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The NS32532: feat 
Real-world perfo rmance 605; e 

applications. for real-world app 
At National, we believe that a high-

performance 32-bit microprocessor should 
be worked with, not around. 

That's why the NS32532 offers you 
some of the highest performance specs in 
the industry 

Yet it's performance you can use. 
Because the NS32532 was created for real-
world designers working on real-world 
systems to meet real-world needs. 

PERFORMANCE 
YOU CAN COUNT ON 

The NS32532 is capable of delivering 
15 MIPS peak performance, 8-10 MIPS 
sustained, at 30 MHz. 

Not "no-op' MIPS. Not benchmarking 
MIPS. Not RISC MIPS. But genuine vAxe 
11/780 MIPS. 

You're looking at 16,600 Dhrystones 
per second. 

Not to mention high integer performance 
and high floating-point performance. 
With a range of FPU solutions that deliver 
up to 8 million double-precision Whet-
stones per second. 

Below: NS32532 chp 
Left: VME532 evaluation board; NS32532 

block diagram; competitive performance 
comparison* 

• Sources. 
NS32532 —August 1987 Performance Eraluafion Tests 
80386 — "Tbe 80386: A Higb-PerformancelVorksiation 

Microprocessor.- Intel Cap.,June 1. 1986 
68020 —SUN 3120 @ 25 MHz, as published 

by Sun Microsystems 

The NS32532 

• 8-10 MIPS sustained, 15 MIPS peak 
• 20-, 25-, and 30-MHz devices 
• On-chip 1,024-byte 2-way set associative 
physical data cache 
• On-chip 512-byte direct mapped physical 
instruction cache 
• Hardware cache invalidate for high-
performance cache coherency 
• On-chip demand-paged memory manage-
ment including 64-entry fully associative 
Translation Lookaside Buffer 
• 4-stage instruction pipeline including 
instruction prefetch and branch prediction 
• 2-clock basic READ/WRITE cycle 

• 1-clock burst-mode transfers 
• Unique bit-manipulation and string-
handling instructions 
• Highly symmetrical and orthogonal instruc-
tion set producing compact code 
• Extremely fast context switch (3.6 p.$) and 
interrupt service (1.3 ps) 
• Fabricated in M2CMOS 

• 370,000 transistor sites 
• SAMPLES AVAILABLE NOW 

SUPER-MINI PERFORMANCE 
ON A CHIP  

The NS32532 achieves its superior 
performance because it integrates key 
systems functions on a single piece 
of silicon. 

Only the NS32532 incorporates on-chip 
data and instruction caches, demand-paged 
virtual memory management, and a 4-
stage instruction pipeline. With instruction 
prefetches and branch prediction. Plus a 
hardware cache invalidate mechanism 
that ensures cache coherency. 

Series 32000 is a registered trademark of National Semiconductor Corp. 
VAX is a registered trademark of Digital Equipment Corp. 
UNIX is a registered trademark of AT&T Bell Labs 
VRTX is a registered trademark of Hunter & Ready Corp. 
0 1987 National Semiconductor Corp. 

SCALABLE PERFORMANCE 

The NS32532 is one of seven CPUs 
based on the same 32-bit architecture. 
With the same orthogonal, highly sym-
metrical instruction set. 

Which means you can migrate your 
design throughout the entire performance 
range without having to re-engineer your 
software at any level. And you can build 
consistently competitive systems without 
resorting to some "more innovative' 
architecture that leaves you and your soft-
ware investment in the lurch. 

PERFORMANCE THAT'S 
READY FOR YOU TODAY 

We've already begun sampling silicon. 
We've already ported UNDO° System V.3 
and VRTX.And we've already produced 
a board-level implementation — a fully 
integrated, fully populated, plug-and-go 
VME-compatible native environment... 
available now for evaluation. So are nearly 
150 other members of the Series 32000. 
family, including coprocessors, periph-
erals, development tools and optimizing 
compilers. 

To talk about putting our performance 
into practice in your application, call our 
Application Engineers toll free: 800/ 
538-1866, ext. 532 or 800/672-1811, 
ext. 532 (within California). 

National 
Semiconductor 

Circle 1 on reader service card 



Leading designers say the Mitel MT8976 is the most advanced single 
chip Ti solution on the market. This 28-pin CMOS Ti link interface has 

more features than multi-chip solutions - ESF, two-frame elastic 
buffer, system level maintenance features and pin compatibility with 
European CEPT interface MT8979. It all adds up to a simple design 

solution in less board space at lower power levels. No one else even 
comes close. Call today for a complete information package on 

the entire Mitel family of Ti and ISDN components. 
United States San Diego CA (619) 276-3421 • San Jose CA (408) 249-2111 • Oakbrook IL (312) 574-3930 • Boca Raton FL (305) 994-8500 

Europe Denmark + 45 1-612566 • West Germany + 49 711-7701522 • United Kingdom South Wales + 44 291-42w,5 
Canada 360 Legget Drive Kanata Ontario Canada K2K 1X5 (613) 592-5630 

Circle 2 on reader service card MITEL 
Semiconductor 



Electronics 

EDITOR-IN-CHIEF 

Robert W. Henkel 

EXECUTIVE EDITORS 
Samuel Weber (technical), Arthur Erikson (news) 

MANAGING EDITORS GROUP 
Bernard C. Cole, Lawrence Curran, 
J. Robert Lineback, Tom Manuel, 

Benjamin A. Mason, Jonah McLeod, 
Stan Runyon, Howard Wolff, Jeremy Young 

SPECIAL PROJECTS 
Stan Runyon, Lucinda Mattera 

ART DIRECTOR 
Fred Sklenar 

DEPARTMENT EDITORS 

CAD/CAE: Jonah McLeod (San Mateo) 

Communications Tom Manuel 

Components: Samuel Weber 

Computers 8. Peripherals: Tom Manuel 
Jonah McLeod (San Mateo) 
Lawrence Curran (Boston) 

Industrial & Consumen Wesley R. Iversen 
(Chicago) 

Military/Aerospace: Tobias Naegele 

Packaging & Production: Jerry Lyman 

Semiconductors: Bernard C. Cole (San Mateo) 

Software 8i Microprocessors: Tom Manuel 

Test Instruments: Jonah McLeod (San Mateo) 

NEWS DEPARTMENT 

Features Editor: Jeremy Young 

Front of the Book: Howard Wolff 

New Products: Jack Shandle 

EDITORIAL PRODUCTION 8. COPY DESK 
Benjamin A. Mason (Director) 

Production 
Charles D. Ciatto (Mgr.), Elsa M. Pecoroni 

Copy Editors 
Larry King (Chief), Nancy J. Needell, 

Reinhardt Krause 

ART 
Karla Tonning (Associate Director) 

NEWS BUREAUS 

Boston: Lawrence Curran (Mgr.), Paul Angiolillo 

Chicago: Wesley R. Iversen (Mgr.) 

Dallas: J. Robert Lineback (Mgr.) 

Los Angeles: Larry Waller (Mgr.), Ellie Aguilar 

New York: Tobias Naegele (Mgr.) 

San Mateo: J. Robert Lineback (Mgr.) 

Frankfurt: John Gosch (Mgr.) 

Tokyo: Charles L. Cohen (Mgr.), 
Ayako Hayashihara 

Paris: Jennifer Schenker 

United Kingdom: Peter Fletcher 

EDITORIAL ADMINISTRATION 
Jo Smith (Administrative Assistant) 

Beverly Williams, Darcia Woodson-McCain 

PUBLISHER 
Laurence Altman 

Regional Sales Managers 
Paul Mazzacano (Western) 
Matt Reseska (Eastern) 

Business Manager: David M. Yake 

Director of Circulation: Daniel McLaughlin 

Production Director: Thomas Egan 

Manager of Sales Administration: 
Evelyn Schmidt 

Marketing Consultant: Jay McSherry 

PUBLISHER'S LETTER 

Of all the editorial skills needed to 
spot and write about the significant 

news in the electronics industry, the 
most important are being able to find 
the trend amid the mass of information 
that is constantly bombarding us and 
the talent and energy necessary to move 
quickly to develop a story. One of the 
cover packages made its way into this 
issue because two of our veteran editors 
possess those skills and talents to a re-
markable degree. 

It all started at last 
month's International Solid 
State Circuits Conference in 
San Francisco. Executive Edi-
tor Sam Weber and Special 
Projects Editor Stan Runyon 
were busily meeting with 
sources, talking to designers, 
listening to the latest industry gossip— 
all the things that editors do at what 
has become the premier technical meet-
ing of the semiconductor business. 
As Stan tells it, "Among all the tid-

bits that we were picking up was the 
news that three major chip houses, un-
beknownst to each other, were planning 
the world's first single-chip IEEE float-
ing-point processor." In other words, the 
standards for the 64-bit floating-point 
arithmetic set by the Institute of Elec-
trical and Electronics Engineers would 
finally be implemented on one chip. 
"But we had to move on the story 

fast," Stan continues, "because the 
chips were about to hit the market. We 
had to get started right away." 

Stan and Sam quickly got on the 
phone to headquarters in New York. 
The March 17 issue was only two weeks 
away and its feature pages were al-
ready filled. It would take an important 
story to get the editor-in-chief to add the 
floating-point package at this late date. 
But the San Francisco team turned the 
trick, convincing the people back home 

that the story was worth the effort. 
After Stan convinced one of the com-

panies, which was reluctant to discuss 
its product, to become part of the cover-
age, the staff swung into action. Art 
Director Fred Sklenar revamped the 
cover. Rob Lineback in Dallas was al-
ready writing an article about the Wei-
tek chip, and the Texas Instruments 
piece was added to his assignment. Stan 
turned to the Advanced Micro Devices 

story. Rob also contributed 
the overview that leads off 
the package on p. 77. In addi-
tion, interviews had to be 
scheduled and conducted for 
the biographical sketches, 
and photos had to be taken. 

"It was quite an impres-
sive display of teamwork," 

says Stan. With Stan serving as manag-
er of the project, "the time elapsed be-
tween our arrival back in New York 
from the ISSCC until the pages closed 
was about two weeks—and that in-
cludes the time it took for the display 
material to arrive." 
As for the companies involved, says 

Rob, "they couldn't have picked a better 
time to get their chips to market. The 
soaring popularity of reduced-instruc-
tion-set computer architectures and the 
proliferation of the new, powerful work 
stations are pushing the growth of nu-
merically intensive jobs. The result is 
that floating-point units are being 
rushed into the game to substitute for 
data-processing software. Technical 
work stations are on the shopping lists 
of bankers, economists, and stock 
brokers." 
And you're going to read about it 

first in Electronics—all because our 
team of veteran editors and production 
people both know a story when they see 
one and know how to turn that story 
around fast. 
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Electronics 
NEWS INSIDE TECHNOLOGY 

Newsletters 

Electronics, 21 
• European complaint could upset 
the U.S.-Japan chip trade accord 
• IBM gets closer to making 
ballistic transistors practical... 
• ... as AT&T uses all-metal 
technique to make single-electron 
transistors 

International, 53 
• Chips for cloning the IBM PS/2 
will soon go on sale in Japan 
• X-ray resist material allows 
rapid exposure of fine structures 
• Two troubled Israeli electronics 
companies move back in the black 

Memories, 31 
• A blue-ribbon panel gets set to 
push for changes to the 
U. S.-Japan semiconductor pact 
• The SIA foresees an early end to 
the shortage of 1-mbit DRAMS 

Software, 32 
Relax Unix users; AT&T is keeping 
it open 

Automotive, 33 
The first production head-up display 
will appear in an Oldsmobile 

Integrated circuits, 34 
On-chip testing dramatically drops 
cost of diagnostics 

Computers, 39 
IBM to make its first OEM move, 
and it's with Ferranti 

Consumer, 42 
• From Thomson, a CD player that 
erases and records 
• GE's digital video standard gets 
strong backing 
• With anti-copy chips dead, a new 
DAT battle is brewing 

COVER: The embedded processor breaks out of its niche, 61 
Moving away from event-control applications, 16- and 32-bit embedded 
controllers are now designed for sophisticated real-time jobs that 
include math functions and digital signal processing 
• Motorola's new DSP engine comes with floating point, 64 
The DSP96001/2 hits 13 mips, smashing its predecessor's record 
• National alters its CISC chip to do embedded control, 66 
With its 32CG16, the firm says, laser printers will run six times faster 
• A bit-slice microprocessor for embedded applications, 72 
Integrated Device Technology says its IDT49C404A chip can do 
anything that RISC chips can—and in more architectures 

Floating-point milestone: single-chip processors, 77 
At least three U. S. chip makers have just completed the difficult task 
of designing and building a single-chip processor that meets the IEEE 
standard for 64-bit binary floating-point arithmetic 
• AMD's floating-point chip goes beyond IEEE specs, 78 
It supports IBM and DEC formats as well, and it speeds through 
both scalar and vector applications 
• TI's 64-bit processor hooks into the SPARC RISC chip, 80 
The floating-point chip, which flies along at 29 megaflops, also 
works with any Cisc processor 
• Weitek's pipelined chip offers board-size savings, 84 
The chip is aimed at vector processing, and its three ports can be 
linked into one 64-bit I/O port 

NCGA: Graphics visualization is a real eye opener, 91 
High-end graphics work stations, image computers, and desktop 
graphics supercomputers meld high performance with realistic 3-d image 
rendering; networking of new visualization techniques is just under way 
• HP delivers photo realism on an interactive system, 95 
Realistic 3-d images can be viewed from any angle without 
recomputing the TurboSRX's algorithms 
• Stellar's graphics machine stresses interactivity, 97 
The single-user supercomputer generates real-time dynamic 
graphics at 500,000 3-d vectors/s 

TECHNOLOGY SERIES 

TEST AND MEASUREMENT, 103 

Special report: Digital scopes are challenging analog units, 107 
New capabilities let them move into uses dominated by analog units 

The system DMM becomes a far more powerful tool, 123 
Not just more accurate, they're smarter, faster, and more versatile 

Building big systems takes hardware logic analyzers, 131 
They do the debugging needed for complex digital hardware designs 
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NEW PRODUCTS 

Newsletter, 25 
• HP work stations outdo 
competitors' floating-point 
performance... 
• ... as Silicon Graphics plans 
extensions at both ends of its line 
• Analog Devices gives its popular 
DSP chip a 66% boost in speed 

Semiconductors, 149 
• Seeq's new generation of flash 
EEPROMs support in-system 
microprocessor programming 
with 12-v power supplies 
• Bicmos technology delivers a 50% 
power saving in Ecircompatible 
64-Kbit SRAMs from Integrated 
Device Technology 
• A scaled-down 3.8-by-0.85-in. line 
card from Dallas Semiconductor 
packs all the chips needed to link 
computers with Ti lines 

Computers & Peripherals, 152 
• Ovonic's transparent digitizing 
pad makes handwritten data entry 
easy and costs half as much as 
the competition's products 
• A two-chip set and design kit 
from Edsun Labs implements 
IBM's Micro Channel interface for 
PS/2 memory board add-ons 
• Univision's vmEbus graphics 
card delivers 16 million colors and 
costs ,000—one-fourth the price 
of high-end solutions 

Military/Aerospace 
Newsletter, 139 
• Only 18 suppliers qualify as 
"quality vendors" for the Defense 
Electronics Supply Center 
• Mimic program managers gird 
for a 22% cut in 1989 funding... 
• ... as the IR focal-plane-array 
program is put off until 1989 

COVER: ART DIRECTOR FRED SKLENAR 

BREAKS OUT OF ITS INIKHE 

PAGE 61 

DEPARTMENTS 

Publisher's Letter, 3 
The three articles on single-chip 
IEEE-compatible 64-bit floating-point 
processors are a good example of 
how Electronics can put together 
an editorial package in a hurry 

FYI, 8 
It's beginning to sound like the 
good old days: a superheated chip 
market strains capacities, vendor-
customer relationships, and just-
in-time manufacturing; double-
ordering rises 

Letters, 12 

Electronics Week, 160 
• Industry veteran William 
Davidow takes charge at 
gate-array startup Actel 
• Tektronix cuts 1,000 jobs—but its 
88000-based RISC system is on track 
• Coming soon: a fiber-optic net 
for automobiles 
• Emcore breaks into Japanese 
market with its GaAs chip-making 
equipment 
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Great advances have always 
displaced lesser theories. 

Introducing a revolution that will 
change forever the way you view the world of 

cell-based ASIC design. 
For centuries the earth was flat; it 

remained that way until someone brought 
us a new, and better, view of the world. 
Great advances have always given us new 
ways to see our world as well as new worlds 
to see. Now Motorola introduces its next 
revolution, destined to change forever the 
way you view the world of cell-based ASIC 
designs—the Silicon Compiler Modules. 
Until now all cell-based libraries have stifled 
creativity by limiting you to something 
pretty clog until now... 

The new world of ASIC design. 
Motorola's just taken a quantum leap 

in simplifying ASIC designs. Our new cell 
compilers let you set the parameters and 
priorities of over 20 different cells to your 
exact specifications, without compro-
mise and without settling for something 
pretty close. 

Cell-based semi-custom ICs using 
Motorola's cell compilers allow any ASIC 
user to totally customize cells to their 
specific needs. And Motorola's new silicon 
compilers allow you to individually control 
the functionality and performance of your 
logic units. 
The advantages are as simple as they are 

momentous. By creating the most efficient 
cell layout, valuable silicon is saved, perfor-
mance becomes a controllable variable, and 
the functionality levels can be optimized. 
Now you can accurately match chip space 
and circuit requirements at a fraction of 
the time and cost needed by any other 
system. 

Design on the fly. 
Cell efficiency is established 

from the smallest unit. Motorola has 
designed data path compilers 
and functional blocks to maintain 
efficiency and flexibility for every 
implementation. The result is the 
most compact system solution 
available. Since inflexibility at 
base level design quickly becomes 
multiplied in complex function 
cells, data path compilers are essen-

tial for quickly creating precise, 

compact designs. 
All Motorola silicon compilers are 

layout rule independent. They can be used 
in today's designs and, as the technology 
advances to make even smaller geometries 
possible, they'll continue to support your 
efforts without becoming obsolete. 

