system. When the device is 
a computer, network-based applica
tions can be easily ported to Ethernet 
or written specifically for Ethernet 
by using protocols to Ethernet's data
link layer of the Open Systems Inter
connection model. 

Since SCSI supports eight devices 
per controller, a Nodem link to Ether
net can be daisy-chained with other 
SCSI devices such as disk or tape 
drives. The SCSI sees the Nodem as 
just another device on the SCSI bus. 

I Low-cost interface to Ethernet 
Adaptec developed the unit because 
the company saw a need for a low
cost interface to Ethernet from IBM 
PC XTs and PC ATs, Apple Macin
toshes, minicomputers and so forth, 
according to Joe Carballosa, Adap
tec's LAN product manager. Adaptec 
has initially targeted its hardware 
and software product for the Macin
tosh because it has a built-in SCSI 
port. The software lets applications 
written for the Appletalk protocols 
run unmodified on Ethernet. 

Adaptec will also soon offer similar 
protocols for IBM PCs and compati
bles running DOS, as well as for OS/2 
and its LAN manager. Any computer 
with a SCSI adapter and software to 
access Ethernet will be able to use 
the Nodem. Initially, Adaptec will 
adapt popular network software to 
the Nodem, but third parties can also 
easily write or adapt applications to 
the Ethernet protocols. 

Adaptec designed the Nodem inter
face without using any specialized 
Ethernet silicon. In addition to a 
microprocessor and memory, the 
Nodem uses Adaptec's AIC-6250 
SCSI controller and AIC-011 serializ-

er/deserializer (Serdes). The Serdes, 
which is used in SCSI disk con
trollers to encode sector formats, is 
flexible enough to encode the data 
packets Ethernet uses. 

I A speed advantage 
Connecting to Ethernet via the SCSI 
port gives microcomputers like the 
Macintosh a definite speed advan
tage. Because SCSI runs at about 
8 Mbits/s (1 Mbyte/s) in its asyn-
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The Adaptec Nodem is built from off-the-shelf parts that include a microcomputer, RAM 
and ROM, and from Adap tec /Cs for use in SCSI cont rollers for tape and disk-type 
peripheral controllers. No specially designed Ethernet /Cs are needed. The Nodem can 
interface to standard Ethernet, Cheapernet or twisted-pair Ethernet. 

chronous mode, it's on a fair speed 
parity with Ethernet and lets sys
tems take nearly full advantage of 
Ethernet's 10-Mbit/s bandwidth. 
SCSI II, expected to run at around 4 
Mbytes/s in synchronous mode, will 
have speed to spare. Applications 
that use Appletalk can run at only 
230 kbits/s using Local talk, Apple's 
physical and data-link architecture. 
This difference in speed means that 
254 Appletalk nodes can be connect
ed via Ethernet, compared to only 32 
connected via Localtalk. 

cess. SCSI also has a target/initiator 
mode that allows easy peer-to
peer communication: any SCSI de
vice can either initiate a connection 
or be the target of a communication. 

Adaptec plans to expand the SCSI
to-Ethernet link to include other 
LAN standards such as IEEE 802.5 
token ring, according to Carballosa. 
Since a single SCSI host adapter can 
accept up to eight devices, multiple 
Nodems could be placed on a single 
host to act as gateways between 
different network architectures. • 
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Fast, full-featured 4-M bit 
DRAM controllers begin to surface 
5. Louis Martin, Contributing Editor 

T
he fi rst 1-Mbit dynamic RAM 
controller appeared just two 
years ago, with the inconspicu

ous introduction of the huge, complex 
WE32103 chip from AT&T (Berkeley 
Heights, NJ). Designers generally 
fe lt, however , tha t the AT&T part 
was overkill for their needs. Nation
al Semiconductor (Santa Clara, CA) 
and Monolithic Memor ies (Santa 
Clara, CA) were the next vendors to 
introduce competitive 1-Mbit DRAM 
controllers, followed about a year 
later by Advanced Micro Devices 
(Sunnyvale, CA) and Texas Instru
ments (Dallas, TX). Now, with the ap
proaching availabilit y of 4-Mbi t 
DRAMs, National is first to intro
duce a controller for those devices, 
and a newcomer to the DRAM con-

troller market-Korean Samsung 
Semiconductor (San Jose, CA)-is in 
hot pursuit. 

Considering the huge consumption 
of DRAMs as opposed to static RAMs 
and other types of memories, it's sur
prising that there are relatively few 
vendors offering controllers for 
DRAMs. Clearly, Samsung and Na
tional Semiconductor have recog
nized the importance of the DRAM 
controller at an opportune time. 

F or each new generation of 
DRAMs, National Semiconductor 
has consistently produced con
trollers. The company's latest offer
ings are the DP8420/21/22. The 
DP8420 addresses 256-kbit DRAMs; 
t h e DP8421 addresses 1-Mbit 
DRAMs; and the DP8422 addresses 

THE DP8422 4-MBIT DRAM CONTROLLER 
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The DP8422 from National Semiconductor is a full-featured, 4-Mbit dynamic RAM 
controller that's programmable for just about any microprocessor. In addition to pro
grammability, it includes access/refresh arbitration, multiple row-address strobe and 
column-address strobe for bank selection and byte or word access. It also allows dual
accessing of ORA Ms by two separate processors. 
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the upcoming 4-Mbit devices. The 
devices are functionally identical, ex
cept for the DP8422's provision for 
dual-accessing. 

I New features lend flexibility 
The previous generation of con
trollers from National (the DP8428 
and DP8429) offered the basics of 
DRAM support, such as DRAM driv
ers, refresh counters, row/column 
multiplexing and multiple row
address strobe (RAS) lines for activat
ing multiple banks of DRAMs. The 
new generation offers important ad
ditional features, many of which Na
tional and Monolithic Memories 
criticized as overkill in the AT&T 
chip two years ago. However, the new 
design keeps the pin count down to 
84 pins on the DP8422, compared to 
the AT&T part's 132 pins. 

Probably the most striking new 
feature of the National part is its 
programmability. "It allows the con
troller to be interfaced to all the 
major processors," says Timothy 
Garverick, design engineering man
ager at National. This is accom
plished by loading a 22-bit register at 
power-up. 

Another new feature of the DP8422 
is dual-port access, which is particu
larly useful in cases where two in
dependent processors need to access 
the same bank of DRAM. This isn't 
an uncommon situation, according to 
Garverick. "Laser printer applica
tions in particular benefit from dual
port access," he says. For instance, 
when National's 32CG16, which is a 
special processor for graphics, is used 
in conjunction with another general
purpose processor, dual-port access 
lets both processors access memory 
through a single DRAM controller. 

The National device features ac
cess/refresh arbitration, a process 
that's new to industry, according to 
Michael Sodergren, National's man
ager of interface product marketing. 
Access/refresh arbitration is accom
plished by providing a wait signal to 
the processor during refresh opera
tion to hold off access. Providing the 
arbitration signal from the DRAM 
controller saves at least one chip in 
the memory-system design. 

The DP8420/21/22 also provide 
four column-address strobe (CAS) 
outputs, CAS0-3, which can be as
serted independently. Each CAS out-



put can be used to select 1 byte from 
a 32-bit-wide memory, letting the 
memory system respond with any 
combination of the 4 bytes in a word. 
The CAS outputs were a feature of 
the previous-generation Monolithic 
Memories part that National chose to 
add to its latest controller. 

I Determining in-circu it speed 
National rates the latest version of 
the controllers, due for availability 
sometime soon, at 25 MHz. While 
this is a succint way to state the 
speed of the parts, it doesn't tell the 
designer much about how fast the 
controller will work in-circuit. For 
that information, designers have re
lied on other figures entirely. 

In the older generation of con
trollers, the favorite basis of compar
ison was the delay time between the 
RAS input and the assertion of CAS 
low, often referred to as tRICL. But 
in the new-generation chips that in
clude their own microprocessor inter
face, the most appropriate measure is 
the delay between address strobe low 
and CAS low, known as tPADSCL. 

Because N ational's parts are 
programmable, the picture is more 
complicated. The RAS address hold 
time (tRAH) and the address setup to 
CAS time (tASC), programmable in 
the new devices to accommodate 
different types of DRAMs, both affect 
tPADSCL. So the speed of the part 
has to be stated with reference to its 
programming. For instance, when 
tRAH is programmed to be 15 ns and 
tASC is programmed to be 0 ns-a 
fairly typical setting for conventional 
DRAMs-tP ADSCL is 79 ns for the 
25-MHz National part. 

An even more meaningful measure 
of performance can be obtained by 
calculating the required number of 
wait states for a particular processor 
that's operating at a specified fre
quency and working with DRAMs 
with a specified access time, accord
ing to Garverick. For instance, an 
80386 processor operating at 20 MHz 
and using 100-ns DRAMs will need 
one wait state in pipelined access 
mode and two wait states in nonpipe
lined mode. 

The DP8420/21/22 are CMOS 
devices. The price for the DP8422 is 
$25 .30 in quantities of 1,000 for the 
25-MHz part. 

Samsung Semiconductor sees its 

INTEGRATED CIRCUITS 

''We expect that once 
we go through the 

normal cycle of process 
optimization, we 

should be up around 
40MHz. 11 

- Mike Levis, Samsung Semiconductor 

I I I 
entry into the DRAM controller mar
ket as an important step. "Samsung 
is a very large supplier of memory 
products, and our intent here is to po
sition ourselves as the leading suppli
er of memory-system components," 
says Mike Levis, product marketing 
manager. 

Samsung is about to introduce l
and 4-Mbit DRAM controllers, the 
KS84C21 and the KS84C22, respec
tively. The Samsung devices are 

It 's what you expect from a 
finely-tuned machine. It 's what 
you get from our 68HC I I cross 
development toolkit. The toolkit 
consists of a highly optimized C 
cross compiler and powerful 
support tools, a macro assem
bler and a microprocessor 
simulator. In short, everything 
you need -
for 
devel
oping 
C Lan
guage 

quite similar to the National devices, 
according to Levis. "Our parts are a 
superset of National's implementa
tion, and we have a lot of added fea
tures," he says. While the word 
"superset" may overstate Samsung's 
case, the parts do combine many of 
National's features with some exclu
sive to the Korean vendor. 

Multiple RAS and CAS (RAS0-4 
and CAS0-4) will be available on the 
new parts, just like on the National 
parts, allowing for multiple bank 
selection (up to four banks) and for 
byte access as well as word access. 
Any combination of bytes within a 
32-bit word, as well as the entire 
32-bit word, may be selected. 

The first product to be available 
will be a 25-MHz device, like the up
coming revision of the National part, 
but Samsung also expects to in
troduce a 40-MHz version soon. Cur
rent silicon tests at just under 40 
MHz, claims Levis. "We expect that 
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effort reformatting files 
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together they deliver optimized to receive an up-to-date list 
performance that wi ll improve of compatible emulators, 
your productivity. That 's call our toll-free number. 
because all the compo- a 800-225-1030 . With-
nents of the toolkit in Massachusetts, call 
~have been sp-ecifically ' ·,___50~8-692-7800 . 
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The KS84C22 dynamic RAM controller from 
Samsung Semiconductor is functionally 
very similar to National Semiconductor 's 
DP8422. Multiple column-address st robe 
(G) and row-address strobe (RAS) (H) allow 
for multiple bank selection (up to four 
banks) and for byte access and word 
access. Software programming and mask 
programming (A) are available. The device 
also features 11 address outputs (B); a row/ 
column multiplexer (C); RAS bank decoding 
(D); WAIT, RFIP and WE drivers, (E), (F) and 
(I), respectively; and a precision delay (J). 

once we go through the normal cycle 
of process optimization, we should be 
up around 40 MHz,'' he says. For the 
25-MHz Samsung part, when pro
grammed for tRAH= 15 ns and 
tASC = 0 ns, tP ADSCL is 85 ns-6 ns 
slower than for the similarly pro
grammed National part. But Sam
sung's 40-MHz device should bring 
that value down considerably. 

The Samsung devices will also be 
register-programmable, with two 
varieties available. A software
programmable version is intended 
for small-volume applications for 
which it's anticipated that the access 
mode could change. For higher vol
ume applications, there will be a 
mask-programmable version. "Once 
the application development is com
pleted, the customer can then give us 
the register profile and we can pro
gram it via mask programming. You 
then have a much more reliable im
plementation,'' explains Levis. Ac
cess/refresh arbitration will be 
available on the Samsung part, but 
not dual accessing. 

Initial beta sampling is now in pro
cess. The target date for introduction 
of the KS84C21/22 is September. The 
devices are both CMOS. The price 
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will be $24.70 in quantities of 1,000 
for the 4-Mbit version. 

I Followers and dropouts 
AMD will also introduce a 4-Mbit de
vice soon-later this year or early 
next year. Monolithic Memories, 
which has merged with AMD since 
the introduction of its 1-Mbit device, 
will not be introducing a 4-Mbit de
vice, according to a company spokes
person. Texas Instruments, which 
introduced its 1-Mbit DRAM con
troller last October, is especially 
worth watching. The company will 
soon announce a toolkit with special 
macros for DRAM control that will 
allow multi-accessing with up to four 
different interfaces/processors. More
over, with the new tools, controllers 

can be built for DRAMs up to 16 
Mb its. 

Some important vendors won't be 
introducing 4-Mbit parts. AT&T, 
which was accused of producing a 
battleship-size device that tried to do 
it all in the 1-Mbit generation, appar
ently has no plans in the 4-Mbit are
na. This is perhaps ironic, since the 
current hot contenders seem to be fol
lowing AT&T's lead in producing 
high-functionality devices. Intel, 
which is busy with other projects, ap
pears to have lost interest at the 
256-kbit level. 

With the delay in the introduction 
of 4-Mbit DRAMs, it's hoped that 
controllers will be available when 
the DRAMs actually arrive in full 
force sometime next year. • 

First 1-Mbit SRAMs foreshadow 
changes for users and vendors 
Ron Wilson, Senior Editor 

ng after initial disclosures, two 
endors-Toshiba America (lr
ine, CA) and Hitachi America 

(San Jose, CA)-have announced 
planned availability of 1-Mbit static 
RAMs. The new parts will be dense 
enough and fast enough to offer a 
serious alternative to dynamic RAMs 
in many applications. But the tech
nology necessary to build the parts 
may limit the supply, excluding 
domestic vendors and keeping the 
price per bit at premium levels. 

Both the Hitachi and Toshiba parts 
have the same general specifications: 
128kx 8-bit organization and 70-ns 
access time. These figures make it 
quite practical to use the parts as 
main memory in microcomputer sys
tems, where substituting the parts 
for DRAMs should result in signifi
cantly simpler memory design. 

The parts may offer their greatest 
advantage, though, in laptop per
sonal computers. In these applica
tions, where battery life is becoming 
an important competitive issue, two 
characteristics of the new SRAMs 
make them particularly important. 
First, both parts have inherently low 
power consumption. "The continual 
recharging required by DRAMs 
consumes a good deal of current, 

whether the parts are being accessed 
or not," says Ron Bechtold, Hitachi 
product marketing engineer. "In con
trast, the standby current for the 
megabit SRAM is about 1 mA." Dur
ing an access, the consumption rises 
to about 45 mA at 5 V. 

The second power-saving trait
the ability to retain data at low sup
ply voltage-can be even more impor
tant for battery-driven systems. "The 
SRAM cell has been designed to re
tain data at supply voltages as low as 
2 V,'' Bechtold says. "This mode lets 
a computer memory retain data on a 
lithium battery, for instance, with 
extremely low current drain. At 3 V, 
the current consumed for data reten
tion will typically be around 1 µA." 

The ability to retain data at such 
low power not only reduces current 
demand from the memory itself, but 
can also substantially reduce the 
much lar ger demand for current re
quired by disk operation. Since mem
ory can retain all data with the 
system power essentially off, it isn't 
necessary for a computer to save data 
before shutdown, or to reload pro
gram and data after power-up. So 
disk accesses are necessary only 
when a new progam is started, or 
when data is moved to disk. 



High Perfonnance 
Omnicomp designs and manufactures high performance graphics sub· 

systems for a wide variety of applications. Addressable resolution is 1 to 2 million 
pixels while viewable resolutions are typically 1 million pixels, or greater. 110 
speeds range from 1.2 MBytes to upwards of 40 MBytes per second. Vector 
drawing rates normally exceed 1 million pixels per second and, for the OMNI 
2000/2400 GOS approach 10 million pixels per second. Graphics computing 
speeds range as high as 7 mips for integer operations and 7 megaflops for 
floating point computations. 

Flexible Interfacing 
In addition to bus-based configurations, each Omnicomp graphics display 

product can be supported using a wide variety of industry standard interfaces. 
Omnicomp manufactures a series of these interfaces for the IBM PC/XT/AT/RT, 
iSBX, and VME which emulate the DEC User Peripheral Interfaces; DR11-W, 
DRV11-WA, and DR11·C, DRV11. When installed in an appropriate host, these 
interfaces provide communication with DR11/DRV11 compatible peripherals, 
such as graphics display controllers. 

Compatibility Plus 
Whether your system uses the PC bus or the advanced architecture of 

MULTIBUS II, Omnicomp can provide a graphics display solution to meet your 
needs. Additionally, our products support DEC OMA interfaces to provide bus 
independent compatibility with many other computing platforms. 

Software compatibility is maintained across the Omnicomp product family 
lines via our OMNI• KERNEL SYSTEM (OKS) which provides easy access 
to on-board graphics functionality using FORTRAN and "C". 

Custom Service 
Supplying reliable, well engineered graphics subsystems at a competitive 

price is important. Even more important is providing an extra measure of com· 
mitment to insure our customer's success. Omnicomp makes that commitment 
with Custom Service. 

Our Custom Service is an attitude that emphasizes doing whatever is 
necessary to accelerate the integration of our products into your end-user solu· 
lions and to shorten your time-to-market. This includes providing application 
specific firmware, special interfaces, on-site engineering support and training, 
one-off packaging; almost anything that contributes to your success! 

STOP BY BOOTH #736 AT SIGGRAPH 

Omnico•R Omnico•R 
GrapllicsCorporation Graphics (UK) Ltd. 

Optimizing Computer Graphics . .. by Design. 

1734 West Belt North • Houston, Texas 77043 
713/464·2990 • Telex 285801 OMNICO UR 

Fax 713/827·7540 

OMNI 1400 GDC, OMNI 1500 OLP, OMNI 1500 GOS, OMNI 1600 GDC, OMNI 2000 GOS, and OMNI 2400 GOS are 
trademarl<s of Omnicomp Graphk:s Corporation. MULTIBUS, iSBX, 80188, 80386, 80387 are trademarks of Intel CO<· 
poration. DEC, DAV11 , DA11-C, DAV11·WA, OA11·W are lrademarl<s of Oigltal Equipment Corporation. IBM, PC, XT, 
AT are trademarks of IBM Corporation. Am29116, Am29325 are trademarks of Advanced Micro DevtceS. 

All specifications contained herein are subject to change without notice. 

© Copyright Omnicomp Graphics Corporation, 1988. 

OMNI 2400 GOS 
I MULTIBUS II 6U x 220 mm 
I DEC OMA Compatible 
I Up to 52 Planes with 4 Overlays 
I 1280 x 1024 Resolution 
I Hardware Cursor, Zoom, Pan 
I GKS Display List Processing 
I 1 O Mega Pixels/Second 
I Up to 3 Graphics Channels 
I 2D & 3D Wireframe 
I 70 MIP Image Processing 
I Local Input Device Support 

OMNI 1600 GOC 
I GKS Display List Processing Via OMNI 1500 DLP 
• Up to 256 Simultaneous Colors 
I PC/AT Compatible 
I Hardware Cursor, Zoom, Pan 
I Palette from 4096 to 16.7 Million Colors 
I Viewable Resolution 1280 x 1024 x 8, Plus 4 Overlays 
I Addressable Resolutions 2048 x 1024 x 8, Plus 4 Overlays 

OMNI 1400 GOC 
I PC/AT Compatible 
I Up to 256 Simultaneous Colors 
I Palette: Up to 16.7 Million Colors 
I GKS Display List Processing Via OMNI 1500 DLP 
I Hardware Cursor 
I Viewable Resolution: Up to 1280 x 1024 x 8, Plus 2 Overlays 
I Addressable Resolution: Up to 2048 x 1024 x 8, Plus 2 Overlays 

OMNI 1500 OLP/OMNI 1500 GOS 
I PC/AT Compatible 
I DEC OMA Compatible - . . -
I GKS Display List Processing 
I 80386/80387 Display List Processor 
I 1 to 4 Megabytes of OLP Memory 

.: i ~-:- :._· ~ · . . . I 

I 4 RS-232-C Serial Ports 
I OMNI 1500 GDS is an OMNI 1500 OLP plus 1 to 8 OMNI 1600 GDC's 

OMNI 2000 GOS 
I MULTIBUS II 9U x 400 mm 
I DEC OMA Compatible 
I GKS Display List Processing 
I Viewable and Addressable 

Resolution: 1280 x 1024 
I Hardware Cursor 
I 2 Overlay Planes 
I Modular Configurations 
I Multiple Processors 

Geometry Processor: 
Am29116 

F.P. Coprocessor: Am29325 
Graphic Coprocessor: Discreet 
Peripheral Coprocessor: 80188 
Display List Processor: 80386/80387 

CIRCLE NO. 16 
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ADDRESS DECODER 

Hitachi's 1-Mbit static RAM is one of the first devices to reach commercial availability w ith 
an 0.8-micron geometry. This component density, which is so fine it renders details of the 
memory array virtually invisible to conventional microphotography, may prevent U.S. 
sources from producing the parts. 

Dan Pichulo, Hitachi product mar
keting manager, suggests another 
design that exploits the very low 
standby current of the SRAMs. "It's 
feasible now to build a data cartridge 
containing a substantial amount of 
SRAM and a backup battery. The 
cartridges would plug into a personal 
computer or terminal for use . In this 
way, a businessman, for instance, 
could carry his whole working set of 
data in a few cartridges." The car
tridges could eliminate removable 
disks for many portable systems. 

I Few sources likely 

"The processing requirements for 
these parts are essentially the same 
as those for 4-Mbit DRAMs,' ' adds 
Bechtold. "These parts can't be built 
on existing lines. Anyone who wants 
in is looking at about $100 million in 
startup costs just for the fabrication 
facility. " While sources at Toshiba 
don 't agree that new fabrication fa
cilities are necessary for build
ing 1-Mbit SRAMs, they do say that 
their part also depends on 0.8-micron 
geometry. 

Not only is t he investment in 
processing equipment a barrier, but 
experience with the technology will 

also weigh against American en
trants. "It's going to be hard for the 
U .S. fabs to catch up, because they 
haven't been playing in the byte
wide market at lower densities," ar
gues Pichulo. "Right now 90 percent 
of the byte-wide parts in the United 
States are imported." 

I Obstacles block U.S. vendors 
Taken together, the barriers of enter
ing late, overcoming lack of experi
ence with the parts, and paying for 
new equipment would seem to elim
inate most U.S. vendors from the 
market. This suggests that in high
density SRAMs, as in DRAMs, U.S. 
users will be almost entirely depen
dent on Japanese vendors. 

But DRAM and SRAM products 
tend to be the technology drivers for 
other CMOS devices, both standard 
and semicustom. Failure to partici
pate in the round of development 
that's producing the 1-Mbit SRAMs 
and 4-Mbit DRAMs could force many 
U .S. vendors of standard parts and 
application-specific ICs to become 
front-ends for Japanese fabrication 
facilities, simply because of U .S. ven
dors' inability to compete in process 
technology. First indications of such 
a shift can already be seen in rela
tionships between some design 
houses and Japanese fabs. But the 
long-term implications of such an 
industry restructuring aren't yet 
apparent. • 

While the new parts will be unique
ly suited to many applications, cost 
per bit isn't likely to be their attrac
tion. "The megabit DRAMS and 
256-kbit SRAMS are mostly built us
ing a 1.3-micron process," Bechtold 
says. "But to get to the 4 to 5 million 
transistor level for a 1-Mbit SRAM, 
you need a 0.8-micron process. The 
finer geometry means more process
ing steps, which means lower wafer 
throughput. So I don't expect the cost 
per bit of these parts to drop as fast 
as costs for 256-kbit parts did." 

Self-clocking PLO implements 
asynchronous interfaces 

The need for 0.8 micron l.rr will do 
more than add processing steps. For 
many existing SRAM vendors, the 
requirement may be an almost insur
mountable barrier to entering the 
1-Mbit market . "At this point, get
ting into the 128kx 8 market means 
building a new fab ,'' says Sally 
Withers, Hitachi senior product mar
keting engineer. 
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Ron Wilson, Senior Editor 

The asynchronous bus-arbitra
tion protocols used by most back
plane buses present a serious 

design problem. Ideally, the protocols 
would be handled by an asynchro
nous state machine. But in the real 
world, bus interfaces are built from 
PALs that depend on a single exter
nal clock signal and hence imple
ment synchronous state machines. 
This mismatch cuts performance and 
can cause the interface to fail. Ad
vanced Micro Devices (Sunnyvale, 
CA), however, has designed a PAL 
that addresses these problems with a 

unique self-clocking flip-flop design. 
To understand how the new PAL 

helps solve the problem, it's neces
sary to understand the problem it
self. An ideal asynchronous state 
machine would issue a bus request as 
soon as a board requested the bus. 
When the bus grant signal arrived, 
the machine would immediately take 
control of the bus and begin its trans
actions. 

But, because of the external clock 
requirement common to PALs in 
real-world bus interfaces, the bus
arbitration logic on a board can't re-



spond immediately to inputs. For ex
ample, the logic will typically clock 
an incoming bus grant into a D-type 
latch on one clock cycle, feed that sig
nal back into the AND array of the 
PAL, and clock the bus grant signal 
back onto the VMEbus on the next 
clock cycle. 

The most obvious problem with 
this approach is the delay introduced 
by the clock. Even if the board de
signer clocks the PAL at its maxi
mum frequency, precious nanosec
onds will be lost in the one or two 
clock cycles between the arrival of a 
bus grant and the beginning of a 
transfer. These delays particularly 
add up as a bus grant signal daisy
chains through a number of boards, 
picking up a two-clock-cycle delay at 
each board. 

But there's a problem that's more 
severe than accumulating clock de
lays: metastability. Since there's no 
way to synchronize arriving signals 
with the PAL clock, once in a while 
a latch is going to be clocked while a 
signal, such as bus grant, is in tran
sition. If the latch clocks while its in
put is between valid logic 0 and valid 
logic 1, the latch may go into tem
porary oscillation, or it may get stuck 
in an invalid state. These misfor
tunes can crash the board or the bus. 

I A self-clocking flip-flop 
AMD decided to attack the problem 
by designing an entirely new kind of 
flip-flop. "The idea started with one 
of our designers who had a back
ground as a VMEbus user," says 
Andy Robin , AMD director of mar
keting for the programmable logic 
group. "He was tired of fighting with 
asynchronous signals, so he asked 
the circuit designers to come up with 
a self-clocking flip-flop." 

After initial misgivings, followed 
by considerable investigation, the 
circuit designers succeeded in 
producing such a device. Instead of 
triggering on a separate clock signal, 
the flip-flop triggered on the rising 
edge of its data input. The device 
could thus be used to capture a signal 
as soon as it arrived, rather than one 
clock cycle later. And there was no 
chance that the flip-flop could be put 
in an indeterminate state. 

Not only was the device unlike any 
of the macrocells in existing PALs, it 
was unlike any existing flip-flops. 

INTEGRATED CIRCUITS 

Since the circuit development was 
aimed at speed-critical bus interface 
applications, AMD developed the de
vice in the same bipolar process used 
in the company's 10-ns PAL family. 
The unique self-clocking input cir
cuitry was ready to become the basis 
for an equally unique set of flip-flops 
in a new bipolar PAL. 

I First use in protocol PAL 
AMD chose to use the new technol
ogy in the I/O macrocells of a bipolar 

positive edge on the R input will reset 
t he flop. Note that, unlike a conven
tional S-R flip-flop, the device is sen
sitive only to edges, not to levels, on 
the S and R inputs. The 2-T flip-flop 
will toggle on any positive edge on 
the Tl or T2 input. Like the S-R in
puts, the 2-T T-inputs are only edge
sensitive, not level-sensitive. 

In a second break with conven
tional design, AMD has used a 
product-term steering scheme to al
locate the nine product terms that 
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Self-clocking flip -flops are key to the operation of Advanced Micro Devices ' new /PAC PAL. 
The devices, implemented in both S-R and 2-T configurations in the IPAC's 110 macrocells, 
are clocked by an active edge on their inputs rather than by a separate clock signal. 

PAL, the 22IP6 Interface Protocol 
Asynchronous Cell, or IPAC. The 
part appears to be a conventional 
16-input, six-I/0-macrocell , reg
istered PAL. But there are two sig
nificant differences between the 
22IP6 and other bipolar P ALs. 

The first is AMD's use of edge
activated flip -flops in the macrocells. 
There are actually two different con
figurations used: three of the flip
flops are edge-activated Set-Reset 
(S-R) flops, and three are edge
activated, two-input T-type flops that 
AMD designates as 2-T flip-flops. 
Neither device behaves quite like its 
conventional counterpart. 

The S-R device acts somewhat like 
a conventional S-R flip-flop, but with 
the clock coming from the inputs, not 
from a separate pin. When a positive 
edge arrives at the S input, the flop 
sets. The device will ignore any fur
ther activity on the S input as long as 
the Q output remains high. But a 

come into each macrocell. The nine 
terms are available to both of the flip
flop inputs in a cell , but on a mutu
ally exclusive basis. That is, ifone in
put uses five of the terms, only the 
remaining four are available to the 
other input. 

With a total input -to-output propa
gation delay of 35 ns, the device is 
comparable in speed to clocked im
plementations with 10-ns bipolar 
PALs, since the IPAC won 't incur 
clock delays to align asynchronous 
input signals with the master clock. 
And the device may, in fact, have 
important applications other than 
bus interfacing in the design of asyn
chronous state machines. But asyn
chronous design has been long 
avoided as complex and dangerous 
compared to synchronous design. So 
users may have to change their 
thinking a bit before they fully ap
preciate the value of AMD's circuit 
innovation. • 
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User-configurable arrays bridge gap 
between gate arrays and PLDs 
Warren Andrews, Contributing Editor 

A new family of customer-con
figurable , channeled arrays 
from Actel (Sunnyvale, CA) 

called ACT 1 offers users the flexibil 
ity of mask-programmed gate arrays 
and the convenience of PLDs. Includ
ing anywhere from 1,200 to 6,000 
equivalent gates, ACT 1 uses a pro
prietary interconnect technology to 
personalize logic modules. 

The one-time-programmable inter
connect scheme, first introduced at 
the International Solid State Cir
cuits Conference (ISSCC) last spring, 
uses what Actel refers to as a Pro
grammable Low-Impedance Inter
connect Circuit Element, or PLICE. 
(See " ISSCC announcements prom
ise strong impact on system design," 
Computer Design, April 1, p 29.) This 
PLICE, or what the company calls an 
antifuse element, forms a low-impe
dance connection when programmed 
(unlike a fusible link, which forms an 
open circuit when programmed). One 
of the key advantages of the PLICE 
is its relatively small size, compared 
to the metal fuses used in program
mable array logic or the transistor 

switching elements used in electri
cally programmable logic devices 
(EPLDs). In addition, on-resistance is 
lower than that of most transistor
based circuits, resulting in devices 
with better performance. 

I Dense interconnect structure 
The small size of the PLICE, which 
equals about that of a metal via, al
lows for a dense interconnect struc
ture. Up to 666,000 antifuses (the 
number on the array with 6,000 
equivalent gates) can be diffused on 
a single chip. When combined with a 
clever array of metal lines, the 
PLICE provides a high level of flexi
bility in configuring circuits. And 
while there are a large number of 
possible antifuse connections, only a 
small percentage are used on any 
given circuit. Although the metal 
lines running in the routing chan
nels are discontinuous and of varying 
lengths, they can form longer lines 
by using antifuse connections. 

The PLICE antifuse programming 
element consists of a dielectric mate
rial sandwiched between a pair of 

conductors. At normal operating vol
tages, the PLICE exhibits a high re
sistance of around 100 MO. When a 
programming voltage of 18 V is ap
plied to the two conductors, however, 
the dielectric breaks down, resulting 
in a low-resistance, bidirectional con
nection of less than 1,000 n. The 
PLICE requires less than 10 mA of 
programming current for a duration 
of less than 10 ms. While program
ming times might become excessive 
if all 600,000-or-so antifuses had to be 
programmed, only about 2 to 3 per
cent of the total available elements 
are usually programmed to imple
ment a typical design, according to 
Amr Mohsen, president and chief ex
ecutive officer at Actel. 

The concept of an antifuse has been 
around for some time, but the devices 
have either been too complex, too 
large, or have required too high of a 
programming voltage for integration 
into dense ICs. Engineers have ex
perimented with various approaches, 
such as the use of amorphous silicon, 
but these haven't been acceptable for 
IC applications. PLICE is being 
produced in a standard CMOS fab fa
cility, according to Mohsen. And 
while the production of PLICE is 
somewhat more complex than that of 
conventional CMOS logic, the pro
cess "requires only a few more steps 
than are needed for a standard 

>--------------- -------------------< EPROM,'' Mohsen adds. 
INTERCONNECT ARCHITECTURE OF ACTEL'S ACT ARRAYS 
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The Actel architecture is similar in 
many respects to that of conventional 
channeled gate arrays, except for its 
horizontal and vertical wiring tracks 
and the antifuse programming ele
ments. The basic building block of 
the arrays is a configurable logic 
module . The arrays contain any
where from 295 modules for the part 
with 1,200 equivalent gates to 1,400 
modules for the device with 6,000 
equivalent gates. Each module has 
eight inputs and a single output. 

I Logic configuration 
Actel's logic macros have capabilities 
similar to those of conventional gate 
array macros and can be configured 
into over 150 different functions. The 
company designed the architecture of 

1----- ---- ------------ ------------< the module so that it could efficient
The interconnect architecture of Actel's ACT arrays, which is similar to t hat of 
conventional channeled gate arrays, has routing t racks between modules and vertical 
tracks crossing over modules. Both horizontal and vertical tracks are of various lengths 
and can be joined w ith antifuses to make longer w iring channels. 
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ly implement both combinatorial and 
sequential circuits with the available 
routing resources. Since JK, D and T 
flip-flops can easily be configured 



HP's perfect balance between price 
and performance in logic analysis. 

The balance is called value! 
And nobody can put more value on your 
bench than HP With the HP 1650A and 
HP 1651A, you get powerful capabilities 
at prices that keep the bottom line where 
you like it-low. 
HP Logic Analyzers : 
the extra measure. 

The exceptional value stems from HP's 
proprietary "logic-analyzer-on-a-chip" 
technology which integrates state analy
sis, timing analysis and acquisition 
memory on a single IC . You get features 
like 25MHz state/100MHz transitional 
timing on all channels and two indepen
dent analyzers in a single instrument. 

If your application is digital hardware, 
or if you're working with popular 8-bit 
µ Ps, choose our 32-channel HP 1651A 
at only $3,900. 

For your 8- , 16-, or 32-bit µ P develop
ment applications, choose the 80-channel 
HP 1650A analyzer at only $7,800. It 
offers full support for most popular µ Ps 
including the Motorola 68020 and the 
Intel 80386. 

Both analyzers are capable of cross
domain triggering which lets you simul
taneously capture and display state and 
timing information with time corre
lation for powerful cause/ 
effect problem solving. 
Each has a built-in disc 
drive for storage 
of setups and 
measurements. 
And additional 
software tools 
to make your 
measurement 
tasks easier. 
Call HP for your free video! 
1-800-752-0900, Ext. K786. 

Get a hands-on feel for our HP 1650A 
and HP 1651A logic analyzers with our 
demo video and literature. They're free' 

You 'll see how we 
balanced price and 
performance-perfectly 
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from the logic modules, there are no arrays. Each of the eight inputs to module. The output of the module is 
dedicated flip-flops included on the each module is connected to a short connected to a vertical wiring seg-
chip, unlike with most EPLDs. vertical wiring segment spanning ment spanning several modules. The 

The logic modules use a double- one routing channel. Four inputs benefit of this double-entry sym-
entry configuration that's also simi- span the channel above t he module , metry is that it greatly increases 
lar to that used in conventional gate and four span the channel below the routing efficiency. By letting the 

routing algorithm select module ac-

THE ACT1020 VS. THE INDUSTRY-STANDARD ARRAY cess from either above or below, the 
module can achieve from 85 to 95 per-
cent gate utilization. 

LSI Logic Actel The macros in Actel's library cor-

LL7220 ACT1020 
respond to specific configurations of 
the logic modules. Each logic module 

Building blocks 2, 200 546 
can provide macro functions ranging 
from simple gates to transparent 

Maximum flip-flops 270 273 
data latches and 4-to-1 multiplexers. 
The company's macro library con-

Maximum latches 540 546 
tains over 200 standard logic func-
tions, as well a s a selection of 

Interconnect elements 90,000 180,000 
commonly used TTL functions, ac-
cording to Actel's marketing direc-
tor, Andrew Haines. 

In a benchmark developed to measure equivalent gate counts, Actel used four standard Unlike conventional gate arrays, 
circuits. The results of its benchmark are shown in a comparison between Actel's ACT1020 the Actel logic modules can imple-
and the industry-standard LL7220, a 2,000-equivalent-gate mask-programmed array from ment logic functions needing inver-
LSI Logic. 

• 
IrS 

When you're looking for input on raster plotters, take a look at some major CalComp 
output. 'IWenty-four different versions from the fastest growing raster family in the world. 
(With more family members arriving soon.) 

Every raster plotter incorporates more industry firsts, more choices. From simple, colorful 
business graphics to the complexity of super-dense integrated circuit design, mapping, etc. 

The 5800 and 5700, our color and black-and-white electrostatic plotters, deliver speed, 
superior resolution, multiple configurations and A to E size plots. 

For CAD graphics, PlotMaster™ produces quick-check "Pl' size presentation-quality color. 
Or plug ColorMaster® into your PC and through CalCompatibility, you can run the most 

popular business presentation graphics software. 
ColorMaster is a registered trademark of CalComp. © 1987 CALCOMP 



sions as efficiently as they can imple
ment noninverting inputs. The li
brary, therefore , includes a wide 
choice of gates with inversion func
tions, both to simplify design and to 
eliminate extra propagation delays. 

I Comparison to standard arrays 
Actel compares its devices to indus
try-standard gate arrays, rather than 
to EPLD devices, in terms of both 
density and performance. For exam
ple, the company compares its ACT-
1020-a 2,000-equivalent-gate de
vice-with the LL 7220, an industry
standard mask-programmed array 
with the same number of equivalent 
gates from LSI Logic (Milpitas, CA). 
Though the two use a somewhat dif
ferent architecture, Actel claims 
close to parity in flip-flop and latch 
capacity of the LSI device (see table 
on preceding page). The Actel array 
also has twice the number of poten-

• 

INTEGRATED CIRCUITS 

tial interconnect points as does the 
conventional gate array. 

Since there are no industry-stan
dard benchmarks against which to 
compare various programmable-logic 
architectures, Actel developed its 
own set of benchmark circuits, in
cluding a data-path circuit, a count
er/timer, a state machine and an 
arithmetic structure. Using LSI's 
LL 7220 as a reference, the array was 
designed to see how many of these 
working circuits could be included on 
a single chip. Each circuit consists of 
between 150 and 300 gates. 

The comparison showed that the 
ACT1020 and the LL 7220 could hold 
12 data-path circuits and six arith
metic units. Actel's device could hold 
six counter/timers, the LL 7220, sev
en; and the ACT1020 could hold eight 
state machines, the LL 7220, 12. 

Performance is an illusive mea
surement that can be described only 

~Y 

in terms of raw gate delay, flip-flop 
toggle frequency, multiple logic-level 
path delays or other application
specific timing. Actel claims a flip
flop toggle rate of 70 MHz on its 
2-micron devices, which lets them 
function in a system clocked at 40 
MHz. Again selecting its own bench
mark, Actel compared a worst-case, 
critical-path delay for a 16-bit 
counter with its part versus the same 
function implemented on an LSI 
Logic array. The counter using LSI's 
macros ended up with a critical path 
11 nets deep. Using the Actel device, 
the critical path ended up only six 
nets deep. The savings in nets (and 
thus gate delays) was due to the built
in inverters (negation) and flip-flops, 
with integral multiplexers eliminat
ing inverters and other additional 
logic, says Haines. 

When derated for worst-case pro
cess, voltage and temperature varia-

The first family? You bet. First in high-resolution 400 DPI color. First in pin-point 
accuracy with electronic registration. First in embedded controllers to save space. First 
with convenient ROM pack firmware. First with flexibility of over 2,000 line and area fill 
colors. And too many more firsts to talk about here. 

There's also a national 800 helpline, 425 trained service 
persons, 46 service centers nationwide, 32 international 
field offices, and on-site service. And a single supply source. 

Wedrawon 
your imagination~ 

Don't be the last to learn about the first family Call 
1-800-CALCOMP or write CALCOMP, PO. Box 3250, 
Anaheim, CA 92803. In Canada, call ( 416) 635-9010. -..!Ca/Comp 
We Draw On Your Imagination and PlotMaster are trademarks of Ca lCo mp. CIRCLE NO . 17 A Lockheed Company 
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INTEGRATED CIRCUITS 

CRITICAL PATH OF ACTEL'S ACT ARRAYS 

QO 

AND3 
y 

NAN03A 

CLR 

015 

R 

Actel uses a 16-bit synchronous binary counter critical path as a test circuit to measure 
delays of Acte/'s ACT arrays versus a standard LSI Logic gate array. 

1--~~~~~~~~~~~~~~---,~~~~~~~~~~~~~~~-j 

tions, the LSI array displayed a 54-ns 
delay while Actel's device took 64 ns. 
Considering the delays intrinsic in a 
programmable device, such as wiring 
delays and antifuse resistance, the 
test results show a reasonably fair 
comparison. It must also be pointed 
out that both the LSI Logic array and 
Actel's ACT1020 are fabricated in a 
2-micron CMOS technology. Actel 
will be doing a die shrink soon, which 
will significantly improve perfor
mance as well as reduce overall die 
size, Mohsen says. 

Actel offers three devices at equiva
lent gate densities of 1,200, 2,000 and 
6,000. But there's no upper limit on 
gate densities for future devices, ac
cording to Mohsen. "There's no rea
son ACT devices can't increase to 
10,000, 20,000 or even more equiva
lent gates," he says. Just like conven
tional gate arrays, however, higher
density devices will be limited by the 
number of bonding pads, a function 
of the perimeter of the chip. 

I Accompanying design system 
The key to almost any customizable 
device-provided it's functionally 
compatible with the application-is 
the design system with which the en
gineer programs a device. Actel 's Ac
tion Logic software system has three 
components: a logic design system; a 
programming and test program 
called the Activator; and a diagnos
tic option providing in-circuit diag
nostic and debugging capabilities. 
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This design system takes the en
gineer from schematic capture, simu
lation, timing analysis and electrical 
rule checking through placement 
and routing. Both hardware and soft
ware for programming and test are 
included in the package. In addition 
to functional tests, the Activator per
forms other tests, such as an initial 
test prior to programming to make 
sure the chip hasn't been pro
grammed and a verification test to 

It's possible to 
electronically view 

any logic node 
on the chip. 

Ill 

ensure that antifuses have been pro
grammed correctly. 

Some of Actel's test capabilities are 
achieved through two Actionprobe 
diagnostic circuits included in the 
chips. Using the Actionprobe diag
nostics, the engineer can electrically 
connect any two points in the device 
to a pair of external pins. Because of 
the logic configuration and extensive 
routing channels, it's possible to elec
tronically view any logic node on the 
chip. This type of probing permits 
100 percent observability of all inter
nal nodes in the array-including ac
tivity usually "buried" in the array. 

The Actionprobe capability exists 
even when a chip is in a user's system 
and operating at speed. The feature 
can shorten design verification and 
in-system debugging time and also 
reduce the burden of test-vector 
generation by substituting the use of 
in-system stimuli. Actel's Action 
Logic System is available in an 
80386 version that provides an inter
face to the schematic-capture and 
simulation capabilities from View
logic Systems (Marlboro, MA). 

Automatic place and route al
gorithms included in the Action 
Logic package are unique to Actel's 
channeled array architecture. The 
company claims that the routing pro
gram will route 100 percent of the 
nets at device-utilization levels of 85 
to 95 percent. The router operates in 
three phases. The first two include 
constructive placement and optimi-
zation-much the same way that con
ventional gate array placement 
software operates. The final phase 
uses a proprietary Actel routing al
gorithm to interconnect macros and 
wiring channels. 

After routing and testing, the de
vice is programmed. A special pro
gramming algorithm is then used to 
"blow" antifuses in a particular 
order so that they don't interact with 
previously activated antifuses. 

I Implications of the device 
Due out on the market next month, 
the ACT 1 family of devices won't be 
inexpensive. Packed in an 84-pin 
ceramic leadless chip carrier, sample 
quantities of the ACT1010 will sell 
for $70. The ACT1020 will sell for 
$115. The Action Logic System, in
cluding an 80386-based workstation, 
is priced at $19,950. 

The growing availability and ver
satility of benchtop programmable 
devices will undoubtedly take its toll 
on the conventional low-end gate 
array business. But despite such 
products as Actel 's ACT 1 family, 
mask-programmed arrays still hold 
not only a fairly large performance 
edge, but also a definite cost edge in 
volume production. Unquestionably, 
however, the ability to program a de
vice on the benchtop is, and will con
tinue to be, a major boon to proto
type development and preproduction 
manufacturing. • 
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Network licensing forces new look 
at needs of individual EDA users 

if network licensing were available, 
users would buy 45 percent of their 
software on that basis. The survey 
also showed that users would buy 25 
percent fewer licenses, but would be 
willing to pay a 35 percent premium 
over existing node-licensed prices. 

Richard Goering, Senior Editor 

It sounds like a CAD manager's 
dream-the ability to purchase 
electronic design automation 

(EDA) software that can be used any-
where on a network. But network 
licensing is a complex issue that 
could radically change the pricing 
structure of the EDA industry and 
could usher in an era of conflict be
tween EDA users and some vendors. 

Most EDA vendors today use node 
licensing (also called CPU locking), 
which means that each piece of soft
ware is licensed to run on one node 
only. Site licensing, in which soft
ware can be accessed by any number 
of users, is rarely available and is 
very expensive. Network licensing is 
a new approach in which software 
can run on any node in the network, 
yet the number of concurrent users is 
controlled by the software vendor. 
Three companies, Apollo Computer 
(Chelmsford, MA), Valid Logic (San 
Jose, CA) and Cadre Technologies 
(Providence, RI), have taken steps in 
this direction. 

Apollo's recently introduced Net

of software. "The main benefit is flex
ibility," says Stan Nissen, principal 
engineer at Raytheon Missile Sys
tems (Bedford, MA) and a user of 
EDA tools from Mentor Graphics 
(Beaverton, OR). "Every one of my 
computers will be able to run the 
same software, and people will be 
able to move around." But, Nissen 

''Network licensing 
will actually 

simplify system 
administration.'' 

- Herrick Johnson, Apollo Computer 
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notes, network licensing may not 
make sense for an application such as 
fault simulation, which involves long 
runs at a single CPU. 

Not surprisingly, EDA users are 
clamoring for network licensing. A 
recent survey by Apollo showed that 

As a major Apollo OEM, Mentor 
Graphics is under a lot of pressure to 
support network licensing-but the 
company is proceeding with caution. 
"There's a misconception that net
work licensing will make software 
free and system administration 
easier," says Gerry Langeler, Mentor 
president and chief operating officer. 
"It won't make software free, and it 
will create a much more complex soft
ware environment. People who jump 
on the bandwagon without doing 
their homework are opening them
selves up to a lot a grief." 

Chief among Langeler's concerns is 
the possible revenue loss from net
work licensing because customers 
would no longer have to buy a license 
for each node. "To recover the value 
we receive today, the premium we'll 
have to charge over node licensing 
will be surprisingly high," he says. 
Figuring out the correct premium 
will be very complex because each in
stallation uses software differently. 

Langeler also believes that net
work licensing will complicate sys-

work License Server (NLS) is a utili- 1-----------------'---------------
ty that manages licenses, or "keys," 
for applications software. A user at k---------.----,-----,------,-----,----
any node can access the software as 
long as a key is available, and the to-
tal number of keys determines the 
number of users who can execute the 
application simultaneously. The soft-
ware vendor sells the keys and can 
add more keys by simply giving a 
code over the telephone. NLS also in-
cludes tools that monitor and report 
on software usage. 

Without waiting for a program 
such as NLS, Valid Logic has devel
oped its own network licensing 
scheme for workstations from Sun 
Microsystems (Mountain View, CA). 
And Cadre recently announced net
work licensing for its computer-aided 
software engineering tools on Apol
lo, Sun and VAX workstations. 

I Flexibility for a price 
When network licensing becomes 
available, EDA vendors won't have 
to go to a specific node to run a piece 

Cadre's Teamwork Project Environment sets service limits for concurrent users on vari
ous types of CPUs. Any Apollo, Sun or MicroVAX server can handle five concurrent users, 
while a VAX 8600, VAX 8800 or Sun-4 workstation is required for 25 users. 
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MicroCASE supports the 68o30 
with 25 MHZ emulation. 

Step right 
up to the 

MicroCASE 68030 
PROBE T" In-Circuit Emulator. The 
first, the fastest, the best 68030 
support of its kind. 

The 68030 PROBE incorporates 
the same unique features as our 
highly successful 68020 PROBE T" 
- the debugging tool chosen by 
hardware and software engineers in 
a wide variety of leading high tech
nology equipment manufacturers 
world-wide. 
Pre-fetch pipeline dequeueing 

The 68030 PROBE provides in
circuit emulation - at speeds up 
to 25 MHz. PROBE also features 
pre-fetch pipeline dequeueing, 
so it's easy to figure out which 

68020 PROBE and 68030 PROBE are trademarks 
of the Atron Division of MicroCASE. VAX is a 
registered trademark of Digital Equipment 
Corporation. IBM is a registered trademark of 
International Business Machines. 

instructions actually execute, and 
which bus cycles relate to those 
instructions. 

And by merely changing the 
probe tip, the 68030 PROBE also 
supports the 68020. 
'Ihle source-level debugging 

The 68030 PROBE provides 
on-line debugging of high-level 
language software. Real source 
statements are displayed, elimi
nating lengthy translations from 
assembly language to your high
level language. 

PROBE uti
lizes an IBM® 
PC AT as 

its instrumentation chassis, so 
you can get compiled code to its 
target via Ethernet, VAXNet, SUNNet, 
SCSI or RS-232. Whether you 
compile on a PC, a workstation 
or Vf>X.,® MicroCASE supports more 
object code formats than any 
other vendor. 

No need to wait any longer. Real
time emulation and dequeueing 
for the 68030 and 68020 are avail
able now. From the number one 
supplier of hardware-assisted soft
ware debuggers for the 68000 series. 
The Atron Division of MicroCASE. 

If you'd like more information, 
or a short product demonstration, 
call us today at 408-253-5933. 
Or circle the number on the 
reader service card. 

Mr•~ro Saratoga Office Center CIRCLE NO. 19 FOR LITERATURE INFORMATIQr 
1'9J ' 12950 Saratoga Avenue CIRCLE NO. 20 FOR PRODUCT INFORMATION 

CAS'r~j Saratoga, CA95070 
Iii~ 408-253-5933 

ATRON DIVISION 
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tern administration because it will 
require very careful capacity plan
ning and resource load balancing. 
Deciding how much software to pur
chase could become a complex deci
sion. And if the node on which the 
licensed server is running goes down, 
then nobody can access keys for the 
applications software . 

To support such applications as 
Mentor EDA tools, Apollo's NLS has 
many features designed to help CAD 
managers. " Network licensing will 
actually simplify system administra
tion," argues Herrick Johnson, Apol
lo's product manager for network 
computing. "Users can get reports on 
what their software usage is, and the 
license server can also track revision 
levels of applications software. That 
information is hard to get today." 

I Mentor waits, Valid moves 
Mentor is taking a wait-and-see ap
proach by working with key cus
tomers to evaluate possible scenarios 
for network licensing. Valid Logic, on 
the other hand, has taken a more ag
gressive stance by introducing net
work licensing this spring. Since Sun 
doesn't yet offer a program compara
ble to Apollo's NLS, Valid wrote its 
own network licensing program, 
called Access. 

Like Apollo's NLS, Access lets 
applications software be executed 
anywhere on the network, and Valid 
controls the number of concurrent 
users by selling license keys. Access 
also provides usage reports for nodes 
on the network. "Apollo's NLS is a 
little more robust because it 's a 
general-purpose program, while Ac
cess is for Valid software only," says 
Dick Albright, Valid product line 
manager for Sun workstations. 

Valid charges $1 ,000 per node to 
install Access- but it doesn't charge 
a premium for software that's not 
locked to a CPU. That's a potential
ly risky approach that assumes long
term purchases will make up for 
short-term losses. "The initial pur
chase with network licensing is less, 
but as more people start using the 
software, customers will find out 
they haven't bought as much soft
ware as they needed," says Albright. 
"So in the long term, the purchase 
will be the same." 

When Valid sells software under 
network licensing, it's sold in indi-

vidual pieces. Node-licensed soft
ware, in contrast, is usually sold in 
bundled packages that might com
bine such applications as schematic 
capture and simulation. Since bun
dled packages are generally a cheap
er way to buy software, Valid's EDA 
applications essentially cost more 
under network licensing. 

Va lid is counting on network 

11There's a 
misconception that 

network licensing will 
make software free 

and system 
administration easier.'' 

- Gerry Lange/er, Mentor Graphics 
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licensing to expand its customer 
base. Access has helped Valid secure 
several major accounts, including a 
recent $1 million order from Sun 
Microsystems, according to Albright. 
About 60 to 70 percent of all new or
ders include Access software. 

I CASE on the network 
Like Val id Logic, Cadre Technolo
gies wrote its own network licens
ing software. Available since J une, 
Cadre's Teamwork Project Environ
ment (TPE) provides network licens
ing for such applications as struc
tured analysis, structured design and 
real-time design. It 's available on 
Apollo, Sun and VAX workstations, 
although unlike Apollo's NLS, it 's 
not yet available in multivendor 
computing environments. 

Mo vin g to network licensing 
wasn 't difficult for Cadre because the 
company's software already controls 
access to a project data base by mul
tiple users. Cadre added capabilities 
to control the number of simultane
ous users and to distribute services 
across a network. To assist with net
work management, TPE also pro
vides reports on software usage. 

Cadre's Teamwork Server is 
licensed to run on a specified node in 
the network, and it acts as a data con
troller (licensed server) that provides 
access to Teamwork applications. 

Simultaneous user licenses are pur
chased in increments of five, and the 
available number depends on the 
server that's used. To support 25 
users, for example, a VAX 8600 or 
8800 or a Sun-4 workstation is re
quired. "We won't sell you some
thing we expect won't perform cor
rectly," says Lou Reynolds, Cadre 
marketing vice-president. 

Not only does Cadre avoid a premi
um for network licensing, but the 
quantity-of-five price for Teamwork 
is actually lower with network licens
ing. "That may be puzzling because 
TPE is more flexible," Reynolds says. 
"But with TPE you're restricted to 
single data controllers, whereas in 
the node-licensed scheme you could 
put up multiple data controllers. We 
can be pretty much assured that at 
some point your data controller will 
become overwhelmed, and you 'll 
have to buy another one." 

The CASE market differs from 
electronic CAE because CASE isn't 
a turnkey business, and prices per 
seat are much lower. In this respect, 
CASE vendors are less threatened by 
network licensing than are CAE ven
dors. In both CASE and CAE en
vironments, however, it appears that 
user demand will make some form of 
network licensing inevitable. • 

Looking for more 
information about 

CAE/CAD tools? 

Turn to the Design & Development 
Tools section of New Product 

Highlights. (It starts on page 82 .) 
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Mentor Graphics 
lets you simulate 
an 80386-based 
motherboard in 
only 4.3 minutes. 

You're designing a complete 32-bit PC 
motherboard. And you're running out of time. 

Your only hope is to bypass the time-con
suming breadboard phase and debug directly 
through simulation. Which means simulating 
32 1/0 write cycles that program the board's 
peripheral chips for normal operation -
27,942ns of execution time, including a mem
ory refresh. 

So you turn to Mentor Graphics' QuickSim™ 
logic simulator and run the design file-21 
sheets in all, including an Intel 80386 micro
processor and 155 other IC packages, each 
represented by a SmartModel™ from Logic 
Automation, Inc. 

The result? Simulation completed in just 
4.3 minutes. 

Introducing the soft breadboard. 
With Mentor Graphics, you have a produc

tion-proven way to create and debug 
systems designs-in software. During 
simulation, design schematics can 
be displayed, probed, modified, 
and resimulated. And to comple
ment your simulation, QuickPath™ 
rapidly checks your design for criti
cal path timing problems. All in a 
single, interactive work 
environment. 

Your debug operations stay 

modeling technologies. And that's precisely 
what we deliver. Like Behavioral Language 
Models (BLMs), which transcend basic func
tionality and deliver features such as automatic 
error detection and reporting. And QuickParts:M 
which combine maximum speed with mini
mum memory requirements-and produce 
timing behavior identical to the data book. 

There's also our Hardware Modeling 
Library,™ which provides modeling for VLSI 
parts, including the latest microprocessors. 
Plus unparalleled support for ASIC libraries, so 
you can include your ASIC directly in your 
board simulation. 

Once design and analysis is complete, other 
Mentor Graphics tools follow your design 
through PCB layout, mechanical packaging, 
thermal analysis and documentation . 

To be continued. 
So much for the present. We're already 

developing new EDA tools for systems design 
that will extend to every dimension of elec
tronic product development. From high-level 
systems descriptions to CASE. 

It's all part of a vision unique to Mentor 
Graphics, the leader in electronic design auto
mation. Let us show you where this vision can 
take you. 

Call us toll-free for an overview brochure 
and the number of your nearest sales office. 

Phone 1-800-547-7390 
(in Oregon call 284-7357). 

right on your Mentor Graphics ~ 
workstation, where engineer- ~ t:::J 
ing ~hanges a~e fast, simple ~~~Ii• ..... 
and mexpens1ve. .~~~ 

4',.;/if/~~ :--. Modeling is the key. _,.,.,.,.///~~ 

Systems simulation ~ , ,, Menier 
:~:e:.:::~~"'.:::.,M.~ GraptilCS® 



KEY INTO ~UTOFACT§.'88 

Witness automated 
manufacturing at its 

competitive best. .. 

with hundreds of key exhibits, 
thousands of key people, 

informative key conferences, 
and innovative key techniques. 

See, evaluate, and compare new CIM and CAD/CAM products, plus networking 
systems, PCs, plotters, and identification equipment. 

Get the technical data you need to stay competitive. Meet and learn from the experts 
on the show floor and in the technical sessions. You'll discover automation technology 

firsthand, in action, and all under one root! 

Call Nancy LePage at (313) 271-0777 to register today. 

AUTOFACT '88-Conterence and Exposition on the Automated, Integrated Factory 

October 30-November 2 
McCormick Place East 
Chicago, Illinois 

@ c'T· 
AUTO FACT 'BB is sponsored by the Society of Manufacturing Engineers 
and the Computer and Automated Systems Association of SME 
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High-density gate arrays 
tax utility, packaging 
and testing 
As gate array densities 
continue to escalate, 
designers combat the 
side effects. 

Warren Andrews 
Contributing Editor 

0 ver the past two years, gate 
array densities have skyrocketed to 
a point where more than 200,000 
gates reside on a single chip. But 
these dramatic increases haven't 
come without a cost: the percentage 
of usable chip area has decreased, 
conventional packaging techniques 
have run out of steam, and testing 
has become a major problem. 

Although channel widths have decreased from the 2- and 3-micron levels 
of a few years ago to the 1.2 to 1.5 microns of today, the largest contribution 
to dense gate arrays has been the development of the channelless, or sea-of
gates, approach. Early versions of channelless arrays began to surface about 
three years ago. They used only one or two layers of metal interconnection, 
which limited gate utilization to only 20 to 30 percent. Newer approaches, 
however, take advantage of three metal layers, as well as sophisticated rout
ing algorithms, to greatly increase gate utilization. 