Data path compilers 

• Latch 

• 0-Register 

• Comparator 

• 3-State Buffer 

• Counter 

• Adder 

• Multiplexer 

• Register File 
1R/W 

• Register File 
2R/1W 

• ALU 

• Barrel Shifter 

• Incremented 
Decrementer 

• Parity Gen/ 
Checker 

• Inverter 

• Serial 
Interface 
(SPI function) 

Functional 
Blocks 

• I/0 Port 

• PLA 

• Prescaler 

• RAM 

• ROM 

• Status/ 
Control 
Register 

• Timer 

• UART (SCI 
function) 

How it works. 
The menu-driven system makes it easy 

for anyone to use, simply select the func-
tion you need and go. Through schematic 
entry, input the parameters for the cell 
function you've chosen and the compilers 
build the correct implementation. On com-
mand the compiler executes according to 
your instructions, supplying all the proper 

symbols and the function and performance 
parameters. Afterwards, the silicon com-
piler provides all pertinent information 
about the cell you've just designed. 

Using parameters such as functionality, 
physical size and shape, aspect ratio, and 
transistor sizes, your cells will be automat-
ically laid out in the most efficient plan. 

Explore the new world of ASIC design. 
With Silicon Compiler Modules you'll dis-
cover the quickest, most accurate designs 
ever. Great advances from Motorola not 
only make life easier, they'll save you time 
and money too. 

One-on-one design-in help. 
Get an engineer-to-engineer update on 

using Motorola's Silicon Compiler Modules. 

1-800-521-6274  
Call toll-free any weekday, 8:00 a.m. 

to 4:30 p.m., M.S.T. If the call can't answer 
your questions we'll have 
a local ASIC special-
ist contact you. For 
published data on 
the Silicon Compiler 
Modules, complete 
and return the 
coupon below. 

We're 

MOTOROLA 

lexe (ùruplete 
Suorlan1 CdDeese 

To: Motorola Semiconductor Products, Inc. 
P.O. Box 20912, Phoenix, AZ 85036 
Please send me more information on Motorola's Silicon Compiler Modules. 

350ELE0031788 
Name  

Title  

Company  

Address  

City State Zip  

Call me ( 
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low-profile 

mixers 
(+7 dBm LO) 

0.2 to 500 MHz 
only $51 95 (1-49) 

IN STOCK IMMEDIATE DELIVERY 

• tailored for rugged 
MIL environments 

• very flat response 1 1 dB typ. 

• low conversion loss, 5.5 dB typ. 

• high isolation, 35 dB typ. 

• BNC or SMA connectors 

• convenient front-face mounting 

• EMI shielded case 

• one-year guarantee 

ZP-10514 SPECIFICATIONS 

FREQUENCY RANGE (MHz) 
LO/RF 0.2-500 
IF DC-500 

CONVERSION LOSS, dB TYP. MAX 
One octave from 
band edge 5.5 7.0 
Total range 6.5 8.5 

ISOLATION, dB 
0.2-2 MHz LO/RF 

LO/IF 

2-250 MHz LO/RF 
LO/IF 

250-500 MHz LO/RF 
LO/IF 

TYP 
55 
50 

MAX. 
45 
40 

50 35 
35 30 

35 30 
30 20 

Call or write for 64-page 
RF Designers Guide, or see guide in EEM, 
EBG, Gold Book or Microwaves Directory 

finding new ways 
setting higher standards 

=Mini-Circuits 
A Dfsfsfon of Smentffic Components Corporatfon 

PO. Box 166. Brooklyn. New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 

Nts, MARCH 17 1988 

IT BEGINS TO SOUND LIKE THE GOOD OLD DAYS 
A 'superheated' chip market strains production 
capacities, vendor-customer relationships, and 
just-in-time manufacturing; double-ordering rises 

By now, I shouldn't be the least bit 
shocked by anything that comes along 

in the boom-or-bust semiconductor business. 
As far back as 1959, I was writing about a 
coming shakeout with no more than five 
producers surviving. So much for that. By 
1973, I described it as a "wild and woolly" 
industry, where technology-driven compa-
nies were being run by inexperienced, im-
mature managers and frantic customers 
were double-ordering at the slightest hint of 
a parts shortage. Well, welcome to 1988! 
An early March trip to eight Southern 

California chip makers—yes, Virginia, there 
are exciting chip makers based outside Silicon Valley—proved to me 
some things just don't change in this crazy business. Yep, some 
executives are gaining maturity, and, yep, some companies are be-
coming market driven. But both examples are still in the minority. 
And despite closer working relationships between vendors and buy-
ers, many customers are just as apt to over-order as they ever were. 

Business is certainly good for most chip makers in and out of 
Southern California. But it's most exciting for those outfits that are 
increasingly market driven. I ran into this at Western Digital in 
Irvine and Brooktree in San Diego. But nowhere was it more obvi-
ous than at Silicon Systems in Tustin, where CEO Carm Santoro has 
been busy showing us how a niche strategy can be wonderful. He 
has also been busy revising upwards his 1988 sales forecast. Origi-
nally budgeted for $95 million, sales are now expected to hit as high 
as $125 million, most of this growth added by getting more output 
from foundries. "My big problem," Carm adds, "is I'm out of capaci-
ty." So he's now looking for a big wafer fab to buy. 

"It's a superheated market," Carm acknowledges: "a lack of 
dynamic RAM and 386 microprocessors." He doesn't see anyone 
holding much inventory in his markets, "which tells you some 
growth is being missed." But there's still double-ordering aplenty 
in some markets. Despite what chip makers believe, some system 
houses have been raising their inventories to protect themselves, as 
well as expanding their vendor base for short-supply parts—evi-
dence that tight customer relationships and just-in-time shipment 
programs are under growing strain. Convex Computer in Richard-
son, Texas, has increased its DRAM inventories to help cover any 
potential shortfalls. And Unisys is expanding its chip-supplier base 
from less than five. Even so, the No. 2 computer maker has been 
forced into the spot market for 256-Kbit chips. Clearly this is the 
worst memory chip shortage in history—due as much as anything 
to so much memory being designed into products during the "free 
memory" days of the past three years. ROBERT W. HENKEL 

C100-3 Rev Ong 
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If you were !nand had to automate 
power monitoring and control systems 
for telephone power plants, who would 
you turn to? And what if you were Bell 
Canada and your purpose was to auto-
mate the company's trouble reporting, 
analysis, and control procedures? Or 
suppose you were the Al!right Parking 
Company and had to automate the data 
acquisition and distributed control of 
a large number of parking facilities? 

If you knew what those companies 
know, you would do what they did. You 
would turn to FORTH, Inc. because you'd 
know that they have the real-time soft-
ware capabilities that such automation 
programs require—as well as Custom 
Applications, Software/Hardware lnte-

ITT 
Automated Power 

Monitoring & 
Control Systems 

THE 
SOFTWARE 
PROBLEM 
SOLVERS 

gration, Installation and Training, Ongo-
ing Maintenance, and Hot Line Support. 

And if yours is not a custom appli-
cation, FORTH, Inc. also offers its power-
ful family of polyFORTH software and 

FORTH, Inc. 
The Software 

Problem Solvers 

Bell Canada 
Automated Telco 

Trouble 
Reporting 

related hardware products. These inter-
active development tools are compatible 
with the most popular computers from 
microprocessors to super-minis. 

So, for applications-oriented 
products or expert help with your auto-
mation project, do what the major corpo-
rations are doing. Turn to FORTH, Inc., 
the "software problem solvers" who 
understand such real-time applications 
as process control, robotics, digital signal 
processing, machine vision, data acquisi-
tion and analysis, and networking. 

FORTH, Inc. gives you the option— 
product or custom services. FORTH will 
do it all for you, or provide you with a 
product to solve your problem. You make 
the decision. 

Allright Parking 
Automated 

Data Acquisition 
& Control 

Cost-Effective 

0 Solutions 
For Programming 

Real-Time Process Control 

Aar 
D Please send me your brochure that describes 

the polyFORTH family of products and 
your custom services. 

CI I have an application in mind, which 

is  

D Have a salesman call me. 

Your Company 
How Can We 
Help You? 

Mall MIMI 

Name Title 

Company /Division 

Address 

City 

State 

FORTH, Inc. 
Zip 

Phone 

FORTH, Inc., 111 N. Sepulveda Blvd., Manhattan Beach, CA 90266. 

Phone: 800-55-FORTH. Inside California: (213)372-8493. 
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l'INIrl'H THE EXCEPTION 
OF OBSERVATIQNLI SEE NO 

MILITARY USE FOR IT" 
AMERICAN GENERAL,1908 

Wright State University 



Bin IT'S JUST Rag 
"IT'S 9911 •4- IBAN, 

• • 
FOR MY APPLI NEEDS" 

DESIGN ENGINEER,1988 

Over the centuries, people have looked at the latest 
in technology with a bit of skepticism. The Transputer 
from INMOS is no exception. 

When we first introduced the Transputer, 
designers were indeed intrigued. They were 
impressed with our T800—a 32-bit floating point 
microprocessor with an average speed of 10 MIPS 
and the ability to sustain 1.5 MFLOPS or 4.0 million 
single precision whetstones. "Incredible," designers 
said. "But it's more than we can use." 

Not true. The fact is as a stand-alone 
processor, the T800 gives you benefits you can 
use every day. It runs programs even faster than 
Intel's combined 80386 and 80387 or Motorola's 
combined 68020 and 68881. Plus, it requires 
significantly less memory to hold compiled code. 

And, by increasing the number of Transputers, 
you can increase system performance proportionally 

with no limit to the number of Transputers that can 
operate concurrently. Like linking seven T800's 
together to give you the processing power of a 
mighty Cray 1S supercomputer. 

Or you could use ten IBM add-in cards from 
INMOS carrying ten T800's each, to enable your 
desktop PC to deliver 150 MFLOPS. That's like having 
the power of 150 11/780 VAX machines right at 
your fingertips. 

So take another look at the Transputer. It's not 
just a dream for the future, it's a high-performance 
product for today. And it's a technology that is 
already taking off. 

TRANSPUTER 

e Ochnios 

INMOS, colorado Springs, Colorado 80935. Tel. (303) 630-4000, Orange County 714-957-6018, Santa Clara 408-727-7771, Denver 303-252-4100, 
Minneapolis 612-932-7121, Dallas 214-490-9522, Boston 617-366-4020, Baltimore 301-995-6952, Atlanta 404-242-7444. 

INMOS Transputer and IMS are trademarks of the INMOS Group of Companies. Motorola is a registered trademark of Motorola, Inc. Intel q o registered trad.-mark of Intel Corporation. VAX is a registered 
trademark of Digital Equipment Corporation. Cray q a registered trademark of Cray Research, Inc. IBM is a registered trademark of International Business Machines Corp. 
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YOU CAN'T 
BEAT TEK 
AT ITS 
OWN GAME. 

Circle 12 on reader service card 

Copy rught 19138. Tektron., Inc All rIghts reserved. CHP-117 

And 250 MSPS AID 
Converters with 
1 GHz Track and Hold 
is the game. 

Don't settle for sec-
ond best. We have 
what you need now. 

Call Tek direct: 
1-800-835-9433 Ask 
for IC Standard 
Products. 

.111011M1111111,(MIIIIMI 
• 

Product Showcase 
An exciting new marketplace of 
products and services in full color. 

Electronics' Product Showcase sec-
tion is a fast and easy way for you to. 

• Obtain information on new 
products 

• Find out about new capabilities 
la Get a quick look at new 

applications 

II Send for new catalogs 
MI Request product literature 
II Get free samples 

And if you'd like to advertise your 
company's products or services, 
contact Advertising Manager, at 
(212) 512-2143. 

Electronics 

LETTERS 

RISC-Y BUSINESS 

To the editor: In his letter [Electronics, 
Nov. 12, 1987, p.12], D. H. Methvin tries 
to compare the HP Precision Architecture 
with the HP 3000 stack architecture to 
cast doubt on the relative advantages of 
reduced-complexity architectures. His 
comparison, however, is not between the 
architectures themselves, but between im-
plementations of those architectures. 
The implementations that he com-

pares are apparently the 4.5-mips HP 
3000/930 and the 1.3-mips (not 1.1) HP 
3000/68, although this is only implied in 
his letter. The native mips ratio of these 
processors is approximately 3.5 to 1. 
The HP 3000/68 is a microprogrammed 

implementation of a complex architecture 
consisting of ten logic boards, two micros-
tore boards, and one cache board. Each 
logic board contains 120 ECL chips. The 
HP 3000/930 is a directly implemented re-
duced-complexity architecture consisting 
of three processor boards, one cache 
board, and one virtual-address translation 
cache board, plus a one-board floating-
point coprocessor. The three processor 
boards are populated with a total of 
about 450 advanced Schottky TTL 
packs—no custom logic. 

This TTL machine is a simpler, small-
er, slower hardware implementation, yet 
it can run programs in less than a third 
of the time of the ECL processor. I in-
vite readers to consider what level of 
native performance would result from 
implementing the Precision Architecture 
in equivalent ECL logic. 
Many applications for the stack HP 

3000s have been carefully "folded" to fit 
within the constraints of 16-bit segment 
addressing. Users are finding that the 
simplifications permitted by larger virtu-
al addresses reduce instruction counts 
significantly, leading to more than 20 to 
1 speedups in some cases. 

Michael J. Mahon, Lab Manager 
Information Technology Group 

Hewlett-Packard, Cupertino, Calif 

El D. H. Methvin, president of Davin 
Computer Corp., replies: "Mr. Mahon 
makes my case for me. The 930 is 
much cheaper to build than the 68, a 
slow architecture implemented on a 
16-bit frame. The 930 has a higher 
mips rating than the 68. Its perfor-
mance, however, appears to fall signe 
icantly below what I would expect of a 
machine that is twice as wide, 3.5 
times as fast (in mips), and uses a 
register-intensive architecture instead 
of the much slower memory stack ar-
chitecture. For a small compute task 
that is repetitive and can fit into its 
cache, the 930 should whip the 68 by a 
factor of 6 or 8 or more. Where's the 
mips? I'm afraid I'm still confused." 

12 Electronics! March 17, 1988 



you a different 
competition.  

member of the VME/PLUS 
family, CPU-32, comes with 

a powerful new real-time, 
multitasking monitor called 
VMEPROM. It's resident in 

EPROM, so 
there's no license 
required and 
no extra charge. 
CPU-32 also 

includes full 
support for real-
time operating 
systems and UNIX 5.3. 
What this new technology 

means for you is unprece-
dented levels of speed and 
system throughput, excep-
tional reliability and — here's 

CPU-32 CHARACTERISTICS 

PROCESSOR 68030/16.7 TO 25 MHz 
CO-PROCESSOR 68882/16.7 TO 25 MHz 
ZERO-WAIT-STATE 

SRAM 1MB 
VMEPROM 

EPROM 

SERIAL VO 
SECONDARY BUS 

SUPPORT 

REAL-TIME, 
MULTITASKING MONITOR 
UP TO 4MB 
1 WAIT-STATE 

2 RS-232 CHANNELS 

VSB 

o 1988 Force Computers, Inc. 

VMS/PLUS is a trademark of Force Computers, Inc. UNIX 5.3 is a trademark of AT&T, Bell Laboratories. 

the best part — 
lower total 
system cost. 
And if that's 

not enough, we 
also offer a full set 
of off-the-shelf 
peripheral boards 

and software. All VMEbus 
compatible. And guaranteed 
to cut the wait states out of 
your design cycle. 

So if you're looking for the 
best way to stay ahead of your 
competition and your 
deadline, take a 
close look at 
VME/PLUS. 
Call us today at 
1 (800) BEST 
VME, and ask 
for our new 
550-page, 1988 
data book. You'll get 
such a great view of 
VME performance, 
you'll never look back. 

/I\ 

ota. 

ffofEE® 
VME at its best. 

FORCE COMPUTERS, INC. 
3165 Winchester Blvd., Campbell, CA 95008 
Telephone (408) 370-6300 
Telefax (408) 374-1146 

FORCE COMPUTERS, GmbH 
Daimlerstrasse 9 D-8012 Ottobrunn 
Telefon (089) 60091-0 Telex 524190 fore-d 
Telefax (089) 6 097793 
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New high performance 
PC-based emulators from HP 

I - - 

:E=Ewle 

Introducing the HP 64700 Series 
emulators. Low-cost, entry-level, PC-
based emulators with features you 
won't find with any others in the price 
range—or even higher. The HP 64700s 
deliver unmatched capability, ease-
of-use, measurement power, flexibility, 
and reliability ... plus HP support. 

While the HP 64700s are tailored to 
meet the needs of individual engineers 
and small design teams, they'll 

perform equally well for large teams 
working on complex projects. 
The rapidly expanding family of 

HP 64700 emulators provide real-time, 
transparent emulation at full processor 
speeds with no wait states. The PC 
user interface gives a new meaning 
to the term "friendly" with features 
like multiple windows, single-letter 
keystroke command entry, access 
to symbols for powerful debugging 

capability, timing diagrams, and on, 
and on, and on. The experienced 
user as well as the beginner will 
appreciate how easy these emulators 
are to work with. 

In addition to the features shown 
above, there are lots of others that 
put the HP 64700s in a class by 
themselves. lb name a few: function 
with IBM-PC, HP Vectra and 
compatibles, RS-422 high-speed serial 



You could spend a lot more 
and get a lot less. 

eh.« .4 Stet. 

Multiwindow viewing allows 
up to eight displays on-screen 
simultaneously. 

Powerful emulation bus 
analyzer with 8-level 
sequencing and optional 
16-channel, 25 MHz 
state 8z 100 MHz timing 
analyzer available 

Up to 32 emulators can be 
interconnected, synchronously 
started, is armed, cirea 
triggered, and halted. 

"Sky-hook" handles 
plus flexible 2- to 3-foot 
cables and low-profile 
probes allow easy 
access into target 
systems. 

1 M. 

interface for superior download and 
upload speed, code coverage analysis 
for efficient software testing and 
design, host-independent portability, 
and compatibility with popular absolute 
file formats such as Tektronix and Intel 
hexadecimal and Motorola S record. 

Once you get your hands on an 
HP 64700 emulator, you'll agree that 
this is the new standard in the field. 
Especially at a starting price of $8,900. 

Entry level HP 64700 emulators are 
hardware and software compatible 
with the HP 64000-UX 
environment. 

Free demo disc. 