Manufacturers have been clever in extending the bounds of conventional 
packaging techniques. But even so, packages are still a limiting factor on 
many designs. Pin grid arrays (PG As) have topped out at somewhat over the 
300-pin level. And, though tape automated bonding (TAB) techniques prom
ise to bring IC lead counts close to 500 leads, mounting equipment is expen
sive and not, at this time, in wide use. IC makers, therefore, are scrambling 
to create new package designs to cope with the growing need for 300- to 
500-lead devices . 

Testing is also a major problem, not only as device complexity increases, 
but also as raw gate speed increases. The burden of testing has traditional
ly been on the IC vendor; however, more and more, the vendor is trying to 
push this burden onto the designer. Furthermore, there are few commercially 
available testers to test complex parts with gate delays down in the 0.5-ns 
area, and the prices for the few that do exist are escalating, increasing the 
overall cost of testing. Add to that the traditional problems associated with 
testing high-density application-specific ICs and the whole testing issue be
comes increasingly intractable. Built-in self-test and various scan approaches 

The development 
of channelless 
arrays has per
mitted dramatic 
increases in gate 
array density. LSI 
Logic's 100K array 
is presently the 
largest commer
cially available, 
boasting a total of 
almost 250,000 
equivalent gates 
with just some
where over 
100,000 usabie 
gates. 
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are just beginning to emerge, but 
they'll need help from manufacturers 
of both design software and commer
cial testers. 

I The density race 
Today's highest density array packs 
close to 250,000 gates on a die with 
sides over V2 in. long. Coming from 
LSI Logic (Milpitas, CA), the chan
nelless lOOK Gate LCAlOOOO Com
pacted Array is fabricated in a 
1.2-micron CMOS process that uses 
three layers of metal interconnec
tion. Users should achieve so me
where between 40 and 60 percent 
gate utilization. "Gate utilization," 
says Jerry Rau, LSI's ASIC product 
manager, "is really more opinion 
than fact. It's relatively easy to de
fine many attributes of a gate array, 
such as cell size, transistor length, 
output buffer strength, output size, 
the number of I/Os, pad size, the 
number of layers of metal and the 
width of the metal. But utilization is 
far more design-dependent." 

It would be foolish to guarantee 
that a particular array will achieve 
global utilization of any given 
percentage-whether that be 40 per
cent or 90 percent or whatever, ac
cording to Rau. One has to look at a 
particular design before any type of 
utilization figures can be deter
mined. "At LSI, we're able to trade 
on our experience of having done 
hundreds of designs at different gate
level complexities to get a good idea 
of what to expect," Rau says. 

Rau cites a comparison of digital 
signal processing functions vs. more 
conventional CPU functions imple
mented on a gate array. DSP chips 
can have relatively high gate utiliza
tion because signals tend to start at 
one side of the chip and migrate to 
the other in an orderly way. CPUs, 
on the other hand, require that 
everything on the chip talk to every
thing else, resulting in far lower gate 
utilization. Similarly, circuits incor
porating a significant amount of 
memory tend to have higher utiliza
tion percentages than those with 
more random logic. 

Yet as gate array densities in
crease, other factors also take their 
toll on gate utilization. Bonding pad 
and package limitations are often 
more limiting than the number of 
available gates. Often designers 
have enough gates for more logic 
functions on a chip, but because the 
number of bonding pads is limited by 
the outside perimeter of the die, 

there's no way to get more signals on 
and off a chip. Similarly, designs are 
constrained by the number of pins on 
a package. 

LSI may have the densest gate 
array now, but it's constantly being 
challenged. A number of gate array 
vendors are offering products rang
ing from about 100,000 to 160,000 
gates, including Motorola (Tempe, 
AZ), SGS-Thomson (Phoenix, AZ), 
VLSI Technology Inc (San Jose, CA), 
Mitsubishi (Sunnyvale, CA) and 
Toshiba (Tustin, CA). It's also likely 
that other manufacturers will soon 
jump into the fray with gate arrays 
with more than 100,000 gates. 

11 Gate utilization is 
really more opinion 

than fact. 11 

-Jerry Rau, LSI Logic 
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Though some of these manufac
turers, such as Intel (Santa Clara, 
CA), have been reluctant to give up 
channeled arrays for sea-of-gates ap
proaches, the inherent advantages of 
channelless arrays will inevitably 
force their hand if they're to stay in 
the higher-density gate array arena. 

VTI offers one of the densest com
petitors to LSI's arrays, boasting 
almost 180,000 equivalent gates. 
Developed using the company's 
1.5-micron, two-level metal process, 
the estimated number of usable gates 
is only about 54,000 (about 30 per
cent). In designs requiring a fair 
amount of memory, though, this fig
ure can easily jump to 64,000 gates 
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or more. Emyr Edwards, VTI's man
ager of ASIC distribution marketing, 
says the company is actively pursu
ing the development of a three-level 
metal system but would give no indi
cation of when it would be released. 
While the third level of metal should 
increase utilization somewhat, it will 
also shrink line lengths, thus reduc
ing inductive and resistive problems, 
Edwards notes. 

While VTI's 1.5-micron figure 
seems relatively conservative, Ed
wards points out that it provides one 
of the shortest gate-delay times avail
able, at about 560 ps for a two-input 
NAND gate with a fan-out of2. This, 
he claims, lets flip-flops toggle at 250 
MHz and lets system clock speeds 
reach around 60 MHz. In addition to 
a third metal layer, future VTI de
velopments will include shrinking 
the die to bring minimum dimen
sions close to the 1-micron range. 

I Implementing complex designs 
Motorola's entry into the market has 
a mere-relatively speaking, of 
course-104,000 equivalent gates. 
The device, however, can implement 
designs that are more complex than 
those implemented by many arrays 
with far higher base gate counts, 
says John Carey, product manager 
for the company's ASIC division. The 
trick, he says, is using a three-level 
metal interconnect scheme that lets 
signals, power and ground occupy 
any of the three metal layers. With 
this interconnect strategy, exploited 
by clever design software and an ad
vanced routing package, the arrays 
routinely achieve gate utilization 
figures from 70 to 90 percent and 
higher, according to Carey. 

Fujitsu Microelectronics (San Jose, 

These may look like 
conventional pin
grid array 
packages, but 
they're actually 
Fujitsu's advanced, 
surface-mount 
PGAs. Dropping pin 
spacing down to 50 
mils (right) from 
the standard 100 
mils (left) permits a 
large reduction in 
package size. 
Though this is a 
256-pad device, 
Fujitsu has 
increased pad 
count to over 400. 



CA), meanwhile, has been involved 
in the sea-of-gates array business 
since it first developed a product in 
1985, yet it still doesn't offer such a 
product in the United States. Its ini
tial sea-of-gates array, according to 
Gary Hess, Fujitsu 's director of mar
keting for ASIC products, was never 
commercialized because the com
pany believed the two-level metal in
terconnect structure resulted in gate 
utilization too low to be practical. 

Subsequently, says Hess, the com
pany has released a 100,000-equiva
lent-gate sea-of-gates array in Japan. 
The array is fabricated in 1.2-micron 
CMOS and uses three metal layers to 
achieve gate utilization of 50 to 75 
percent. The gate array is expected to 
be introduced in the United States 
later this year. 

I Packaging constraints 
One of the constraints preventing 
designers from taking advantage of 
higher-density arrays (and cell-based 
parts as well) is packaging. " I/O 
count has gone up in direct propor
tion to IC density, and from all cur
rent indications, it will continue to 
rise,'' says Laurence Cooke, vice
president of engineering for Integrat
ed CMOS Systems (Sunnyvale, CA). 
Despite some predictions that pin 
count would increase to some maxi
mum level and then start to decline, 
wider address and data buses seem to 
have negated that effect. In many 
custom gate arrays, data buses have 
reached 64 bits or more. There's no 
indication that pin requirements will 
drop in the immediate future. 

Existing packages can't keep up, 
however. Conventional PGA pack
ages have topped out at somewhere 
just under 350 pins, and even at that, 
package costs start to approach-if 
not exceed-the cost of the chip being 
packaged. TAB mounting techniques 
may bring lead counts to 500 and per
haps higher. But TAB calls for the 
use of complex mounting equipment 
that's too expensive for many users. 
Chip vendors, therefore, are scram
bling to find alternate packages and 
interconnect strategies. 

Fujitsu has developed a surface
mount array package that sports just 
over 400 connections-one of the dens
e st available commercially. The 
surface-mount connections are con
figured on the bottom of the package 
in much the same way that pins are 
mounted on a PGA. In use, the pack
age is attached on a board and then 
soldered in place using conventional 

vapor-phase reflow soldering tech
niques. Integrated CMOS Systems 
h as also designed a proprietary 
400-pin package using an approach 
that resembles a leadless chip carri
er. Such packages, however, are 
starting to push the limits of conven
tional lead-frame metallurgy and 
wire-bonding technology. 

Yet even these approaches won't be 
able to cope with the increasing chip 
densities of the next generation or 
two. While techniques such as TAB 
help reduce the size of bonding pads 
and increase lead density, they've al
ready begun to reach some practical 
limitations. 

Some vendors believe that future 
generations of chips will need pack
aging that reflects overall system- or 
subsystem-level thinking. Vendors 
such as Integrated CMOS Systems 
have suggested a system where mul
tip le, high-density chips can be 

1/0 count has gone up in direct proportion 
to IC density and will continue to rise, 
says Laurence Cooke, vice-president of 
engineering at Integrated CMOS Systems. 
Cooke's company is among those that 
believe that future generations of chips 
will need packaging that reflects overall 
system- or subsystem-level thinking. 

mounted on and connected to a larg
er silicon substrate. Since the coeffi
cients of thermal expansion would be 
identical for the chip and substrate, 
mounting the chip directly to the sub
strate and directly interconnecting 
the two wouldn't present a problem. 
And because fine lines and intercon
nections could be used, bonding pad 
size could be reduced to the size of 
wire interconnections. Multiple-chip 
subassemblies can be interconnected 
using more conventional techniques 
in much the same way that hybrid 
circuits are connected. 

Pad and packaging limitations 

aren't the only problems caused by 
higher-density circuits. The other 
problem mentioned most often by 
both users and vendors is testability. 
Despite claims by ASIC vendors and 
third-party development-tool suppli
ers, testing issues remain something 
of a negotiated truce between users 
and vendors. The growing sophistica
tion of automatic test vector and pat
tern generation are only a part of the 
answer. And as chips increase in 
complexity, they provide increas
ingly less of a solution. 

"Customers would like to see their 
chips tested at full speed with 100 
percent fault coverage," says Richard 
Koury, director of marketing of Gil
lytron (San Jose, CA), a manufac
turer of scan testing equipment. 
Vendors, for their part, are seeing 
testing costs escalate and testing 
times increase while competitive 
pressures force them to keep prices 
down. Testing costs, they claim, are 
increasing to the point where they 
begin to approach the cost of the sili
con itself. To make matters worse , 
the price of big IC testers has in
creased from $500,000 to $1 million 
and now is reaching close to the $2 
million mark. This places increasing 
capital-investment pressures on 
vendors. 

I Customer-vendor compromise 
The result of these pressures is 
almost always a compromise be
tween what the customer wants and 
what the vendor can, or is willing to , 
provide at a given price. Often, a 
negotiation takes place between the 
customer and vendor, settling, in 
some roundabout way, degrees of 
fault coverage and other test pa
rameters. In many cases, fault cover
age on large chips can be as low as 50 
percent and often doesn't exceed 70 
percent. And it 's not certain that 
chips are tested at speed. In one case, 
a chip designed to run at 30 MHz was 
tested only at 1 MHz-unbeknownst 
to the user. 

But the testing problems may be 
solvable. Mainframe computer mak
ers have long realized the need for a 
comprehensive test technique at both 
the board and system levels. To meet 
the need, they developed various cir
cuit scan techniques, the most popu
lar of which is level-sensitive scan 
design (LSSD), developed by, and 
used first at, IBM. Other scan tech
niques such as boundary scan have 
also been used successfully by main
frame vendors. Scan circuitry places 
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New generation of ASIC vendors improve in-circuit success rates 

Tt,e density per 
chip for high-den
sity application
specific IC chips is 
now exceeding 
100,000 gates. 
And it's easy to im
agine that within 
the next two to 

three years there will be chips with over 
500,000 gates. At one time, we won
dered what anyone would do with so 
many gates. But today, even with so 
many gates available on a single chip, 
high-performance systems are being 
designed using multichip ASIC ap
proaches, creating even greater 
challenges in integration for better 
price/performance. Yet the current suc
cess rate of new ASIC designs when the 
chip is placed into the target system is 
probably between 20 and 50 percent 
This is in spite of a first-pass success 
rate, after simulation, of close to 99 per
cent, as reported by the ASIC industry. 

The two statistics differ because ASIC 
vendors measure the number of designs 
that pass all test patterns on their auto
matic testers, while designers are in
terested in in-circuit success. As long as 
the ASIC chip passes the test patterns 
provided by the customer, the ASIC ven
dor has achieved its objective. 

In most cases, the reasons for initial 
in-circuit failure of new ASIC chips can 
be traced to design problems that are 
hidden during simulation and test . 
Since traditional ASIC vendors concen
trate on automating the silicon layout 
and fabrication process, the verification 
burden remains on the system designer. 

I Vendors help shoulder burden 
Fortunately, a new generation of ASIC 
vendor is emerging to shoulder some 
of this burden for multichip ASIC sys
tems. These vendors come from either 
of two categories. First are those 
whose ASICs support high-volume in
dustry standards. Second are those 
vendors specializing in customer
specific applications, such as the new 
Apollo chip set produced by Integrat
ed CMOS Systems (Sunnyvale, CA) . 

In both cases, the new ASIC vendors 
assume more responsibility for suc
cessful in-circuit operation and apply 
expert knowledge of the application 

and the technology to ensure that 
proper solutions are created . With 
application-specific knowledge, the 
new-generation vendor can assure in
circuit use through proper signal pro
tocols and timing relationships, ap
propriate partitioning, selective 
integration and total system simula
tion. Highly specialized design auto
mation tools support high levels of 
designer productivity. And design
specific test methodologies provide 
verification and debug facilities that 
address a majority of common ASIC 
design problems. 

The new-generation ASIC vendor 
offers application-specific knowledge 
in many different forms . For vendors 
supporting industry standards, the 
know-how is embodied in off-the-shelf 

Traditional ASIC 
vendors must 
change their 

philosophy on 
responsibility for 
in-circuit success 

and testing to 
provide system 
designers with 

complete 
solutions. 

Ill 

products and 
documentation, as 
well as in board 
level designs and 
products. For 
semicustom ven
dors, the know
how may lie in cell 
libraries, custom 
building blocks, 
unique packages 
and various forms 
of customer train 
ing . A prospective 
customer can 
recognize either 

vendor by the attitude of their applica
tions engineers, who focus on solving 
system problems rather than on selling 
gate speed and density. 

New-generation ASIC vendors 
develop specialized design automation 
tools for solving system design prob
lems. Based on years of internal devel
opment combined with the best 
industry offerings of electronic design 
automation tools, these tool suites 
provide high levels of designer produc
tivity by simplifying complex tasks and 
automating the mundane. Logic syn
thesis, for example, can simplify the 
task of converting a high-level system 
description to a detailed gate-level im
plementation . And if automatic chip
partitioning tools are available, most 
of the decisions about which gates go 
in which chips can be automated as 
well. In addition, tools for card-level 

Tom Miller, Vice-President, Sales and Marketing, Integrated CMOS Systems 
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timing analysis, network load balanc
ing, clock skew control and 1/0 pin as
signment improve accuracy and 
turnaround time. 

The major contribution frequently 
comes from system simulation tools. 
While many simulators have system 
simulation capabilities, few designs are 
completely simulated at the system 
level because of modeling, cost and 
scheduling problems. New-generation 
ASIC vendors focus on system simula
tion to improve in-circuit success rates. 
By customizing the design methodol
ogy to the project, simulation can be 
either fast or slow, inexpensive or ex
pensive, exhaustive or superficial, and 
effective or useless. For high-gate
count systems, experience shows that 
a synchronous, race-free and hazard
free design methodology delivers the 
best results . Asynchronous events can 
be synchronized to the system clock 
scheme on occurrence, and test-
ability concerns can be managed 
automatically. 

I Uncompromising performance 
Traditionally, testability was secondary 
to performance in system design. If 
additional circuits were needed to sup
port criteria for observability or con
trollability, the usual practice was to 
delete test features. At densities of 
10,000 gates, these priorities begin to 
shift, but no designer wants to sacri
fice performance. 

New-generation vendors provide 
test structures offering the same per
formance as untested logic, and the 
circuit overhead is minimal. For exam
ple, in the new Apollo series 10000 
Personal Supercomputer, high perfor
mance is delivered while maintaining 
complete chip- and card-level level
sensitive scan design (LSSD) discipline. 

All of the disciplines and tools 
necessary to improve in-circuit success 
rates can be found in the industry to
day. But traditional ASIC vendors must 
change their philosophy on responsi
bility for in-circuit success and testing 
to provide system designers with com
plete solutions. New-generation ASIC 
vendors prove that an integrated chip 
set approach can deliver higher perfor
mance, lower costs and confidence in 
first-pass success. 



discrete registers at each node in a 
circuit, which can be read serially to 
provide information regarding the 
status of the node. 

Although ASIC vendors and de
signers are familiar with these tech
niques and realize they can be 
applied to both chip- and board-level 
problems, the techniques haven't 
been widely used for three reasons: 
scan cells eat up a fair amount of sili
con area, the cells must be designed 
into a circuit manually, and commer
cial scan testers haven't been readi
ly available. 

Depending on how scan testing is 
implemented-and on whom you talk 
to-the cells required for scan testing 
add between 10 and 30 percent addi
tional silicon. Frequent users of scan 
techniques repeatedly mention 
figures of 15 to 20 percent. According 
to ASIC vendors, customers are too 
parsimonious to spare the addition
al silicon area for testing functions. 
They're reluctant to pay for some
thing that they expect to get from the 
vendor for nothing. 

Another missing ingredient for the 
broader use of scan technology is soft
ware that will automatically insert 
scan cells as part of a design being as
sembled. "If there were little or no 
penalty in design time, users would 
be more willing to use scan technol
ogy," comments one user. The com
bined penalties of additional design 
time and additional silicon area in
timidate and frighten off many 
potential users. 

Even though all the issues such as 
pad limitations, packaging and test
ing aren't fully resolved, ASIC ven
dors are forging ahead with even 
denser arrays. LSI's Rau says there's 
nothing standing in the way of in
creasing complexities to 500,000 and 
even 1 million equivalent gates in 
the near future, although he would 
not divulge any LSI plans. 

I Bi MOS forging ahead 
While CMOS arrays seem to get the 
lion's share of attention, bipolar ECL 
and BiMOS arrays continue to forge 
new territory. Although power dissi
pation has kept densities of bipolar 
ECL and BiMOS arrays in the 
10,000-equivalent-gate area, signifi
cantly higher densities are achieva
ble and will be surfacing soon. Recent 
developments in ECL processing 
have already resulted in major power 
reductions without sacrificing speed, 
and developments within the next 
year are expected to see equivalent 

ECL GATE ARRAY DENSITY AND PERFORMANCE TRENDS 
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Although bipolar ECL arrays haven't garnered the headlines the way CMOS arrays have, 
increases in density and drops in gate delays will soon be pushing them near CMOS array 
densities w ith far superior performance. The break in the performance reflects the change 
from metal contact emitters to polysilicon emitters. 

gate counts reach the 50,000 level. 
And that's only the short-term fu

ture. Fundamental characteristics of 
CMOS transistors prevent them 
from being scaled equally in both 
directions (channel width and 
length). CMOS devices, therefore, 
will reach a fundamental limit in 
scaling. Bipolar transistors, on the 
other hand, have no such restriction 
and can relatively easily be scaled 
well beyond CMOS limits. So it's pos
sible, and probable, that bipolar 
devices will overtake CMOS in den
sity within the next few years. 

I System considerations 
While gate arrays continue to grow 
in complexity and design tools make 
them easier to assemble, there's still 
no free lunch, says LSI's Rau. Users, 
though, can follow the example of 
LSI, which has taken advantage of 
the knowledge learned at the lower
density arrays. Rau doesn't recom
mend trying a first gate array design 
at the 100,000-gate level (although 
he claims it can be done). "Most of 
our customers going into very high 
density gate arrays already have 
experience designing chips and im
plementing them in a system at a 
lower complexity level," he says. 

Furthermore, the issue of making 
an ASIC work in a system is often 
overlooked, usually leading to cata
strophic results. It's been reported 
that while better than 90 percent of 
all ASICs work according to initial 
specification on first pass, almost 
one-half of them fail to operate in the 
systems for which they're designed. 
Reasons for the failure vary, from 

leaving out a component or two in the 
design to more involved timing prob
lems not taken into consideration as 
part of the system design. 

Much more emphasis, therefore, is 
being placed on overall system de
sign, rather than simply on chip de
sign. If there was an underlying catch 
phrase at the recent Design Automa
tion Conference, it was "systems ap
proach." The new interest has result
ed in an increasing emphasis on accu
rate models and simulation tools ca
pable of looking at entire systems, 
rather than at chips in isolation. • 
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If you 're looking for architecturally 
advanced EPLDs, look no further 
than Intel's innovative product family. 

Start with our 5AC312. Based on 
Intel's 1.0-micron CHMOS*EPROM 
technology, this high-performance 
EPLD clips along at SOMHz with a 

very low power consumption of 
only SOmA, 150 µA while idling in low 
power mode. And its enhanced 
programmable inputs can be con
figured as latches, allowing the 
5AC312 to latch and hold data-a 
must for complex microprocessor-



12MORE. 
and microcontroller-based systems. 
Plus you'll save valuable board real 
estate and improve overall system 
perfonnance. 

In addition; the 5AC312 has an 
exclusive programmable product 
term allocation scheme. It improves 
device utilization 
up to 33% and boosts 
performance by allow- ' 
ing implementation 
of applications 
requiring complex 
logic functions. 

But we didn't stop 
there. These 5AC312 
features are being 
incorporated into 
future EP1Ds with even 
higher integration. 
So your upgrade path 
is assured. 

But, architectural 
innovation is not the 
only reason to design 
with Intel's highly advanced EPLDs. 

Even though these EPLDs offer 
more than six times the logic density 
per chip than other PLDs, we've 
dramatically simplified your design 
process. With our inexpensive and 
powerful PC-based development 
tool, iPLDS II, you can use your PC/XT,* 

PC/AT,* PS/2* or fully compatible 
system to turn EPLD design concepts 
into working silicon quickly, auto
matically and efficiently. 

Of course, we provide extensive 
technical documentation to help 
you in system design. And, to make it 

even easier, we've 
taken service one 
step further. To ensure 
that the design process 
is as sn1ooth as possible, 
users have access to 
Intel's toll-free EPLD 
"Logical Hotline" and 
a 24-hour electronic 
bulletin board for any 
technical assistance 
they might need. It saves 
hours of valuable time. 

Best of all, the entire 
Intel EPLD family and 
all the development 
support you need are 
available now 

So call (800) 548-4725 and ask for 
Literature Dept. #W457.We'll tell 
you everything you need to know 
about the most technologically 
innovative EPLDs around. 

Intel's sAc312. i·n+ _r 
And fa1nily. . ~ 

"CH MOS IS a patented proce;; of Intel Corp. l'CIXT. PC/AT. and PS/2 are trademarks of 
International Bu~ine.s.s Machines Corporation © 1988 Imel Corponuion. 
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Graphics system designers 
strive for photorealism 

Tom Williams, Western Managing Editor 

The challenge? Design a 
graphics system that 
displays photorealistic 
images-without cost
ing too much in dollars, 
interactivity or speed. 

R eali•m in computer graphi" 
displays? Who needs it? As it turns 
out, photorealistic computer graph
ics, or the ability to generate com
puter images that rival color photo
graphy in all its nuances of color, 
shading, reflectance and translucen
cy, is in demand by a growing num
ber of users . Among these are archi
tects, artists, industrial designers 
and mechanical engineers who need 
to see precisely what their final prod
ucts-whether buildings or automo
biles-will look like under real-world 
conditions. Such photorealistic graph
ics displays are technically within 
the grasp of computer-system design
ers, but at a stiff cost to the user in 
terms of both computation time and 
system price. 

As if the demands for realism weren't 
enough to task the creativity of com
puter-system designers, there's also 
a growing user demand for interac
tivity. An industrial designer work
ing out a new packaging idea, for 
example, would like to instantane
ously see the results of any changes 
made, and from different angles. 
Such interactivity also is technical
ly within reach, but again, at a stiff 
cost to the user in terms of price. 

What distinguishes photorealistic 
images from the most sophisticated 

examples of computer graphics avail
able today? This question has yet to 
be answered completely, but a criti
cal part of the answer involves the 
ability to re-create the interaction of 
light with surface textures. The goal 
of photorealism is to make rubber 
tires look like rubber, upholstery 
look like fabric, and the reflections 
from metallic objects look convinc
ing. "One of the strikes against com
puter graphics is that we've been 
able to produce a lot of plastic-looking 
objects," says Tom Porter, director of 
advanced technologies at Pixar (San 
Rafael, CA). 

I Interactivity just as important 
To many vendors of graphics sys
tems, however, photorealism is a 
"nonproblem," at least for 85 to 90 
percent of their potential customers. 
And to some vendors, interactivity is 
more important than photorealism. 
"Ifit doesn't move, it ain't 3-D," says 
Jim Clark, chairman of Silicon 
Graphics (Mountain View, CA), un
derscoring his beliefthat the concept 
of realism is tightly bound to that of 
interactivity. But whatever the level 
of realism and interactivity, every
one seems to want the two combined 
for an average workstation cost of 
somewhere around $50,000. 
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While no vendor has accomplished 
that yet, Clark has a list of desirable 
elements of realistic rendering that 
he predicts will be possible on an in
teractive workstation within five 
years. These include transparency 
modeling, texture mapping and Bool
ean solids display, which is the logi
cal addition or subtraction of simple 
solid shapes to form more complex 
ones. In the near future , we'll see 
capabilities that lie somewhere be
tween present-day interactive dis
plays and full interactive photore
alism. For Michael Holmes, manager 
of the CAD/CAM design office for 
Chrysler (Highland Park, Ml), and 
others like him, the time and cost 
savings could be dramatic. "We're 
still going to build models," says Hol
mes, "but we hope that we'll be able 
to look at a lot more alternative de
signs and refine those designs before 
we commit to a full-size model." 

One major issue in the development 
of CAE/CAD/CAM workstations for 
mechanical design is the link be
tween the mathematical model of an 
object in the computer's data base 
and the way the object is "rendered" 
as pixels displayed on a screen. At 
one time, computers had to keep two 
types of models for display: the phys
ical design represented by a mathe-



AT&T's pixel machine 
(portrayed here in a 

greatly simplified way) is 
an example of the new 

hardware being 
developed to provide 

graphics rendering that 
approaches the realism of 

fine color photography. 
Cover by Sergio Roffo. 

matical model and a separate set of 
polygons derived from that model 
that approximated its shape. Now, 
an object can be described as a math
ematical model that defines its sur
faces in terms of polynomial equa
tions. A selected view of that surface 
description is then used to directly 
produce polygons and pixels on the 
fly to render the displayed image. 

The mathematical model of a phys
ical object is thus becoming more 
tightly coupled with its graphics rep
resentation. More and more, graph
ics system designers are turning to 
nonuniform rational B-splines 
(NURBS) to model objects-or more 
correctly, the surfaces of objects. 
NURBS are a class of polynomials 
used to describe curved surfaces. As 
so often happens, however, NURBS 
has become a generic term for an en
tire class of mathematical functions, 
including quadratic and bicubic 
patches. The major advantage of 
NURBS is that the same mathemat
ical model used to render the image 
of a surface can also be used to direct
ly generate the numeric machine 
codes for manufacturing. NURBS 
also provide an option for handling a 
model via a display list (the separate 
stored set of commands derived from 
the physical model and stored for use 
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All three types of shading-flat, 
Gouraud and Phong-are based on 
how light is reflected from a source or 
sources off the surface to the eye of 
the viewer (see "Surface shading cre
ates visual realism," on opposite 
page). They differ essentially in how 
finely this reflection model is calcu
lated. Since surfaces are mathemat
ically continuous curves, they have 
to be represented by discrete pixels 
on the screen. Thus, vectors calculat
ed for points on surfaces must be as
sociated with individual pixels for 
rendering calculations. An impor
tant value associated with pixels rep
resenting curved surfaces is the 
surface normal, a vector perpendicu
lar to the plane that's tangent to the 
surface at a given pixel location. 

This fully ray-traced rendering of a Chrysler Laser was done on a Hewlett-Packard Turbo 
SRX system using Starbase. Note that despite the realistic reflectivity and shadows in 
the scene, the tires have a plastic-like surface because their texture hasn't been 
differentiated from that of the car body. 

The surface normal is used as a 
reference vector in the lighting equa
tion to determine the angles of inci
dence and reflection for light that 
reaches the eye of the viewer. In flat 
shading, all normals in a given trian
gle have the same orientation; in 
Gouraud shading, pixel intensity is 
interpolated across the triangle from 
the vertices; and in Phong shading, 
the orientation of each normal is in
terpolated between the orientation of 
the normals at the triangle's ver
tices. Of the three shading methods, 
Phong is the most compute-intensive 
because it also performs a full light
ing calculation for each pixel using 
the interpolated value of that pixel's 
normal. The advantage of Phong 
shading is that it can show specular 
highlights, or points of very high 
reflectivity where the greatest 
amount ofreflected light reaches the 

by the graphics subsystem) or via an 
"immediate" mode. 

In immediate mode, the graphics 
commands used by the display hard
ware are embedded in the same data 
used to describe the physical model 
and are closely linked to it. They 're 
extracted by the graphics subsystem 
from the design data to render the 
display. Immediate mode also makes 
it possible to interact with the phys
ical design data by manipulating the 
displayed image. If an object is rep
resented by a display list, on the 
other hand, the display list must first 
be edited to change the displayed im
age. Then some separate action must 
be taken to update the data describ
ing the object being modeled. 

I NURBS lead to shading models 
The use ofNURBS to represent sur
faces has provided a basis on which 
software developers can build light
ing and shading models for rendering 
displays at different levels of realism. 
These curved-surface descriptions 
lend themselves to rendering tech
niques ranging from flat shading to 
Gouraud and Phong on through the 
more esoteric surface and texture 
techniques now being proposed, such 
as bump and environment mapping. 

Since all pixels must ultimately 
end up at an integer address, curved 
surface patches described by linear 

equations must be approximated in 
order to be displayed. This is done by 
breaking the patches down into poly
gons and then into triangles. A flat
ter curve requires fewer and larger 
polygons than a sharper curve does 
for the same degree of realism. 
Values for individual pixels inside 
triangles are obtained by interpola
tion. Triangles are used because, un
like rectangles, there are well 
defined ways of linearly interpolat
ing values across triangles. 

THE BASIC LIGHTING MODEL FOR SHADING 

SURFACE NORMAL 

REFLECTION VECTOR 

LIGHTING VECTOR VIEWING VECTOR 

PLANE TANGENT TO PIXEL 

CURVED SURFACE PRIMITIVE 

In the basic lighting model from which Phong shading and more complex techniques are 
derived, the surface normal is the reference vector from which the amount of light 
traveling along the viewing vector is calculated. By mathematically perturbing the 
surface normal or groups of normals, texture procedures can cause different amounts of 
light to reach the eye, resulting in different surface texture effects. 
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Surface shading creates visual realism 

G enerating a 
realistic image from 
a three-dimensional 
object model is a 
pipeline process 
made up of three 
basic components: 
transformation and 
clipping, scan con-

version, and shading. Typically, a 3-D 
object is first constructed as a 3-D 
wireframe model with line segments or 
polygon definitions. Transformations and 
clipping are common to these line 
segments, but for a shaded display on a 
raster system, polygons must be clipped 
rather than lines. Scan conversion is the 

·mapping of the 3-D line definitions of 
objects into discrete raster-scan lines on 
the image plane. Hidden-line and 
hidden-surface removal is a complex 
algorithm that's applied to the scan-line 
process for removal of lines or surfaces 
obscured by other lines or surfaces. And 
shading, the calculation of light intensity 
at each point on an object's visible 
surface, provides the effect of visual 
realism in computer-generated images. 

Once visible surfaces have undergone 
hidden-surface removal, a surface 
shading/lighting model is used to 
compute the intensities and colors of 
each surface. The lighting model 
determines the intensity of the reflected 
light that reaches the eye from a point 
on the object. To make this 
determination, the lighting model 
applies two principal ingredients: 
properties of the surface and properties 

Flat shading 

of the illumination falling on it. The 
principal surface properties are color, 
reflectance and transparency. 
Illumination may be either diffuse, 
point-source or highlighted . This 
lighting computation is performed scan 
line by scan line as the hidden-surface 
algorithm determines which portion of 
a polygon face is visible. 

I Three approaches to shading 
Three principal approaches to shading 
are flat (also called facet), Gouraud 
and Phong . Flat shading calculates a 
single intensity value for shading an 
entire polygon face. A single surface
normal vector is defined for each rep
resented polygon . Each polygon is also 
shaded with a single color. This is a 
reasonable approach to shading flat 
surfaces where the intensity of the 
light reflected from the surface is held 
constant over the entire surface. 

Gouraud, or intensity-interpolation 
shading, provides smooth shading 
through a linear interpolation tech
nique in which surface-normal vectors 
are computed at the vertices or cor
ners of each face of a polyhedron . First, 
surface normals are calculated . Next, 
vertex normals are computed by aver
aging the surface normals of all the 
polygon faces common to the vertex. 
Each of these vertex normals is used to 
compute a vertex shade, and then the 
shade inside the particular polygon 
face is interpolated from the vertex 
shades. Each polygon is shaded along 
each edge and then between edges 

Gouraud shading 

Michael Warner, Senior Product Manager, Seiko Instruments 

along each scan line. 
Phong shading is a complex al

gorithm that computes the intensity 
value of each pixel of a polygon face 
according to how that point is orient
ed to the light source(s) . Phong was 
the first shading model to achieve 
realistic highlights using interpolation 
of surface normals and an approxima
tion of specular reflection . The Phong 
shading method entails interpolating 
surface-normal vectors across the poly
gon face-as opposed to Gouraud 
shading-and using the interpolated 
surface normals to calculate the inten
sity values for each pixel on the poly
gon surface. The intensity contribution 
for each light is modeled as the sum 
of diffuse and specular components. 
Diffuse reflection, or light that is 
reflected uniformly in all directions, de
pends on the position of the light 
source, not of the viewer. Specular 
reflection, which makes the surface 
appear shiny by generating highlights 
in the mirror direction, takes into ac
count both the surface finish and the 
position of the viewer. 

Since the Phong technique requires 
extensive computing power to execute 
the complex calculations needed to 
shade each pixel of an object's surface, 
it's usually performed only on super
computers or superminicomputers. 
Phong shading, unlike Gouraud, also 
supports the full range of lighting con
trols, including multiple light sources, 
colored light sources, and point, spot 
and directional light sources. 

Phong shading 
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DEECO MODULES AND CONTROLLERS. 
SINGLE-BOARD SOLUTIONS 

FOR MULTIPLE TECHNOLOGIES. 
When it comes to finding a single solution to your 

multiple flat-panel display needs, the choice is DeeCO 
modules or controllers. DeeCO controllers easily interface 
to either electroluminescent or plasma displays, elimi
nating the need for time-consuming modifications and 
speeding product design. 
Drawing Graphics and VTlOO Emulation Controller. 

The C3 controller makes your software development 
easier. Over 200 simple ASCII handler commands enable 
powerful capabilities for advanced flat-panel graphics 
and VT terminal text applications. 

The system draws lines, arcs, circles, inside and outside 
paint and several styles of fill patterns, plus 16 levels of 
character zoom and displays text on any 45-degree angle. 
Internal frame storage saves frequently-used screens, 
which frees up valuable host time. 

If your application is in harsh environments and 
requires operator interaction, DeeCO's SealTouch options 
provide a complete system solution. 
VT220 Emulation and Character Graphics Controller. 

The C220 controller emulates VT220 terminal oper
ation, supporting 80 columns and 25 lines of text. Plus 
you can choose from multiple character sets for ASCII, 
multinational, graphics and Hebrew. 

The system software designer will appreciate features 
such as, "window" and non-destructive "overlay" primitives. 

Multiple 1/0 ports for host, keyboard and printer inter
faces provide expanded design flexibility and convenience. 

To find out more about DeeCO display solutions, call 
or write today. Because when it comes to modules and 
controllers for multiple technol- DE c I 
ogies, we have one solid solution. 

Digital Electronics Corporation, 3104 7 GenstarRoad, Hay.vard,CA 94544-7831 ( 41 5) 4 71-4700 
OeeCO 1s o reg1slered trademark of D1g1tol ElecfrorncsCorporotK>n VT220. VTtOO ore lrodemorl<s of D1g1101 Equipment Corporol1on 
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eye of the viewer. 
Workstations are now getting pret

ty good at performing Gouraud shad
ing in almost real t ime. The GX4000 
from Raster Technologies (Westford, 
MA), for example, uses a graphics 
arithmetic processor (GAP) that can 
generate 18,000 Gouraud-shaded 
polygons/s. Up to eight GAPs can be 
plugged into a system to achieve 
nearly linear increases in through
put. A system with four GAPs using 
double frame buffers is fast enough to 
display and interactively manipulate 
some fairly complex shapes, such as 
a teapot, with Gouraud shading. 
Complexity depends not only on the 
number of objects on the scene, but 
also on how finely or coarsely the ob
ject is to be rendered. The same 
curved surface patch could be ren
dered as 100 or 1,000 polygons, for ex
ample. The 1,000-polygon patch 
would appear smoother, but it would 
take longer to render. 

Another sysytem that performs 
Gouraud shading in almost real time 
is the Model 835 Turbo SRX from 
Hewlett-Packard (Palo Alto, CA), 
which can display 35,000 triangles/s 
with a single light source. Hewlett
Packard has implemented NURBS 
primitives in hardware for defining 
and manipulating surfaces. There's 
also hardware support for trimming 
of B-spline surfaces. Trimmed sur
faces have edges that aren't joined to 
other surfaces-for example, a curved 

piece of paper with a hole in it. They 
can be used in operations that com
bine surface primitives to form more 
complex shapes. 

I Multiband shading engine 
Designers at Seiko Information 
Devices and Systems Di vision 
(Tokyo, Japan) recently implemented 
Phong shading in hardware, making 
it possible to interactively manipu
late Phong-shaded images using 

11/f it doesn 1t move, 
it ain 1t 3-D. 1 1 

-Jim Clark, Silicon Graphics 

Ill 

multiple light sources. Built around 
a chip called the pixel rendering en
gine (PRE), the multiple-board shad
ing engine used in Seiko's GR4400 
series of raster display systems can 
calculate the Phong lighting equa
tion for every pixel for up to eight 
colored light sources. The chips let 
users select flat, Gouraud or Phong 
shading depending on the degree of 
realism and interactivity desired. 

The current version of the shading 
engine uses two identical PREs, 
which can be used in one of two 
modes. One PRE is used in a mode to 
determine the X, Y and Z coordi-

THE RENDERMAN RAY-TRACING PARADIGM 

The Renderman interface proposed by Pixar uses a ray-tracing paradigm in which there 
are three basic types of shaders. These include the light source (sun); the texture, 
represented by the surfaces of the objects that reflect light; and the volume, represented 
both by the objects through which light passes and by the volume of the atmosphere 
surrounding the whole scene. The user need not use all elements of the ray-tracing 
paradigm for every rendering. 

•GRAPHICS SYSTEMS 

nates. Since these coordinates repre
sent points on a curved surface, the 
chip can determine the orientation of 
the surface normals of these points. 
Since the position of the points on the 
Z axis has been determined, the Z 
value can be used for hidden-surface 
removal. The other PRE can be used 
in a mode that calculates red, green 
and blue intensity values using the 
shading algorithms. The current ver
sion of the shading engine calculates 
60,000 Phong-shaded pixels/s. PREs 
can be ganged in parallel to build 
larger, faster shading hardware, and 
several pairs of PREs can be assigned 
to process data contained in different 
parts of the frame buffer. 

Calculating 60,000 pixels/sis fast. 
Yet it would take about 16 s to ren
der all the pixels in a complete 
million-pixel display. But since an 
object rarely fills the whole screen, 
it's seldom necessary to render all the 
pixels on the screen. Another way 
processing time can be slowed is by 
adding more light sources. Any ren
dering time increased in this way can 
be cut in half through the use of dou
ble buffering. While a user still can't 
manipulate an object of arbitrary 
complexity in real time, the shading 
engine provides the ability to first 
rapidly manipulate a complex object 
in near-real time using a lower level 
of detail and then get a Phong-shaded 
rendering in a matter of seconds. 

I The search for standards 
The history of graphics standards has 
been one of committees trying to 
catch up with developments in 
technology-a generally frustrating 
experience. Now Pixar has indepen
dently published a proposal, called 
Renderman, that defines the way to 
interface with rendering systems. 
Renderman concentrates more on 
describing the way to display a view 
of the geometric model rather than 
on explaining how to manipulate the 
model itself. That is, it will accept an 
object defined as NURBS; rotate, 
scale and clip it; and tell the render
ing hardware and software how to 
display it as shaded pixels. At least 
10 times as much computation is in
volved in shading or rendering than 
is involved in geometric operations 
such as rotation and translation, ac
cording to Pixar's Porter. The more 
detail desired, the greater that differ
ence becomes. Although Renderman 
defines these operations, its primary 
focus is shading. 

Renderman is unusual as a stan-
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Everyone thought gate arrays 
would be a great solution to their 
semi~custom design needs. Then 
they designed one and discovered 
that "semi~custom'' translated 
into "expensive'.' "time consum~ 
ing" and "risky" 

;;;--- --:;.-

- ~· -

·. The solution to the solution. 
Meet the Logic Cell '" Array

the first Programmable Gate Array 
It's a high density CMOS chip of un~ 
matched technology that's user pro~ 
grammable where it's easiest for you 
to program-in software. 

Your development cycle is cut 
to a week or two instead of six 
months. So you can get your product 
to market that much sooner 

, 

_ _ .. to verify your 
design in hardware. And if you need 
to change your design you can do it in 
a matter of minutes. Not months. And 
you won't have to spend any more 
money 

9000 wa~ to get ahead 
of schedule. 

The Am2000 series has densit
ies from 1000 to 2000 usable gates 
and the Am3000 series has densities 
from 2000 to 9000 usable gates. With 
those densities (we'll have even high~ 
er densities later), you need fewer 
parts to get the same functions as 



EPLDs or discrete logic. 
There is no other PGA technol

ogy available today And over 5000 
designers are already using it. 

Even getting started is easr 
Your investment is minima .You 

don't have to finance months of NRE. 
You can get started for the price of a 
PC (which you probably already have) 
and some software. 

PGAs are the epitome of the 
just-in-time product. They are the 
only gate arrays stocked in produc
tion quantities at your distributor 
And they're programmable instantly 
Which means you can go from design 
to production as fast as you need to. 

/" 

Even overnight. 
See for yourseH. 

Contact us for a free diskette 
that gives you a detailed product 
overview, an interactive session 
where you can plug in your own de
sign criteria and find out how PGAs 
can help your design. Part of the PGA 
development software is included so 
you can get started saving time and 
money right away 

Just call (800) 222-9323. Or drop 
us a line. 

Advanced Micro Devices ~ 
901 Thompson Place, PO Box 3453. Sunnyvale, CA 94088. 

© 1988 Advanced Micro Devices. Inc Logic Cell is a trademark of Xi linx. Inc 
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dard proposal because it specifies 
graphics rendering techniques that 
" go beyond what we know how to do 
and far beyond what other people 
know how to do," says Porter, one of 
its creators. Pixar's designers were 
concerned with graphics 10 years 
into the future, according to Porter. 
Ten years is just what Silicon Graph
ics' Clark estimates it will take be
fore all of the rendering defined by 
Renderman is possible on an interac
tive workstation. Nevertheless, some 
of the techniques covered by the Ren
derman proposal will be important 
for the generation of workstations 
that will come on the scene over the 
next five years. 

One of the most important capabil
ities addressed by Renderman is tex
turing. The Phong,shading model 
yields a surface with a specific nor
mal associated with it that's based 
solely on the curvature of the surface, 
which is what leads to a shiny, 
plastic-like look. "Now you have the 
opportunity to perturb that surface 
normal and end up with bumpy sur
faces, brushed copper, striated and so 
forth," says Porter. A surface with 
grooves, for example, might be repre
sented by selecting rows of pixels and 
perturbing the normals associated 
with their position on the surface by 
some constant value and then adding 
color attributes. 

Renderman defines four standard 
types of surfaces: constant, matte, 
metal and plastic. By using the Ren
derman shading language and 
specifying how normals are to be per
turbed, a programmer may use a soft
ware procedure to define most kinds 
of surface textures-hence the name 
procedural texture mapping. 

I Shades define lighting 
Procedural definitions of textures 
and other elements such as light 
sources, volumes and atmospheres 
are collectively called "shaders." 
There are, for example, predefined 
lighting shaders for ambient, distant 
and point light sources, as well as for 
spot lights. Atmosphere shaders in
clude depth cue and fog. Volume 
shaders describe other volumes 
through which light passes and is 
refracted and attenuated. Atmos
phere shaders are based on the fact 
that light is attenuated over dis
tance, be it through clear or foggy air, 
and that such attenuation gives the 
eye a cue to spatial relationships. The 
syntax of these predefined shaders 
can be used to define custom shaders 

Two views of the same teapot: one with a 
Phong-shaded rendering of its surface 
(top) and one on another shiny surface 
with ray tracing (bottom). Note that ray 
tracing shows reflections of the pot and 
surface in the other as well as of the 
shadow cast by the pot. 

of all kinds. Such shaders are soft
ware routines that state how light is 
to be reflected, transmitted, attenu
ated or colored. 

In addition to procedural texture 
mapping, the Renderman interface 
also allows images scanned in from 
the real world to be mapped onto ge
ometric surfaces. Thus, a selected 
surface could be made to appear as 
wood grain or marble by applying a 
real-world image to a geometrically 
defined curved surface via software
mapping routines. This mapping 
would apply a pattern to the surface, 
but the light reflecting off the surface 
would still be affected only by the 
surface-normal values. A variation of 
this method of texture mapping is en
vironment mapping, which gives the 
impression ofreflectivity by taking a 
portion of the surrounding scene and 
mapping it onto the surface of a shiny 
object while modifying its brightness 
and color. This approach is much less 
costly in terms of computation over
head than ray tracing, but doesn't 
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yield the same degree ofrealism and 
accuracy. 

"Reflectivity is important to indus
trial designers because it gives them 
a feel for the curvature of the body," 
says Porter. Chrysler's Michael Hol
mes agrees: "If you have a highly 
specular surface and you put a reflec
tion line on it, you can see small ab
normalities in your mathematical 
surface base that you couldn't see 
without having that highly specular 
surface." There's a horror story cir
culating about another automobile 
manufacturer that went ahead and 
produced a die for stamping body 
parts on the basis of a wire-frame ren
dering only to find out that the 
mathematical model had an un
detected dimple in it that drove the 
machining of the die. 

Renderman uses a paradigm that's 
based on ray tracing, a technique 
that traces light back from the eye to 
its ultimate source or sources via the 
various objects it has reflected off of 
or passed through. Thus, one ray may 
spawn two rays, and each of those 
two more, and so forth. The advan
tage of a ray-traced image is that it 
produces very sharp reflections as 
well as transmittance and trans-
1 ucency effects. Each new view of an 
object, however, requires a complete 
recalculation of the ray-traced image, 
which is extremely compute-inten
sive. Computing a full ray-traced im
age can take hours or even days on a 
supercomputer, depending on the 
scene's complexity. 

I Radiosity vs. ray tracing 
Another important image-genera
tion technique is radiosity. Rather 
than tracing individual light rays be
tween individual points on a surface 
(represented by pixels) and the eye, 
radiosity analyzes the light relation
ships between surfaces. It looks at 
the light that falls on a surface as 
well as light that's emitted from a 
surface. For instance, if a person is 
sitting at a wood desk, his face is il
luminated a certain way. If he un
folds a large sheet of white paper on 
the desk, the illumination of the sur
face below his face changes, as well 
as the illumination of his face . 

Radiosity is based on concepts de
rived from thermodynamics and heat 
transfer, according to Andrew 
Barlow, Turbo SRX product manager 
for Hewlett-Packard. Its methods 
also have a lot in common with finite
element analysis. In addition to ren
dering images, "radiosity can be used 



in analysis applications such as un
derstanding heat dissipation in a fur
nace where there are particles,'' 
Barlow says. It can be used to analyze 
the heat propagation between objects 
inside the furnace, the walls of the 
furnace and other objects in terms of 
the heat they emit, absorb and re
flect . Radiosity is roughly equivalent 
to ray tracing in terms of the com
putational burden, but it has the ad
vantage of being view-independent, 
describing only the nature of the sur
face illumination. Because of this, 
after a scene is rendered it can be 
modified using geometric transla
tions. Radiosity, well suited to han
dling diffuse lighting effects, doesn't 
produce the sharp shadows and 
reflections of ray-traced images. 

I Graphics tools for shading 
Hewlett-Packard's Starbase graphics 
library, which runs on the Turbo SRX 
series of workstations, supports graph
ics either in immediate mode or by 
generation of separate display lists. 
The user can interact with the data 
model, which is expressed in NURBS, 
on several levels. Flat shading, for in
stance, can be used for initial design 
iterations, and then the user can 
choose to see a Phong-shaded ver
sion. Interaction with the image 
won't be in real time, but it will still 
take less than one minute. When the 
user is ready for a full-blown, ray
traced rendering of the scene-and is 
willing to walk away from the com
puter for several hours-ray tracing 
can be performed on exactly the same 
data set or display list used for the 
lower levels of rendering. 

Similarly, the Dynamic Object 
Rendering Environment (Dore) from 
Ardent Computer (Sunnyvale, CA) is 
a graphics toolkit that lets an object 
be described to it in terms of all the 
surface and shading attributes the 
user wishes. Having so described the 
object or scene, the user can dynam
ically select the level of rendering. 
Ardent has instituted a licensing pro
gram for porting Dore to systems 
other than its own Titan graphics su
percomputer. The company has also 
announced its support for the Ren
derman interface, but emphasizes 
that Renderman isn't itself a render
ing software system but rather a 
standard way of describing rendering 
procedures. "Renderman is a nice 
way of describing shading, but it's 
not a nice way of doing it. We've got 
to solve both problems," says Bruce 
Borden, vice-president of strategic 

Interactivity vs. photorealism in computer graphics 

The field of com
putational science is 
characterized by in
credible amounts of 
data that must be 
examined and ana
lyzed. Visualizing 
data obtained either 
experimentally or 

through simulation is the bread and 
butter of the computational scientist. By 
viewing the data in different representa 
tions and from different perspectives, 
the scientist can achieve an intuitive un
derstanding of the problem being 
studied. 

To assist computational scientists and 
others who deal with complex collec
tions of data, a new class of graphics su
percomputer has been created . These 
computers are designed to let scientists 
and engineers perform large-scale com
putations on massive amounts of data 
and display the results interactively as 
the computation proceeds. Scientists 
are just starting to use graphics super
computers for applications in areas such 
as computational fluid dynamics, com
putational chemistry, mechanical de
sign and analysis, geophysics, and other 
computational sciences. 

In the task of interactive visualization, 
there's often a trade-off between the 
desire for immediate interactive 
response and the level of detail and real
ism represented in the image. But real 
ism isn't necessarily the purpose of data 
visualization . Shadows and reflections 
on atoms in a molecule have no direct 
relationship to the physical reality of the 
molecular structure. On the other hand, 
they do let the scientist visualize a struc
ture's three-dimensional nature. 

Each figure of dynamic representa
tion can contribute to an understanding 
of the data. Lighting and shading can 
be used to present three dimensions. 
Colors can represent gradations or 
differences in temperature, velocity, 
pressure, density and other such factors. 
Transparency lets the user peer into the 
middle of the data without losing sight 
of the whole. 

But many of these advanced features 
such as shadows, reflections and tex-

tu res take time to generate even on the 
most powerful computers, thus delay
ing the user's interaction with the data. 
The added value that these features 
contribute may not justify disturbing a 
smooth and instantaneous response as 
the scientist manipulates the data . 

Features of computer graphics provid
ed in hardware will be used most heavi
ly for interaction with data . The 
state-of-the-art today, for example, in
cludes 3-D surface representations such 
as Phong shading with specular high
lights and transparency that can be ani
mated at the rate of 5 to 1 O frames/s. In 
the near future, hardware will advance 
to include texture maps and higher 
frame rates. 

Photorealistic images are important in 
applications where realism is desired in 
the end product- such as movie and 
television animation and special effects. 
In other fields, such as automotive de
sign, photorealism may be important in 
the final stage of the design process. 

The problem with photorealism pack
ages today is that they aren't integrated 
with the software that generates inter
active dynamic displays. A scientist who 
wants to interact with the data and 
produce final images with photorealism 
must write two programs or, at least, 
deal with separate graphics interfaces. 

The Dynamic Object Rendering En
vironment (Dore) by Ardent Computer 
(Sunnyvale, CA) can mitigate this 
problem by providing a single program 
interface to dynamics and photorealistic 
image generation . Dore is currently be
ing ported to Sun and Apollo worksta
tions and Cray supercomputers, in 
addition to graphics supercomputers. 

The interactivity and the image
generation capabilities provided by 
new-generation graphics supercom
puters can address 95 percent of a 
scientist's requirements; the capability 
for photorealistic images alone address
es only about 5 percent of those needs. 
Scientists and application developers, 
however, aren't interested in becoming 
graphics experts. Photorealistic images 
will become a popular graphics tool 
only when they're easy to develop 
without sacrificing interactivity. 

Bruce Borden, Vice-President of Strategic Planning, Ardent Computer 
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High-quality rendering of surfaces can often bring out unseen flaws and mistakes. In the 
yacht hull, computational fluid dynamics revealed a surface anomaly shown by the red 
band extending from the front of the keel up around the hull. 

planning at Ardent. 

I CPU handles rendering 
A traditional way of speeding 
throughput for graphics systems has 
been to build specialized coprocessors 
and accelerators. Silicon Graphics, 
for example, developed its Geometry 
Engine IC to speed the very repeti
tive matrix transformation and clip
ping operations needed in geometry 
calculations for rotation, scaling, 
translation and clipping. Seiko devel
oped its PRE to offload the calcula
tion of lighting equations for Phong 
shading. In workstation and super
workstation architectures, there's 
also been a trend toward integrating 
more and more graphics computation 
burden into the main CPU. 

"If you can provide a general
purpose unit of sufficiently high com
putation performance, you don't need 
special gadgets," says Steve Blank, 
Ardent's vice-president of market
ing. Workstations with hardwired 
lighting equations aren't able to use 
them for more complex surface
rendering operations. At some point, 
"you need a much more general
purpose processor that executes an 
arbitrary procedure that the shading 
software has downloaded," says Pix
ar's Porter. Performing even more 
graphics processing on the general
purpose CPU also is an advantage 
when working with software using 
immediate-mode graphics because 
the graphics commands embedded in 
the design data don 't have to be 
offloaded to a specialized coprocessor. 

Both the Ardent Titan and the 
Graphics Supercomputer made by 
Stellar Computer (Newton, MA) are 
examples of machines in which the 
designers have executed as much 
graphics processing as possible on 
the main processing units. But when 
it came to pixel processing-the cal
culation of the actual pixel values 

based on the parameters of the shad
ir1g model-the designers of both 
machines turned to specialized hard
ware. Stellar, for example, sends the 
computed shapes to a rendering 
processor via a dedicated data link. 

I Specialized rendering hardware 
If the computation speeds for ray 
tracing and radiosity are to be 
reduced to manageable levels, it will 
be through the aid of specialized 
hardware for rendering. At present, 
the top contender for a "ray tracing 
engine" seems to be the Pixel 

11Renderman is a nice 
way of describing 

shadingl but it 1s not a 
nice way of doing it. 
We 1ve got to solve 
both problems.11 

- Bruce Borden, Ardent Computer 

I I I 

Machine from AT&T (Holmdel, NJ). 
The PXM900 Series of graphics 
workstations uses parallel configura
tions of AT&T's 32-bit 10-MFlops 
DSP32 digital signal processor (DSP) 
chips. Up to 82 DSP32s can be con
figured in the Pixel Machine for an 
aggregate of 820 MFlops of comput
ing power. Each of as many as 64 
DSP chips is assigned a portion of the 
frame buffer, which lets the PXM900 
support resolutions as high as 
1,280- x 1,024-x 32-bit pixels. 

The use ofDSPs in a rendering en
gine offers a balance of processing 
speed and programmability. DSP 
chips, while not as versatile as bit
slice processors, don't need to be pro
grammed in microcode and can offer 
higher speeds for a specialized range 

60 AUGUST 1, 1988 COMPUTER DESIGN 

of operations. They're suited for 
tasks such as matrix multiplication 
(used in geometric transformations), 
cross products (for calculating sur
face normals and vectors of reflec
tion) and multiply/accumulate opera
tions (for filtering and antialiasing 
operations). Their range of program
mability gives them an advantage 
over hardwired rendering chips in 
that they can adapt to new develop
ments in graphics algorithms. The 
ability to use them in parallel, with
out consuming as much board real es
tate as multichip bit-slice designs, 
assures for them a bright future in 
high-end rendering hardware. 

The PXM900 uses the same DSP32 
chip for two classes of operations. In 
the geometry pipeline, up to 18 DSP-
32s do the transformation processing 
on NURBS for operations such as 
translation, scaling, rotation and clip
ping. A parallel array of up to 64 
DSP32s, assigned to different sections 
of the frame buffer, performs both 
lighting and shading calculations. 

AT&T has developed libraries of 
software routines for the PXM900 
that can be called from C programs. 
A graphics library called Piclib sup
ports the generation ofNURBS-bi
cubic patches, quadratic patches, 
spheres and other high-level surface 
primitives. It also supports flat, 
Gouraud and Phong shading, mul
tiple-colored light sources and map
ping of 2-D textures onto 3-D surfaces. 

A second library, called Raylib, is 
specifically designed to perform ray 
tracing at high speed. With Ray lib, a 
user can disable features such as 
shadow, reflection and transparency 
for a quick look at an image. The Pix
el Machine has dramatically short
ened the time required for complex 
ray tracing. An image that takes 18 
minutes to render on a VAX-11/780 
can be rendered in less than one 
minute using the PXM900, accord
ing to Gary Jablonsky, application 
engineer for AT&T Pixel Machines. 
AT&T is also reported to be studying 
the Renderman proposal, but the 
company hasn't yet made any deci
sion to endorse it. 

While expressing interest in pho
torealism, mainstream workstation 
manufacturers, such as Raster Tech
nologies and Silicon Graphics, are 
more focused on what they can pro
vide at an acceptable workstation 
cost (somewhere around $50,000) in 
the near future. Silicon Graphics' 
Clark says that about 90 percent of 
the market for 3-D CAE/CAD can be 



satisfied with what amounts to a sub
set of the rendering capabilities that 
comprise true photorealism. These 
include trimmed NURBS-surfaces 
with terminated edges-and Boolean 
solids. Boolean solids are a higher 
level primitive than NURBS in that 
they logically combine shapes de
fined by NURBS. A tube, for exam
ple, can be defined by subtracting a 
cylinder from a previously defined, 
slightly larger cylinder. The result
ing tube would have walls with a 
thickness equal to half the difference 
between the diameter of the two 
cylinders. 