For a free demo disc 
that gives you the 

"hands-on" feel for 110118e. 
HP 64700 Series 
capabilities, call HP 
at 1-800-752-0900 
ext. 501A, or mail the 
attached business 
reply card. 

c 1988 Hewlett-Packard Co DS15830/E 

HEWLETT 
PACKARD 
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WHY VTC? ASK THE 
VME CONSORTIUM. 
"For a bunch of companies 
that don't always agree on 
everything, we sure were 
unanimous on VTC." 

The VME Consortium needed an economical, yet highly 
functional VME bus interface chip, to minimize design time 
. . . and to help raise the VME standard to higher levels. 
"We looked at the leading suppliers," said Joe Ramunni, 

consortium chairman (and president of Mizar), "and VTC came 
out on top. Their CMOS standard-cell ASIC approach gave us 
the high drive capability we needed, optimized for bus inter-
facing. And, it proved much more cost-effective, with higher 
performance, than gate array technology." 

The VME Consortium is made up of such firms as Plessey 
Microsystems, Omnibyte Corporation, Mizar Inc., Ironics Inc., 
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc., 
among others. What did they look for in a supplier? 

"We needed a credible business partner," said Ramunni, "with a 
proven track record, who could provide a turnkey package . .. both 
design and fab. A supplier that could produce in quantity, and provide 
technical support to the market at large. 

"We also needed a firm with an international marketing structure, 
because we expect this chip to be the de facto standard worldwide. 

"But, we needed people we could work with, too. VTC had the right 
'comfort factor'." 

Jack Regula, consortium technical director (and VP-R&D, Ironics) 
added: "Our requirements for high speed, high gate-count, low power 
consumption, and VME bus drive capability were all met well with VTC's 
1-micron CMOS standard cell library. And we were extremely impressed 
with VTC's facilities, its people, and its customer list." 

In the future, the VME bus chip (VIC) will become a standard cell within 
VTC's CMOS library, to allow customers to further customize the chip. 

Shouldn't you be getting to know VTC, too? You'll be in good company 
when you do. Call or write us today, and we'll send you our short-form 
product catalog, which describes our product offerings in linear signal 
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and 
CMOS ASIC. 
VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420. 

(In Minnesota, 612/851-5200.) Telex 857113. 

CALL 1-800-VTC-VLSI 

: • 

VTC Incorporated 
Performance, Pure & Simple-

Joseph Rarnunni,  Jack 

chairrnan (left), and  Regula, 

technical director, VME Technology Consortiuni. 
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ELECTRONICS NE SLETJER ,, 
EUROPEAN COMPLAINT COULD UPSET THE U. S.-JAPAN CHIP TRADE ACCORD 

International 

involving 

The U. S.-Japan semiconductor trade agreement could be endangered next 
week when representatives of the 95 signatories to the General Agreement 

on Tariffs and Trade meet in Geneva on March 22. A GATT panel, formed in 
response to European Communities' charges that the chip pact allows the 
U. S. and Japan to fix chip prices, has at last produced a report. The 
confidential study is now being reviewed by the EC, the U. S., and Japan. The 
U. S. Trade Representative's Office in Washington believes that the EC's 
problem can be ironed out between the GATT panel and Japan's Ministry of 

Trade and Industry, without abrogating the current agreement. If 
so, the solution may involve little more than changing Japan's procedures for 
preventing the dumping of Japanese chips. If not, a new round of negotiations 

the EC, the U. S., and Japan may be needed. Solving the EC's 
complaint could be tough: the EC is not just concerned with the fixing of 
prices in world markets, but also with the pact's mandate for U. S. access to 
Japan's chip market (see p. 31), which is not shared by EC members. 0 

IBM GETS CLOSER TO MAKING BALLISTIC TRANSISTORS PRACTICAL... 

there's 
first 
thought 
to 
too 
through 

to 

transistor, 

I BM Corp. has taken a big step toward making ballistic transistors a practical 
technology, but researchers at its Thomas J. Watson Research Center say 

still a long way to go. By demonstrating ballistic-hole transistors for the 
time, IBM scientists recently did what many in the physics community 

impossible. The holes are the spaces left after electrons have jumped 
a new location. The problem had been that 95% of them are considered 
heavy and slow to charge from one gallium arsenide layer to another 
a thin layer of insulation—in this case aluminum gallium arsenide— 

says IBM physicist Mordehai Heiblum. But by getting the right level of 
doping in the base material and a thin-enough insulating layer, Heiblum was 
able to filter out heavier holes and still get a significant number of lighter holes 

cross the insulating barrier at ballistic speed. The ballistic-hole transistor is 
a p-type positive transistor, and is a complement to the ballistic-electron 

which is n-type, or negative. "Potentially this is the fastest semicon-
ductor device type there is," he says, adding that 1-ps switching speeds are 
already within reach. But useful circuits are still at least five years away. D 

... AS AT&T USES ALL-METAL TECHNIQUE TO MAKE SINGLE-ELECTRON TRANSISTORS 

Scientists at AT&T Co.'s Bell Laboratories have developed a single-electron 
'8/transistor that is so sensitive that a single electron can change the current 
flowing through the device. The metal-oxide-metal structure, which has an 
intrinsic speed of less than 1 ps, is constructed of two submicron aluminum 
layers that sandwich a tiny oxide layer just tens of angstroms thick, says Greg 
Blonder, who heads the Photonics and Electronics Research Department at 
the Murray Hill, N. J., facility. The device "is very much like a FET structure," 
he says, but it requires an ultra-cold environment to work—less than 1.2 K. 
That, combined with the need for drawn features of just 0.05 µ,m, means such 
devices won't be practical for at least a decade, Blonder says. D 

UNISYS USES CMOS VLSI CHIPS TO BOOST MAINFRAME PERFORMANCE 

'Unisys 
idl 
puters. 
Bell, 
and 
$178,000 

Corp. is using densely packaged CMOS VLSI circuits to gain up to a 
fourfold price/performance boost in its newest family of mainframe com-

The 2200/400 family of multiprocessing mainframes from the Blue 
Pa., company will be priced to compete with IBM Corp.'s 4300, 9300, 
3090 systems. The family, part of Unisys' OS-1100 line, will cost from 

for a one-processor unit to $952,000 for a six-processor model.D 

Electronics/March 17, 1988 21 



Quality champ 
captures low price title with $745 

data acquisition board. 
By: Joe Zimmerman, Sports Staff 
Marlboro, MA 

Faster than you could say "what hit me?" the 
fight was over. 

With speed (20 kHz), multiple I/O combinations 
(16 AID, 2 D/A, 16 DIO), and a below-the-belt 
price, Data Translation brawled its way to the low 
price data acquisition championship. 

Asked after the fight about the loser's slow speed 
and high price, Fred Molinari said, "Was he fightin' 
in slow motion, or what? I can't believe anyone 
would pay him more." 

Indeed, this reporter can't believe it either. The 
DT2811 is a great value—even without the FREE 
DT/Gallery Software that Data Translation ships 
with it. And optional industry standard software 
packages are available at incredibly low prices. 

For more information, call Data Translation today. 
You'd have to be punch drunk to buy anything else. 

Call (617) 481-3700. 
To learn more, see us in 
Gold Book 1987, or call to 
receive our first-ever 1987 

3-Book Set, including 1987 
Catalog, Product Summary 

Price List, and Applications 
Handbook. 

Analog Inputs Analog Outputs Digital Functions 

Model Input 
Channels 

Resolution 
(bits) 

Through put Output 
Channels 

Resolution 
(bits)  

Throughput I/O lines Progrmriiable 
Clock 

Screi,,vaTneerlms inal Software Price 

012811 16SE/8DI 12 20 kHz 2 12 50 kHz 8 In, 
8 Out Yes Yes 

DT/Gallery (free) 
LPCLAB 

LABTECH ACQUIRE 
DT/Notebook 

$795 

DATA TRANSLATION® 
World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192, (617)481-3700 Tlx 951646 
European Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham Berkshire, RG11 2QJ, England, 734-793838 Tlx 851849862 
International Sales Offices: Australia (2) 662-4255; Belgium (2) 735-2135; Canada (416) 625-1907; Chile (2) 25-3689; China (408) 727-8222, (8) 721-4017; Denmark (2) 274511; 
England 734-793838; Finland (90) 372-144; France (1) 69280173, (1) 69077802; Greece 951-4944. (03)152-7039, (1) 361-4300; Hong Kong (3) 7718585; India (22) 23-1040; Israel (3) 32-4298; 
Italy (2) 81-821; Japan (3) 502-5550, (3) 375-1551, (3) 355-1111; Korea 778-0721/5; Morocco (9) 30-4181; Netherlands (70) 99-6360; New Zealand (9) 504-759; Norway (02) 55 90 50; 
Peru (14) 31-8060; Portugal (1) 545313; Singapore 7797621; South Africa (12) 46-9221; Philippines 818-0103; Spain (1) 455-8112; Sweden (8) 761-7820; Switzerland (1) 723-1410; 
Taiwan (2) 709-1394; West Germany (89) 80-9020. 
Data Translation is a registered trademark of Data Translation, Inc. 
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PRODUCTS NEWSLETTER 
HP WORK STATIONS OUTDO COMPETITORS' FLOATING-POINT PERFORMANCE... 

Hewlett-Packard 

performance 
two-dimensional 
million-floating-point-instructions/s 
mance, 
p. 
high 
controller 
puter 
clock 
processing 
$59,500 

Co.'s latest crack at the lucrative computer-aided-graphics 
market is a pair of work stations delivering double the floating-point 

and 40% better integer performance than the competition. The 
835CHX and the three-dimensional 835SRX both offer 2-

and 14-million-integer-instructions/s perfor-
filling the gap between older machines and the TurboSRX series (see 

95). The Palo Alto, Calif., company boosted floating-point speed by teaming 
-end multiplier/divider and arithmetic logic with a proprietary floating-point 

chip that overlaps operations between reduced-instruction-set-com-
and math chips. Integer performance gains come from speeding up the 
on HP's proprietary n-MOS Ill RISC chip and by enlarging the central-

-unit cache from 16 to 128 Kbytes. The 2-d 835CHX sells for 
and the 3-d 835SRX for $69,000. Orders begin in April. D 

... AS SILICON GRAPHICS PLANS EXTENSIONS AT BOTH ENDS OF ITS LINE 

Look for Silicon Graphics Inc. to extend its line of three-dimensional graphics 
work stations in both directions by year's end. At the high end, it plans to 

add a multiprocessor system with up to eight MIPS Computer Systems Inc. 
processors and increased graphics-processing capability. The machine will 
fall in the range of 5 to 15 Linpack megaflops and a price range of $75,000 to 
$150,000, and will compete with the powerful new work stations from Ardent, 
Hewlett-Packard, and Stellar. Also on the way is a low-end system, which the 
Mountain View, Calif., firm says will create a new category—personal 3-d 
work stations. Such systems will combine powerful graphics with computation 
capability of 8 to 10 mips and 1 Linpack megaflops for $15,000 to $30,000. 
By 1990, these machines will be 70% of its business, the company says.D 

ANALOG DEVICES GIVES ITS POPULAR DSP CHIP A 66% BOOST IN SPEED 

mer geometries in Analog Devices Inc. 's CMOS process are making its 
rindustry-standard ADSP-2100 digital-signal-processing chip about 66% 
faster. The Norwood, Mass., company's new ADSP-2100A comes in two 
speeds—a 10-MHz version upgrading the previous-generation 6-MHz chip, 
and a 12.5-MHz version that takes over the speed-leader spot of the 8-MHz 
ADSP-2100. Aimed at high-performance telecom applications, the ADSP-
2100A is fabricated in a 1.0-µ,m process instead of the 1.5-p.m process used 
for the original, but the upgraded units retain compatibility with the originals in 
both instruction code and pinouts. Both speed versions are available in 100-
pin ceramic or plastic leaded chip carrier packages. Samples are available 
now. Production pricing in purchases of 100 to 500 will be $175 each for the 
10-MHz part and $225 each for the 12.5-Mhz part. D 

TELEDYNE'S OPTICALLY COUPLED RELAY DELIVERS SEVEN TIMES FASTER SWITCHING 

Designers of automated-test equipment and other equipment that demand 
super fast relays can get seven times better performance with Teledyne 

Solid State's new optically coupled C66 series. The top-of-the-line C66-2 
boasts a 150 .is turn-on time—previous optically coupled devices ranged 
between 1.0 and 10 ms. The entire C66 line turns off in 300 µ,s at a 255 mA 
input current, say officials at the company's relay division in Hawthorne, Calif. 
Another key feature is a low, 50-nA leakage current that helps enhance ATE 
measurement accuracy. Typical output leakage current of the competition 
ranges from 10 µ,A to 1.0 mA, says the company. The C66-2 also boasts a 
continuous output load voltage rating of ± 350 V and continuous load output 
current of 300 mA. Available now, the relays cost $65.90 each. D 
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There ought to be a better way 
to test bus-structured boards. 

"Sure, sure ... no problem, we'll have this baby up and running any day now... 
yep, just a few more days now... coming right along... heck of a tester...just a 
few more days more or less... yep, sure ... no problem ... " 

nstalling and program-
ming some new testers 

can be almost comical. 
Unless of course, it's 

your tester. 
Fortunately, the Zehntel 

3200 shrinks installation 
and programming time 
from months to weeks. 

What's more, the 
Zehntel 3200 can test the 
full range of bus-struc-
tured boards. Even with 
multiple microprocessors. 
The Zehntel 3200 has 

diagnostics that track 
faults right to the root 
cause of failure—normally, 
in less than 3 minutes. And 
you get reliable, 99% yield. 
Now consider this. 
The Zehntel 3200 deliv-

ers all this capability for 
about one-third the cost of 
some other functional 
testers. 

Just write or call for com-
plete information today. 

Otherwise, you're just 
wasting your time. 

= T 

The Zehntel 3200 
performance tester. Up and 

running in weeks. 

FREE 
POSTER 
To get this 
free poster, 
call (800) 
457-8326 or 
attach your 
business card 

here and send to: 
ZEHNTEL 
2625 Shadelands Drive 
Walnut Creek, CA 94598 

E 3/17/88 

Offer expires July 15,1988 
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wiltron 40 MHz to 40 GH 
It's The Only One With Simi 

Introduced May 1.987. 



Vector Network Analyzer. 
ineous speed and Accuracy. 

Already the new standard in 10 countries. 

e 
USP. MIA 
MARI MID $1 ,7 

67(1, 

10.• 

Now test active devices from 40 MHz to 40 GHz. 
There's no simpler, faster, easier, or more accurate way to test 

active devices than through use of the Wiltron 360. In addition to bias 
tees, Wiltron Active Device Test Sets feature step attenuators in each 
port line to set signal levels. A third step attenuator allows direct mea-
surement of all four S parameters, including output match, on devices 
with up to one watt output power. Only Wiltron gives you step attenua-
tors to 40 GHz and a 140 dB confidence-building dynamic range. 

All four device characteristics can be displayed on up to eight 
traces, simultaneously, in color. With LRL and TRL calibration flexibility, 
you can perform multilevel de-embedding. ANACAT* compatibility 
broadens applications even more. Using the 360 to test wafers on 
a Cascade Probe Station improves productivity. Watch for other new 
applications to follow. 
*Registered trademark of EEsof, Inc. 

Finally, there's 
a choice. For years 
you've had no choice 
in microwave vector 
network analyzers. 
No longer. The new 
Wiltron 360 gives you 
the best of the past and 
so much more. Take a 
look at our credentials 
and then we think 
you'll agree, Wiltron 
is your next choice. 

Phase-locked 
accuracy. Compared to 
anything else available, 
the 360 improves twen-
tyfold, from 40 to 2 ms, 
the time needed to 
phase lock at each test 
frequency. Only the 360 
gives you phase-lock 
accuracy at "real-time" 
measurement speeds. 
No high-priced synthe-
sizer is required. 

Unmatched color 
display. Choose any 
single, dual, or four 
channel combination: 
magnitude (real or 
imaginary), phase, 
rectangular, Smith 
chart, time or frequency 
domain, or group delay. 
With the color display, 
markers and limit 
lines are easily and 
quickly distinguished 
from test data and the 
graticule grid. 

Passive or active 
devices. Test Sets for 
passive and active de-
vices cover the 40 MHz 
to 20 GHz and 40 MHz 
to 40 GHz ranges 
from a single coaxial 
test port. 

For more infor-
mation, please address 
Wiltron Co., 490 Jarvis 
Drive, Morgan Hill, CA 
95037-2809. Phone 
(408) 778-2000. 

W I La" F2.01•T 
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The New 4180 Plug-In 

SPEED TRIALS. 
STORAGE CONTROL 

Hola LASH LIVE HOLD NEXT 

MI/OFF 

HMS IOSISION 
• V 

011/Off SAVE 

Nicolet Digital Oscilloscopes 

TRIGGER 

SEN EL TI 
• 

t EVIL 

• A 

• Multi-channel: two 
or four channel 

configurations. 
• Unmatched single-shot 
capabilities. 

• High speed, 200 MHz 
digitizing. 

• 100 MHz analog input 
bandwidth. 
• Real-time math 
functions. 

• For your Free Speed 

Mal call: 800-356-3090 
or 608-273-5008 

Nicolet Test Instruments Division 
P.O. Box 4288 
5225-2 Verona Road 
Madison, WI 53711-0288 

STORE RECORD 

02 
vMPUCT(0 

Il/CAL I 

RECORD 

DOWN UP 

UNPROTECT 

OUTOCYCLE 

NWOlet F-13 

 4.1 

Speed. Using the latest designs in ADC technology, your input signal can be 
digitized at speeds up to 200 MHz (5ns per data point) and saved for analysis. The 
wide band input amplifiers allow signals up to the 100 MHz Nyquist limit to be input 
without distortion. Sophisticated trigger setup displays allow you to accurately set 
the level, sensitivity, and slope to make one-shot 
transients easy to catch; eliminating the usual hit or 
miss guesswork. For multi-channel applications two 
4180's can operate together in one mainframe 
producing a four channel scope with no degradation 
in speed or performance. 

Real-Time Math. In addition to the extensive 
post-processing capabilities in the mainframe, the 
4180 has several useful routines which present 
computed results as live, real-time displays: FFI; 
MAX/M1N, A+B, A—B, AxB, A/B, and AVERAGING. 