Procedural and mapped textures, 
as well as environment mapping, 
also are on Clark's list. Ray-traced 
images aren't part of the subset ~ 
within the near future. Neither is ~ 
transparency, the ability to look in- ~ 
side of data representing solids that ~ 
lets a user rotate the model and view ~ 
it internally from different angles. 8 '===~~--•-=~=~=~ 

For applications further in the fu- Representing a tour de force of high-end 
ture, efforts are underway to push rendering techniques, the tabletop is a 
realism beyond the traditional dis- two-dimensional scanned image of wood 
tinction between computer-gener- grain that has been mapped to the surface. 
ated graphics and imaging, or image The base of the light bulb is a procedural 

texture map where the normals represent
processing. In computer-generated ing the surface were perturbed to give the 
graphics, the computer generates the metallic, threaded effect. The glass of the 
image to be manipulated and ana- bulb shows both transparent and reflective 
lyzed from its own commands and attributes, and the filament appears to be 
data. Imaging, on the other hand, ac- radiating light, which falls on the table. 
quires a video image of a real object 
and generates data for analysis and 
manipulation from the image. The 
data extracted from imaging isn't the 
same as the graphics primitives that 
generate images in graphics systems. 
Imaging data is usually the result of 
filtering operations, contrast en
hancements and statistical informa
tion about an image. 

I What's needed for the future 
Future scientific visualization of 
mechanical , as well as natural, 
processes will require a blend of both 
graphics and imaging techniques, ac
cording to Larry K a pl an , vice
president and general manager of 
the Information Display Group at 
Tektronix (Wilsonville, OR). "Ideal
ly, you'd like to be able to drive the 
car you've designed through a brick 
wall, or to see how it looks in the TV 
commercial , or how it photographs 
from all different angles, before you 
even touch a machine tool," he says. 

What's needed to achieve the 
realistic manipulation of imaging is 
a combination of processing power, 
software and fiberoptic networks at 
a reasonable cost , according to 

Kaplan. The latter would be required 
to pass 1,204- x 1,024-pixel images 
around a network at a 30-frame/s 
rate. Kaplan views Renderman as "a 
standard that for once in our lives is 
out ahead of the technology. " 

Although there are no such 
products now, Kaplan cites some de
velopments that may lead the way 
soon. One is what he calls "fractal 
decoding." Fractals are equations 
that describe the structures of natu
ral formations such as plants, moun
tains and clouds. Research has 
shown that it's possible to analyze an 
image such as a cloud down to its 
fractal expression . The compact 
equation can be stored and called by 
the system to reproduce the cloud, or 
it can be modified to produce a some
what different cloud. The ability to 
decode images into fractal expres
sions would relieve developers of the 
need to search for the proper abstract 
mathematical formulas. 

I Many forces push for realism 
The push for realism in computer 
graphics is taking place on many lev
els. The mechanical CAD designer 

desires as much realism as can be 
had for a given cost while still main
taining the ability to interact with 
the display in real time. Design man
agement is looking for the most 
realistic renderings possible for final 
analysis of designs, for the prepara
tion of presentations, and for market 
research and advertising. The enter
tainment industry would like to use 
realistic renderings for video editing 
and numerous other possibilities. 
The natural sciences would like to 
visualize compute-intensive simula
tions of physical processes in real 
time. 

In reaching these goals, hardware 
will have to tread the classic thin line 
between specialized functionality for 
speed and more general programma
bility to be able to adapt to new soft
ware techniques. System designers 
are trying to push specialized silicon 
such as that used in the graphics 
pipeline even further out toward the 
final pixel rendering. This makes it 
easier to couple graphics and general 
computation more tightly. Both 
hardware and software will undoubt
edly rise to the challenge of providing 
what users desire most-as much 
realism and as much interactivity as 
possible for a given price. • 
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The AC/ACT Computer Age. 

The future belongs to computers and peripherals 
built with RCA Advanced CMOS Logic. 

The pressure is on to make your systems smaller, 
faster, cheaper. 

Some of your competitors are doing just that by 
incorporating AC/ ACT into their new designs. If 
you want to stay on the fast track, you can't afford 
not to consider AC/ ACT. 

The computer of the future. 
Imagine a computer with power dissipation so 

low you could eliminate all cooling systems. Or 
design a sealed system to prevent dust problems. 
And get dramatically improved reliability, thanks to 
the far lower heat generated. As well as far smaller 
system size. 

\bu'd also be able to use it in a far wider operating 
temperature range (-55°C to +125°C). Even in 
high-noise environments. 

FAST.speed, CMOS benefits. 
Advanced CMOS Logic gives you high speed 

(less than 3ns propagation delay with our ACOO 
NANO gate) and 24 mA output drive current. 

But unlike FAST, it gives you a whole new world 
of design opportunity for computers, peripherals, 
telecommunications and other speed-intensive 
applications. 

Advanced CMOS Logic dissipates less than 1/8 
Watt while switching, compared to l/2 Watt for a 
FAST IC (octal transceiver operating at 5 MHz). 
And quiescent power savings are even more dramatic: 
AC/ ACT idles at a small fraction of the power of a 
FAST IC. 

In addition, AC/ ACT offers balanced propaga
tion delay, superior input characteristics, improved 
output source current, low ground bounce and a 
tSmartModel rs a trademark of logic Au1omat1on Incorporated 
•FAST 1s a trademark of Nallonal Semiconcluclor Corp 

wider operating supply voltage range. 

Latch-up and ESD protection, too. 
Latch-up concern is virtually eliminated, because 

AC/ ACT uses a thin epitaxial layer which effectively 
shorts the parasitic PNP transistor responsible for 
SCR latch-up. 

And a dual diode input/ output circuit provides 
ESD protection in excess of 2KY. 

Save months on design time. 
Now, you can work with SmartModelstof our 

devices to do fast system-level simulation. This can 
dramatically cut your design time and costs. 

A broad and growing product line. 
Our line already includes over 100 of the most 

popular types (SSI, MSI and LSI). More are coming 
soon. And many are avai lable in High-Rel versions. 

All this at FAST prices. 
Our AC/ ACT line is priced comparably to 

FAST. So you get better performance at no extra 
cost. Why wait, when your competition is very likely 
designing its first generation of Advanced CMOS 
Logic products right now? 

Get into the passing lane, with RCA AC/ ACT 
from the CMOS leader: GE Solid State. Free test 
evaluation kits are available for qualified users. Kits 
must be requested on your company letterhead. 
Write: GE Solid State, Box 2900, Somerville, NJ 
08876. 

For more information , call toll-free 800-443-7364, 
extension 24. Or contact your local GE Solid State 
sales office or distributor. 

In Europe, call : Brussels, (02) 246-21 -11 ; Paris, (1) 39-46-57-99; London . (276) 68-59-11 ; Milano, (2) 82-291 ; Munich , (089) 63813-0; Stockholm (08) 793-9500 . 

• US A GE Solid State 

GE/RCA/lntersi/ Semiconductors 
Three great brands. One leading-edge company. 
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Mixed-mode simulator 
accurately models 
real-world designs 
Integrated simulation 
lets designers monitor 
the interaction of digital 
and analog events to 
verify mixed-mode 
AS/Cs, systems and 
boards. 

DougJohnson,BSEE 

A wealth of new development 
tools for circuit-level design and anal
ysis has appeared over the past few 
years, most of it for digital rather 

I ' 

I 1'1110 1 

I "' 
... 

than analog circuitry. But designers of mixed analog/digital application
specific ICs, boards and systems have had no practical tools to simulate their 
designs as implemented in the real world. This picture was changed this year, 
however, by the introduction of Saber/Cadat-a merger of Analogy's Saber 
analog simulator and HHB Systems' Cadat digital simulator. Saber/Cadat 
is the first general-purpose mixed-mode simulation tool for circuit- through 
system-level designs. 

In terms of simulation tools, the designers of mixed-mode ASICs, computer 
boards and systems share many common requirements, including speed. 
Board- and system-level designers, for example, demand that a simulator 
simulate every device on a board, both analog and digital, in a reasonable 
amount of time. But a reasonable amount of time to the IC designer, who 
has no other option besides simulation, is far too much time for board and 
system designers, who have the ability to prototype and test their designs-a 
luxury the IC designer never had. 

An early stumbling block to achieving speed in mixed-mode simulation was 
the performance disparity that existed between digital and analog simula
tors, the primary problem being that analog simulators operated only on very 
simple circuits (see "The analog-digital gap," p 67). But the appearance of 
behavioral analog modeling on commercially available tools in 1986 (when 
Analogy's Saber was introduced) gave the designer the ability to simulate 
a design at the desired level of detail, making mixed-mode simulation prac
tical. Simulating a phase-locked loop may require hours, if not an entire day, 
if done at the circuit level. Modeled behaviorally, the same part can be simu
lated in minutes. Also, without behavioral modeling, the time involved in 
modeling even a moderate-sized mixed-mode ASIC at the transistor level 
would be prohibitive. 

Doug Johnson is vice-president of marketing and sales at Analogy (Beaver
ton, OR). 

The Saber/Cadat 
mixed-mode 
simulation 
environment 
t ightly couples 
analog and digital 
elements so that 
both can be 
modeled behav
iorally. This tight 
coupling, evident 
here in output 
from an adaptive 
gain stage, is 
critical in handling 
feedback systems. 

' ... 
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• MIXED-MO DE SIMULATOR 

Simulating a digital gain-control system 

T he analysis of a circuit as t ightly 
coupled as a digital gain-control sys
tem has until now been impossible. 
With the Saber/Cadat mixed-mode 
simu lation environment, however, this 
type of system can be ana lyzed . The 
circuit is easily partitioned into the 
following four major sections. 

• The clock, which is easily modeled 
w ith Saber and is simply ca lled into 
the circu it description . 

• Sample and hold, a standard 
model availa'ble with Saber that's sim
ply called into the circuit description . 

• A ga in-setting amplifier, which 
can be modeled within Saber at sev
era l levels. Analogy provides amplifier 
block templates that can be easily 
modified to reflect the desired func
tionality. Once the unit is behaving 

CLOCK 

GATE 

correctly as a block, it can be broken 
down into the actual components 
available in Saber's standard compo
nent library. 

• A digital gain-control stage, a 
complex block incorporating a large 
amount of digital logic as well as a 
microprocessor to do the calculations. 
Using Cadat's large component library 
for the SSI and MSI devices, and either 
choosing the microprocessor software 
model or using the Cats hardware 
modeler from HHB Systems, the LSI 
and microprocessor circuitry models 
are also easily obtained . 

Even for a circu it as complex as this 
one, the models are readily available 
within the two simulators. The behav
ioral -level models can also be modified 
and refined to individual requirements. 

GATE 

DIGITAL 
GAIN-CONTROL 

STAGE 

ANALOG-TO-OIGITAL 
CONVERSION 

FEEDBACK 

VIDEO 
STREAM 

SAMPLE 
AND HOLD 

GAIN-SETTING OUT 
AMPLIFIER 1----~-------

Once behavioral simulation solved 
the thorny mixed-mode modeling 
problem, the interactivity between 
analog and digital simulators be
came the key consideration. Without 
appropriate simulation tools, design
ers of mixed-mode devices have had 
to simulate analog and digital ele
ments separately and then study 
their interactions. But when one sec
tion of a design is simulated and then 
another is separately simulated, the 
important issue of feedback is ig
nored, and there are very few designs 
that don 't have some feedback occur
ring between sections. Without in
cluding feedback , it 's impossible to 
study systems such as motion control 
or digital gain-control systems, which 
cont ain a great deal of feedback. 

To ensure accuracy in a mixed
mode simulator, the analog and dig
ital simulators must exchange in
formation . To guarantee speed, the 
simulators must be able to process 

data independently until interaction 
is necessary. The traditional lockstep 
algorithm that's used to provide syn
chronization between analog and 
digital simulators addresses only 

Until Saber/Cadat, 
designers of mixed

mode devices had no 
practical tools to 

simulate their designs 
as implemented in the 

real world. 

Ill 

accuracy- without r egard to the 
speed of the simulation. 

The difficulty in simulating tight
ly coupled systems with a high de-
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Once the parts or models of parts 
have been identified, interface models 
supplied by Analogy must be added at 
any pin that interfaces between dig i
tally described parts and analog
described parts. The Electronic Design 
Interchange Format (EDIF) net-list 
processor supplied by Analogy will au
tomatically insert these interface 
models while the simulators load the 
connectivity information from the 
EDIF net list. 

When the net list has been loaded, 
Saber/Cadat is invoked with the design 
name, and a graphical interface ap
pears from which to set up both the 
analog and digital parameters. Once 
the parameters- such as " time be
gin," " time end " and " truncation 
error" - are established, the simulator 
is started. The user doesn't have to in
voke Saber or Cadat separately; each 
simulator is automatically run as nec
essary to solve the described circuit. 

When the simulation is complete, 
the results are again called up using 
the graphical interface, and the out
puts of the analog and digital ele
ments can be quickly reviewed . Since 
the output of the amplifier is con
trolled by the feedback from the digi 
tal circuitry, the analog feedback 
generated increases as the digital 
signal increases. 

gree of feedback has been the syn
chronization of time steps. The ana
log simulator must be allowed to take 
the largest possible time steps so it 
can "go ahead" of the digital simula
tor, instead of waiting for the digital 
simulator to evaluate each event. 
Then, if the digital simulator un
covers an event that the analog simu
lator must process, the analog simu
lator must be able to "backtrack" to 
the event in question. 

Analogy's Calaveras algorithm, 
however, lets the analog simulator 
take optimum time steps until a dig
ital event requires analog simulation 
processing. The analog simulator 
then reevaluates its solution and
as appropriate-continues forward , 
or adjusts backward, in time. With 
the Calaveras approach, both simu
lators are analyzing the system si
multaneously and sharing interme
diate results of the solut ion. This lets 
feedback propagate through the ana-



log and digital simulators as needed 
in any portion of the design. 

I Dealing w ith X states 
The interaction between digital and 
analog simulators creates another 
problem: handling X states. To re
solve an unresolvable simulation, 
digital simulators deal in a mysteri
ous commodity that's called an X 
state , which represents an unknown 
value-neither 0nor1. Unfortunate
ly, analog simulators can't accept 
unknowns. 

There are many options for dealing 
with an X state. An X could be al
ways turned into a 1 or a 0, for exam
ple; it could alternate between the 
two; or there could be a random selec
tion. None of these solutions proves 
very accurate , however, and they're 
all costly to implement in terms of 
CPU time. Saber/Cadat's approach is 
to leave the signal at the last known 
value. This approach eliminates a 
good deal of processing overhead and, 
in many cases, gives a value that's 
closer to the true (node) value than 
that provided by any other solution. 

A final , and very important, re
quirement for a true integration of 
analog and digital simulation is ease-

The analog-digital gap 

Q ne major problem with early 
mixed-mode simulators was that while 
digital simulators had become very 
sophisticated, analog simulators 
lagged far behind . While the digital 
portion of a mixed-mode tool could 
operate in an efficient manner, any ele
ment to be simulated on the analog 
side had to be made up of the lowest
level primitive devices. Board designers 
simulating just one of the analog com
ponents in their systems at such an 
elemental level- assuming the 
manufacturer would tell them what 
was actually in the part- would rapidly 
run out of patience, not to mention 
compute time. 

This primitive orientation of analog 
simulation is clearly unsatisfactory for 
today's complex designs. If a designer 
is trying to simulate a circuit board that 
contains a pulse-width modulator 
(PNM), for example, the PNM 's func
tion is far more important than the in
dividual functions of the hundreds of 
transistors the device contains. Yet until 
the Saber simulator, which Analogy in-

THE CALAVERAS ALGORITHM 
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The Calaveras algorithm lets analog simulation run at its own time step until a digital 
event occurs. Then the analog simulator can reevaluate its solution and backtrack in time 
or go forward to synchronize events. 

of-use. With Saber/Cadat's single 
Macintosh-like interface, users are 
unaware that they are, in fact, deal
ing with two simulators. Depending 
on the circuit content, the correct 
simulator or combination of simula
tors will be invoked with minimum 
user intervention. If there are only 
digital elements in the net list, only 
Cadat is invoked. If only analog ele
ments are present, only Saber is 

traduced in late 1986, analog simula
tors could simulate a PNM only in 
terms of the functions of transistors, 
resistors or capacitors. 

The selection of analog simulation 
products has been very limited- con
sisting primarily of the Spice simulator 
from the University of California at Ber
keley, and Spice derivatives. There have 
also been a number of specialty analog 
simulators, however, such as Simon and 
Pacsim, developed to address the ever
increasing demands of the IC designer 
and the requirements associated with 
larger and more complex chips. 

But while these specialty simulators 
have proven excellent for the develop
ment of ICs, they weren't suitable, or 
easily adaptable, to the domains of 
board- and system-level design . While 
these analog simulators reach a solu
tion by solving many simultaneous 
equations based on the myriad varia
bles of voltage and current in the 
device, digital simulators reach their so
lutions based on Boolean logic and the 
progression of time. 

called upon. If there 's a combination 
of analog and digital elements, both 
simulators are called. 

I Standard formats necessary 
To fit the needs of a general-purpose 
solution, simulators must also accept 
standard input formats . For general 
use, Saber/Cadat will accept stan
dard Electronic Design Interchange 
Format (EDIF) input, so it can read
ily accept input from almost any 
CAE schematic interface package 
that provides EDIF-out connectivity 
information. Or, for tighter integra
tion, the simulators can be fed direct
ly with a Saber and Cadat net list 
through a tuned schematic-capture 
package, such as Visula from Racal
Redac (Westford, MA). 

For analysis of data from the simu
lators, the user will look at a common 
output display that can graph sepa
rately or simultaneously both digital 
and analog waveforms, bringing flex
ibility to the user in a simple struc
ture for interacting with and analyz
ing the simulation data. • 

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

Analogy 
(503) 626-9700 . 
HHB Systems 
(201 ) 848-8000, ext. 204 
Raca 1-Redac 
(6 17) 692-4900, ext. 285 

.... Circle 250 

Circle 251 

....... Circle 252 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

HighSOO Average SOI Low502 
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129,000 gates and 
400 picosecond to none. 

© 1988 Toshiba America, Inc. 



Na.v Toshiba introduces a new level of perlOrmance in gate 
arrays. It's the TC12CG Series, and it features typical gate delays of 
only 400 picoseconds. That's 35% less than our own industry
leading TCllCG Series. The secret is our LO micron CMOS 
process, and, of course, our proven Sea of Gates non-channelled 
architecture. 

The new TC12CG Series is upwardly compatible from the 
llCG, and supported by compatible CAD tools. In fact, our 
VLCAD-II System has been designed to permit the easy upgrade 
conversion of llCG systems to 12CG technology. 

The TC12CG Series can provide the size and speed for 
consolidating high speed 
circuits into a single pack
age. It is especially good 
for high pertormance appli
cations like mainframe 
CPU's, minicomputers 
and telecommunications 
switching systems. 

If you don't need 
129,00J gates, don't worry. 

10SHIBA. 
THE POWER IN GATE ARRAYS 

SERIES TCllOCJ 

GATES 
3.498 co 
129,042 

GATE LENGTII I. Sµm 

GATE SPEED 0.6 ns 

PARf NUMBERS 14 

AVAILABILITY NOW 

All Si-Gate CMai Jotlilc Jal"' '"""I. 

TC120CJ 

37,932 to 

129,042 

lµm 

0.4ns 

5 

NOW 

The TC12CG Series is available in 5 master array sizes ranging from 
37,932to129,042 raw gates. So you can design in just the right size 
for your ASIC application. And now to help you even more, we've 
opened two new ASIC design centers. That brings the total to five 

in the United States. For complete information, 
contact your nearest Toshiba Regional 

Sales Office: Northwestern: ( 408) 
737-9844, Southwestern: (714) 

259-0368, Central: (312) 945-1500, South 
Central: (214) 480-0470, Eastern: (617) 

272-4352, Southeastern: (404) 368-0203. 

TOSHIBA 
TOSHIBA AMERICA, INC. 

1220 Midas Way, Sunnyvale, CA 94086 
(408) 733-3223 

CIRCLE NO. 25 

MAS-88-004 
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Denser devices, 
flash designs 
spawn new 
applications 
for EEPROMs 
John H. Mayer, Senior Associate Editor 

I ncreasing densities, higher access 
speeds, lower prices and the use of 
low-power CMOS are spawning 

new uses for EEPROMs. As engi
neers become more comfortable with 
E2 technology, they're finding that 
the in-circuit and byte-specific pro
gramming capabilities are formida
ble tools when addressing varied and 
rapidly changing applications. 

EEPROMs are now providing both 
low-density data storage and higher
density program storage, sometimes 
simultaneously in the same system. 
While not yet up to the solid-state , 
disk-storage replacement role they've 
sometimes been predicted to fill , 
EEPROMs are satisfying a number 
of niche solutions. High-density, 64-
and 128-kbit devices are finding in
creasing uses in traditional computer 
applications, while consumer mar
kets are integrating large numbers of 
4-kbit and smaller serial I/O parts in 
products such as automobile radios 
and TV tuners . 

Although lower prices and greater 
product choice have undeniably 
played a major role in the move to 
EEPROMs, much of the growth in 
the EEPROM market is attributed to 
wider acceptance of the technology, 
especially EEPROM's unique ability 
to be reprogrammed remotely and in
stantaneously. "The reprogramma
bility feature ofEEPROMs is drifting 
to profit issues today," says Krish 
Panu, marketing manager at Xicor 
(Milpitas, CA). "The way to address 
today's shorter time-to-market and 
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shorter product life cycles is to have 
flexibility in the system to upgrade 
the software and add features ." 

Even the military are starting to 
realize the benefits ofEEPROM tech
nology. Last year, military applica
tions provided more than one-fourth 
of the business for the two largest 
suppliers of EEPROMs, Xicor and 
Seeq Technology (San Jose , CA). 
"Most of the military programs re
quire that nonvolatile memory be 

11The 
reprogrammability 

feature of EEPROMs is 
drifting to profit 

issues. 11 

-Krish Panu, Xicor 

I I I 
writable without disassembly," says 
Gary Rauh, Seeq's manager of prod
uct planning. "That pretty much 
excludes any form of solid-state 
monolithic memory other than E2

." 

I Monolithic 1-Mbit parts coming 
The densest monolithic EEPROMs 
available are 256-kbit devices. Xicor 
and Seeq were the first to reach this 
level; Xicor introduced the first 
256-kbit part, the NMOS X28256, in 
early 1986, and Seeq delivered the 
28C256, the first CMOS 256-kbit 
part, shortly thereafter. A number of 
other manufacturers have since fol -

Flash technologies 
are reducing era
sure times and 
oxide stress 
damage. Intel, for 
example, uses its 
proprietary ETOX 
(EPROM tunnel 
oxide) process 
technology in its 
D27F64, D27F256 
and D28F256 flash 
memory family to 
improve cycling 
reliability without 
increasing cell size 
or complexity. 

lowed suit, including some that, like 
Xicor, pack four 256-kbit devices 
together in a 1-Mbit module. 

For the consumer market, low
density serial I/O parts are available 
for about $1. National Semiconduc
tor (Santa Clara, CA), the leader in 
this market segment, offers a wide 
variety of 1- to 4-kbit devices. 

But the size of the low-density mar
ket is attracting some of the tradi
tional high-density EEPROM suppli
ers as well. Xicor, for example, is 
offering a pin-compatible line of 2- to 
16-kbit parts. The top of the serial 
interface line, the X24C16 was the 
first CMOS 16-kbit serial part devel
oped. It comes in the same 8-pin 
miniDIP package used on the 2- and 
4-kbit devices. Drawing only 3 mA 
when active and 75 µA in standby, 
the CMOS part is ideal for battery
powered portable applications. 

As EEPROMs have assumed a 
greater role in system designs, a gap 
has developed between their expen
sive but flexible in-circuit program
mability and the low-cost but limited 
functionality ofEPROMs. IC vendors 
saw a market for a bulk-erasable part 
that could provide the benefit of oc
casional, in-circuit code changes but 
at a cost low enough to be competi
tive with EPROMs. 

Two bulk-erasable flash technolo
gies are now trying to bridge that 
gap. Last year, Seeq introduced the 
first flash EEPROM, the NMOS 128-
kbit 48128. This year, it added a 
512-kbit part, the 48F512, built in a 
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Advanced Micro Devices PO Box 3453, Sunnyvale, CA 94088 (408) 732-2400 Circle 100 

Am2864AE NMOS 8kx8 200 10 140/70 DIP, LCC, die $16.02 pin 1 no conned 
Am2864BE NMOS 8kx8 200 10 140/70 DIP, LCC, die $16.02 pin 1 ready/busy 

Atmel 2095 Ringwood Ave, San Jose, CA 95131 (408) 434-9201 Circle 101 

AT28C04 CMOS 512x8 120 1 30/0.1 DIP, LCC, PLCC $7.92 data polling 
AT28C16 CMOS 2k x 8 120 1 30/0.1 DIP, LCC, PLCC $10.80 data polling 
AT28C17 CMOS 2kx8 120 1 30/0.1 DIP, LCC, PLCC $11 .52 data polling, ready/busy 
AT28HC16 CMOS 2kx8 30 1 30/0.1 DIP, LCC, PLCC $17 .16 data polling 
AT28HC191 CMOS 2k x 8 30 1 80/0.1 DIP, LCC, PLCC $9.75 PROM replacement 
AT28C64 CMOS 8kx8 150 1 30/0.1 DIP, LCC, PLCC $15.50 data polling, 32-byte page 
AT28PC64 CMOS 8kx8 150 2 80/0.1 DIP, LCC, PLCC $15.50 data polling, 32-byte page 
AT28HC64 CMOS 8kx8 55 2 80/0.1 DIP, LCC, PLCC $51 data polling, 32-byte page 
AT28C256 CMOS 32kx8 150 3 80/0.1 DIP, LCC, PLCC $268.3 5 data polling, 64-byte page 
AT28HC256 CMOS 32k x 8 60 3 80/0.1 DIP, LCC, PLCC $357.19 same as above 
AT28MC010 CMOS 128k x 8 120 10 80/0.1 module $1,500 same as above 

Catalyst Semiconductor 2231 Calle de Luna, Santa Clara, CA 95054 (408) 7 48-7700 Circle 102 

CAT28C16A CMOS 2k x 8 150, 200 5 25/0.1 DIP, SO, PLCC $7.38 in production 
CAT28C17A CMOS 2kx8 150, 200 5 25/0.1 DIP, SO, PLCC $7.92 in production 

CAT28C64A CMOS 8k x 8 150, 200, 250 5 30/0.1 DIP, SO, PLCC $14.77 sampling 

CAT28C65A CMOS 8k x 8 150, 200, 250 5 30/0.1 DIP, SO, PLCC $16.20 sampling 

CAT93C46 CMOS 64 x 16, - 5 3/0.1 DIP, SO $1 .85 serial, selectable organization 
128 x 8 

CAT35C102 CMOS 128 x 16, - 5 3/0.1 DIP, SO $3.40 serial, selectable organization 
256 x 8 

CAT35C104 CMOS 256 x 16, - 5 3/0.1 DIP,SO $4.60 serial, sampling 
512 x 8 

CAT33C104 CMOS 256x 16, - 5 2/0.05 DIP,SO $5.10 serial , sampling 
512x8 

CAT59C11 CMOS 64 x 16, - 10 5/0.1 DIP,SO $2 .15 serial, industrial temp. 
128x8 

Data key 407 W Travelers Trail, Burnsville, MN 55337 (612) 890-6850 Circle 103 

DK1000 CMOS 64 x 16 - 10 3/1 evaluation kit $7 .90 serial, key-shaped 
PK16KS NMOS 2k x 8 350 2 80/30 evaluation kit $39 portable, key-shaped 
PK64KB NMOS 8kx8 350 10 110/50 evaluation kit $77 portable, key-shaped 

Exel Microelectronics 21 50 Commerce Dr, PO Box 49038, San Jose, CA 95161 (408) 434-0500 Circle 104 

XLS2804A NMOS 512 x 8 250 10 110/40 DIP $5.90 available now 

XLS2816A NMOS 2k x 8 250 10 110/40 DIP, PLCC $5.60 available now 

XLS2864A NMOS 8k x 8 250 10 110/50 DIP, PLCC, LCC $16.15 32-byte page, data polling 

XLS2865A NMOS 8k x 8 250 10 110/50 DIP, PLCC, LCC $16.15 ready/busy, data polling 

XLS28C64A CMOS 8k x 8 90 5 50/0.1 DIP, PLCC, LCC $28.80 available 4088, 64-byte page 

XLS28C65A CMOS 8k x 8 90 5 50/0.1 DIP, PLCC, LCC $28.80 available 4088, ready/busy 

XLS46C15 CMOS 2k x 8 55 5 90/0.035 DIP, PLCC, LCC $5 available now 

XLS46HC64 CMOS 8k x 8 35 1 75/0.002 DIP, PLCC, LCC $33 4088, 1-ms chip write, reset 

XLS46HC64L CMOS 8k x 8 45 1 75/0 .1 DIP, PLCC, LCC $33 4088, 1-ms chip write, reset 

XLM2816AL NMOS 2k x 8 300 10 110/50 CERDIP $37 .50 military, available now 

XLM2865AY NMOS 8k x 8 300 10 110/40 CERDIP, LCC $63.80 military, ready/busy, 32-byte 
page 

Key: DIP = dual in-line package; FP = flatpak; LCC =lead less chip carrier; PLCC =plastic leaded chip carrier; SO= small outline package. 
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Exel Microelectronics 21 50 Commerce Dr, PO Box 49038, San Jose, CA 95161 (408) 434-0500 Circle 104 

XLM46C15J CMOS 2k x 8 70 5 90/35 DIP. PLCC, LCC $35.20 military, available nCNV 

XLM2817AY NMOS 2k x 8 300 10 110/50 DIP. LCC $37.50 available now 

XLS93C46 CMOS 64 x 16 250 10 3/0.1 DIP.SO $1 .66 serial interface 

Fujitsu Microelectronics, IC Div 3545 N First St, San Jose, CA 95134 (408) 922-9000 Circle 105 

MBM28C64/65 CMOS 8k x 8 250 10 20/0.1 DIP, PLCC $15 available 3088 

MBM2212 NMOS 256 x 4 200 10 60/30 DIP $4 available now 

Hitachi America 2210 O'Toole Ave, San Jose, CA 95131 (408) 435-8300 Circle 106 

HN58C65 CMOS 8k x 8 200,250 15 - FP $14 -
HN58C66 CMOS 8k x 8 250 15 - FP - available 3Q88 

Hughes Aircraft Microelectronics Ctr, 500 Superior Ave, Newport Beach, CA 92658 (714) 759-2727 Circle 107 

H3104A CMOS 512 x 8 500 0.1 1/0.002 DIP - low power, mil-temp. available 
H3108A CMOS 1k x 8 500 0.1 1/0.002 DIP - same as above 
H3208 CMOS 1k x 8 500 0.1 0.75/ DIP - low power, single 5-V supply 

0.002 

H3248 CMOS 2kx4 500 0.1 0.75/ DIP - same as above 
0.002 

Intel 1900 Prairie City Rd, Folsom, CA 95630 (800) 548-4725 Circle 108 

27F64 CH MOS 8kx8 150µs 1 s/chip 30/0 .1 DIP $14.30 flash, EPROM replacement 
27F256 CH MOS 32kx8 170µs 4 s/chip 30/0.1 DIP $31.40 flash, multiplexed address 
28F256 CH MOS 32kx8 170µS 4 s/chip 30/0.1 DIP. PLCC $31.40 flash, nonmultiplexed, JEDEC 

comp. 