Nicolet 
INSTRUMENTS OF DISCOVERY 
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systems side are Richard Alberding, exec-
utive vice president of marketing at Hew-
lett-Packard; Scott McNealy, chairman 
and president of Sun Microsystems; and 
James Treybig, president of Tandem 
Computers. The chairman is William 
Krause, president of 3Com Corp., presum-
ably a disinterested party, because his 
company is not a major DRAM user. 
The panel is the child of an industry 

summit meeting among 14 chief execu-
tives that was convened quietly in Santa 
Clara early this year by the American 
Electronics Association. The AEA had de-
cided something had to be done to end 
the "unseemly scraps between interdepen-
dent parts of the U. S. industry," says 
Ralph Thomson, senior vice president of 
public affairs for the AEA. "We just felt 
we had to take the bull by the horns." 
The panel's first task was to lay out 

its position. To do that, it started work 

on what became the nine points. That 
paper was taken to both the AEA and 
the Semiconductor Industry Associa-
tion—generally speaking, the former 
represents both chip and systems 
houses; the latter, chip makers—and got 
both of them to endorse it. For its part, 
the SIA is backing changes in the way 
the trade pact sets fair-market values 
for chips, which help determine prices. 
So far, the idea of a united front 

seems to be working. "You'll find a dif-
ferent tone and different substance [in 
the talks] than you would have six 
months ago or even three months ago," 
says the AEA's Thomson. 
The test will come when the panel 

starts fleshing out its ideas. In addition 
to the plan to set up chip-buying consor-
tia—for which antitrust exemptions 
would probably have to be sought from 
Congress—the joint task force will con-

sider these pioneering proposals: 
• Modify the trade agreement's procedure 
for setting fair market values by exclud-
ing products that have no current or po-
tential U. S. production base. 
@Postpone price floors on semiconductors 
whenever prices climb and shortages oc-
cur because demand outstrips supply. 
When prices reach a certain percentage 
of the fair market value, the pricing sys-
tem would kick in again. 
@Support long-term semiconductor pur-
chase arrangements. 
@Encourage individual Japanese compa-
nies to comply with the intent of the 
trade agreement by lifting sanctions on 
those buying more components from U. S. 
manufacturers. 
"These are proposals on the table, and 

we are going to take them up at a meet-
ing by the end of March or early April," 
says Thomson. - J. Robert Lineback 

SOFTWARE 

RELAX, UNIX USERS; AT&T IS KEEPING IT OPEN 
NEW YORK 

nix licensees nervous about the new 
AT&T-Sun Microsystems Inc. alli-

ance can breathe easier: a formal pro-
gram is evolving at AT&T Co. that 
backs up the company's promise to keep 
the operating system from becoming 
"privatized." AT&T is offering to work 
with microprocessor vendors to get the 
next Unix version—System V Release 
4.0—ready to go at about the same time 
and with the same binary-compatibility 
advantages as the chips, like Sun's 
Sparc and Intel's 386, used in AT&T 
product lines. And Motorola Inc. is the 
first to say that it intends to sign up. 

In January, many Unix-system ven-
dors reacted angrily when the telecom-
munications giant announced closer ties 
with Sun, including the adoption of its 
Sparc architecture for use in AT&T 
products and the purchase of 20% of the 
work-station company [Electronics, Jan. 
21, 1988, p. 33]. Companies basing their 
systems on other processors feared they 
might be handicapped in the race to of-
fer 4.0 quickly, or faced with a Unix 
tuned to the Sparc architecture. But 
now Motorola and AT&T have let it be 
known that they are working together 
on Release 4.0 for Motorola's 68000-fam-
ily microprocessors, as well as for Mo-
torola's recently announced 88000 re-
duced-instruction-set-computer chips 
[Electronics, Feb. 18, 1988, p. 83]. 
Also jockeying for a share of the Unix 

work-station market are Advanced Mi-
cro Devices, Intergraph, MIPS Comput-
er Systems, and National. "We are hav-
ing discussions with a number of micro-
processor vendors," says AT&T's Dale 
Hazel, district manager for Unix system 

business planning, in Summit, N. J. 
One way that AT&T already works 

with microprocessor makers—as well as 
with software houses—is to provide 
them with early releases of a new Unix 
version so that they can get to work on 
porting it to non-AT&T architectures. 
The new twist this time around is the 

All microprocessor vendors 
can get new Unix releases 

at the same time 

development of binary standards called 
Applications Binary Interfaces. These 
attempt to ensure that application pro-
grams running on one system based on 
a particular processor architecture have 
binary compatibility, enabling them to 
run without recompilation on other sys-
tems using that same processor. 

Binary standards for several processors 
are already on the way. The ones for the 
Intel 386 and Sun Sparc are leading the 
pack, but Motorola has been working 
with Unisoft Corp., Emeryville, Calif., on 
one for the 68000 family since last year. 
Last month, the two unveiled a specifica-
tion, which they are calling a binary com-
patibility standard. Three weeks later, 
Motorola and Unisoft announced that Mo-
torola is acquiring a piece of Unisoft, 
which is speeding its. work on Release 4.0 
for Motorola's microprocessors. 

"There will be an early-release pro-
gram for vendors who are working with 
us on ABIs for their architectures," 
says Hazel. "The primary goal is to get 
Release 4.0 on as many microprocessor 
architectures as we can as fast as we 

can—and to do so in a way that ensures 
binary compatibility of applications for 
an architecture." 
There already are "well-defined pro-

grams for the ABI on the 386 as well as 
the ABI on the Sparc architecture," he 
says. The current target is to have 4.0 
ready on the AT&T 3B2 architecture— 
the processor it is being developed on— 
during the third quarter of 1989. The 
plan calls for having 4.0 available on the 
386 and Sparc by the end of 1989. 
For those with binary-standard agree-

ments with AT&T, "we think we're pro-
viding [pre-releases] early enough in 
1989 so that they have an excellent shot 
at getting [4.0] out there in roughly the 
same time frame" as the Sparc and 386 
versions, says Hazel. -Jeremy Young 

AUTOMOTIVE 

FIRST HEAD-UP 
DISPLAYS SLATED 
FOR GM CARS 
INDIANAPOLIS 
A erospace-style head-up-display tech-
Mnology will hit the roads for the first 
time in U. S. production automobiles this 
spring, thanks to the efforts of General 
Motors Corp. engineers steeped in both 
military optics and automotive electronic 
displays. 
GM will show off its new technology 

at the Indianapolis Speedway here May 
29 in a special version of the 1988 Olds-
mobile Cutlass Supreme, this year's offi-
cial Indianapolis 500 pace car. The dis-
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NEW 
LT-860/870 SERIES 

• Up to 60V, up to 500A, 
from $3200. 

• Built-in adjustable overvoltage 
protection. 

• Constant voltage/constant 
current operation. 

• 187-265VAC, 3-Phase Input; 
Power factor > 0.90. 

• Weighs 80% less and occupies 
only 35% of the volume of 
equivalent models. 

• Front panel supervisory control 
group provides instant analysis of 
system operation. 

• Compatible with Lambda's 
IEEE-488 Computer 
Programmable Power System. 

• Ideal for laboratory, burn-in, test 
and systems applications. 

• 5 Year Guarantee. 

• Available for one day delivery 
from stock. 

PROVIDES UP TO 500 AMPS 
IN A SMALLER, LIGHTER, 
LESS EXPENSIVE PACKAGE 

INTRODUCING THE NEW LT-870 
STAND ALONE GPIB POWER 

SUPPLY 

New LT-860 
Power Supply Series  $3200 

New LT-870 
GPIB Power Supply Series $4500 

Lambda's new LT-870 Series is a 
stand alone IEEE-488 GPIB power 
supply. It is designed with three 
internal PC cards allowing for 
voltage and current limit 
programming over the bus. 

The Interface Card handles the 
communication over the bus. The 
Programming Card provides the 
appropriate D/A conversion 
necessary for voltage and current 
limit programming over the entire 
voltage range. The third card, the 
Interconnect Card, is designed with 
these rear panel features: 

• 5-bit DIP switch for primary 
address selection. 

• Pushbutton reset switch-to reset 
the voltage and current limit to 
zero. 

• Auto/manual select switch sets the 
power supply for either local or 
computer control. 

• 9-pin connector facilitating 
hookup to Lambda's optional 
Confidence Check Card. 

The stand alone LT-870 IEEE-488 
Power Supply is backed by Lambda's 
5 year guarantee and is available for 
one day delivery from stock. 

MAX CURRENT AT AMBIENT OF 
(AMPS) 

40°C 50°C 60°C 71°C 
DIMENSIONS 
(INCHES) PRICE MODEL 

irs v, 150.0 135.0 115.0 89.0 53/16 x 193/16 X 83/8 $1733.00 LT-801 
300.0 266.0 218.0 160.0 53/16 x 19 x 16 1/2 2750.00 LT-821 

° > 500.0 450.0 400.0 325.0 53/16 x 19 x 17 1h 3200.00/4500.00 LT-861/LT-871 

co v., 70.0 61.0 52.0 40.0 53/16 x 193/16 x 83/8 1733.00 LT-802 
7 L'c; 150.0 133.0 109.0 80.0 53/16 x 19 x 161/2 2750.00 LT-822 
0 > 225.0 205.0 180.0 145.0 53/16 x 19 x 17 1/2 3200.00/4500.00 LT-862/LT-872 

,0 el 34.5 30.5 26.0 20.0 53/16 x 193/16 x 83/8 1733.00 LT-803 
^..1 o 80.0 71.0 58.0 42.0 53/16 x 19 x 161/2 2750.00 LT-823 
e > 115.0 104.0 92.0 75.0 53/16 x 19 x 17 1h 3200.00/4500.00 LT-863/LT-873 

0 e 21.5 19.0 16.0 12.5 53/16 x 193/16 X 83/8 1733.00 LT-804 
43 loe 50.0 43.0 35.0 25.0 53/16 x 19 x 16 1/2 2750.00 LT-824 
0> 70.0 63.0 56.0 45.0 53/16 x 19 x 17 1/2 3200.00/4500.00 LT-864/LT-874 

NOTE Maximum output current applies over entire voltage range 



LT SERIES Specifications 

DC OUTPUT 
Voltage range shown in table. 

REGULATED VOLTAGE 
CONSTANT 
regulation, line   

regulation, load   

0.02% + 2mV for line variations from 187 
to 242VAC (205 to 265VAC on "V1" option) 
for LT-800 series. 
187 to 229VAC (207 to 253VAC on "V1" 
option) for LT-820 series. 
0.05% for line variations from 187 to 
265VAC for LT-860 and LT-870 series. 
0.02% + 2mV on LT-801, 802, 821, 822; 
0.02% + 4mV on LT-803, 804, 823, 824; 
0.05% on LT-860 and LT-870 series for load 
variations from 0 to full load. 

remote programming resistance 
  200f1Ñolt nominal. 

remote programming voltage volt per volt. 
ripple and noise   10mV RMS, 93mV pk-pk for LT-801, 821. 

15mV RMS, 100mV pk-pk for LT-802, 803, 
804, 822, 823, 824. 
20mV RMS, for LT-860 and LT-870 series. 

temperature coefficient   (0.02% + 50µV)PC. 

CONSTANT CURRENT 
(Current regulated line and load) Automatic Crossover 
voltage range   as shown in Table. 
current range   5% to full load current. 
regulation, line 0  3% of lo(max) for line variations from 187 

to 242VAC (205 to 265VAC on "V1" option) 
for LT-800 series. 
0.3% of lo(max) for line variations from 187 
to 229VAC (207 to 253VAC on "V1" op-
tion) for LT-820 series. 
0.3% of lo(max) for line variations from 187 
to 265VAC on LT-860 and LT-870 series. 

regulation, load 0  3% of lo (max) for load variations from 
5% to rated DC voltage. 

AC INPUT 
line   LT-800 series: 187 to 242VAC (205 to 

265VAC on "V1" option), 47-63Hz. (Derate 
all ratings by 10% at 47-53Hz) LT-820 se-
ries: 187 to 229VAC, 3 phase ± 10% max 
phase imbalance, 4 wire, 47-63Hz (207 to 
253VAC on "V1" option). (Derate 40°C rat-
ings by 10% at 47-53Hz.) LT-860 and 
LT-870 series: 187 to 265VAC, 3 phase ± 
10% max phase imbalance, 4 wire, 
47-63Hz. 

  LT-800 Series: 1985 watts maximum. 
LT-820 Series: 4000 watts maximum. 
LT-860, LT-870 Series: 5000 watts 
maximum. 

pow,— 

EFFICIENCY 
Minimum 65% at maximum output voltage for LT-800 series, 70% for 
LT-820 series, 78% for LT-860 and LT-870 series. 

INPUT CURRENT 
18A RMS max on LT-800 series, 17A RMS max per phase on LT-820 series, 
LT-860 and LT-870 series. 

OPERATING TEMPERATURE RANGE 
Continuous duty from 0°C to 71°C with appropriate deratings from 40°C to 
71°C. 

STORAGE TEMPERATURE RANGE 
— 55°C to + 85°C . 

OVERLOAD PROTECTION 
THERMAL 
Thermostat protects unit from excessive ambient temperature as well as in-
adequate air velocity. AC power must be momentarily removed from unit 
after thermal shutdown in order to restore operation. 

ELECTRICAL 
External overload protection — adjustable, automatic electronic current-lim-
iting circuit limits output current to preset value. Current-limiting setability 
to 105% of rated current via front panel adjust. 

OVERVOLTAGE PROTECTION 
Built-in, adjustable overvoltage protection is standard on all sets. When pre-
set voltage is exceeded, the overvoltage protector crowbars the output and 
removes the inverter drive. AC power must be momentarily removed from 
unit after overvoltage shutdown in order to restore operation. 

OVERVOLTAGE PROTECTION ADJUSTABLE RANGES 
Model Vov(Min) Vov(Max) 

LT-801/821/861/871 
LT-802/822/862/872 
LT-803/823/863/873 
LT-804/824/864/874 

IN-RUSH LIMITING CIRCUIT 
Limits in-rush current at turn-on to 200% of full load peak current. 

COOLING 
Fan cooled. Forced air cooling utilizing all metal, shaded pole, ball bearing, 
long life fan. (No lubrication needed). Leave adequate clearance at all air in-
takes and exhausts. Exhaust is at rear of unit. 

CONTROLS 
DC OUTPUT CONTROLS 
Coarse and fine voltage adjust and single current adjust on front panel. 

OVERVOLTAGE PROTECTION 
Overvoltage trip point set by screwdriver adjust on front panel. 

POWER 
On-off switch on front panel of LT-800 series. On-off circuit breaker on front 
panel of LT-820, LT-860 and LT-870 series. 

INPUT AND OUTPUT CONNECTIONS 
Heavy duty barrier strips for AC input, ground and sensing. DC output via 
bus bar at rear of chassis. 

METERS 
Digital panel meter standard on LT-800, 820 series. Monitors output voltage/ 
current by means of a volt/amp selector switch on LT-800 series. Separate 
digital panel meters on LT-820 series allow simultaneous monitoring of out-
put voltage and current. Separate analog meters on LT-860 and LT-870 
series provide for simultaneous monitoring of output voltage and current. 
Additional LED on front panel of LT-870 indicates auto/manual operation. 

LED STATUS INDICATORS 
An overvoltage/overtemperature indicator lamp will light to notify the user 
of the occurrence of either an overvoltage or overtemperature shutdown 
condition. AC power must be removed from the unit to reset the power 
supply and the light. A line fault indicator with automatic reset indicates 
power loss or loss of a phase on LT-860 and LT-870 series. 

REMOTE SENSING 
Provision is made for remote sensing to eliminate effect of power output 
lead resistance on DC regulation. 

REMOTE ON/OFF 
Isolated terminals on LT-860 and LT-870 series allows for these remote func-
tions: Turn-on—Logic zero, short circuit or open circuit; Turn-off —provide 
5mA into ± R terminals. 

EMI 
Conducted EMI conforms to FCC 20780 class A on LT-800 and LT-820 
series. 

PHYSICAL DATA 

Package 
Model 

LT-800 series 
LT-820 series 
LT-860, LT-870 series 

OPTIONS 
AC INPUT 

Series 
Model 

3.5V 
6V 
9V 
12V 

Weight 
Lbs. Lbs. 
Net Ship 

10V 
24V 
47V 
70V 

Size 
Inches 

30 37 
70 82 
60 72 

Add 
Suffix 

53/16 x 83/e x 193/16 
5/,e X 19 x 161/2  
5,/,6 x 19 x 17 1/2 

For 
Operation 

at: 

LT-800 —V1 

LT-820 —V1 

205 to 
265VAC 
47-63Hz 
207 to 
253VAC 
47-63Hz 

Price 

12% 

12% 

ACCESSORIES 
Pot Covers available on LT-800, LT-860 and LT-870 series. LRA-17 Rack 
Adapter available for LT-800 series. Chassis slides available for LT-820, 
LT-860 and LT-870 series. 

GUARANTEED FOR 5 YEARS 
5 year guarantee includes labor as well as parts. Guarantee applies to opera-
tion at full published specifications at end of 5 years. 



COMPUTER COMPATIBLE LT SERIES 

TEST AND BURN-IN 
POWER SUPPLIES FOR ALL 

YOUR APPLICATIONS. 