Microchip Technology 2355 W Chandler Blvd, Chandler, AZ 85224 (602) 963-7373 Circle 109 

28C16A CMOS 2kx8 150 1 30/0.1 DIP $6.85 in production 
28C04A CMOS 512x8 150 1 30/0.1 DIP $6 .44 in produdion 
28C64A CMOS 8k x 8 150 1 30/0.1 DIP. PLCC, LCC $12 .47 mil version available 
28CP64A CMOS 8k x 8 150 4 60/3 DIP. PLCC, LCC - available 4Q88, mil versions 
28CP648 CMOS 8kx8 100 4 6013 DIP. PLCC, LCC - same as above 
28CP256A CMOS 32kx8 150 4 60/3 DIP, LCC - same as above 
28CP2568 CMOS 32kx8 100 4 60/3 DIP. LCC - same as above 
24C01 CMOS 128x8 - 20 4/1 DIP $3 .30 serial, available 3Q88 
24C02 CMOS 256x8 - 20 4/1 DIP $4.39 serial, available 3Q88 
24C04 CMOS 2x 256 x 8 - 20 4/1 DIP $6.59 serial , available 3Q88 

National Semiconductor 2900 Semiconductor Dr, Santa Clara, CA 95052 (408) 721-4407 Circle 110 

NMC9306 NMOS 16x 16 - - 10/3 DIP. SO $1 .20 serial interface 
NMC9346 NMOS 64 x 16 - - 12/3 DIP. SO $1 .60 serial interface 
NMC93C46 CMOS 64x16 - - 2/0.05 DIP $2.10 serial interface 
NMC93C56 CMOS 128 x 16 - - 2/0.5 DIP. SO $3.20 serial interface 

NMC93C66 CMOS 256 x 16 - - 2/0.05 DIP. SO $4.80 serial interface 

NMC93CS46 CMOS 64 x 16 - - 2/0.05 DIP $3.60 serial interface 

NMC93CS56 CMOS 128x 16 - - 2/0.05 DIP. SO $6.20 serial interface 

NMC93CS66 CMOS 256 x 16 - - 2/0.5 DIP. SO $8.40 serial interface 
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NEC Electronics 401 Ellis St, Mountain View, CA 94039 (415) 960-6000 Circle 111 

D28C64C CMOS 8k x 8 200, 250 10 20/0.1 DIP $14 avai lable now 

Seeq 1849 Fortune Dr, San Jose, CA 95131 (408) 432-7400 Circle 112 

28C256 CMOS 32kx 8 200 - 60/0.15 DIP, PLCC, $114.95 64-byte page 
LCC, FP 

28C65 CMOS 8k x 8 200 - 50/0.15 DIP, PLCC, LCC $27 .60 ready/busy pin , 64-byte page 

28C64 CMOS 8k x 8 200 - 50/0.15 DIP, PLCC, LCC $23 .50 64-byte page 

2864 NMOS 8kx 8 200 - 110/40 DIP, LCC, $22 .95 ready/busy pin 
PLCC, FP 

2817A NMOS 2k x 8 200 2 110/40 DIP, PLCC, LCC $12 .65 ready/busy pin 

2816A NMOS 2k x 8 200 2 110140 DIP $11 -
52833 NMOS 2k x 8 200 - 110/40 DIP, LCC $29.90 -

52813 NMOS 2k x 8 200 - 80/30 DIP $13 .10 -
38C32 CMOS 4k x 8 35 5 100/60 DIP, PLCC, LCC $32 .50 high-speed address, 

data latches 

38C16 CMOS 2k x 8 35 5 100/60 DIP, PLCC, LCC $20 same as above 

36C32 CMOS 4k x 8 35 5 100 LCC, DIP $25 bipolar pin-out 

36C16 CMOS 2k x 8 35 5 100 DIP, LCC $15 bipolar pin-out 

2804A NMOS 512 x 8 200 2 80/40 DIP $7.45 -
48F512 CMOS 64k x 8 200 1 60/0 .1 DIP, PLCC, LCC $34.90 flash EEPROM 

48F010 CMOS 128k x 8 200 1 60/0 .1 DIP, PLCC, LCC - flash, available 4088 

SGS-Thomson Microelectronics 1000 E Bell Rd, Phoen ix, AZ 85022 (602) 867-6100 Circle 113 

M9306 NMOS 16 x 16 - - 513 DIP, SO $0.68 -
M9346 NMOS 64 x 16 - - 12/3 DIP, SO $1 .03 -
TS93C46 CMOS 64 x 16, - - 4/0.1 DIP, SO $1 .25 organization selectable 

128 x 8 

TS59C11 CMOS 64 x 16, - - 410.1 DIP $1.25 organization selectable 
128 x 8 

Toshiba America Circle 114 
Electronic Components Business Sector, 9775 Toledo Way, Irvine, CA 92718 (714) 455-2000 

TC58257AP/AF CMOS 32kx 8 170, 200, 250 - 30/0.1 DIP, SO $55 flash, production 9/88 

Xicor 851 Buckeye Ct, Milpitas, CA 95035 (408) 432-8888 Circle 115 

X2804A NMOS 512 x 8 250 and up 10 80/50 DIP $7.96 commercia l, industrial , military 

X2816A/8 NMOS 2k x 8 250 and up 10 110/50 DIP, LCC $9.50 8-version data polling 

X2864A NMOS 8k x 8 250 and up 10 140/60 DIP, LCC, PLCC, $16 data polling 
FP 

X2864AT NMOS 8kx 8 350,450 10 110/60 DIP, LCC $87.80 O 0 to 150° C 

X28648 NMOS 8k x 8 120, 150, 180 5 150/80 all $36.98 32-byte page, data polling 

X2864H NMOS 8k x 8 70,90 5 150/80 al l $98.02 same as above 

X28C64 CMOS 8k x 8 200 to 350 10 40/0.2 all $36.98 64-byte page, data polling 

X28256 NMOS 32k x 8 250, 300, 350 10 120/60 DIP, LCC, PLCC $119.83 64-byte page, data polling 

X28C256/8 CMOS 32k x 8 150to350 10 60/0.2 all $136to same as above 
$208 

X28C010 CMOS 131k x 8 200 10 80/0 .5 DIP - 64-byte page, data polling 

XM28C010 CMOS 131k x 8 250, 300 10 70/0 .8 module $952.43 128-byte page, data polling 

X2402 NMOS 256 x 8 - 10 30/25 DIP, SO $4.24 serial interface 

X2404 NMOS 512 x 8 - 10 30/25 DIP, SO $6.12 serial interface 

X24C04 CMOS 512 x 8 - 10 2/0.06 DIP, SO $7 .34 serial interface 

X24C16 CMOS 2k x 8 - 10 3/0 .075 DIP,SO $13 .86 serial interface 
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Seeq's 512-kbit flash EEPROMs operate from a 12-V power source and provide in-circuit 
erasure in a maximum 7.5 s. Cell size is approximately 25 square microns, almost 40 
percent smaller than the company's first 128-kbit flash memory. 

1.5-micron CMOS, single-metal, dou
ble-poly process. Seeq expects to un
veil a 1-Mbit device this summer. 
Erasure time for the 512-kbit part is 
about 3 percent of that for a conven
tional UVEPROM. 

Seeq's flash memories use ava
lanche injection, the same program
ming technique used in EPROMs, 
while the design's thin-gate oxide al
lows electrical erasure via Fowler
Nordheim tunneling (as in full-fea
tured EEPROMs). The flash products 
avoid the major drawback accom
panying full-featured EEPROM de
signs-increased die size-by using a 
split-gate layout that merges a bit
selection transistor with a floating
gate transistor. The result is an 
EEPROM cell about 1.1 times the 
size of a conventional EPROM cell. 

I 12-Voperation 

The 48F512 represents a significant 
evolution over Seeq's first flash part. 
The earlier 48128 required a 21-V 
power supply on multiple pins. In 
contrast, the newer product's pro
gramming and erasure require an ex
ternal 12-V power supply applied to 
pin 1. In addition, the use of a 
1.5-micron CMOS process limits pow
er dissipation to 60 mA active and 
100 µA standby. Byte write time has 
been reduced to 1 ms, and chip erase 
and page erase times are as low as 5 
s. Latches on address, data and con-
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trol inputs keep the parts compatible 
with the erase and programming cy
cles of host microprocessors. 

A different approach to flash mem
ory was taken by Intel (Santa Clara, 
CA) last April. "It's not an E2 because 
it doesn't have all the same charac
teristics of an E 2

, but it's not an 
EPROM because it 's electrically 
erasable,'' says Dick Pashley, flash 
memory general manager. The com-

11When we introduce 
1-Mbit parts1 EEPROMs 
won1t be able to touch 

our flash products 
because their cell size 

is so large. 11 

- Dick Pashley, Intel 

Ill 
pany unveiled three devices: the 
64-kbit 27F64 and two 256-kbit 
parts, the 27F256 and 28F256. The 
27F64 is a direct socket replacement 
for 64-kbit EPROMs. The two 256-
kbit parts are differentiated by pin
out. To maintain compatibility with 
28-pin EPROMs, the 27F256 fea
t ures a multiplexed address and 
write-enable pin. The second 256-
kbit part, the 28F256, offers a non
multiplexed pin-out that accommo-

dates density upgrades to 2 Mbits. 
All three memories are based upon 

Intel 's proprietary ETOX (EPROM 
tunnel oxide) technology. As with 
traditional EPROM technology, In
tel 's ETOX approach uses a standard 
single-transistor EPROM cell that 
stores its charge on a floating gate. 
Programming is by hot electron in
jection. Like conventional EEPROMs, 
the devices use an electron tunneling 
mechanism to erase all memory cells 
simultaneously. 

I EPROM scalabil it y 

Intel derives a number of advantages 
by sticking to the conventional, 
single-transistor EPROM cell. First, 
the architectural simplicity eventu
ally will let the company undersell 
full-featured EEPROMs by a signifi
cant margin, according to Pashley. 
Second, the single-transistor cell is as 
scalable as a standard EPROM. "We 
have a 2.5-times area advantage over 
full-featured EEPROMs," says Pash
ley. "When we introduce 1-Mbit 
parts, EEPROMs won't be able to 
touch our flash products because 
their cell size is so large that the die 
won't fit into a package." 

The ETOX design also offers a side 
benefit-higher reliability. Two 
aspects of the ETOX process, lower 
voltage operation and the use of sep
arate junctions for program and 
erase, provide this dividend. Early 
reliability data shows reprogram
ming failure rates for the Intel parts 
at less than 0.01 percent over a 
100-cycle endurance and under 0.1 
percent over 10,000 cycles. EE
PROMs typically experience 5 per
cent failure rates over 10,000 cycles. 

Still, not everyone is convinced 
that flash memories will have a dra
matic impact on the full-featured 
EEPROM market. Xicor's Panu sees 
many unanswered questions. "You 
must have a high-voltage regulated 
power supply to use a flash because 
people are talking of 12.5, 12.75, 15 
and 18 V," he says. "Second, if you 
want to change one byte on a page, 
you can't do that with a flash . You 
have to erase and rewrite the whole 
memory, and that's a huge operation. 
Finally, as far as endurance is con
cerned, people are talking about 100 
cycles. There 's very limited data 
available to say that you could do 
anything better. " • 



168030 CPU board 
delivers 32-Mbyte/s 
Multibus I throughput 

A 33-MHz CPU board for Multibus I, 
the SM31 features the MC6881/68882 
math coprocessor, an intelligent 4-
Mbyte/s small computer system in
terface (SCSI) controller and up to 40 

168000 single-board system 
features C and OS-9 in ROM 

Designed for system engineers who 
want to build simple real-time con
trol systems, the GESSBDS-6 is a 
single-board, multiuser computer 
system with nearly 512 kbytes of 
ROM-resident software. The board 
lets one or two users program direct
ly in C or 68000 assembly language 
under the OS-9 real-time operating 
system. A battery-maintained, 128-
kbyte CMOS RAM disk is included 
for storing source and object files . 
Floppy or hard disks, two additional 
users, a parallel printer and up to 8 
Mbytes of additional memory can be 
added at any time. The board, which 
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Mbytes of dynamic RAM. Based on 
a 68030 microprocessor, the board 
offers daughter-board options that 
provide high-speed math functions 
(20 MFlops), high-resolution video dis
play (1,660x 1,280 pixels), and Ether
net, keyboard and mouse control. 

The CPU supports Unix, OS-9 and 

comes with an OS-9 V2.l operating 
system, a C compiler, a symbolic de
bugger, a relocatable linker and a 
screen text editor, is priced at $1,495. 

Gespac 
50 W Hoover Ave 
Mesa, AZ 85202 
Circle number 131 

I Floating-point processor 
provides 8 MFlops 

The PL800 floating-point array pro
cessor has a peak performance of 8 
32-bit MFlops. Software provided 
with the device includes 457 routines 
operating on arrays and matrices 
within the 60 kbytes of cache mem
ory on each card. The processor uses 
direct memory access transfers to 
move data to the entire address of the 
host personal computer. The board is 
priced at $1,995 . 
,-

Eighteen Eight Laboratories 
771 Gage Dr 
San Diego, CA 92106 
Circle number 132 

PDOS operating systems, as well 
as two memory management units 
(MMUs): the 68030's on-chip MMU 
and an enhanced version of the Stan
ford University Network MMU. In
cluded are 2 Mbytes ofEPROM, five 
16-bit timers and battery backup for 
up to 40 Mbytes of RAM. 

Multibus Plus, an extension to 
Multibus I, has been incorporated on 
the board. It features 32-bit data 
transfers, a 256-Mbyte address space, 
burst transfers and dynamic bus siz
ing. This extension, when used in 
conjunction with the 68030's burst
mode capability, lets the CPU trans
fer data over the Multibus at more 
than 32 Mbytes/s. A 32-bit local bus 
provides the 68030 with arbitration
free access to a minimum of 4 Mbytes 
and as much as 40 Mbytes of local 
DRAM. The standard configuration, 
which includes a 20-MHz 68030, a 
SCSI controller and 4 Mbytes of 
DRAM, is priced at $4,575 in 100-
piece quantities. 

Synergy Microsystems 
179 Calle-Magdalena 
Encinitas, CA 92024 
Circle number 130 
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I PC AT SBC f its passive 
backplane systems 

The CAT901 puts a complete, low
power IBM PC AT-compatible com
puter on a full-size AT card for use in 
passive backplane systems. Built 
around a 12-MHz 80286, the board 
provides up to 4 Mbytes of on-board 
RAM, a caching hard disk controller, 
a floppy controller, printer ports, two 
serial ports, a keyboard port and a 
daughter-board expansion port. The 
board also includes speed control cir
cuitry that slows the 80286 down in 
order to accommodate standard AT 
peripheral boards. 

Diversified Technology 
PO Box 748, 112 E State St 
Ridgeland, MS 39158 
Circle number 136 
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I VME CPU suits 
multiprocessing systems 

A 25-MHz 68020-based single-board 
computer, the DVME-137 is targeted 
at high-reliability applications that 
can't afford downtime for mainte
nance and repairs. In addition to its 
on-board monitor and self diagnos
tics, the board includes a feature that 
prevents a circuit fault from dis
abling the entire chassis system. By 
virtue of geographical and program
mable base addressing, the board 
permits the flexible configuration of 
spare boards in a system. Included 
are 4 Mbytes of zero-wait-state dy
namic RAM, as well as a VME Sub
system Bus, a pair of serial ports, 
sockets for 28-pin EPROMs and three 
16-bit counter/timers. 

D-4 Systems =~ 4 75 S Bascom Ave, Suite 202 
Campbell, CA 95088 
Circle number 135 ---

I STD single-board computer 
has 32-bit architecture 

The SBC-20 packs some very power
ful 32-bit computing capabilities onto 
a single STD bus board. Built around 
a 12-MHz 68020 microprocessor, the 
board incorporates a 32-bit floating
point processor and 32-bit-wide bat
tery-backed static RAM (128 kbytes, 
512 kbytes or 2 Mbytes), both with 
32-bit data paths to the processor. 
The · SBC-20 addresses up to 16 
Mbytes of memory, supports six lev
els of bus interrupts and includes one 

32-pin JEDEC socket for a boot 
EPROM or EEPROM (8kx 8 bytes to 
lM x 8 bytes) and a pair of asyn
chronous communications ports (RS-
232 optional) with accompanying soft
ware-controlled baud-rate genera
tors. Available with the PDOS oper
ating system or an EPROM-resident 
PDOS executive, the board draws 
1.1 A typical from a 5-V de-only sup
ply. Prices start at $764. 

GWThree 
7623 Fullerton Rd 
Springfield, VA 22153 
Circle number 134 

Coming August 15 

Watch for our 
Designers' Buying Guide 

to Single-Board Computers. 

WHY OUR LOGIC CARDS ARE 
ANYTHING BUT STANDARD. 

Built-in, jJ_atent-jJ_ending embedded decoujJ_ling cajJ_acitors reduce 
costs, time and assure noise-/Jee, high-sjJ_eed ojJ_eration. 

Easy-to-change Wire Wrap or 
high-speed, low-profile Stitch 
Wire technology. 

Perfect match to 
Standard Logic's com
plete line of DIN 
based, heavy-duty 
extender cards, 
racks, backplanes 

45 DIN-standard Eurocard format cards available in one, two 
or three-connector versions, five depths from 160 to 400 mm. 

Four or optional two-layer 
versions plated only with tin

lead alloy for long-life, tin
whisker-free operation. 

Solid interpin copper 
planes on all layers. 

and sub· 
chassis. 

High density universal 
pin patterns with or 

without PGA 
sections, no 

adapters 

~==========:;:;=;=;===========~~ required. 
Compatible with VMEbus, Multibus IL IEEE 896 Futurebus and other industry standards. 

Because you need latest technology, high-speed, 
low-noise, high-density, high-reliability packaging 
hardware to match your latest designs. 

Yet you need compatibility with the latest bus 
interfaces and DIN connectors. Plus flexibility to 
accommodate DIP ICs, PGAs and SMT devices. 
And hardware that's easy to change to meet all your 

prototype development needs. And you need it to work 
and you need it on time. Call Standard Logic at 
4940 E. La · C!TAUDARD 
Palma Ave., -'1 I Mn 
Anaheim,CA LOGIC INC. 
92807. (714) 
779-2897. Bringing your designs to life. 

CIRCLE NO. 26 
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I Chip set allows 10-Mbit 
Ethernet transmission 
over twisted-pair wiring 

A two-chip CMOS set permits 
10-Mbit Ethernet transmission over 
twisted-pair wiring based on IEEE 
802.3 10 BASE.T standards. The T-
7210 Manchester Decoder and Inter-

INTEGRATED CIRCUITS 

face chip (MDIC) is a VLSI device 
that provides essential functions for 
high-speed twisted-pair stations and 
repeaters in Carrier Sense Multiple 
Access/Collision Detect LAN applica
tions based on 10-Mbit/s Manchester
coded data format . 

The MDIC converts signals for dig
ital transmission, recovers and de-

codes 10-Mbit/s serial Manchester 
data from the line receiver and pro
duces nonreturn-to-zero data and 
clock signals for the controller chip. 
Designed in 1.5-micron linear CMOS 
technology, the chip is packaged in 
either a 24-pin dual in-line package 
or a 28-pin small-outline JEDEC. 

The T7200 Multi-Port Repeater 
t---------------~----------------1 Controller (MPR) simplifies the de

sign and implementation of a 
twisted-pair-compatible multiport 
repeater for use in 10 BASE.T net
works. Used with the MDIC, the 
repeater unit provides all the func
tions necessary for the repeater set. 
The chip is available in a 68-pin plas
tic leaded chip carrier. In quantities 
of 10,000, the MDIC is priced at $25 . 
The MPR is $100 in 1,000-piece 
quantities. 

AT&T Microelectronics 
1 Oak Way 
Berkeley Heights, NJ 07922 
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I One-time programmable 
ROM has 1-Mbit capacity 

Organized as 128 kwordsx8 bits, the 
TC541000P and TC541001P are one
time programmable ROMs with ac
cess times of 200 and 250 ns, respec
tively. The devices offer standard 
pin-outs, high-speed programmabil
ity and compatibility with automat
ic insertion equipment. Built using 
silicon stacked gate MOS technology, 
the chips dissipate a standard oper
ating current of 30 mA and a stand
by current of 100 mA with an oper-

INTEGRATED CIRCUITS 

ating temperature range of - 40 ° to 
+85 ° C. In 5,000-piece quantities, 
the devices cost $19.50 each. 

Toshiba America 
9775 Toledo Way 
Irvine, CA 92718 
Circle number 158 

I Custom VLSI chip mates 
80386 to 8088 systems 

The EL386 is a high-speed CMOS 
VLSI IC that converts the signals of 
an 80386 processor into the equiva
lent signals of an 8088 processor. 
Designed to increase the speed and 
performance of IBM PCs, PC XTs 
and compatibles, the chip translates 
data width, control signals and cir
cuit timing. To the 80386, the device 
appears as a 32-bit memory and/or a 
peripheral operating at a 16- to 
20-MHz clock rate. To the 8-bit cir
cuitry that's on the system's original 

mother board, the chip appears as an 
8-bit 8088 operating at its own clock 
rate. The two processor clocks can be 
completely asynchronous, letting the 
80386 run at a full 20 MHz, yet ad
dress peripherals designed for 4. 77-
MHz 8088 data rates. Pricing is $50 
in quantities of 1,000. 

Edsun 
9 Spring St 
Waltham, MA 02154 
Circle number 165 

18-bit microcontroller offers 
increased 1/0 and interrupts 

An 8-bit microcontroller featuring 
processor-independent pulse width 
modulation timers, the COP888CF 
can be used in 1/0-intensive applica
tions due to a high pin count and soft
ware processing ability. The device is 
a complete microcomputer, contain
ing all system timing, interrupt log-

AT&T introduces the Single-Mode 
ST® Connector specifically 
designed for single-mode 
applications. 
AT&T, the fiber optic connector 
leader, now offers you what no other 
fiber optic supplier can- the Single
Mode ST® Connector developed 
from the ground up to meet the more 
precise alignment demands of single
mode applications. 

But this new connector provides 
far more than closer tolerances. A 
unique cable attachment lessens tip 
movement- ensuring stable, low
loss, single-mode connections. A 
ramped-latch design allows easy 
plug connection by simply rotating 
the cap- lessening the chance of 
misalignment. And an optical 
non-disconnect feature maintains 
uninterrupted data transmission. 

in light loss under severe cable 
loads, along with low forward loss 
(0.5 dB average) , and low reflections 
( - 30 dB) . Plus, full compatibility 
with all ST® Connector products. 

So, for our new Single-Mode ST 
Connector- and for a complete 
package of other high performance 
fiber optic products, including our 
Multi-Mode ST Connector- call 
AT&Tat 1800 372-2447, or mail the 
coupon. We're ready to ship, now. Result: less than 0.2 dB change 



ic, ROM, RAM and 1/0 needed to im
plement dedicated control functions. 
Memory-mapped architecture, two 
16-bit timer/counters, two power
saving modes and a serial synchro
nous communications interface are 
offered, as well as 4,096 bytes of ROM 
that may hold program instructions 
or constant data. An analog-to-digital 
converter supports single-ended and 
differential modes of operation. Price 
is $7.74 in 1,000-piece quantities. 

National Semiconductor 
2900 Semiconductor Dr 
Santa Clara, CA 95052 
Circle number 161 

I Microcontroller hosts 
programmable ROM 

The SAB 80513 is an 8-bit, single
chip microcontroller with a 16-kbyte, 
on-chip mask-programmable ROM. 
The device contains 256 bytes of 

- AT&T 
The right choice. 

CIRCLE NO. 28 
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RAM, four 8-bit ports, a serial chan
nel, an on-chip oscillator, clock cir
cuitry and an interrupt structure 
with six vectors and two programma
ble priority levels. The chip is sup
plied in a 40-pin dual in-line package 
and a 44-pin plastic leaded chip car
rier in both 12- and 16-MHz versions. 
Prices start at $4.10. 

Siemens 
186 Wood Ave S 
Iselin , NJ 08830 
Circle number 163 

I CMOS MAC yields 
40-ns cycle time 

Built with a I-micron CMOS process, 
the TMC2208 is an 8- x 8-bit parallel 
multiplier-accumulator that oper
ates at a 40-ns cycle time (25-MHz 
multiply-accumulate rate). The input 
data may be specified as two's com
plement or unsigned magnitude, 
yielding a full-precision 16-bit prod
uct that may be accumulated to a 
19-bit result. Selectable accumula
tion, subtraction, rounding and ac
cumulator preload as well as single 
5-V power supply operation and 
three-state outputs are features of 
the TMC2208. The 48-lead ceramic 
dual in-line package is priced at $21 , 
while a 48-lead plastic package is 
available for $15. 

TRW LSI Products 
POBox2472 
La Jolla, CA 92038 
Circle number 166 

© 1987 AT&T. 
1 - - ---- - -- - --- -- - ~-- -------- - -c~~~ 

I AT&T, Dept. LT, 555 Union Blvd., Allentown, PA 18103 I 
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DATA ACQUISTION AND CONTROL 

I Interface board links 
industry-standard 
IEEE-488 bus to VXlbus 

The GPIB-VXI interface board, 
which links the industry-standard 
IEEE-488 bus and the VMEbus Ex
tension for Instrumentation (VXI
bus), lets VXIbus instruments be 
used alongside, or instead of, 
IEEE-488 instruments. 

The interface can be used as the 
top-level commander in slot 0 of a C
sized VXIbus system. In addition, the 
board can perform the power-up se
quencing and resource management 
duties that are necessary to configure 
VXIbus devices within the system. 
These duties include VXI device 
identification, address map configu
ration, system self-test management, 
configuration of commander/servant 
hierarchies and initiation of normal 
operation. 

A 68070 microprocessor resides on 
the device and includes a 68000-com
patible 16-/32-bit CPU with a mem
ory management unit (MMU), a two
channel direct memory access con
troller, a 16-bit timer/counter and an 
interrupt controller. An PC serial 
bus interface and a universal asyn
chronous receiver/transmitter serial 

140-channel data-acquisition 
board comes with software 

The PCI-20087W-l data-acquisition 
board plugs into a one-half or full
sized expansion slot of the IBM Per
sonal System/2 Model 30 as well as 
any IBM PC, PC XT, PC AT or com
patible. The card offers 40 channels 
of TTL-compatible signals accommo
dated in five groups of 8 bits each 
that can be independently software
programmed as either an input or 
output port. Data transfer on two of 
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interface are also provided. On-board 
RAM from 512 kbytes to 4 Mbytes is 
dual-ported with the VXIbus for 
shared-memory communication. Op
tional standard operating firmware 
stored in EPROM is available. 

A private bus is used for high-speed 
access to local resources, while a sep
arate shared bus lets both the on
board CPU and the VXIbus access 
the VXI registers. The IEEE-488 

the ports can be synchronized to ex
ternal hardware events by using the 
channels in the fifth port as hand
shake control lines. All ports are ini
tialized as inputs at "power-on." A 
family of Basic software drivers is in
cluded, and the product is compatible 
with the PCl-200468 and PCI-20047-
S series of software drivers, which 
are available in C or Turbo-Pascal. 

Burr-Brown 
1141 WGrantRd 
Tuscon, AZ 85705 
Circle number 138 

I System acquires data on 16 
channels at 1-MHz samples/s 

Housed in a rack-mounted chassis 
with a built-in 9-in. Enhanced Graph
ics Adapter monitor, the PRX80386M 
is a turnkey 80386-based data-acqui
sition and analysis system that can 
receive data on up to 16 channels at 
1-MHz samples/s, with the ability to 
store up to 90,000 samples/s continu-

interface circuitry on the board con
sists of a 7210 talker/listener/control
ler, a Turbo488 custom application
specific IC and additional support cir
cuitry. Prices for the interface board 
start at $3,000. 

National Instruments 
12109 Technology Blvd 
Austin, TX 78727 
Circle number 137 

ously to disk. The unit is 8.7 in. high 
and includes a 44-Mbyte hard disk, a 
1.2-Mbyte floppy, 2 Mbytes of RAM, 
eight slots (five empty), and both a 
serial and a parallel port. A r ack
mounting keyboard and a 3%-in.
high keyboard drawer are included, 
along with menu-driven software 
and spectrum analysis software for 
computing the power spectrum of a 
waveform with a discrete Fourier 
Transform. The analysis system is 
priced at $13,995 . 

Cyber Research 
5 Science Park Ctr 
New Haven, CT 06536 
Circle number 141 



DATA ACQUISITION ANO CONTROL 

I PC-compatible industrial 
workstation uses VMEbus 

Based on a 10-MHz 80286 processor, 
the 4251 Industrial Workstation fea
t ures an Enhanced Graphics Adapt
er/Color Graphics Adapter color 
monitor; a double-high , 12-slot VME
bus backplane; data entry and func
tion keypads; a hard/floppy disk 
controller; and an IBM PC XT, PC 
AT keyboard port. The front panel is 
sealed to NEMA 4 and 12 standards, 

Instruments Turbo488 custom IC in
creases performance to 1 Mbyte/s. 
The board features PS/2 programma
ble option select circuitry for select
ing 1/0 address, interrupt level and 
direct memory access channel. Let
ting the interface card use the mul
titasking capabilities of OS/2, the 
NI-488 OS/2 binary device software 
driver, installed as part of the oper
ating system, provides all the re
quired libraries, macros and def
initions for C, Basic, Pascal and For
tran in source code. The price for the 
package is $595 . 