To contact the 

IN EASTERN 
UNITED STATES 
(Shaded area) 

1-800-LAMBDA-4 
(or call 516-694-4200) 

TO ORDER CALL YOUR LOCAL LAMBDA SALES ENGINEER. 
Open 8:00 AM to 7:30 PM (East Coast Time). 

direct-factory Lambda Sales Engineer responsible for your account and located in your 
Customer Service for price, delivery or placing purchase orders, call as follows: 

IN WESTERN 
UNITED STATES 

1-800-LAMBDA-5 
(or call 516-694-4200) 

2/88 

ADDRESS ALL CUSTOMER 
CORRESPONDENCE TO: 
LAMBDA ELECTRONICS 

515 BROAD HOLLOW ROAD 
MELVILLE, NY 11747 

TWX: 510-224-6484 

FAX: 516-293-0519 

Canada 
Lambda Electronics 
4125 Cousens St., 
St. Laurent 
Quebec H4S 1V6 

1-800-361-2578 
TLX: 05-824632 
FAX: 514-337-1235 

In Metropolitan Montreal 
514-337-0311 

France, Orsay 
Lambda Electronique 
Tel: 6012-1487 

Japan, Tokyo 
NEMIC—Lambda K.K. 
Tel: 03-447-4411 

area, or to contact 

England, 
High Wycombe, Buck 
Lambda Electronics 
Tel: 36386/7/8 

Germany, Achem 
Lambda Netzgerate GmbH 
Tel: 07841/5031 

Israel, Tel Aviv 
IsLAMBDA ELECTRONICS, LT. 
Tel: (03) 493941-2-3 

Singapore 
NEMIC-Lambda(S) PIE LTD. 
Tel: 251-7211 

LAMBDA 
ELECTFt)N ICS 
DIVISION of ( eco) INSTRUMENTS INC 

f.) 



capture or modify chip conditions on the 
fly during system operation. 
By shifting in test commands along 

with diagnostic data, critical states of ICs 
are precisely tracked and controlled. Do-
ing so could potentially reduce by an or-
der of magnitude the number of clock 
cycles needed to set up exact conditions 
inside the circuit, says Michael J. Miller, 
who developed the concepts. 
IBM's original concept of Level Sensi-

tive Scan Design, which gives each reg-
ister a dual purpose (test and normal 
operation), is widely used in semicustom 
chips. But IDT thinks the IBM approach 
is too heavily oriented toward compo-
nent-level testing. "We have oriented it 
for chip- and system-level test. The abili-
ty to shift in commands has turned the 
function into an active element instead 
of a passive element of previous meth-
ods," says Jordan. 
IDT is going public with the full-pur-

pose Serial Protocol Channel block in 
March, announcing a new register-pack-
ing 4-Kbit-by-16-bit static random-access 
memory, the IDT71502. The 35-ns 64-Kbit 
SRAM is believed to be the first monolith-
ic writable-control storage SRAM, replac-
ing 10 chips in most applications. It sells 
for $4.4 each in 100-piece lots. IDT will 
also announce a fast CMOS octal register 
part with the channel, the IDT49FCT818, 
which sells for $3.35. It is to become a 
key building block for equipment using 
IDs scan-path technique in board- and 
system-level tests. Last fall, IDT an-
nounced a 16-Kbit electrically erasable 
PROM, but the firm promoted the feature 
then mostly as an additional program-
ming channel, keeping a low profile on 
the testing aspect -J. Robert Linebo,ek 

COMPUTERS 

IBM TO i KE FIRST 
OEM MOVE, AND 
IT'S WITH FERRANTI 
MANCHESTER, UK 
After quietly pursuing original-equip-
«ment-manufacturer agreements for 
its PS/2 computer line, IBM Corp. is 
about to sign the first one—with Fer-
ranti International plc of England. The 
OEM strategy is a keystone of IBM's 
battle to fend off competition from Digi-
tal Equipment Corp. and Apple Comput-
er Corp., as well as to stymie the ero-
sion of its market base by low-cost 
clones of its earlier PC AT and XT per-
sonal computers. 
IBM will not confirm that negotiations 

with Ferranti have been going on. But 
industry watchers believe that there 
may already be a second deal in the 
works, with speculation centering on 

...for high integrity 
electronic applications 
Conap's conformal coatings are not gen-
eral purpose coatings. They are designed 
specifically and exclusively to protect 

printed circuit boards and other electrical/electronic components. That's 
their only field, and that's why their performance in it is matchless - 
performance proven over many years of service. 

ADVANTAGES... 
4; Protection from water-humidity-
dirt-dust and other environ-
mental hazards. 
• Resistance to abrasion, rever-
sion, chemicals, fungus and 
thermal shock. 
• Excellent dielectric properties. 
• Room temperature curing. 
• Positive adhesion - uniform 
films - easy repairability. 

CHOICES... 
• One and two-part polyurethane 
coatings. 
• One-part acrylic coatings. 
• Many qualified to MIL- I-
46058C. 
• Apply by spray, dip or brush. 
• Available in quart, gallon, 5-
gallon or 55-gallon drums. 

FREE BULLETIN 
Request CONAP C-120A Selector 
Chart for more details. 

Conap products include Epoxy and Urethane • Adhesives, Sealants, 
Coatings • Potting and Casting Systems • Tooling Resins and Elastomers 
• Fabricated Elastomer Products. We'll be happy to send you a copy of 
our brochure FB-2 which descibes all the ways we can help you make 
your product better. Send for it today. 

conap Conap Inc., Olean, NY 14760 Phone: 716-372-9650 • Telex: 5102452769 
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Sit at your workstation. Enter an image. 
And exit with color hardcopy. That's all 
you have to remember about compatibility 
with a Seiko Color Hardcopier 

Because it doesn't matter what work-
station you work with—Sun, Apollo, H-P, 
DEC, IBM, Silicon Graphics or one of 50 
others. Our hardcopier works with them 
all.Without forcing you to write any software. 

Plus, Seiko Color Hardcopiers are 
the only ones that let you connect up to 
4 dissimilar systems to it at the same time. 
Making it a very cost-effective shared 
resource. 

Of course, there's a lot more to the 
story. Like colors—thousands of them. 
And proven installations—thousands of 
them, too. 

So exit this ad and enter our phone 
number. We'll be happy to show you how 
to get the industry's best looking color 
hardcopy from any workstation you use. 
Call Martin Nelson at 
(408) 943-9100 today. 

SEIKO I O. 
Seiko Instruments USA 

Cf 1987 Seiko Instruments USA.Visuals courtesy of Apollo Computer, Inc.; Digital Equipment Corporation; Hewlett-Packard Co.; Sun Microsystems, Inc. 

Circle 41 on reader service card 



Silicon talks. 
The most popular communication protocols are 

available in silicon to simplify your designs. 

With protocol controllers from Motorola, 
designing data communications is easier 
and their markets are more universal 
than ever.before. Standard protocols are 
built into silicon so there's no need to 
burden your host. Built with Motorola's 
proven HCMOS technology, they offer 
the reliability you've come to expect and 
the advanced designs you demand. 

Communicate now with our 
family of protocol controllers. 
Our MC68000 Family offers three dif-

ferent protocol controllers to handle all 
your data communication needs; whether 
it's across the building or around the 
world there's a Motorola device that will 
make your job easier. With our '68000 
Family you can choose the protocol and 
system designs that get you on line 
quickly and economically. 

X.25 Protocol Controller 
1984 CCITT X.25 LAPB. 
The MC68605 Protocol Controller 

(XPC) implements the 1984 CCITT 
Recommendation X.25 Link Access Pro-
cedure Balanced (LAPB) fdr U.S. and 
European Ti applications. By generating 
link-level commands and responses, the 
XPC relieves the host processor of com-
munication link managerial tasks. It's 
also fully DDN and Telenet certifiable. 
Our XPC features an optional trans-

parent mode which allows the implemen-
tation of other HDLC-based protocols, 
with user generation of all frames. The 
XPC handles full-duplex synchronous 
serial data rates up to a maximum 10 
Megabits Per Second (Mbps) for high-
speed computer links. 

Multi-link LAPD Controller 
CCITT Q.920/Q.921 LAPD. 
The MC68606 Multi-link LAPD 

(MLAPD) Protocol Controller fully imple-
ments CCITT Recommendation Q.920/ 
Q.921 Link Layer Access Procedure 
(LAPD) protocol for ISDN networks. The 
MLAPD is designed to handle both sig-
nalling and data links in high-performance 
ISDN primary rate applications. 

This VLSI device provides a cost-
effective solution to ISDN link-level pro-
cessing with simultaneous support for 
up to 8K logical links. The MC68606 
is an intelligent communications protocol 

controller compatible with AT&T specifi-
cations for ISDN devices and features 
low power consumption and high perfor-
mance, with an aggregate data rate in 
excess of 2.048 Mbps. 

Token Bus Controller 
IEEE 802.4 MAC. 
The MC68824 Token Bus Controller 

(TBC) is the only single-chip solution to 
implement the IEEE 802.4 Media Access 
Control (MAC), specified by Manufac-
turing Automation Protocol (MAP). The 
TBC implements four levels of message 
priority and the Request With Response 
(RWR) frame type to meet the real-time 
needs of factory floor communications 
and MAP 3.0. 
The TBC conforms to the IEEE 802.4G 

standard MAC to Physical layer serial 
interface to support broadband, carrier-
band, and fiber optic networks. The TBC's 
low power consumption coupled with 
its extended temperature range versions 
make it ideally suited for factory auto-
mation applications. 

Token Bus Frame Analyzer 
Software speeds development 
of token bus networks. 
The MC68KTBFA Token Bus Frame 

Analyzer Software (TBFA) is a real-time 
software tool that speeds development 
of token bus networks. The TBFA keeps 
track of statistics while monitoring 
network performance. By using the 
simple menu-driven interface, the user 
can define triggers to selectively store 
and display frames, creating a powerful 
tool for network analysis. 
The TBFA is a set of four EPROMs 

which runs on a VMEbus MVME372 
Token Bus Controller board and requires 
a modem, a VT100 terminal, and a power 
source. The cost-effective TBFA sells for 
about one-tenth the cost of existing 
token bus protocol analyzers. 

One-on-one design-in help. 
Get an engineer-to-engineer update on 

designing-in Motorola's M68000 Family 
of protocol controllers. 

1-800-521-6274  
Call toll-free any weekday, 

8:00 a.m. to 4:30 
p.m., M.ST. If the 
call can't cover 
your needs, we'll 
have a local appli-
cations engineer 
contact you. 

VVe're 
,onour 
design-i 

te m. 

MOTOROLA 

Clai0 Earm 

To: Motorola Semiconductor Products, Inc. 

P.O. Box 20912, Phoenix, AZ 85036 

Please send me information on the following: 
El MC68606 Multi-link LAPD Protocol Controller ü MC68824 Token Bus Controller 
fl MC68KTBFA Token Bus Frame Analyzer El MC68605 Protocol Controller (X.25) • 

335ELEC031788 
Name  

Title 

Company   

Address   

City   State  Zip  

Cal me (  



PEARSON 
Wide Band, Precision 

CURRENT 
MONITOR 
With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 

This monitor is physically isolated from 
the circuit. It is a terminated current 
transformer whose output voltage pre-
cisely follows the current amplitude and 
waveshape. A typical model gives an 
amplitude accuracy of +1%, - 0%, 20 
nanosecond rise time, droop of 0.5% 
per millisecond, and a 3 db bandwidth 
of 1 Hz to 35 MHz. Other models fea-
ture 2 nanosecond rise time, or a droop 
as low as 1% per second. 

Whether you wish to measure current 
in a conductor, an electron device, or a 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging 
from 1/2" to 103/4" ID) will do the job. We 
also provide custom designs to meet 
individual specifications. 

Contact us and we will send you 
engineering data. 

PEARSON 
ELECTRONICS, INC. 
1860 Embarcadero Road 
Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 
Telex 171 -412 • FAX (415) 494-6716 

the audio information without contact. 
With DAT, by contrast, there's tape-to-
magnetic head contact and tape abra-
sion. And not only can the MOD disks 
record, but they also have information 
on both sides. Uhde's team is now work-
ing to increase the information content 
from the present 54 minutes per side, 
possibly to two hours. 

Also, Thomson's researchers are look-
ing into the possibility of using MOD for 
data storage. It could provide advan-
tages over floppy disks and magnetic 
tape because of its larger storage capac-
ity, its freedom from wear and tear, and 
its relatively fast random access. Work 
in that direction is also going on in Ja-
pan and the U. S.—for example, at Nip-
pon Kogaku K. K. (Nikon) in Japan and 
IBM Corp. and Carnegie Mellon Univer-
sity in the U. S. [Electronics, April 16, 
1987, p. 33]. -John Gosch 

GE DIGITAL VIDEO 
STANDARD GETS 
STRONG BACKING 
NEW YORK 
In the emerging market for interactive the 

systems based on compact-disk 
technology, General Electric Co. has 
gotten its nose out in front by signing 
up a microprocessor maker and two 
software houses to work with its stan-
dard. At least one expert believes that if 
GE's pricing matches its timing, the ri-
val Philips-Sony Corp. technology could 
be in trouble. 

Joining GE to back its Digital Video 
Interactive, or DVI, standard are Intel, 

Lotus, and Microsoft. A GE spokeswom-
an says that Intel Corp. will work to 
make DVI compatible with its micro-
processor architectures and that Lotus 
Development Corp. and Microsoft Corp. 
will be involved with application soft-
ware packages. GE also says it will de-
liver this month DVI prototypes to 10 of 
the 50 software companies that are ex-
ploring application products. All of the 
potential products will be for commer-
cial use. One, for example, is a design 
operation for furniture makers and deal-
ers, and another is a retail point-of-pur-
chase system. Products should start ap-
pearing in the early 1990s, GE says. 
The Philips/Sony duo, which calls its 

technology Compact Disk-Interactive, or 
CD-I, said last fall that it would have 
products this year [Electronics, Nov. 26, 
1987, p. 92], but the two companies say 
now that their target is 1989. 

"GE's move does not affect our short-
term plans at all," says Joop Witvoet, 
director of communications in Philips's 
New Media Systems Division in Eindho-
ven, the Netherlands. "Our system is 
oriented more toward the consumer and 
institutional sector, not so much toward 
the professional market, as is GE's." 
But they should check with GE. The 

spokeswoman says that the company 
views DVI as a consumer product, un-
like Philips/Sony. What's more, DVI has 
a built-in advantage: it can deliver 72 
minutes of full-motion video, computer 
graphics, or audio and graphics on stan-
dard read-only CD. On the other hand, 
CD-I offers only partial animation. "If 
you can get partial animation or full mo-
tion for the same price," asks industry 
watcher David Lachenbruch, editor of 
TV Digest, "why go for the Philips/ 
Sony version?" -Howard Wolff 

WITH ANTI-COPY CHIPS DEAD, 
A NEW DAT BATTLE IS BREWING 
CHICAGO 
The recording industry is digging in 

for a renewed battle over digital au-
dio tape, following the release of a five-
month-long government study showing 
that proposed DAT copy protection chips 
don't always work, degrade music quali-
ty, and are easily circumvented. 
The findings reported this month by 

the National Bureau of Standards effec-
tively kill the idea of federal legislation 
mandating use of the chips in U. S.-sold 
DAT recorders. But the NBS didn't set-
tle the record industry's objections to 
DAT. And in the wake of the March 1 
report, the response from big-name con-
sumer hardware vendors is uncertain. 
Major manufacturers led by Sony and 
Philips are said to be meeting this 

month to work out a consensus position 
on how they should respond. 
The recording industry had backed the 

legislation, which would have required the 
vendors to use the CBS-designed chip 
that was shot down by the NBS. But the 
music industry is not backing down. 
"We're as committed as ever to find-

ing a solution to the home taping threat 
posed by DAT, and resolving that, and 
then having DAT introduced," says Ja-
son S. Berman, president of the Record-
ing Industry Association of America, 
Washington D. C. "But in the interim, 
[before a solution is reached] it's clearly 
our intention to sue if the machines are 
introduced here," Berman says. The 
RIAA views DAT as a copyright threat, 
since a DAT machine that does not have 
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"We bet our entire company's future 
on our partnership with Hitachi." 

—Jim Balkcom 
President and Chief Executive Officer 

Humminbird® Depth Sounders 
Techsonic Industries, Inc. 

"As the second largest manufacturer 
of depth-sounding equipment, we were 
determined to become the leader. We 
knew it would take a breakthrough in 
meeting the fisherman's needs. 

"In strategic partnership with 
Hitachi, we developed the LCD technol-
ogy that redefined the depth-sounder 
market and ultimately quadrupled its size. 
Our share went from 20% to over 50%. 
The new technology was a big risk for us. 
We laid the whole future of our company 
in Hitachi's hands, and it paid off." 

"Whether between two people, 
or two companies, trust is what 
makes partnerships work." 
"We've shared technologies, design con-
cepts, marketing plans and other critically 
confidential information across both sides 

of the table. That's partnership. Trust 
makes it work... and continue to grow." 

"Hitachi defines quality 
the same way we do— 
meeting customers' needs." 
"Hitachi gives Techsonic the technologi-
cal edge, and more. We've learned it's a 
waste of time to do incoming testing on 
Hitachi LCDs. And when we sold over 
three times our forecast, they were flexi-
ble enough to come through for us. 
Whatever support we need, we get. 

And the best part is, we never have to 
ask for it." 

"Hitachi makes it clear that 
their most important product 
is our product." 
"We needed to team up with an LCD 
supplier who had the expertise, the capa-
bilities, and the desire to work with us to 
develop the right solutions. Partnering 
with Hitachi made Humminbird No. 1, 
and we're sure it's going to keep us there." 

To learn about how partnering 
with Hitachi can benefit your company, 
call Tom Klopcic or David Ross at (312) 
843-1144. Or write to Hitachi America, 
Ltd., Electron Tube Division, 300 N. 
Martingale Road, Suite 600, 
Schaumburg, IL 60173. 

HITACHI' 
Hitachi America, Ltd. 
Electron Tube Division 
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InterTools 
Time Saving Software 

For Embedded System Development 
68000/010/020, 8086/186/286 

68HC11, Z80, V Series 

C Cross Com ilers 
• Global Optimization 
Features 
• Produce Re-entrant, 
ROM-able Code 

• Utilities include 
Linkers, Locators, 
Formatters, and Unique 
ROM Processor 

Cross Assemblers 
• Full Macro Capabilities • Support Relocatable, 
• Include Complete Combinable, and 
Utilities Set Absolute Segments 

XDB Cross Debuggers 
• Debug at C or Assembly 
Source Code Level 
• User-Friendly Interface 
and Command Set 

InterTools are available 
for VAX, SUN, Apollo, 
HP, IBM PC, and other 
engineering computers. 

Demo Disks available. 

Z. 
BE 
u. 

• Powerful Assertion, 
Breakpoint Commands 
• Direct Command 
Interface to Emulator 

Intermetrics, Inc. 
Software Products Division 
733 Concord Avenue 
Cambridge, MA 02138 
(617) 661-0072 

Toll-Free: 1-800-356-3594 

Intermetrics 

some means of copy protection can be 
used to produce near-master-quality re-
productions of prerecorded material. 
A threatened RIAA lawsuit aside, 

some smaller consumer-audio vendors 
are pushing ahead with U. S. DAT mar-
keting plans. Harmon America, of 
Woodbury, N. Y., says its $2,199 Cita-
tion 26 DAT machine will be on store 
shelves here by June. And Casio Inc., of 
Fairfield, N. J., is planning to test mar-
ket its $1,399 portable DA-1 machine in 
the U. S. in April. 
At Marantz Co. in Chatsworth, Calif., 

president James Twerdahl is hopeful the 
NBS decision will send a signal to Japa-
nese component and system suppliers 
that the coast is now clear for U. S. 
DAT sales. Marantz has been promising 
to market DAT hardware here for nine 
months. But the firm has been unable to 
produce because of broken commit-
ments by Japanese suppliers, Twerdahl 
says. "We're now saying that we will 

DAT suppliers know where 
to get ahold of me,' says the 
record makers' point man 

import DAT from any OEM suppliers 
willing to supply us, if our original sup-
pliers have cold feet," he declares. 
However, makers of major brands have 

been slower to react. "The NBS decision 
certainly didn't tell us anything we al-
ready didn't know," says a Sony Corp. of 
America spokesman in Park Ridge, N.J. 
Sony is "still looking at the U. S. market 
and what kind of products we want to 
bring here." The firm has nothing yet to 
say about introduction dates. 

Indeed, some U. S. observers believe 
that much could hinge upon the outcome 
of meetings overseas among the major 
Japanese and European DAT suppliers, 
led by Sony and Philips. And the RIAA's 
Berman, for one, says he hopes that the 
vendors are developing a consensus on 
how to negotiate a solution to the prob-
lems the record industry sees with DAT. 
"I said before the NBS report that I 
would be prepared to negotiate with them 
on a solution without being bound to the 
copy-code chip," Berman says. 
Berman is noncommittal on what such 

"solutions" might be. But in the past, the 
RIAA has supported a royalty on U.S. 
sale of blank DAT software. And the or-
ganization has also proposed an alterna-
tive technology known as Unicopy that 
would limit a DAT recorder to making a 
single copy of a prerecorded source. 

"We're encouraged by the fact that the 
hardware manufacturers are meeting," 
Berman says. "I'm here. They know 
where to get ahold of me, that's for sure. 
And we'd welcome the opportunity to sit 
down with them." —Wesley R. Iversen 
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In Costa Rica, 
we believe in regularly scheduled revolutions. 
We've held free and fair elections in Costa Rica 
every four years ever since the founding of our 
modern democracy nearly four decades ago. 
That's what's made us the safest, most stable 
country in the Caribbean. 

And it's also part of what's made us the ideal 
offshore location for U.S. manufacturers. 

The other parts include generous incentives 
and tax holidays, such as duty-free import of 
raw materials and production equipment and 
tax-free export earnings; duty free access to 
American markets for 4,000 products under 
the Caribbean Basin Initiative; an established, 
affordable infrastructure featuring abundant 
hydroelectric energy, excellent transportation, 

and modern telecommunications; and a 
government that works with industry to set 
business policies, not against it. 
And with a literacy rate of 93 percent—the 

highest in the region—businesses have no 
trouble finding workers able, and willing, to 
learn their work. 
When it comes to business, Costa Rica is a 

revolutionary revelation. For more information, 
contact the nearest Costa Rican Investment 
Promotion Office. 

COSTA RICA 
The Right Business Climate 

Northeast: 36 Hunting Lane, Suite A-1, Stamford, CT 06902 • (203) 968-1448. CI Midwest: 221 N. LaSalle Street, Suite 1808, Chicago, IL 60601 • (312) 346-0626. 
Southeast: 235 Peachtme Street, Suite 1617, Atlanta, GA 30303 • (404) 223-5708. U West Coast 17910 Sky Park Circle, Suite *ICI, Irvine, CA 92714 • (714) 250-0146. 
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NEC NEWSCOPE 

V70:  32-131T CMOS MICROPROCESSOR  

T
he V70 supermicro is your win-
dow of opportunity into the 
fast-growing 32-bit world. It 

oilers all the benefits of high integra-

tion, exceptional speed and sophisti-
cated on-chip functions. 

The V70 delivers 6.6 MIPS peak 
operation at a 20MHz clock rate. 
The six-stage pipelined cu executes 
up to four instructions concurrently. 
The 32-bit wide data bus and 2-clock 

bus cycle provide data transfer rates 
up to 40Mbytes/s. 

The on-chip demand-paged Memory 
Management Unit supports 4 giga-

bytes of virtual and physical memory 
spaces with 4 levels of memory 
protection. IEEE-754 floating-point 
operations are also on-chip. 

The V70 features 32 general pur-
pose registers (each 32 bits wide) and 

a modern orthogonal instruction set 
optimized for high-level languages 
and operating systems. V70 instruc-

tions are fully compatible with the 
V60. A high-speed emulation mode 

gives compatibility with V20 and V30 
software. 

Reliability is critical in 32-bit 
systems. The V70 is ideal for design-
ing fault-tolerant systems with its 
unique on-chip Functional Redun-
dancy Monitor. Use two V70's, one 
master and one checker. During 
each bus cycle the checker monitors 
the master and issues mismatch 
warnings. 

V70 users get full support, includ-

ing a broad line of CMOS peripherals, 
development tools, and two operat-
ing systems — UNIX system V and 

our realtime OS. 

UNIX is a trademark of AT. T Bell Laboratories. 

CRC Computers and Communications 
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NEW AUTOMATED 

INTELSAT 

EARTH STATION 

The 3rd INTELSAT standard-A earth 
station by Singapore Telecom 
heralds a new generation of 

satellite communications systems with 
advanced automatic operation and 
maintenance capabilities. 

Built at Bukit Timah and designed 
to access the INTELSAT V-A communi-
cations satellite above the Indian 
Ocean, the earth station uses NEC's 
latest equipment including two com-
puterized facilities for cost-effective, 
automatic operations. 

Our Computerized Supervisory and 
Control System (CSCS) allows the 

operator to centrally control, monitor, 
and report on the operating status of 
equipment and circuits with utmost 
efficiency. 

The System Testing Facility (STF) 
automatically executes line-up tests 
with other earth stations and also 
performs in-station loop tests and 
on-line monitoring of essential carrier 
parameters. The STF handles virtually 
all in-station testing, from the selec-
tion of a measuring route to the 
preparation of test reports. 

Moreover, the Bukit Timah earth 

station is equipped with our Time 
Division Multiple Access/Digital 
Speech Interpolation (TDMA/DSI) 
equipment for maximum utilization 
of satellite circuits. 

For coverage of the Pacific Ocean 
region, the Bukit Timah No. 2 earth 
station is also under construction by 
Singapore Telecom and NEC is sup-
plying similar advanced systems. 

FIRST CCD CAMERA 

DESIGNED FOR 

FIELD PRODUCTION 

F
ollowing up the success of the 
SP-3A for news gathering, NEC 
introduces the EP-3, the first CCD 

color camera (NTSC system) expressly 
designed for field production. 

Incorporating exclusive high den-
sity CCD sensors, the 2nd-generation 
solid-state camera goes head-to-head 
with any tube-based portable in 
picture quality. It offers 700-
line horizontal resolution, 
62dB S/N ratio 
and F5.6/2,000 
lux sensitivity. 

The threshold illumination level is 
15 lux (+18dB gain). 

The new field production camera 
features virtually no smear and 

a 7-speed electronic shutter (1/60 — 
1/1,500 sec) thanks to NEC's anti-
smear, interline frame transfer CCD 
technology. 

The EP-3 camera has a host of 
sophisticated control functions to sup-
port the creativity of videographers. 
Its automatic functions include 
White Balance with two memories, 
Auto Black Balance and Auto Iris/ 
Auto Black Level. 

The EP-3 also provides complete 
flexibility in operation. It is 
remotely controlled via 

multicore, triax or 
wireless systems. 
For recording, 
either Beta or MII-
format VTR is 
attached. 

NEW OEICs TRANSMIT 52KM AT 1.2 GBPS 

0
 ptoelectronic ICs developed at 
the NEC Optoelectronics 
Research Laboratory were 

successfully tested in a recent experi-
ment using a 1.3pm optical single-
mode fiber. The new OEICs set a world 
record for high-speed, long-distance 
transmission without repeaters — 
52.5km at data rates of 1.2Gbps. 
The transmitter OEIC delivers over 

10mW in output power with a low 
13mA threshold current. Modulation 
up to 2.4Gbps is possible in the NRZ 
mode. The 350 x 900pm chip inte-

grates a buried type InGaAsP laser 
diode and high-speed driver (3 GaAs 
MES FETs) on the same InP substrate. 

The receiver OEIC features —26dBm 
sensitivity. It packs an InGaAs PIN 
photo-diode and low-noise amp (4 GaAs 
MES FETs, 5 GaAs Schottky diodes and 
one resistor) on a 1 x lmm InP chip. 

The new high-performance OEICs 
are expected to play key roles in 

terminal equipment for the emerging 
optical broadband ISDN and optical 
networks between cities or within 
intelligent buildings. 

NEC 
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MIMI 
MI 

Connected where it counts 
The TRW MIMIC team has more than 
just expertise in producing low-cost 
MIMIC chips. 

We've also got connections. 

Connections to DoD programs 
targeted for MIMIC insertion. 
Connections acquired over time 
through technical excellence and 
responsiveness to meeting tough 
schedules. 

Connections that guarantee that our 
MIMIC chips will be the first choice 
for insertion in advanced weapon 
systems. 

TRW is developing key radar seeker 
subsystems for the Multiple Launch 
Rocket System/Terminal Guidance 
Warhead. TRW is also a prime con-
tractor for the Integrated Electronic 
Warfare System. 
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Honeywell is leading the full-scale 
engineering development of the 
Sense and Destroy Armor munition. 
General Dynamics is developing 
the Advanced Air-to-Air Missile. 
And Hittite is developing RF ranging 
systems for the Multiple-Option 
Fuzed Armament. 

If you'd like to know more about 
inserting MIMIC in America's front 
line, call us. 

Dr. Timothy T. Fong 
MIMIC Program Manager 
213.536.1491 

¡un  

Honeywell 

GENERAL DYNAMICS 

.T:TAW Inc. 1988 

HITTITE 
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INTERNATIONAL NEWSLETTER 
CHIPS FOR CLONING IBM PS/2 PCs WILL SOON GO ON SALE IN JAPAN 

J apanese computer makers who want chip sets for building personal com-
puters compatible with IBM Corp.'s PS/2 products will be able to get them 

from Kanematsu Semiconductor Corp., a leading semiconductor trading firm. 
By the end of March, the Tokyo company will start marketing chips for clones 
of the PS/2 model 30, to be followed by others for copies of the model 80. 
The chips were designed by Oak Technology Inc. of Santa Clara, Calif., which 
has sold Kanematsu the rights to market them in Japan only. The set will 
include a chip for graphics compatible with IBM's VGA, EGA, and CGA 
adapters. Samples of chips for building a low-cost version of the 386-based 
PS/2 model 80 will be available in September. This low-end system design 
has reduced addressable memory and a 16- or 20-MHz clock—and no cache 
memory. Chips for Oak's high-end 386-based design will support cache, 
more memory, and a 25-MHz clock, but the schedule for these chips is not 
yet set. Volume production of the model-30 chips will start in May or in June 
at a Japanese manufacturer that Kanematsu won't disclose. 0 

X-RAY RESIST MATERIAL ALLOWS RAPID EXPOSURE OF FINE STRUCTURES 

An important milestone in West Germany's national X-ray lithography project [Electronics, Feb. 5, 1987, p. 78] has been reached: Frankfurt-based 
chemicals-producer Hoechst AG has developed an X-ray resist material that 
allows chips to be made with structures down to 0.3 jum. The new resist— 
Hoechst declines to reveal its composition—boasts a sensitivity so high that it 
cuts X-ray exposure times down to about one minute, from the one hour or so 
common for conventional resists. The fine structures should enable chip 
makers to produce 64-Mbit memories and other high-density devices, the goal 
of Europe's Jessi venture [Electronics, Feb. 4, 1988, p. 51]. D 

TWO TROUBLED ISRAELI ELECTRONICS COMPANIES MOVE BACK IN THE BLACK 

turnaround 
imaging 
million 
down. 
Peled, 
of 
Peled's 
systems 
liya-based 
reported 
losses 
Scitex 
including 

Two of Israel's leading high-tech companies, Elscint Ltd. and Scitex Corp., have returned to profitability for the first time in years. The most dramatic 
was that of Elscint, the Haifa-based producer of medical-diagnostic 

equipment. After the largest loss in Israeli corporate history—$116 
for the 1985-86 fiscal year—it appeared that Elscint would have to shut 
A new managing director, former Israeli Air Force commander Benny 
was brought in, and now Elscint is reporting a $300,000 profit on sales 

$42 million in the quarter ending last December. Company officials attribute 
success to a massive reorganization and his decision to drop X-ray 
to concentrate on more sophisticated products. For its part, Herze-

Scitex, a maker of imaging equipment for the printing industry, 
a $1.8 million net profit for the quarter ending in December. Its 1987 

were $4.6 million, compared with $34 million for the previous year. 
sales are up 20%, a comeback due in part to good market conditions, 

favorable changes in currency exchange rates. 0 

PHILIPS AND EUROPEAN SILICON STRUCTURES STRIKE A WORLDWIDE ASIC DEAL 

the 
ASICs 
beam 
dual 
prototypes 
devices 

East-turnaround prototypes of CMOS application-specific integrated circuits 
rare now available to customers of Philips, following an agreement between 

Dutch company and European Silicon Structures. ES2, a specialist in 
[Electronics, Sept. 16, 1985, p. 30], will apply its proprietary electron-
direct-write processes for fast prototyping to Philips's standard 1.5-µm 

-layer-metal CMOS technology. When a customer is satisfied with the 
produced at ES2's factory in France, Philips can then produce the 

in volume at five plants in Europe, the U. S., and the Far East. D 
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The pride Toshiba takes in its LEDs shows: 

MUCH MORE 
BRIGHTNESS 
FOR A LITTLE 
MORE MONEY. 
TOSHIBA 
TLRC-LAMPS. 

With luminous intensity of up to 1000 mcd, 

Toshibas. TLRC lamps are a shining example of advanced 

GaAlAs technology. 

Thanks to this technology you can be sure of an 

economic solution to your LED requirements, even in bad 

lighting conditions. With a choice of 3 mm and 5 mm packages, 

viewing angles from 8' to 70°, and a total of 15 different 

versions, Toshibas TLRC lamps are the answer to your par-

ticular problem. 

Its also reassuring to know that millions of our 

TLRC lamps are already being successfully used in various 

applications. Add to this Toshibus' know-how, service and 

reliable delivery, and you should have more than enough 

reasons to send off the information coupon right away. 

I'm interested in much more brightness for a little 

more money. Please send me detailed information. 

Name: Company: 

Address: 

Telephone: Type of business: 

In Touch with Tomorrow 

bMIi 3A 
Toshiba Europa (I.E.) GmbH, Electronic Components Group, Hansaallee 181 — 185, D-4000 Düsseldorf 11, West-Germany, Tel. (0211) 52 96-0, Telefax: (0211) 52 96-404 • Büro Mochen, 
Arabellostraf3e 33, D-8000 Munchen 81, West-Germany • Stuttgart Office, Eltinger Stral3e 61, D-7250 Leonberg, West-Germany • Toshiba U.K. Ltd., Toshiba House, Firmley Road, Frimley, Camberley, 
GB-Surrey GU 16 ILL England • Toshiba Europa I.E. GmbH, Paris Liaison Office, four de bureau> de Rosny 2, Avenue de Général de Gaulle, F-93118 Rosny Sous Bois, France Toshiba Electronics 
Italiano s.r.I., Centro Direzionale Colleoni, Pallazzo Orione Ingresso 3,1-20041 Agrate Brianza Milano, Italy • Toshiba Electronics Scandinovia AB, Box 438, S-101 25 Stockholm, Sweden. 
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A tradition of performance and intelligence 

Unequalled versatility from 1 MHz through 18 GHz 

• Simultaneous dual-channel 
measurement, measuring 
duration less than 2 x duration 
of single measurement 

• Absolute calibration of 
power sensors, no 
external reference necessary 

• Automatic allowance for 
power sensor impedance 

Rohde & Schwarz 
Postfach 80 14 69 
D-8000 Muenchen 80 
Federal Republic of Germany 
Telex 523 703 (rus d) 
Tel. internat. + (49 89) 41 29-0 

There are R &S agencies in 80 countries. 
We plan and supply stationary and mobile 
systems, also on a turn-key basis. 
R & S services comprise installation, maintenance, 
calibration, training and documentation. 

Power 
Meter 

NEW 

e POWER METER • NRV 01M- —  gét - 828.2511.02 

9w a ' 
dBm 4dB 

.10 40V X/REF 

REM 
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SEL 0141 RP t tom late, 
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NRV gets you going from 400 pW onwards. And for every application we have the 
right power sensor—for DC measurements too. NRV's intelligence provides for the 
display of results ,n any way at the push of a button: W, dBm, dBV or V. The whole 
package comes with a price/performance ratio that will surprise you. 

Write or call to find out more about Power Meter NRV. 

ROHDE ik SCHWARZ 
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INTERNATIONAL WEEK 
EUROPE DRAWS UP 
TELECOM TIMETABLE 
A tight timetable for unify-
ing European telecommunica-
tions markets to open up 
competition has been drawn 
up by the Commission of the 
European Communities 
(CEC). The market for re-
ceive-only satellite antennas 
will be open for transborder 
competition by Dec. 31, 1989, 
and the terminal-equipment 
market will be opened a year 
later. Other moves will en-
sure a common formula for 
setting telecommunications 
tariffs and policies to ease 
protectionist policies. 

SANYO'S TI PACT 
EASES TRADE TENSION 
A technology agreement be-
tween Sanyo Electric Ltd., 
Osaka, and Texas Instru-
ments Inc. to develop image-
processing LSI chips seems 
likely to help mitigate trade 
tension between Japan and 
the U. S. The project is in line 
with the Ministry of Interna-
tional Trade and Industry's 
instructions to Japanese man-
ufacturers to increase im-
ports of U. S.-made semicon-
ductors. When device devel-
opment ends later this year, 
TI divisions in either Dallas 
or Tokyo will manufacture 
the LS! chips. Sanyo will buy 
them for use in its video cas-
sette recorders and other 
products. 