National Instruments 
12109 Technology Blvd 
Austin, TX 78727 
Circle number 144 

I Data-acquisition board 
provides eight analog, 
12 digital channels 

Designed for measurement and con
trol of voltages, thermocouples, re
mote data transmitters, pressure 
sensors and other signals, the Mini-

I PLDs feature 
10-ms cycle time, 25 I/Os 

The MC40 family of programmable 
logic devices comes with a main 
power supply, computer-integrated 
manufacturing capability, a 10-ms 
cycle time and up to 25 input/out
puts, including a 10-kHz counter and 
four analog inputs. Battery backup is 
provided for the program memory, 
as well as a watchdog circuit that 
switches on a warning LED when the 
cycle time becomes too long. Two dig
ital multipurpose LED displays in
cluded in the extended version of the 
PLD family can be used to show er
ror codes as well as sequence step 
numbers. 

Philips 
Bldg HFK, 5600 MD 
Eindhoven, The Netherlands 
Circle number 142 

and the CRT is protected by an im- I Workstation combines 
pact-resistant Lexan shield. An op- industrial interface with 
tional software package lets t he 
system operate as a multifunction PC software compatibility 
CAD workstation with dynamic op- An integrated STD Bus computer 
erator displays and real-time control with an industrial user interface and 
software. personal computer software compati-
-------------~ >----------------......___. bility, the ZT 1000 System can func

Xycom 
750 N Maple Rd 
Saline, MI 48176 
Circle number 139 

I Hardware/software 
package supports OS/2 
with IEEE driver 

A high-speed, full-function IEEE-488 
interface card, t he MC-GPIB is a 
stand-alone, plug-in circuit board 
that can be installed in any 16-bit 
Micro Channel slot of the IBM Per
sonal System/2 to monitor, control 
and communicate with IEEE-488 
bus-compatible engineering, scientif
ic or medical instruments. An NEC 
µPD7210 chip provides the basic 
IEEE-488 talker, listener and con
t roller functions, while a National 

16 data-acquisition and control board 
combines 16-bit resolution with eight 
analog and 12 digital I/O channels. 
Different characteristics such as 
range, sampling rate and signal con
ditioning can be set up for each chan
nel. Compatible with IBM Personal 
System/2 Models 25 and 30 as well as 
PC XTs and PC ATs or compatibles, 
the self-calibrating board has six 
software-selectable ranges from 50 
m V to 10 V full scale or autorange 
and a low-noise integrating convert
er t hat can take up to 2,500 sam
ples/s. The price is $995. 

Strawberry Tree Computers 
160 S Wolfe Rd 
Sunnyvale, CA 94086 
Circle number 140 

tion as a stand-alone controller or 
as a node on the manufacturer's in
dustrial Z-NET network. Meeting 
NEMA 4 and 12 requirements for use 
in harsh environments, the system 
features a 12-in. display, and func
tion and numeric keypads. As stor
age options, it offers RAM/ROM 
disks, floppy disks, Winchester disks 
or bubble memory. An NECV20 sin
gle-board computer (SBC) powers the 
IBM PC XT version, while the PC AT 
model hosts an NECV50 SBC. The 
base price is $5,970 with a monochrome 
display and $6,440 with an Enhanced 
Graphics Adapter color monitor. 

Ziatech 
3343 Roberto Ct 
San Luis Osbispo, CA 93401 
Circle number 143 

COMPUTER DESIGN AUGUST 1, 1988 81 



•NEW PRODUCT HIGHLIGHTS 

DESIGN AND DEVELOPMENT TOOLS 

I CAE schematic design 
package runs on 
Sun workstations 

Designed for use on Sun worksta
tions, the CapFast CF4000 is a CAE 
schematic design package with a gen
eral-purpose symbol and schematic 

I Flash EPROM programmer 
connects to PC or PS/2 

The 3000 series range of EPROM, 
EEPROM and flash EPROM pro
grammers is capable of single, set 
and gang programming in 8-, 16-, 32-
and 64-bit word sizes. The unit fea
tures a full range of EPROM cover
age from 5-V NMOS and CMOS to all 
megabit devices. A serial cable links 
the device to an IBM PC or Personal 
System/2, while an auto-configurable 
RS-232 port offers up to 38,400 baud 
with selectable formats. Program
ming is controlled from the PC key
board using menu-driven windows 
with software supplied on 5114- or 
3%-in. floppy disks. Prices for the 
series start at $1,195. 

Elan Digital Systems 
2162B N Main St 
Walnut Creek, CA 94596 
Circle number 152 
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allowing software upgrades as design 
requirements increase. Features in
clude an intuitive user interface, 
flexible property editing, unlimited 
hierarchical levels with multiple 
pages at any level of the hierarchy, 
on-line rules checking, continuously 
scalable text and a split-screen capa
bility. Open data bases and ASCII 
file formats let users integrate the 
software with their own applications. 

The package works with color or 
monochrome workstations and offers 
optional simulator and printed cir
cuit board interfaces, a programma

--"-------~ hie net-list library, and tools for the 

editor. Plotting and partlist pro
grams, a symbol library and a gener
ic ASCII net-lister for printed circuit 
board layout are included. 

The package is data base compati
ble with the manufacturer's IBM PC 
AT and Personal System/2 products, 

I Evaluator board 
models 64k primitives 

An evaluator board with the capabil
ity to model 65,536 primitives, the 
64K features 256 kbits of memory 
modeling and provides modeling of 
up to eight logic levels and eight 
strengths. The number of rise and 
fall delays has been increased to one 
per pin, allowing each primitive up to 
eight delay parameters associated 
with it (one rising and one falling de
lay for each of four input pins). With 
the user-selectable spike reporting 
feature enabled, all timing violations 
and spike activity are logged to an er
ror file showing when and where the 
error occurred. 

Ikos Systems 
145 N Wolfe Rd 
Sunnyvale, CA 94086 
Circle number 153 

I Expansion board 
houses microprocessor 
development system 

The P68020 µLab microprocessor de
velopment system is an expansion 
board for use with the µLab com
puter. Built around a Motorola 68020 
microprocessor, the board offers an 
optional 68881 floating-point copro
cessor, 32 kbytes of static RAM and 
8 kbytes of EPROM. The device can 

development of custom net-listers 
and back-annotation utilities. Prices 
start at $995. 

Phase Three Logic 
POBox985 
Hillsboro, OR 97123 

--------~ 
Circle number 150 

• 

be programmed to learn the object or 
machine code of the 68020, including 
addressing modes, instruction types 
and input/output, as well as evaluate 
a candidate microprocessor for partic
ular applications. The price for the 
complete system is $899.50. 

University Research and Devel
opment Associates 
4516 Hen~ St, Pittsbm_:g_h , PA 15213 
Circle number 154 

I Al software 
debugs circuit boards 

Applying artificial intelligence soft
ware to the problem of debugging 



DESIGN AND DEVELOPMENT TOOLS 

populated circuit boards and sys- that captures bus signals at speeds of 
terns, the Array Analysis Diagnostic up to 40 MHz. High-level language 
Expert System "tells" operators how debuggers executing on host com-
to debug systems through a series of puters such as personal computers, 
prompts. The expert system genera- workstations and VAXes can be sup-
tor learns to recognize fault condi- ported, while files from remote soft-
tions in digital or analog systems and ware development stations can be 
creates a fault directory from either downloaded through a serial link. 
simulated or normal testingfailures. r------- -------------j The package is priced at $8,500. 
Analog and digital test vectors, refer
ence data and tolerance guard bands 
are all stored in a graphics format , 
eliminating language-specified tim
ing requirements. Macro control se
quences can be created by executing 
a test sequence manually and storing 
the operations on the disk. The pack
age costs $1,985 . Test systems with 
the Diagnostic Expert System start 
at $6,669. 

I RISC _developm_ent tool 
provides real-time 
debug facilities 

A stand-alone system that offers a 
software test bed and hardware de
bug facilities for real-time operation, 
the Adapt29K is a development and 
prototyping tool for the Am29000 
reduced-instruction-set processor. 
The ROM resident software lets the 
user set eight breakpoints, display 
memory and registers, display cap
tured bus activity, read and write I/O 
ports and download files. A 4,096 
entry-deep trace buffer is provided 

Step Engineering 
661 E Arques Ave 
Sunnyvale, CA 94086 
Circle nu"!!!_er 151 

COMPUTER DESIRI reprints 
Reprints of any article or advertise
ment appearing in Computer Design 
may be ordered directly from June 
Bozarth , CSR Reprints, PennWell 
Publishing Co. , P.O. Box 1260 Tulsa, 
Oklahoma 74101 , 1-800-331 -4463 
or 918-835- 3161 Ext. 379 . Mini
mum order: 1 00 black and white 
copies, 500 four-color copies. 

Array Analysis 
200 Langmuir Lab, Brown Rd 
Ithaca, NY 14850 
Circle number 155 

Think SAE 
New I 

Engineered Assemblies 

'I 

For 25 years OEMs have selected SAE to manufacture their 
backplanes, PCBs. connectors. and card cages. Now we take 
total responsibility to design, fabricate, test and deliver a 
complete "engineered assembly." Here's why our customers 
think of us for all phases of their OEM products: 
• Engineered Assemblies backplane, wire wrap. card cage, con

nectors. PCBs, w iring, filters, power supplies, fans, mounting 
hardware, peripherals, and accessories; complete design, fab and 
test - ready for your functional test. 

• Mllltary MIL-28859/28754 backplanes, NAFI headers; PCBs to 
MIL-P-55110D. 

•Commercial VMEbus, VERSAbus, S-100, DEC. STD, Multibus back-
planes; PCBs, OPL to 16 layers, UL to 4 mils. 

•Assembly and Test components, w iring and system. 

• Connectors commercial and military. 

•MORE: Filters EMl/RFI, emission test lab; Magnetic Components 
transformers, modules and filters; Card Cages custom, kits, and 
accessories; Wire Wrap semi and automatic, numerous formats 
and test. 

Call, w rite or FAX for our "engineered assembly" brochure and 
your local representative/distributor ... Think SAE! 

Stanford Applied Engineer ing 
3520 De La Cruz Blvd., Santa Clara, CA 95054 • (408) 988-0700 • Fax: (408) 727-6438 
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•NEW PRODUCT HIGHLIGHTS 

I Four-layer wire-wrap panels 
boost component density 

A series of wire-wrap panels com
bines a four-layer construction with 

MAJOR SYSTEM COMPONENTS 

surface-mounted decoupling capaci
tors to meet the performance de
mands of high-speed logic. 

The panels maximize power distri-

bution by committing two layers to 
Vee and two layers to ground. For de
signs using high-power, pin-grid
array (PGA) components, a lattice 

r~~~~~~~~~~~~~~~--'~~~~~~~~~~~~~~~--J networkconfigurationofpowerand 

··: '. . ~' . . . . ' .~ \, 
.. ... ... . . ~ . ~ .. ... 

• 

ground planes gives engineers the 
option of making low-inductance 
power connections to critical devices 
with solder washers. 

By placing surface-mounted de
coupling capacitors underneath the 
active components, engineers using 
the panels can place devices any
where on the board without reserv
ing board real estate for through-hole 
decoupling capacitors. This feature 
can increase component density by 
40 percent. 

VMEbus or uncommitted DIN pan
els have depths from 160 to 400 mm. 

Aug at 
33 Perry Ave, PO Box 779 
Attleboro, MA 02703 
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I Hybrid 18-bit D-A converter 
offers high accuracy 

The AD1139 digital-to-analog con
verter requires no user adjustments 
to achieve 18-bit accuracy with 
guaranteed± V2 least significant bit 
(LSB) maximum differential and in
tegral nonlinearity. Voltage output 
ranges are 0 to 5, 0 to 10, and ±5 to 
± 10 V. Current outputs of - 1 mA 
and ±0.5 mA are also selectable. A 
single LSB settles in 6 µs, and full
scale settling time is 40 µs, both 
measured to 0.00019 percent. The de
vice requires +5- and± 15-V supplies 
and typically consumes 825 mW. It's 
available in a 32-pin triple-wide dual 
in-line package. The ± Vz LSB D-A 

MAJOR SYSTEM COMPONENTS 

converter costs $295 in quantities of 
100; a ± 1 LSB version is $195 . 

Analog Devices 
- ~ One Technology Way, PO Box 9106 

Norwood, MA 02062 
Circle number 172 

I Switching power supply has 
harmonic resonance design 

Achieving power densities of up to 
3.2 W/in. 3

, the 98 Series of switching 
power supplies uses harmonic reso
nance technology for low-noise, high
power output. The half-bridge, 200-
kHz supplies use standard pulse
width modulation techniques to pro
duce outputs of 300 or 400 W, while 
producing ripple and noise of only 25 
m V peak to peak. Both units in the 
series accept worldwide ac voltage in
put ranges, offer outputs of 5, 12, 15 
or 24 V de, and incorporate overload, 
short circuit, overvoltage, reverse 

polarity and overtemperature protec
tion features. Prices for the switching 
power supplies start at $240 in quan
tities of 500 or more. 

Valor Electronics 
6275 Nancy Ridge Dr 
San Diego, CA 92121 
Circle number 178 



•NEW PRODUCT HIGHLIGHTS 

MAJOR SYSTEM COMPONENTS 

I D-A converter offers 
18-bit accuracy 

sion controller, digital audio and pre
cision waveform generator applica
tions. A thin-film monolithic 20-V 
process, a dielectrically isolated op 
amp process, and advanced laser
trimming and test techniques deliver 

Initially designed as a programma
ble ATE reference, the DAC729 18-
bit digital-to-analog converter is also 
applicable to a broad range ofpreci-

////////////////////////////// 

\HS 

2.5 Gigabytes Unattended Backup 
Digi-Data's GIGASTORE™ provides 2.5 Gigabytes of data 

storage on a single T-120 VHS video cartridge. That permits backup 
of your largest disk drive on off-hours without an operator. 

Utilizing true read-after-write coupled with very powerful error 
correction , GIGASTORE gives you an unsurpassed error rate of 
1 in 1023 bits. In addition, you get a high speed search capability 
not available in most 9-track drives. 

GIGASTORE can be provided with an interface for DEC com
puters, such as VAX and Micro Vax, for operation under VMS. It 
is also available with an IBM PC interface, operating under 
MS/DOS. 

Call Digi-Data, an organization with a 25 year history of 
manufacturing quality tape drives, at (301) 498-0200. 
™GIGASTORE 1s a trademark of 0191-Data Corporation . 

II 
OIGl-DATA CORPORATION 
8580 Dorsey Run Road f.~ 
Jessup. MD 20794-9990 Q\:.~\,.: C".l,\\:.S 

..... (301 i 498-0200 .. \ou'" ~t> 
• Telex 87-580 \\~ .. \\!\~'"° 

••••e . .. First In Value ''' 
In Europe contact: Digi-Data Ltd. • Unit 4 • Kings Grove • Maidenhead. Berkshire 

England SL6 4DP •Telephone No. 0628 2955516 •Telex 847720 
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a guaranteed linearity of 16 bits. The 
D-A converter is user-adjustable to 
18-bit linearity. As a complete de
vice, it includes a low-drift + 10-V 
reference and a low-drift, low-noise 
output amplifier. Gain drift is limit
ed to ± 5 ppm/° C, while offset drift 
typically reaches ±2 ppm offull-scale 
range/° C. Prices start at $141 in 
quantity. The device settles to 
± 0.00076 percent FSR in 8 µ.s for a 
full-scale voltage step. Internal feed
back resistors are absolute-value 
trimmed to ± 0.1 percent, permitting 
easy scaling of modified ranges, such 
as 10.24 V, with small external 
resistors. 

Burr-Brown 
PO Box 11400 
Tucson , AZ 85734 
Circle number 174 

I Triple-output switchers 
target telecomm applications 

With power densities of up to 3.5 
W/in.3

, the MTC series of triple
output switching power supplies 
ranges from 160 to 500 W. The 
switchers provide up to 60 A of + 5 V 
for logic and memory. All outputs are 
fully regulated to deliver ± 1 percent 
combined line and load regulation. 
Typical efficiency is 80 percent. In
tended for telecommunications ap
plications, the high-current (10 A) 
± 12-V regulated auxiliary outputs 
provide regulation characteristics for 
line drivers, RS-232 and popular net
work interfaces. The switchers are 
packaged in an open-frame configu
ration designed to transfer heat ener
gy to the outside frame . 

Todd P roducts 
50 Emjay Blvd 
Brentwood, NY 11717 
Circle number 176 



I VME card cage 
controls airflow 

The 10-slot, Phase III Optional 
Mount Card Cage Assembly uses an 
Air-Deflecting System (ADS) to di
rect airflow to hot spots on daughter 
boards and backplanes normally 
blocked off by card guides and extru
sions. The ADS consists of deflector 
strips, contoured extrusions and 
molded wedge-shaped card guides. 
Applicable to any of the manufac
turer's Phase III VME card cages and 
backpl1;1.ne assemblies, the system 
can also be incorporated into Sun
compatible 9Ux400-mm card-cage 
assemblies. 

Hybricon 
12 Willow Rd 
Ayer, MA 01432 
Circle number 173 J 
I Tracking ball incorporates 

mouse functions 
Designed to replace mouse-type in
put devices on personal computers 
and minicomputers, the Mouse-Trak 
achieves cursor movement via a 2-in. 
phenolic ball. Three user-defined in
put keys control momentary or sus
tained cursor movement, while a 
fourth key increases or decreases 
movement ratio by 4:1. The device is 
powered from the RS-232 interface 
on the host computer, eliminating 
the need for an additional power sup
ply. Two standard versions will emu
late Microsoft Mouse and Mouse Sys
tems PC Mouse, while three quadra-

. '\ \ \ 

MAJOR SYSTEM COMPONENTS 

ture versions allow operations with 
systems from Atari, Apple , Sun, 
Apollo, DEC, Cadnetix and Tektron
ix. Prices start at $119. 

Itac Systems J 
3121 Benton Dr 
Garland, TX 75042 

~--~--------< 

Circle number 177 -----

140-W switching power 
supplies offer high density 

Accepting any input voltage from 85 
to 264 V ac without the need for 
jumper wires or a switch, the NFS40 
series of 40-W switching power sup
plies regulates down to zero output 
load. The universal input switchers 
are packaged in a low-profile, 5-x 3-
x 1.2-in. open-board, creating a 
power density of 2.2 W/in .3

• Line 
regulation is ± 0.5 percent max, and 
typical efficiency is 70 percent. Ap
proved by Underwriters Labora-

tories, Canadian Standards Associa
tion and Veband Deutscher Elektro
techniker, the power supplies boast 
a mean time between failures of 
160,000 hr. Unit prices for the power 
supplies start at $59. 
.------~---------~ 

Computer Products 
2900 Gateway Dr 
Pompano Beach, FL 33069 
Circle number 175 

The Electron Beam Technology Division of Perkin-Elmer, the in
dustry leader in state-of-the-art electron beam lithography systems, 
has the following immediate opening : 

COMPUTER ARCHITECT 
Analyze existing and proposed pattern processing architectures 
and redesign subsystems to improve throughput. Apply your ex
perience in identifying and alleviating data-flow bottlenecks by 
modifying algorithms and applying special-purpose hardware. 

We require an MS or PhD in Electrical Engineering , Computer 
Science or related field . You must display a working knowledge 
of pattern manipulation algorithms as well as hardware and soft
ware engineering principles. This is a high visibility, cross
disciplinary effort , requiring impeccable communication skills. 

Invest your future in an innovative Fortune 300 technological 
leader. Perkin-Elmer rewards qualified professionals with outstan
ding growth opportunities, highly competitive salaries and a com
prehensive benefits plan. 

Qualified candidates are invited to forward resumes including 
salary history to: Perkin-Elmer Corp., Job No. 8061, Human 
Resources, M/S 300, 26460 Corporate Avenue, Hayward, CA 
94545. An equal opportunity employer. U.S. Citizenship or Perma
nent Residency Required . 
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•NEW PRODUCT HIGHLIGHTS 

I VMEbus Ethernet processor 
transfers files at 3 Mbits/s 

Boasting memory-to-memory file
transfer rates in excess of 3 Mbits/s, 

I Integrated PC card 
connects to Ethernet 

The HP StarLAN 10 family of LAN 
products includes an integrated per
sonal computer card that allows the 
connection of PCs and minicom
puters using standard telephone wir
ing. The card provides a direct con
nection to the twisted-pair wire via 
an eight-pin modular jack used for 
telephone connections and elim
inates the need for an external me
dium attachment unit. PCs can be 
located 100 m from the manufac
turer's hub unit with data sent at 10 
Mbits/s over the IEEE 802.3/Ether
net LAN backbone. The board is 
priced at $695. 

Hewlett-Packard 
19310 Pruneridge Ave 
Cupertino, CA 95014 
Circle number 146 

I Communications controller 
gives PCs serial 1/0 

J 

Built around the 82530 communi
cations controller IC, the PCOM-1 
board gives an IBM PC-compatible 
computer two independent channels 
of high-speed serial I/O with a choice 
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DATA COMMUNICATIONS 

the ENP-100 is an intelligent, single
board interface between VMEbus 
host systems and Ethernet. A 12.5-
MHz MC68020 microprocessor moves 

of asynchronous, byte-synchronous 
and bit-synchronous formats . For 
asynchronous links, the board pro
vides a programmable baud rate 
selection from 3 to 76,800 baud, 
while baud rates for synchronous 
operation run from 38 to 307 ,200 
baud. Each full-duplex channel, con
figurable for either RS-232 or RS-
485/-422 operation, has its own first
in, first-out receive buffers and an au
tomatic spike rejection mechanism. 
,-

Rapid Research 
Southern House, Burwash Rd, Broad Oak 
E Sussex, UK, TN21 8TB 
Circle number 147 

I PC modem card 
delivers 4.8 kbits/s 

By means of an on-board data com
pression algorithm, the 2.4-kbit/s 
Courier 2400/PC modem board can 
deliver up to 4.8-kbit/s transmissions 
over voice-grade telephone lines. 
Complying with the AT modem com
mand set and CCITT V.22 bis, Bell 
212A and Bell 103 modem conven
tions, this auto-answer/-dial modem 
fits any slot in an IBM PC, PC XT, 
PC AT or Personal System/2 (Model 
25 or 30). Help screens, call reporting 

the data, processes network pro
tocols, manages the local bus and su
pervises all data transfers across 
the VMEbus. 

A full 32-bit address and data path 
accommodates the 68020, while 512 
kbytes of on-board dynamic RAM 
hold processing protocol and data 
buffers. The device appears to the 
host system as a region of memory, 
and communication between the two 
is handled by standard I/O drivers . 

The board is compatible with the 
IEEE VMEbus version C.1, Ethernet 
1.0 and 2.0, and IEEE 802.3 specifi
cations. The manufacturer's Trans
mission Control Protocol/Internet 
Protocol software suite is also sup
ported. An optional configuration 
offers a 20-MHz 68020 microproces
sor and 2 Mbytes of RAM. Prices 
start at $3,595. 

Communication Machinery 
125 Cremona Dr 
Santa Barbara, CA 93117 
Circle number 145 

and automatic speed matching to re
mote modems are featured , with two 
RJllC phone jacks provided. Prices 
start at $549. 

U.S. Robotics 
8100 N McCormick Rd 
Skokie, IL 60076 
Circle number 148 

I PC communications board 
mixes multiple functions 

Combining a synchronous modem, 
an asynchronous modem and a Syn
chronous Data Link Control adapter 
onto a single add-in board for IBM PC 
and Personal System/2 family com
puters, the AdaptModem V.22 bis 
supports PC-to-PC, PC-to-mini and 
PC-to-mainframe communications 
using the CCITT V.22 bis standard. 
Using the standard AT modem com
mand set, the auto-answer/-dial 
board runs at up to 2,400 baud, syn
chronous or asynchronous. The price 
of the board, which features full
duplex operation, is $575. 
,--

Network Software Associates 
22982 Mill Creek 
Laguna Hills, CA 92653 
Circle number 149 



3%-in. drive controller 
The PCT-MF20 controller card fits 
any PC/XT/AT short 8-bit bus slot 
and allows data interchange between 
5¥.:i- and 3%-in. floppy drives. $489. 
Practical Computer 
Technologies Circle 179 

Real-time Unix OS 
LynxOS is a Unix-compatible, real
time operating system with a predict
able response of 350 µ,son a 16-MHz, 
3-Mips 80386 CPU. $65,000. 
Lynx Circle 180 

RISC-oriented compilers 
The Interact series ofC, Fortran and 
Pascal compilers and macroassem
blers suits Intel's 80960 RISC proces
sor. Starts at $5,000. 
Interact Circle 181 

Logic assembler for PCs 
The A vocet PLD is a logic assembler 
for 256-kbyte, MS-/PC-DOS-equipped 
IBM PCs and compatibles. $295. 
Avocet Systems Circle 182 

QuickC math toolbox 
The C Math Toolbox provides 89 
math functions for Microsoft Quick C 
and C optimizing compilers. $89. 
Silver State Software Circle 183 

Real-time OS 
The BSO/RC is a real-time operating 
system for 16- and 32-bit micropro
cessors made by Intel, Motorola or 
National Semiconductor. Starts at 
$6,300. 
BSO Circle 184 

TFEL display driver 
The HV08 24-channel, thin-film EL 
display driver for commercial or mili
tary use provides 16 shades of gray 
using 5-V logic. $9.96. 
Supertex Circle 187 

Ada compiler for OS/2 
The Alsys Ada compiler runs on 286-
or 386-based OS/2 systems with at 
least 2 Mbytes of memory. 
Alsys Circle 188 

19.2-kbit/s modem 
The M1928LFT is a 19.2-kbit/s fault
tolerant, leased-line modem. It ana
lyzes the phone line, detecting impair
ments based on signal-to-noise ratio, 
carrier detect and signal quality. 
Fujitsu Circle 193 

PRODUCT BRIEFS 

256 x 9 CMOS FIFO 
The IDTT7200 256- x 9-bit CMOS 
FIFO features three flag inputs and 
25-ns access time in 300-mil THIN
DIP package. $50.90. 
Integrated Device 
Technology Circle 185 

XT chip, AT chip set 
The ACC 1000 is a single-chip XT
compatible peripheral controller. 
The ACC 82000 AT-compatible chip 
set supports 16-MHz systems. $20 
and $70, respectively. 
ACC Microelectronics Circle 186 

Internal modem for Mac II 
Mac Modem II is a Hayes-compatible, 
internal 2,400-baud modem for the 
Macintosh II. 
Holmes Microsystems Circle 197 

PCB development system for PSl2 
The One Chip Plus add-in board de
velopment system allows designs for 

INDUSTRIAL-GRADE 
DATA COMMUNICATIONS 

MODEMS 

When you need Ruggedness, 
Higher Performance, and 

Lower Costs! 

Unit quantity prices 
from $73.00. Quantity 
discounts available. 

Micro Channel architecture, PS/2 
systems. Starts at $495. 
Capital Equipment Circle 189 

Real-time system tools 
The Integration Toolkit assists in 
building, testing and debugging 
board-level, real-time uniprocessor 
and multiprocessor systems. 
Multiprocessor 
Toolsmiths Circle 190 

Enhanced LAN analyzer package 
The HP 4972A LAN protocol analyz
er adds enhanced testing flexibility 
to multivendor LAN troubleshoot
ing. $17 ,000. 
Hewlett-Packard Circle 191 

Hayes-compatible modem controller 
The SC11017 1,200-bit/s, Hayes
compatible modem controller suits 
20-MHz turbo speed applications. 
Starts at $10.85. 
Sierra Semiconductor Circle 194 

Now you can have high-quality, 
high-performance industrial-grade 
communications modems at some of 
the lowest prices in the industry. 

These rugged devices greatly extend 
communications distances, eliminate 
electrical noise and ground loops, 
and protect the host equipment from 
transient voltages. 

Various models feature: 

• Data rates to 5MBaud 

• Distances to 3.5km at 19.2kBaud; 
12 miles at 1.2kBaud 

• Signal or system power source 

• Dual or multipoint capabilities 

• High isolation and surge protection 

• RS-232/422 conversion 

• Compact industrial package 

• Fiber-optic models available. 

For complete details, and a copy of 
our new 12-page Industrial Modem 
Brochure, contact your Burr-Brown 
sales representative. 

BURR-BROWN® 

IEIEl l 
Improving Data 

Communications Productivity 

CIRCLE NO. 32 
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PRODUCT BRIEFS 

2,400-bit/s modem for Toshiba CPU 
The Multimodem224TL operates at 
2,400, 1,200 and 300 bits/s in Toshi
ba laptop computer s. $499. 
Multi-Tech Circle 192 

Development package for Tl DSP 
The 320/PC-l 7 daughter board pro
vides a development system for TI 
TMS320Cl 7 DSP. $895. 
Atlanta Signal 
Processors Circle 195 

NEC development tools 
Intertools software lets code be writ
ten in C for NEC V20-50 and V60 
microprocessors. Starts at $1 ,000. 
Intermetrics Circle 196 

Ethernet controller for PS/2 
The LAN Workplace family of intel
ligent 512-kbyte boards provides 
Ethernet interface to PS/2 and PC 
ATs. $995. 
Excelan Circle 198 

VMEbus board links X.213 to OSI 
The CC-125 VMEbus X.25 board im
plements the X.213 specification for 
connecting to OSI's Layer 4. 
Compcontrol Circle 199 

C cross compiler 
Introl-C supports both C and assem
bly language development for em
bedded microprocessor applications. 
Introl Circle 200 

110-W universal input switchers 
The NFSllO series of single- and 
quad-output, 110-W universal input 
switching power supplies accepts in
put voltages from 85 to 264 V ac. 
Starts at $141. 
Computer Products Circle 201 

Trademark Information 

UNIX is a registered trademark of 
AT&T Bell Laboratories. 

PAL and P ALASM are registered 
trademarks of Monolithic Memories 
Inc. 

GEOMETRY ENGINE is a trade
mark of Silicon Graphics Inc. 