GROUPE BULL UNVEILS 
THREE MAINFRAMES... 

France's Groupe Bull is aim-
ing to increase its share of 
the transaction-processing 
market with the addition of 
three new mainframes. The 
new DPS 7000/72 biprocessor 
and the 82 and 92 quad-
processors fill in a gap in 
power between the Bull DPS 
7000/50 and the large Bull 
DPS 7/1007. Their transac-
tional power is between 17 
and 34 debit-credit-TPI-type 
transactions/s. The three 
new models will provide 
small-mainframe users with 

the same benefits of fault 
transparency as the large re-
dundant mainframes on the 
market, the company says. 
Prices range from 2 million 
to 5 million French francs. 

... AND BEEFS UP 
ITS PC LINE 
Groupe Bull is also targeting 
a bigger share of the person-
al computer market with ma-
jor upgrades. The Bull Micral 
75 is twice as powerful as 
any PCs currently offered by 
Bull. Built around an Intel 
80386 microprocessor, it can 
handle Windows 386 and run 
under OS/2 or as a multiple 
station system under Prolog. 
The new Bull Micral 45 is a 
midrange, compact, single 
station system, built around 
an Intel 80286 microproces-
sor. It operates under OS/2 
with 31/2 -in, disks and new 
application programs. Prices 
start at 51,800 French francs. 

TRAINS AND PLANES 
TO GET TV SERVICES 
Philips of the Netherlands 
and the U. S.'s Warner 
Brothers Inc. have formed a 
50-50 joint venture, Airvision, 
that will sell and service vid-
eo entertainment and data in-
formation systems for public 
transportation companies. 
The Dutch firm will supply 
liquid-crystal screens for in-
stallation between or on the 
back of seats on airplanes, 
trains, buses, and taxis. For 
its part, Warner will provide 
Los Angeles-based Airvision 
with programs from its own 
libraries, including films, 
sports, and news programs. 

FOUR FIRMS AGREE 
ON ISDN INTERFACE 

Four European communica-
tion equipment makers— 
France's Alcatel NV, Italy's 
Italtel, the UK's Plessey 
Ltd., and West Germany's 
Siemens AG—have agreed to 
use a standard interface be-
tween components for inte-
grated services digital net-
work systems. The standard, 

called General Circuit Inter-
face, makes the present 
ISDN Oriented Modular In-
terface upwardly compatible. 

IBM FRANCE FINDS 
A NETWORK PARTNER 
To bolster its position in the 
the growing networking mar-
ket, IBM France is marrying 
its networking skills to the 
French Société d'Etudes des 
Systèmes d'Automation SA's 
systems-integration exper-
tise. The as-yet-unnamed 
joint venture company will be 
51% owned by SESA, a sub-
sidiary of Cap Gemini Sogeti, 
and 49% by IBM France. 

NEC WORK STATIONS 
GET CAD CAPABILITY 

NEC Corp., Tokyo, is market-
ing a computer-aided engi-
neering system based on Vi-
sula, the popular CAE soft-
ware package for printed-cir-
cuit-board design, developed 
by Racal-Redac Ltd., Tewkes-
bury, UK. Modified to run on 
NEC's EWS 4800 series engi-
neering work station, Visula 
automatically designs wiring 
for high-density printed-cir-
cuit boards with surface-
mounted devices on one or 
both sides, and has sufficient 
precision for designs with 
minimum line spacing of 0.01 
gm. It costs 7.52 million yen 
for circuit design and 25.88 
million yen for both design 
and layout. 

NIXDORF AUTOMATES 
CHINESE POST OFFICES 
Nixdorf Computer AG is 
gaining a beachhead in Chi-
na's market for banking ter-
minals and related equipment 
by supplying a distributed-
transaction-processing sys-
tem to the Chinese Ministry 
of Posts and Telecommunica-
tions. The Paderborn, West 
Germany, company will com-
puterize five post offices in 
each of three cities—Beijing, 
Shanghai, and Canton—with 
a total of 33 Nixdorf 8810-
based intelligent banking ter-
minals and 15 Chinese-Ian-

guage printers plus other pe-
ripheral devices. 

BBC'S VIDEOTEX GETS 
HIGH—RES GRAPHICS 
The British Broadcasting Co. 
is leasing part of the band-
width of its Datacast teletext 
service to Bishopsgate Termi-
nals Ltd. of Guildford, Sur-
rey. Bishopgate's complete 
turnkey service will provide 
high-resolution graphics en-
coded to the North American 
Presentation Level Protocol 
Standard. A Matra-Harris 
graphics-decoder chip handles 
the decoding chore. Capable 
of burst data rates up to 8 
Mbits/s, Datacast is an ex-
tension of broadcast teletext 
and uses spare television ras-
ter scan lines to broadcast 
data during the TV picture's 
vertical blanking interval. 

UK FIRMS TARGET 
COMPUTER SECURITY 
A joint venture between 
British Telecom and Systems 
Designers plc is aiming at 
the computer-security mar-
ket. The partnership will be 
known as Secure Information 
Systems Ltd. (SISL), and it is 
a finalist for the the UK Min-
istry of Defence's Corporate 
Headquarters Office Technol-
ogy System—destined to be 
one of the largest secure sys-
tems in Europe. 

TOYOTA TO MARKET 
ROBOT LINES 
Toyota Motor Corp., Toyota, 
Japan, is pushing into the 
market for factory-automation 
equipment with welding and 
coating systems. The systems 
will use robots supplied by 
Toyota's affiliated firm, 
Toyoda Machine Works Ltd., 
Ka.riya, and other manufactur-
ers. The car maker moved into 
electronics last year when it 
invested in Sanritz Automa-
tion Co., Tokyo, a microcom-
puter engineering venture, 
which will also take part in 
the project, providing micro-
processor system and equip-
ment design assistance. 
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NEW PLCC LEAD DIMENSIONAL 
INSPECTION SYSTEM   
A handful of major semiconductor manufacturers 
are discovering how to increase productivity, 
reduce defective parts, and save costs with our 
fully-automated, non-contad PLCC dimensional 
inspection system. 
Whether you're a PLCC manufacturer 
or user, our new 725 PLCC Inspec-
tion System gives you a productivity 
bonus. For finished goods or incom-
ing-inspection, or 
in-process inspec-
tion, the VIEW 725 
is the only fully-
automated, non-
contact PLCC 
inspection system 
that gives you higher 
accuracies, faster 
inspection times, 
quicker change-overs and less problems than 
any method you're using today. We know since 
we have more than 25 systems delivering these 
same benefits in major semiconductor facilities 

around the world. Handling up to 
2,000 PLCCs an hour— 
hour- after-hour with 100% 

repeatability. Inspecting seating plane 
coplanarity, tweezing coplanarity, and 
lead dimensions on PLCC devices with 
from 18 to 84 leads. Reducing inspec-

tion time and improving inspection 
accuracy. 

This automated 
tube-to-tube system also 

performs pass/fail sorts and our 
handling fixtures leave your devices 
unblemished. For SPC, our new 725 
provides all of the data you need. 
Upcoming capabilities 
include handling the 

newer plastic quad flat package 
(PQFP). 

To find out how you can turn 
your PLCC inspection into higher 
productivity, ask to see a demon-
stration of the VIEW 725 PLCC Dimensional 
Inspection System. 

VIEW 
View Engineering. 1650 N. Voyager Avenue • Simi Valley, CA 93063. (805) 522-8439 • Telex: 182-304 
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INTERNATIONAL PRODUCTS 

PLUG-IN CONTROLLER TURNS PC AT 
INTO HIGH-END GRAPHICS WORK STATION 

W. German module draws 12.5 million pixels/s at 2,048-by-2,048-resolution 

A modular graphics control 
Piler from Projekt-Team Elec-
tronic GmbH turns an IBM 
Personal Computer AT or com-
patible into a high-end graph-
ics work station capable of res-
olution up to 2,048-by-2,048 pix-
els and drawing speeds of 12.5 
million pixels/s. But what 
should impress potential cus-
tomers as well is the price of 
CAD-Genius-20% to 30% less 
than the competition. 
Aimed at original-equipment 

manufacturers, the basic con-
troller consists of a processor 
board and a video board. The 
processor gives a 2,048-by-2,048 pixel 
resolution with a pixel depth of four 
bits, producing up to 16 colors; or 2,048-
by-1,024 pixel resolution with pixel depth 
of eight bits for 256 colors. 
That performance for a single proces-

sor board puts PTE's system among the 
frontrunners in the graphics controller 
field, says Harald Buchberger, the compa-
ny's managing director. Most competing 
graphics controllers require two or more 
processor boards for the same resolution. 
Eliminating extra board space puts PTE's 
prices in front of the competition's. 
50-MHz CLOCK. By using a fast 32-bit 
34010 microprocessor from Texas In-
struments Inc. as its central processing 
unit and operating at a 50-MHz clock 
frequency, the controller attains a com-
puting speed as high as 6 million in-
structions/s and a drawing speed of 12.5 
million pixels/s, says Buchberger. A 
fast interface allows controller-to-host 
PC data transmissions at 40 Mbits/s. 
For complex mathematical operations, 
PTE offers as an option a mathematical 
coprocessor for the controller. 
The controller's modularity makes it 

easy to upgrade and configure according 
to an OEM's requirements. At present, it 
is possible to connect in parallel up to 
four processor boards. A four-board con-
figuration offers 2,048-by-1,024 resolution 
with a 32-bit pixel depth—which delivers 
more than 16 million colors or gray 
shades—and an overlay with an eight-bit 
pixel depth. That configuration allows pic-
tures to be shown with all details and 

The graphics controller attains a computing speed as high as six 

million instructions/s and a drawing speed of 12.5 million pixels/s. 

near-absolute faithfulness. 
Since PTE's system has its own CPU, 

the controller itself is a computer. When 
it's integrated into an AT-class PC, the 
latter offers users the advantages of a 
high-resolution graphics computer and, 
at the same time, the proven PC/AT 
technology. 
PTE is targeting CAD-Genius for 

OEM applications in high-performance 
personal computers that handle comput-
er-aided design and desktop publishing. 
The advantage it has in such applica-
tions stems from the CPU. Using the 
built-in processing power, the CAD-Ge-
nins builds up an image while the PC 
goes about its regular tasks. For exam-
ple, it can pick out certain picture seg-
ments or it can reposition the cursor to 
the desired spot. Because it offloads 
graphics chores from the PC AT and 
lets the PC handle other computations, 
the CAD-Genius should help accelerate 
the use of personal computers for com-
plex CAD applications and desktop pub-
lishing tasks, says Buchberger. 
Other PCs, even fast types of the AT 

class, are too slow to be standalone sys-
tems for many CAD jobs. And while a 
picture is created on the monitor, the PC 
cannot process other tasks. That length-
ens time required to do a design job. 
The controller supports more than 30 

graphics output functions—from draw-
ing pixel-thick lines, arcs, and polygons 
to initiating graphics environments, vid-
eo timing, and screen refresh. It also 
handles various color palettes, pixel ar-

ray, and cursor control func-
tions, and performs viewport 
management. Further, it takes 
care of three-dimensional 
transformation, text output, 
text-attribute inquiry and con-
trol, and graphics system 
initialization. 

It is this wide-ranging capa-
bility that makes Buchberger 
see a big market ahead for 
high-resolution graphics con-
trollers. That market, he says, 
should grow at a rate of 300 to 
400% a year in the near future, 
reaching at least 25,000 to 
30,000 units sold worldwide 

next year alone. 
Buchberger forecasts 500 CAD-Genius 

controllers to be sold this year and 
around 1,500 units in 1989. The company 
plans to enter the U. S. market via a 
sales representative this year. PTE is a 
$3 million, 25-man engineering firm in 
Ober-Ramstadt, near Frankfurt. 

Operationally, CAD-Genius requires 
only that the PC transfer the necessary 
commands to the graphics controller. 
Command transfer goes from an inter-
face to a first-in first-out buffer and 
then to the controller's CPU. A V.24 in-
terface connects the controller to a 
mouse or digitizer. 
TWO MEMORIES. The controller's proces-
sor board contains two memories: a pic-
ture memory and a program memory, 
each with a capacity of 2 Mbytes. The 
program memory is implemented with 1-
Mbit dynamic random-access memory 
chips and the picture memory with 256-
Kbit video dynamic RAMs. 
The picture memory stores the pixels 

either in an x-y format or in a linear 
format. The PC Ars monitor presents to 
the user a section of the picture memo-
ry's contents, the size of the section de 
pending on the resolution available from 
the monitor. As for the program memory, 
the user can read into it his own C-lan-
guage graphics program. Pictures, seg-
ments of pictures, and menus can also be 
written into the program memory. 
The controller's video module process-

es the various pixel depths and delivers 
the red-green-blue signals to the moni-
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CURRENT SENSOR FOR 
DC, AC, PULSE CURRENTS  

. Measuring range: ± 100 A linear  
• Secondary supply voltage: * 12 to ± 18 V 
• Output current at 100 A nom.: 100 mA 
• Current ratio: 1 :1000 
• Current rise: > 50 Ah.ts 

I • Isolation test voltage: 5 kV 
terminal blocks or fastons version  

k • ert.sqrs for up tp 2500 A also available 

San Martino, CH-6850 Mendrisio 
Tel. (091) 48 01 31, Tlx. 842 248, Fax (091) 46 26 59 
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Coming April 14 A special 
issue devoted to the latest 

developments in networking. 

The promise of networking is 

fast becoming a reality. New VLSI 

circuits are now making low-cost 

networks feasible. Advances in 

fiber-optics are bringing fiber nets 

beyond telecommunications and 

into the local-area network arena. 

And new software programs are 

providing the tools necessary to 

manage and control these networks. 

On April 14, the editors of 

Electronics will devote an entire 

special issue to the latest develop-

ments and technology trends in 

networking. We'll examine all the 

practical aspects encompassing 

local-area nets. The strategies that 

companies are embracing for con-

necting workstations with main-

frames. Explore the status of 

Ethernet, X-open, OSI, and FDDI. 

And have an exclusive look at the 

latest entries in network chips, 

fiber optics, ana network software. 

If you manufacture products with 

network applications, it's an impor-

tant opportunity to have your fea-

tures and capabilities share the 

spotlight as we devote an entire 

issue to what's happening in net-

works. Be there! 

Ad Closing: March 21, 1988 

Issue Date: April 14, 1988 

PI Electronics 
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Thinking of getting into 
bed with RISC? 

If you're looking for a cost-effective 
way to add a commercial high-end 
multiuser computer to your product 
line, you're probably looking at RISC. 
Should you be? 

After all, how can you leverage 
your present investment in 680X0 
family software with a non-compatible 
RISC product? You can't. 

Better take a real close look 
before you leap into bed with RISC 
technology. Those powerful teeth you 
think RISC can put into your product 
line just might eat you alive. 

RISC could devour your soft-
ware investment, your company's 
profits, maybe even your 
company. RISC will force you to 
spend an enormous amount of time, 
energy and money porting new soft-
ware. All the while, you'll be support-
ing and maintaining two separate 
product lines. Not to mention the fact 
that you'll be losing market share for 
every extra year it takes you to bring 
out your RISC product. 
What about the inevitable RISC 

shake-out? Today, more and more 
RISC processors are appearing on 
the market. Tomorrow many of 
them will be history. Which 
processors will survive the 

shake-out? And what hap-
pens to those computer 
manufacturers who pick 
the wrong ones? 

The consequences 
are obvious. A lot of 
companies who get 
into bed with RISC 
now will someday 
find themselves 
sleeping out in 
the cold. Alone. 

I'm con-
vinced, RISC 
is risky 
business. So 
what's the 
alternative? 
If you have 
a 680X0-

based product 
line, there is 

only one viable 
alternative: 
Edge Computer. 

In fact, three multibillion dollar 
computer companies are already pow-
ering their way into the high-end 
commercial, multiuser market with 
Edge technology. Here's why: 
Edge has integrated the best RISC 

performance features into CISC to 
literally blow the ceiling off 680X0 
family performance. Edge's unique 
CMOS gate array implementation of 
the 680X0 family instruction set 
(among other things) gives Edge the 
performance specs to compete with 
any RISC machine. For example, 
Edge delivers 22 MIPS (16 sustained) 
uniprocessor performance. Average 
instruction time (AIT) is only 1.2 at 
the engine and 1.4 at the wheels. 
Compare that to the fastest RISC 
system! 
With Edge, OEMs not only 

capitalize on their current software 
investment, they get to market 
much sooner. Edge's CISC-based 
computer is fully compatible with the 
680X0 software family. 
Edge integrates at whatever level is 

most efficient and profitable for the 
OEM, from board set on up. 
Edge allows OEMs to develop a full 

product spectrum with a single 
architecture. In other words, their 
customers won't be burdened with 
the added, substantial cost of sup-
porting RISC. 

Edge gives OEMs a dear path. 
We're at the forefront of 68030 technol-
ogy We'll be at the forefront of 68040. 

If you're about to get into bed with 
RISC, don't! If you're already in bed 
with RISC, then you've just been 
awakened to the reality that Edge 
does what you can only dream about 
with RISC. 

For more information, contact 
Pamela Mayer, 602/951-2020, 
Edge Computer Corporation, 7273 E. 
Butherus Drive, Scottsdale, AZ 85260 

EDGE "e 
COMPUTER AV 

The Power behind Successful Companies 
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YOUR 
SOURCE FOR 
7000 SEMIS 

MICROCONTROLLERS 
You now have a primary 
source for Ti's 7000 
Series 8-bit NMOS micro-
oonnollers. The Miaochip 
Technology PIC 7000 
Series. Distributor stock 
is available in quantity, 
right now, ready for 
immediate delivery on 
the ROMless version PIC 
7000 and 7001 chips 
with -2 or -4 clock 
options. 