APLEX and UTX/32 are trademarks 
of Gould Inc. 
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CONFERENCES 

Sept 12-15 and Sept 14-15 
CAD/CAM and Manufacturing 
Automation Conferences 
Hyatt Regency Monterey, Monterey, 
CA. Separate conferences will be 
devoted, respectively, to CAD/CAM 
strategies for the 1990s and global 
competitiveness in manufacturing 
automation, with speakers from the 
host research organization and sev
eral industrial organizations. 
Information: Lois Long, Dataquest, 
1290 Ridder Park Dr, San Jose, CA 
95131, (408) 437-8309. Circle 118 

ADC ~'B' Sept20-22 
Aerospace 
and Defense 
Computing '88 

Airport Hilton Hotel, Los Angeles, 
CA. Conference and exhibition will 
focus on artificial intelligence and 
neural networks, CAD/CAM, rug
gedized and fault-tolerant systems, 
workstations, graphics and imaging, 
and operating systems. Also, open 
forum for DOD and NASA-related 
issues. 
Information: Norm De Nardi Enter
prises, 289 S San Antonio Rd, 223-
204, Los Altos, CA 94022, (415) 941-
8440. Circle 119 

Oct3-5 
IEEE International 
Conference on Computer Design 
Rye Town Hilton, Port Chester, NY. 
Focus of this conference will be on the 
design and use of VLSI in computers 
and processors, with particular 
emphasis on interactions among sys
tem, logic circuit, memory and phys
ical designs; architecture; software; 
CAD; testing; and VLSI technology. 
Information: Michael R. Wayne, 
IBM, Box 390 D/B34 B/901-3, Pough
keepsie, NY 12602, (914) 432-5211. 

Ci rcle 120 

Oct3-6 
Electronic Imaging '88 
World Trade Center, Boston, MA. 
Presenters of papers at this confer
ence will discuss advances in the 
technical state-of-the-art or unique 
applications for electronic imaging 
components and devices in imaging 
systems and products. 
Information: Richard Murray, Insti
tute for Graphic Communication, 

CALENDAR 

375 Commonwealth Ave, Boston, 
MA 02115, (617) 267-9425.Circle 121 

~ 

.......-....... Oct4-6 
~ Buscon/88-East 

Javits Convention Center, New 
York, NY. Specifically targeted at 
system backplane and integration 
issues, sessions at this conference 
will stress board design and integra
tion; and matching bus, microproces
sor and peripheral-chip performances 
to various boards, operating systems 
and real-time software. 
Information: Buscon/88-East, Dave 
Caplin, Conference Management 
Corp, 200 Connecticut Ave, Norwalk, 
CT 06854, (203) 838-3710. 

Oct4-6 
Northcon/88 

Ci rcle 122 

Seattle Center Coliseum, Seattle, 
WA. Electronics exposition aimed at 
the interests of companies and design 
engineers in the Northwest will fea
ture sessions on semiconductors, 
surface-mount technology and com
ponents, with particular emphasis on 
computer-integrated manufacturing. 
Information: Alexis Razevich, Elec
tronic Conventions Management, 
8110 Airport Blvd, Los Angeles, CA 
90045, (213) 772-2965. Ci rcle 123 

Data Structures for Computer 
Graphics, Image Processing and Ge
ographic Information. 
Information: Karin Folken, Univer
sity of California Extension at San
ta Cruz, Santa Cruz, CA 95064, (408) 
429-4535 . Circle 126 

September 
Data Communications 
Various locations and dates. Series of 
two- and three-day seminars on IBM 
PC and IBM Personal System/2 net
working, data communications fun
damentals, data communications 
applications, SNA connectivity and 
SNA optimizing include discussions 
of network products from several 
different companies. 
Information: Barbara Stern, Center 
for Advanced Professional Educa
tion, 1820 E Garry St, Suite 110, San
ta Ana, CA 92705, (714) 261-0240. 

• 
Circle 127 

September
November 
Systems 
Engineering for 
Hardware/ 
Software 
Applications 

Various locations and dates. Course 
provides working knowledge of inter
disciplinary techniques needed to 
develop and integrate hardware and 

,__ _____________ ____. software systems for both large and 

SEMINARS 

September 12-16 
Open System Interconnection 
Key Bridge Marriott, Arlington, VA. 
Week of professional courses will con
centrate on the advancing standards 
technology for distributed informa
tion and the impact of the OSI refer
ence model and networking protocols 
at various levels of the model. 
Information: The Omnicom Insti
tute, 115 Park St, SE, Vienna, VA 
22180, (703) 281-1135. Ci rcle 125 

September 
Graphics and Imaging 
Techmart, Santa Clara, CA. Three 
individual seminars on different 
dates cover Image Engineering: The 
Technologies and Applications of 
Contemporary Image Processing; 
Visualization Techniques in the 
Physical Sciences; and Hierarchical 

small designs. 
Information: Leslie Roebuck, In
tegrated Computer Systems, 5800 
Hannum Ave, PO Box 3614, Culver 
City, CA 90231, (213) 421-8166. 

Circle 128 

Programs and dates 
are subject to change 

Would you like 
your event listed here? 

Computer Design can include a cal
endar announcement of your upcom
ing conference or seminar as long as 
it's received at least three months 
prior to the date of the event. Be sure 
to include a specific location, a 
description of the conference/seminar 
content, and a contact name, address 
and telephone number. 
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•DESIGN FOR TESTABILITY 

ASIC design tools zero in on testability 
Art Desena 

President, ADS Associates 

As the need for imple
menting design-for
testability (DFT) in

creases, manufacturers of 
application-specific ICs and 
complex circuit board as
semblies are struggling to 
find the most cost-effective 
way to include DFT tech
niques in their designs. To 
help in this task, most 
ASIC vendors are enhanc
ing their design tools so 
that customers can include 
and verify DFT circuitry. 

The types of tools being developed and regularly up
dated by ASIC vendors address such areas as fault 
simulation, DFT design techniques, DFT analysis 
criteria and automatic generation oftest vectors. 
Although these tools are currently being developed for 
ASIC design and testing, they will eventually be modi
fied and incorporated into board and system designs 
where appropriate. 

One vendor moving in this direction is Sile Technolo
gies (Burlington, MA), which introduced in May a logic
synthesis-based electronic design automation (EDA) 
system for ASICs that runs on both Apollo Computer 
workstations and VAX computers. Called Silesyn, this 
new design-synthesis system provides library inde
pendence and ensures correctness of the design. It also 
guarantees testability through the use of a register
transfer-scan algorithm. 

"Register transfer scan is a methodology that ana
lyzes the design to determine which flip-flops are ap
propriate to be implemented in full serial scan registers 
and then implements them; ' says Jeffrey R. Fox, vice
president of engineering at Sile Technologies. "Addi
tional control circuitry is automatically added to the 
other flip-flops that aren't appropriate for full serial 
scan. This added control circuitry guarantees testabili
ty without having to implement these flip-flops for full 
serial scan." Silesyn can also generate test patterns re
quired for production tests of the ASICs. 

Silesyn has been in use at beta sites for several 
months and is now available for about $40,000. 

I Integrating fault and logic simulation 
Most designers of VLSI components and boards use a 
technique called fault simulation to grade the effec
tiveness of the test patterns to be used for design 
verification and/or production testing. In this tech
nique, test patterns are applied to simulated faults in 
the system design. The designer then reviews the 
test-pattern output to determine what percentage of 
simulated faults was detected. The resulting percent-

92 AUGUST 1, 1988 COMPUTER DESIGN 

age is known as fault coverage. 
Generally, after functional simulation has deter

mined that a design is functioning correctly, design
ers perform a fault simulation. The functional 
simulation results are then used as a benchmark 
against which the the fault simulation is compared. 

This technique is rapidly gaining popularity. Tech
nology Research Group (Boston, MA) predicts dramat
ic growth for fault simulation-a jump from 8,400 
digital simulators in 1987 to 96,000 by 1990. 

Gateway Design Automation (Westford, MA) has in
tegrated fault simulation with logic simulation with 

' 'Product quality and 
reliability are 

becoming crucial 
factors to our 

customers in the ASIC 
business and are 
make-or-break 

ffJctors for defense 
suppliers. 11 

- Prabhu Goel 
Gateway Design Automation 

Ill 

its introduction in May 
of the V erifault-XL 
fault simulator. Fully 
integrated with the 
company's Verilog-XL 
logic simulator, 
Verifault-XL incor
porates Gateway's Veri
log mixed-level 
hardware description 
language and its XL 
software algorithm, 
which provides signifi
cant speed advantages 
on standard hardware 
platforms. Verifault-XL, 
Gateway's second-gen
eration fault simulator, 
surpasses its predeces

sor, Testgrade, in both performance and functionality . 
Verifault-XL addresses the three major barriers to 

the widespread adoption of fault simulation-cost, run 
time and integration with logic simulation. "Product 
quality and reliability are becoming crucial factors to 
our customers in the ASIC business and are make-or
break factors for defense suppliers," says Prabhu 
Goel, president and founder of Gateway. "Increas
ingly, the availability of integrated fault simulation 
is affecting the purchase of logic simulation." 

I Variety of fault-simulation techniques 
Verifault-XL includes a number of basic fault
simulation features , such as simulation of gate- and 
switch-level primitives, fault collapsing, incremental 
simulation and an output fault dictionary. Fault col
lapsing cuts simulation run times by identifying 
equivalent faults and collapsing them together. 
(When 100 faults are collapsed to 70, for example, 
simulation on 70 percent of all faults provides accu
rate results for the whole set.) Incremental simula
tion lets the user interrupt the fault simulation at 
any point and still be able to restart directly from the 
interrupt point without any loss of data. The output 



THE VER/LOG SUITE 

EXISTING 
CAE 

VERIFICATION 

VHSIC HARDWARE 
DESCRIPTION LANGUAGE 

VERILOG 
LANGUAGE 

TEST 

By integrating fault simulation with logic simulation, Gate
way Design Automation breaks what has been one of the bar
riers to widespread acceptance of fault simulation. Fully 
integrated with Gateway's Verilog-XL logic simulator, the 
Verifault-XL fault simulator incorporates Gateway's Verilog 
mixed-level hardware description language and its XL soft
ware algorithm. 

fault dictionary provides cross-reference informat ion 
for diagnosing simulation results and contains the ex
pected result for each simulated fault. 

In addition, Verifault-XL can perform var ious types 
of fault simulation. Its concurrent fault-simulat ion 
capability lets Verifault-XL simulate multiple faults 
concurrently by simulating only those gates in the 
logic to which the effects of each fault are propagated. 
Distributed fault simulation divides the fault models 
among a number of workstations and then r uns the 
fault simulations simulta neously. The run-t ime speed 
increase is directly proportional to the number of 
workstations used. Behavioral propagation is the abil
ity to pass faults through behavioral models, which is 
quicker than fault passage through switch models. 
This is especially useful in situations where early test 
generation is required, or where gate-level models 
aren 't available. 

I The Verilog language and XL algorithm 
Ranging from the architectur al/behavioral to the 
gate/switch techniques, the Verilog hardware descrip
tion language lets CAE users design and simulate 
systems using a top-down methodology. Top-down de
sign speeds the verification process since portions of a 
design can be modeled behaviorally and then ver ifi ed 
prior to gate-level implementation. This reduces t he 
number of iterations and often results in a fi rst -time
right design. 

The XL software algorithm increases simulation 
speeds through an adaptive-behavior-recognition tech
nique, which is an advanced form of clock suppres
sion. By incorporating the XL algorithm, the 
Verifault simulator can run from three to 12 times 
faster than Gateway's Testgrade. 

Verifault-XL is sold in conjunction with the Verilog
XL simulator. Prices start at $30,000 for existing 
Verilog-XL users. Verifault-XL runs on a variety of 
standard platforms, including those from IBM, Digi
tal Equipment Corp, Sun Microsystems and Apollo , 
with the distributed fault simulation supported on 
Sun and Apollo only. • 

1+1=CUPL™2.5 
PW Logic DeyeJopment System 

The first device independent PLO compiler with the 
choice of schematic entry, state machine, or boolean 
equation design formats. With power tools such as 
simulation and minimizations. Supports most PLO 
manufacturers. 

Only one company can 
give you everything in 
PLO design tools from 
logic compilers to pro
gramming equipment at 
prices affordable to all 
and quality that is 
unmatched in the pro
gramming market. 

I !·Id t:rA19 •J i\'i t3 f11 I~ ti' 
1-800-331-7766 • 305-974-0967 •Telex: 383142 ·Fax: 305-974-8531 

CIRCLE NO. 33 

ELIMINATE 
COSTLY WIRING 
AND MODEMS! 

THE MODEL 570 
QUICK MUX 
• 8 fu ll duplex ports 
• 19.200 baud all ports 

simultaneously 

• 5000' link distance 
• No configuration switches 
• Built - in surge protection 

• Bi-directional control signal 
for each port 

• Includes 8 25' cables 
• Complete diagnostics 

• Channel activity indicators 

• Male or female connectors 

• $548 with cables 

Contact us today at 
Telebyte Technology Inc., 
270 E. Pulaski Road, 
Greenlawn, New York 
11740, (516) 423-3232. 

\tee ~ tout ~boo 
~s"- \o co0 

oa\ac0~3~-3'2.9& 
soo-o 
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PRODUCT SHOWCASE 
Circle 220 for rates and information, or call : Shirley Lessard or Barbara Kovalchek 800-225-0556. In Massachusetts 508-486-9501 . 

0 

16/8/4 
MByte 

VME 
Memory 
Board 

e VME/ VSB Dual Ported Memory e I OOns I Mbit 
DRAM • Parity check • Available for Sun -3. 4 also. 
• VME 32bit Address Bus. I 6/ 32b1t Data Bus. 
• We can ship up to 200 boards per a month. 
• Ordering Information [ FOB Calif. ] 
MB2240- 4MB (l-9)US$2200 (I 0- 24)US$1980 
MB2240- BMB ( l -9)US$4100 (I 0- 24)US$3690 
MB2240- l 6MB ( l - 9)US$8000 ( 10- 24) US$7200 

CALL by FAX (from US ) 

011-81-474-22-1759 
You can get information on the next morning 

MICROBOARDS,1Nc. 
4-41-19 1-tCJf\CHO. FUNABASHl-CITY. CHIBA 273 
..JAPAN. TELEX : 2983472 MICA:J ..J. 

CIRCLE NO. 221 

IT'S EASY TO LOCATE 
ROM SOFTWARE SUPPORT 

PC· LOCATE : Produce ROM-able code from your 
~exe· files. PC-LOCATE assigns physical addresses 
to the re-locatable image based on user inputs. 
PC-LOCATE supports the entire Intel 
processor family including the 
8086, 8088, 80186, 
80188 and 80286. 

PC-PROMPA K: 
A PROM/ROM ex
pansion board for 
IBM and IBM-com-
pahble computers. PC
PROMPAK provides up to 
384 Kbytes of expansion memory 
and supports most 28-pin JEDEC compatible 
devices . 

PC-ROM DRIVE : Create a "01skless PCfl that can 
include MS-DOS and your application program. Program 
execution can be automatically invoked through the use 
of an "autoexec.bar file. 

J§=~~-£L9i£ 
SYSTEMS INC 

P.O. BOX 37634 PHOENIX, AZ. 85069 
(602) 866-1786 

CIRCLE NO. 223 

Miniature Joystick with 
Programmable Serial Output 

The Model 860 series of high-performance 
joystick controls can be programmed to meet 
specific requirements for RS232C or RS422 
ports. A dead band at null and exponential 
transfer curve permit single element position
ing and high slew rates with a small change in 
applied force. Avai lable in standard or custom 
packages, or with push buttons or paddle 
switches. 

Measurement Systems, Inc., 121 Water 
Street, Norwalk, CT 06854. (203) 838-5561. 

CIRCLE NO. 226 

RLL RELIABILITY IN STOCK 
5114" half-height rigid disk drive 

Model MR535 from Mitsubishi Electronics is the relia· 
ble, 5'/.t " half-height rigid disk drive designed to use 
standard 2, 7 ALL controllers. The MR535 is in stock and 
offers such proven features as: 

MR535 

• 76 MB memory 
capacity when using 
2, 7 ALL controllers 
(50 MB for MFM 
con trollers) 

• A high-speed seek 
time that is truly less 
than 28 ms 

• Automatic actuator 
lock that places heads 
over non-data areas of 
the disk upon power 
down 

• MTBF of 30,000 POH 
hours and full on year 
warranty 

For more inforniation on the reliable MR535, write or call: 
Mit subishi Electronics America, Inc., Computer 
Peripherals Division , 991 Knox Street , Torrance, CA 
90502, (213) 515-3993, ext . 382. 

• MITSUBISHI 
~ELECTRONICS CIRCLE NO. 222 

TJflna '" _1_~ ~o~~f-!e~~h ~~~l~y 
and crisp oulput have brought tens of thousands of boards 
to life, quickly and 
affordably. 

Start-to-finish design tools include: 

Tango-Schematic ~1th 1.ibmr~ .llanager. 

Tango-PCB I mil Grid. 9 1.a1er.;, Gerber Output 

Tango-Route Autorou1es 90+',., Fast'. 

Tango-Tools 8 ,11oney-Saving l 'tilities. 

Lei's discuss )Y.lllr design needs Toll-Free. or order a full 
function Evalua1ion Pkg, just $10. l 'ISA'MC. 

$495 
$495 
$495 
$295 

800 433 7801 619169HOOO 
- ' ~ Sallsfaclion guaranteed. 

ACCEL Technologies, 7358 Trade St., San Diego, CA 92 121 

CIRCLE NO. 224 

PRODUCT 
MANAGERS 

Needed who want to rent 
Computer Design's top
notch direct mail prospect 
list. Excel lent benefits, 
competit ive rates. 

Call Bruce for more info 
at: 800-225-0556 
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COMPUTER DESIGN 
Super Decks 

• Now 90,000 circulatioon-83,000 quali · 
lied Computer design U.S. subscribers, 
plus 7,000 pass-along engineer inquirers 

• Six mailing in '88-January, March, 
May, July, September and November 

• Less than a penny per card for 6 time 
users 

• Rates start at $1495.00 and go down 
with frequency 

• Closing 21st of previous month of 
mailing 

Contact Shirley Lessard or Barbara 
Kovalchek 
COMPUTER DESIGN 
119 Russell Street 
Litt leton , MA 01460 
Tel : Toll Free (800) 225-0556. 
In Massachusetts (508) 486-9501 

AmericanNME. 
The low price and 
warranty leader. 

Yes, American 1s the low price leader on a full 
range of standard and custom VME Bus enclo 
sures. And we are so confident about our quality 
that we give you an inclusive four year warranty. 
For detailed information 1ust call. 

ANERICAN 
ENCLOSURES CORPORATION 

718-767-3020 

CIRCLE NO. 22S 

y ENC-1 

"°' :ot Jf1 i;u•• .,..,l our 

""" "" ,, 
O'- .. ,. 

CONVERT RGB INTO COLOR 
COMPOSITE VIDEO 

Now you can convert RGB computer signals 
into NTSC composite video with the ENC 
series of RGB Encoders. Three different 
models are available for compatibility with 
most analog and TTL RGB computers having 
15 kHz scan rates. Output of ENCs can drive 
VCRs, projection TVs, and monitors. Interface 
cables and application assistance available. 
Only $395.00 each. 

@] Communications 
~[k?~Qec i alt ies , Inc. 

Tel: (516) 499-0907 FAX: (516) 499-0321 

CIRCLE NO. 227 



PRODUCT SHOWCASE 

N T R 0 D u c N G 

IN SYSTEM 
SHOWCASE 

Your message can stand out from the crowd with a 
color ad in System Showcase. Two- and four-color ads 
are now available. Just send us a color print , slide or 
transparency with your copy and insertion order and 
we will do the rest. 

For more information, call Shirley Lessard or Barbara 
Kovalchek at (800) 225-0556 (in MA, call (508) 486-9501). 

Rates: B/W Color 

IEEE-488 for 
VMEbus & MULTIBUS 

Hardware Options - High-speed OMA or 
low cost programmed 1/0 
Software Support - UN IX, PDOS, MTOS, 
VERSAdos, Aegis 

"'"""NATIONAL 'fltf INSTRUllEJJTS TM 

, n.. Soflw••• I• tb• /~t~m~t TM 

Call for FREE Catalog 
512/250-9119 or 800/531-47 42 

CIRCLE NO. 229 

1X $720 18X $650 2/Color $135 
6X $695 22X $640 4/Color $235 
12X $670 

IEEE-Z 
Easiest IEEE 488(GPIB/HPIB) 
Interfaces for your PC, PS/2, 
Macintosh, HP and more! 
• Controllers 
• Converters 
• Extenders 
• Buffers 
•Boards 

Call or send 
for your FREE ·lD Technical Guide 

tech (216) 439.4091 

25971 Cannon Road • Cleveland, Ohio 44146 
Telex 6502820864 •Fax (2 16 439-4093 

CIRCLE NO. 230 

SOFTWARE 
VERSION CONTROL 

The POLYTRON Version Control System (PVCS) provides 
precise & flexible configuration management for software 
development projects on Personal Computers, PC Lans 
and VAX m1rncomputers, including: 
• Storage and retrieval of multiple rev1s1ons of source code. 
• Maintenance of separate Imes ol development using branching . 
• Merging of simultaneous changes 
• Modules can be reviewed by their own revision number, sys1em 

version number, or spec1f1ed date 
• Efficient disk storage PVCS uses a very 1ntell1gen1 d11ference 

detection technique that m1n1m1zes the amount of disk space 
required 10 store a new version. 

Personal PVCS - Offers most of the power 
and flelC1b1lity of Corporate PVCS. 

Corporate PVCS - Oiiers features to main
tain source code or very large and complex 
prOjects lhat may involve multiple programmers 

Network PVCS - Elltends Corporate PVCS 
to use on networks. File locking and secunly 
levels can be tailored for each proiect . Call 
(503) 645-1150 for pncmg on licenses lor more 
than 5 stations. 

VAX PVCS - cau tor pricing 

$149 

$395 

$995 
Requires DOS 2.0 or higher. Compatible with the IBM PC. XT. 
AT and other MS-DOS PC's. Works with any language 

TO ORDER: VISA/MC 1-800-547-4000. 
Dept. CPD Oregon and outside US call (503) 645-1 150. 

Send checks. P.O.'s to: POLYTRON Corporation, 
1700 NW 1671h Place. Dept. CPD, Beaverton, OR 97006. 

CIRCLE NO. 228 

Tell your ad manager about Product 
Showcase. It 's a low cost way to 
reach Computer Design Readers. 
Call Shirley Lessard or Barbara 
Kovalchek tol I free 1-800-225-0556. 

PROFESSIONAL OPPORTUNITIES 
CIRCULATION 100,000 + 

Target your recruitment message to system design engineers -
with no waste circulation. 

If you need engineers and engineering managers who are skilled in the design of 
computer or microprocessor systems, COMPUTER DESIGN should be the number one 

choice for your recruitment advertising. 

Published Twice Monthly- Closing Dates Every Two Weeks 

COMPUTER DESIGN AUGUST 1, 1988 95 



ADVERTISERS INDEX 

ADVERTISER PAGE NO. CIRCLE NO. 

Accel Technologies ... .......... .. 94 .......... 224 
Advanced Micro Devices .. 56, 57 ............ 23 
Aldia Systems ....................... 94 .......... 223 
American Enclosures ............ 94 .......... 225 
AMP ..... ........ ..... ... ... ... 18,19 ..... ....... 12 

·AT&T ... .. ... ... .. 78, 79 ... ... ...... 28 
Burr-Brown ................ 89 ............. 32 

Calcomp ............................... .34, 35 .............. 17 

Canon U.5.A .............................. CV2 ................. 1 

Communications Specialties ........ 94 .. . .. 227 

Control Data ............................. .4, 5 ................ 4 

Digi-Data ................................... 86 .............. 31 

Digital Electronics ........................ 54 .. . .. 22 

Electronic Conventions ........ ......... 64 .............. 24 

Emu lex .. .. CV4 ........... 36 

GE Solid State ....................... 62 , 63 

Gou~ .. . ........................... 2 ............... 3 

Hewlett-Packard ......... ... ............... 33 

Hitachi America .......................... 20 .............. 13 

•In mos Ltd .......................... 12, 13 .. . ......... 8 

Intel ...................................... .48, 49 .............. 21 

Intergraph .. . .. ............... CV3 .............. 35 

IOtech ............................ ........ ... 95.. . ..... 230 

KMW Systems ............................. 17 .............. 11 

Logical Devices ............................. 93 .............. 33 

Measurement Systems ................. 94 ............ 226 

Mentor Graphics ................... .40, 41 

Microboards .. . ................. 94 ............ 221 

Micro Case .................................. 38 ......... 19, 20 

Microware Systems ..... ............ ..... 15 .............. 10 

Mitsubishi Electronics 

America ................................... 94 ............ 222 

National Instruments .................... 95 ............ 229 

National Semiconductor ............. 6, 7 ................ 5 

Omnicomp Graphics .................... 29 ............... 16 

Perkin-Elmer ................................ 87 

tPhilips .. . ....... 9, 91 

tPhilips Components .................... 13 ................ 9 

Polytron .... . ... 95 .. .......... 228 

Society of Manufacturing 

Engineers ................................ 42 ............... 37 

SPIE ........ ............. . .... .. ......... 23 ........... .... 14 

Standard Logic ............ .. ..... .. . ...... 76 .............. 26 

Stanford Applied Eng .. . ...... 83. .. 29 

The Stepstone .. . ........................ 11 .......... ....... 7 

Summagraphics. . ..... 84, 85 ............... 30 

Telebyte Technology ..................... 93 ............... 34 

Toshiba America .... . ....... 68, 69. . . ..... 25 

Visionics ........................................ 1 ................. 2 

Whitesmiths ................................ 27 ............... 15 

Wollongong Group ...................... 77 .............. 27 

*Domestic Issues Only tlnternational Issues Only 

The Advertisers ' Index is publ ished as a service. The 
publisher does not assume liability for errors or omission. 

PRODUCTS INDEX 

COMPANY, PRODUCT CIRCLE NO. 

ACC Microelectronics 
ACC 1000 penpheral controller . . .. .. ......... 186 

Advanced Micro Devices 
EE PRO Ms . . .......... 1 00 

Al sys 
Ada compiler . . . . . . . . .... . ....... . ......... 188 

Amtel 
EEPROMs. . ........ 101 

Analog Devices 
AD113918-bitDAC ......... . ............. 172 

Array Analysis 
Al circwt-board debugger .............................. 1 55 

AT&T Microelectronics 
Ethernet chip set . . ................ 1 56 

Atlanta Signal Processors 
320/PC-1 7 DSP development board ..... ........... 195 

Aug at 
four-layer wire-wrap panels ............................. 1 71 

Avocet Systems 
logic assembler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ..... 182 

BSO 
BSO/RC real-time operating system ........ .......... 184 
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EEPROMs . . ............... 106 

Holmes Microsystems 
Mac Modem II ..... .... .... . ............. 197 

Hughes Aircraft 
EEPROMs . . ..................................... 107 

Hybricon 
Phase Ill VMEbus card cage . .. . .. 173 

COMPANY, PRODUCT CIRCLE NO. 

lkos Systems 
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Simple as ... 
~~~~A~I 

• 

Design 
Engineer 

Hybrid 
Engineer 

Mechanical Analysis 

Publication Database 

I ntergraph makes PCB design and 
manufacturing easy. Our interac

tive graphics solutions address a wide 
variety of design and manufacturing 
methodologies. And our product inter
face is designed for both the begin
ning and the expert user. 

From your workstation, simply push 
a button to ... 
D Place 
D Route 
D Evaluate 
D Package 
D Document 
D Output 

In short, Intergraph provides every
thing you need to get your products 
to market faster. 

Our 5-MIPS CLIPPER workstations 
and servers give you the performance 
to handle your most difficult boards, 
while allowing you to pass data via 
Ethernet and other industry-standard 
networks. 

To see how Intergraph can make 
your PCB work as simple as pushing 
a button, call 800-826-3515 
or 205-772-2700. 



to assUtC sys em designers and 
integrators of smooth sailing in 
the teclinologically advanced 
VME marketplace, Emulex 
has more of what's needed 
most. More designed-in 
quality . . . more VLSI 
expertise ... more manufactured-in 
reliability ... more OEM support ... a more 
dependable supply source. More of everything 
1hafs importallt. 

d our "MORE" philosop y JlPplies to every 
member of fetnily of products for-
the VMEbus. 

Introducing: 

• VTOl - a 9-track Pertee tape formatter con
trolling up to eight 112-inch tape drives. Tape 
1!tnsities caJl.l'ange from 800 to 6250bpi, tape 
speeds to 200ips. ----c 
• VM21 - a disk controller that can handle four 
ESDI disk drives with the highest transfer rates 
available - up to 20Mbps. 

• VM31-a disk controller for four SMD-E disk 
drives with transfer rates up to 3 .OMB/sec and no 
penalty on performance. 

• VS02 - a communications controller designed 
around a proprietary 1/0 processor that can 

handle 16 asynchronous lines 
at 38.4Kbps simultaneously. 

• VHOl - a SCSI host adapter 
based upon Emulex's own SCSI 

processor chip that supports 
synchronous transfer rates of 

4 .8MB/sec and asynchron
ous rates of 3. OMB/sec. 

Let Emulex be mo han your OEM 
supplier . . . think of u~ · your OE 

partner. That means you can > nt on us for 
product quality and reliability, an for stab~ · 
capabiljcy a.Rd intearity. From initial design to 
final audit, Emulex is dedicated to meeting your 
needs . r~ and MORE. 

Call toll-free (800) EMULEX-3 * 
(714) 662-"'°° in California. EMULEX 

--------- ~ ,[).8/1/88 
I want to know MORE about YME produ(.-'ts. 

Name:-------------~ 

Address=--------~----~ 
City: __________ State: __ _ 

Zip: ____ Phofle; ________ _ 

I 
I 
I 
I 
I 

I EmJ1ex Corporation, 3545 Harbor Blvd., Costa Mesa, CA 92626 I L_ ___________ _J 

Regional Offices: Anaheim, CA (714) 385-1685 Atlanta, GA (404) 587-3610 Burlington, MA (617) 229-8880 
Chicago, L (312) 490-0050 Dublin, CA (415) 829-1170 lilaneck, NJ (201) 836-3717 Washington, DC (703) 264-0670 

lntamational Offices: Bracknel 344-484234 Munich 89-3608020 North Sydney 2-957-1669 Paris 134-65-9191 lbkyo 3-234-8951 lbronto (416) 673-1211 
~1988 Emulax Corporation 
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