Microchip Texas Microchip Texas 
Technology Instruments Technology Instruments 

PIC 7000-2 TMS 70(X) M-2 PIC 7040-2 TAIS 7040 M-2 

PIC 70001-2 771IS 7000 NA-2 PIC 70401-2 TMS 7040 NA-2 
PIC 7000-4 TMS 7000 1VL-4 PIC 7040-4 TMS 7040 M-4 
PIC 70001-4 TMS 7000 NA-4 PIC 70401-4 TMS 7040 NA-4 

PIC 7001-2 771IS 7001 M-2 PIC 7041-2 TMS 7041 M-2 

PIC 70011-2 TMS 7001 NA-2 PIC 70411-2 TMS 7041 NA-2 

PIC 7001-4 TMS 7001 M-4 PIC 7041-4 TMS 7041 M-4 
PIC 70011-4 TMS 7001 NA-4 PIC 70411-4 771IS 7041 NA-4 

PIC 7020-2 TAIS 7020 M-2 

PIC 70201-2 TMS 7020 NA-2 
PIC 7020-4 TMS 7020 M-4 

PIC 70201-4 TMS 7020 NA-4 

PIC 7000 Series microcontrollers are also 
atralable in ceramic packages. 

If your application requires a 7020, 7040 or 7041 ROM 
version, just send us your code and we'll deliver proto-
types within five weeks. Production quantities in 
seven weeks! And we fully refund the 
nominal $2500 masking charge after 
10,000 units shipped. 

Microchip Technology's PIC 7000 Series 
are pin-for-pin compatible with TI's. 
They're manufactured with the same high 
quality and reliability found in all 
Microchip Technology 
microcomputer chips. 

Microchip 

With Microchip Tech-
nology, response time 

and customer service are 
second to none. Micro-

chip Technology can 
consistently deliver any 

quantity you require at a 
competitive price. 

Millions of Microchip 
Technology PIC 7000 

Series microcontrollers 
are already giving reli-
able performance in 

automotive, computer peripheral, communications, 
industrial and consumer applications. So don't hold 

up your production line any longer. 

Call (602) 345-3287 and ask for Cindy 
for the location of the nearest 

Microchip Technology distributor. Or 
send us your code and tell us what 

your requirements are. Call or write to: 
Microchip Technology, Inc72355 

West Chandler Blvd., Chandler, AZ 
85224-6199. 

Mn: Ernest Villicana. 

Formerly General Instrument Mtcroelectrones PIC is a registered trademark of Miarochip Technology, inc. 
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THE EMBEDDED PROCESSOR 
BREAKS OUT OF ITS NICHE 

Now emerging from the 
pack of general-purpose 
16- and 32-bit microproces-

sors is a new class of central 
processing unit—the embedded 
processor. These powerful new 
chips are transcending event 
control, the traditional embed-
ded-microcontroller niche. They 

are aimed at such sophisticated functions as graphics 
and printer control, robotics, image processing, hard-
disk control, process control, input/output control, and 
local-area-network node control. 
These embedded processing and control operations 

require that the processor perform mathematical and 
digital-signal-processing functions on the information 
it receives before a specific control operation can be 
executed. They are not like event-control applications, 
where the microcontroller directs a mechanical system 
to perform a preprogrammed set of events in a prede-
termined order. Instead, the applications that these 
high-end 16- and 32-bit embedded processors are de-
signed to run require that a complicated set of arith-
metic calculations or transformations be performed 
before the system completes a particular control func-
tion. Also, sophisticated embedded processing func-
tions must be performed in real time, necessitating a 
computing engine that can operate in the millions-of-
instructions-per-second range. 

Traditional embedded controllers are single-chip 4-, 8-, 
and 16-bit microcontrollers with on-board random-access 
and read-only memories that can perform functions re-
quiring no more than a few kilobytes of program and 
data storage and with cycle times in the milliseconds. 
These low-end microcontrollers are aimed at event-con-
trol applications in games, television tuners, appliances, 
motor control, vending machines, machinery control, 
scales, and others which can be performed adequately in 
a single CPU with a small amount of on-chip RAM and 
ROM. In contrast, the new high-end embedded proces-
sors are aimed at applications requiring megabytes of 
external RAM and ROM, cycle times of microseconds or 
nanoseconds, and the ability to perform complex float-
ing-point operations—capabilities that are far beyond 
those of most single-chip microcontrollers. 
Most of these embedded-control processing functions 

have been performed by general-purpose microproces-
sors such as Intel's 80186 and 80286 or Motorola's 68000. 
As many as 2,000 design wins for the 80186 were for 
such embedded-controller applications, Intel claims. And 

Not long ago, embedded controllers were used 
only to run event-control applications, but not the 
new 16- and 32-bit versions; they are designed to 
do sophisticated real-time jobs that also include 
math and digital-signal-processing functions 

by Bernard C. Cole 

many advanced laser printers use a 68000 to perform 
specialized DSP and graphics functions. But now, spe-
cialized high-end microcontrollers that can do the job 
more efficiently and faster are coming into the market-
place. These new chips include high-performance re 
duced-instruction-set computers, dedicated complex-in-
struction-set computers, and DSPs. There are also cus-
tom and semicustom solutions designed to fill out the 
mix of general computing and signal-processing func-
tions required in such embedded-control applications. 
With these new chips, the traditional distinction be-

1. Advanced Micro Devices' Am29000 is a 32-bit RISC machine 

sustained speed of 17 mips, optimized for embedded applications. 
with a 
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MOTOROLA'S NEW DSP ENGINE 
COMES WITH FLOATING POINT 
The company hangs on to the record for fastest 
single-chip DSPs—its latest chip runs at 13.3 mips 

I
n the drive to push embedded proces-
sors beyond their traditional applica-
tions, Motorola Inc. is launching two 

versions of a powerful new chip. The 
DSP96001 and DSP96002 promise to 
smash the speed records set by the 
Schaumberg, Ill., company's own 
DSP56000 single-chip digital signal proces-
sor two years ago. With that kind of per-

formance, the new device can compete for the same 
high-end embedded control and processing applica-
tions that makers of specialized reduced-instruction-
set computers and complex-instruction-set chips are 
targeting. 
The DSP96001/2 keeps the speed record for single-

chip DSPs set by its predecessor, Motorola claims, 
running at 13.3 million instructions/s compared with 

10.25 mips for the DSP56000 [Electronics, March 10, 
1986, p. 30]. Sample quantities of the DSP96001/2 are 
due by the fourth quarter. 

If initial performance specifications are any indica-
tion, the new DSP chip, which Motorola is calling an 
"attached processor," will give competitors more than 
a run for their money. At 13.3 mips, the 161-pin device 
can execute a 1,034-point complex fast Fourier trans-
form in less than two milliseconds, a full 30% to 35% 
faster than its predecessor. Featuring a peak perfor-
mance of 40 million floating-point operations/s with an 
instruction execution cycle time of only 75 ns, the 
DSP96001 can execute 66.66 million addresses/s exter-
nal, with an internal peak performance of 256.66 
Mbytes/s. On-chip functions include a host central pro-
cessing unit and serial and synchronous-serial inter-
faces. On the DSP96002, the on-chip peripherals are 
removed and a bus controller and a second extended 
address switch added. 
The performance improvement comes from revamp-

ing the architecture (see fig. 1)—up to a full 32-bit 
implementation—expanding the data arithmetic logic 
unit's register set from a 56- to a 96-bit-wide word 
configuration. On-chip random-access and read-only 
memories have also been expanded. An improved host 
interface and a dual-channel, direct-memory-access 
controller to support the higher bandwidth have been 

added. In addition, an 
on-chip barrel shifter 
and a 32-by-32 multi-
plier/adder are now in-
corporated on-chip. 
And the basic 56000 in-
struction set has been 
enhanced to implement 
fully the IEEE 754-
1985 standard for bina-
ry single-precision and 
extended single-preci-
sion floating-point 
arithmetic. 
The DSP96001 out-

does the DSP56000 
when performing many 
DSP benchmarks, says 
Bryant Wilder, manag-
er of digital signal pro-
cessing operations in 
Austin, Texas. For ex-
ample, he says, a finite 
impulse response filter 
with data shift is per-

FLOATING POINT ON AN EMBEDDED PROCESSOR 

ADDRESS 
GENERATION 

UNIT 
Y ADDRESS BUS 
X ADDRESS BUS 

PROGRAM ADDRESS BUS 

`V'  

DUAL CHANNEL 
DMA 

CONTROLLER 

INTERNAL 
DATA BUS 
SWITCH 
AND BIT-

MANIPULATION 
UNIT 

EXTERNAL IADORESS 
ADDRESS 
SWITCH 

PROGRAM X MEMORY Y MEMORY 
512 x 32-BIT 512 x 32-BIT 512 x 32-BIT 

RAM RAM RAM 
AND - - --

32 x 32-BIT BOOTSTRAP 512 x 32-BIT 512 x 32-BIT 
ROM ROM ROM 

DMA DATA BUS 

DATA 4  
Y DATA BUS 
X DATA BUS 

PROGRAM DATA BUS 
GLOBAL DATA BUS 

CLOCK 
GENERATOR 

13 

CLOCKS 

'UV 

ADDRESS 
GENERATOR 

DECODE 
CONTROLLER 

PROGRAM CONTROLLER 

INTERRUPT 
CONTROLLER 

4 

INTERRUPTS 

-4 

EXTERNAL 
DATA BUS 
SWITCH 

DATA ALU 

• IEEE FLOATING-POINT 
• 32 x 32 INTEGER ALU 

DEBUG 
CONTROLLER 

32 BIT BUSES 

SERIAL 
DEBUG 

6 PORT 

1. The DSP96001 / 2 hits a 

performance rate of 40 me-

gaflops by increasing the 

number of data buses, add-

ing a dual-channel DMA 

controller, and incorporat-

ing a multiplier and barrel 

shifter into its data ALU. 

64 Electronics/ March 17, 1988 



formed in 0.075 ps per tap, 25% faster than the 
DSP56000 and 4 to 10 times faster than competitive 
single-chip DSP circuits. 
The most significant modification to the architecture 

has been in the register structure of the data ALU 
portion, says Kevin Kloker, principal staff engineer at 
the systems research laboratory in Schaumberg. In the 
earlier unit, the data ALU contained four 24-bit general 
purpose input registers which could be treated as four 
independent 24-bit registers or as two 48-bit registers, 
and six accumulator registers, four of which were 24 
bits wide and two that were 8 bits wide. 
To implement the IEEE 754-1985 standard for single-

precision and extended single-precision binary floating-
point arithmetic, the data ALU in the 96001/2 is orga-
nized as one file of ten 96-bit general-purpose registers 
that can also be addressed as thirty 32-bit registers. 
Also added into the ALU for the same purpose is a 32-
bit barrel shifter, 32-bit adder, and 32-bit parallel multi-
plier. The width of the register file means the data ALU 
can do any mix of multiplication, addition, subtraction, 
format conversion, shifting, and logical operations in one 
instruction cycle. Multiplication with positive or negative 
accumulation takes no more than two cycles. 
To boost overall performance over the DSP56000—by 

up to 35%—to 13 to 14 mips, Motorola designers com-
pletely revamped the internal architecture on the 
DSP96001/2. All of the buses, internal and external, 
have been expanded to 32 bits—the DSP56000 had only 
three internal and one external address 
buses, which were 16 bits wide, and 
internal and external data buses, which 
were 24 bits wide. The total number of 
internal buses has been upped as well, 
from four on the DSP56000 to five on 
the DSP96001/2. In addition to the bi-
directional x and y data buses—the pro-
gram and global data buses—the chip 
also has an additional bidirectional bus 
to accommodate the on-chip dual chan-
nel DMA controller. To give system de-
signers even more flexibility, the 
DSP96001/2 bus structure is designed 
so that under certain conditions and 
with certain instructions, the two 32-bit 
x and y data buses can function as a 
single 64-bit-wide bidirectional bus. 

Also, says Wilder, the highly parallel architecture of 
the DSP56000 has been enhanced in the DSP96001/2. 
The data ALU, address arithmetic units, and program 
controller operate in parallel within the CPU so that an 
instruction prefetch, up to three floating-point opera-
tions, two data moves, and two address pointer up-
dates can be executed in a single instruction cycle. 
These functions may use any of three types of arith-
metic—linear, modular, or reverse carry. "I think you 
will find it hard to dig up any RISC controller, much 
less any CISC machine, that can do anything compara-
ble," says Kloker. 
A dual-channel DMA controller on the chip operates 

in parallel with the CPU. The DMA controller performs 
all the address storage and effective address calcula-
tions that are necessary to address the DMA source 

and destination-memory locations on two channels. 
To support its use in embedded control applications, 

the DSP96001/2 also incorporates on-chip RAM and 
ROM. Both the x- and y-data RAMs contain 32 by 512 
bits each, versus 24 by 256 bits on the DSP56000. On-
chip program RAM space has also been expanded, 
from 512 by 24 bits to 512 by 32 bits. In addition, the 
on-board x and y data bootstrap ROM space has been 
expanded, from 32 by 24 bits to 32 by 32 bits each. 
Just as Motorola offered the 56-bit-word-wide 

DSP56000 as a single-chip alternative to traditional 8-
and 16-bit microcontrollers such as Intel Corp.'s 8051 
and 8096 in real-time event-control applications requir-
ing digital signal processing, a similar strategy is be-
ing taken with the DSP96001/2 in the high-end embed-
ded processor market. It is aimed at applications such 
as graphics and image processing and robotics as well 
as the more traditional DSP applications—array pro-
cessing, digital audio, instrumentation, medical equip-
ment, and speech processing. Indeed, says Wilder, the 
DSP96001/2 should be a real contender on two counts. 
"Unlike most of the other offerings, we have not 
given up on the single-chip solution [but instead offer] 
a single device which incorporates not only the CPU 
and some RAM and ROM, but program control and 
floating-point processing as well." 
A second benefit is architectural flexibility. If, for 

example, the system designer wants to embed the addi-
tional processing functions within the host system itself, 
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2. The DSP96001 acts as an attached processor in either a host interface slave (a) or a bus 

interface master (b) configuration, sharing the system memory. 

the DSP96001 would be used, configured as a host inter-
face slave (see fig. 2a) using its own internal RAM 
resources or additional RAM and input/output resources 
via an optional local bus. It could also be used as a bus 
interface master where it accesses the data and pro-
grams in the system RAM (see fig. 2b). Where the 
system designer wants to embed the additional process-
ing in a peripheral, such as a printer, rather than the 
host, the DSP96002 would be used with additional RAM 
and ROM linking to the host CPU via some external bus 
or network connection. -Bernard C. Cole 
For more information, circle 480 on the reader service card. 
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addressing range, as well as the lower costs associat-
ed with manufacturing a standard CPU architecture. 
To perform the complex graphics-oriented functions 
needed in many laser-printer applications without sac-
rificing performance, National has added about 15 
graphies-oriented commands, unique to the National 
chip, to its instruction set. This feature has been com-
bined with the addition of special circuitry to simplify 
systems design, including an on-chip clock generator, 
DMA control signals, interfacing circuitry for an exter-
nal graphics accelerator such as a BitBlt processing 
unit, and flexible bus timing. The 32CG16 also incor-
porates additional circuitry to simplify interfacing to a 
microcontroller and DRAM controller. 
Among the most important instructions are those 

required for BitBits to move characters around quick-
ly and create patterns, windows, and other block-ori-
ented effects. One very powerful instruction is 
EXBLT, which executes an entire BitBlt routine rather 
than implementing specific logic operations—AND, 
OR, and NOR—as other BitBlt instructions do. EXBLT 
is useful in applications where overlapping windows 
demand vertical and/or horizontal movement. 
Other instructions relate to line drawing, filling of 

objects, floating-point computations (needed for scal-
ing and rotation of objects), and data compression/ex-
pansion (for networking and facsimile applications). 
For example, the MOVMP command (move multiple 
pattern) is a very fast instruction for clearing a DRAM 
and drawing patterns and lines; SBITS (set bit string) 
can quickly fill objects, outline characters and draw 
horizontal lines; and SBITPS (set bit perpendicular 
string) is used for vertical-line drawing. 
The same instructions necessary for magnifying or 

compressing data can be used to create a larger pat-
tern by simply multiplying the "length" value by the 
expansion instruction. "As the pattern of data is ex-
panded, it can be magnified by up to 10 times or 
more," says Wilson. "This creates several sizes of the 
same style of character or changes the size of a logo." 
On the other hand, by combining one of these instruc-
tions with another specialized com-
mand—move string—along with the 
BitBlt instruction, a line can be length-
ened, shortened, or duplicated while 
maintaining the same aspect ratio. 

National designers made a special ef-
fort to include instructions in the 32CG16 
to deal with specific bottlenecks in the 
Postscript page-description language 
used in many personal-computer-based 
desktop publishing systems. 
"Although no standard has yet to 

emerge, Postscript is one of the better 
page-description languages for printer 
text graphics," Wilson says. In fact, it 
is a more compact and flexible lan-
guage than the well-known GKS 
[Graphics Kernel Standard] when used 
with laser printers." Another major ad-
vantage of Postscript in desktop pub-
lishing applications, he says, is that it 
uses character fonts well established in 

typesetting and GKS does not. 
Because fill operations tend to be slow in Postscript, 

the 32CG16 provides a high-speed fill operation that 
will push the processor to its maximum bus band-
width of 60 million pixels/s. To accelerate the process 
of generating outline fonts, the printer/display proces-
sor on the chip will work with floating-point units 
such as the NS32081 and NS32381, which speed the 
computations. 

Also in the set are binary data compression/expan-
sion instructions for font storage, using RLL (run-
length-limited) encoding. Using these instructions, 
says Wilson, a compressed character set can be stored 
in 30% to 50% less memory space, allowing the use of 
fewer read-only memories or allocating the space for 
additional functions. "Depending on the algorithm 
used and the type of data being processed, the com-
pression ratio can be 50: 1 or higher." Aside from 
their compression and expansion duties, these instruc-
tions can be used for graphics operations, such as 
finding the boundaries of an object, or for line draw-
ing. 
Although the company is still in the early stages of 

defining a variety of special-purpose embedded proces-
sors, Wilson believes the approach can be used in such 
applications as copying, facsimile, and optical-charac-
ter reading. "All boil down to the use of bit-mapped 
graphics to store the digital representation of an im-
age in a memory [frame buffer]," he says. "The im-
age may be compressed, expanded, stored on a disk, 
or manipulated in other ways before being printed." 
Indeed, says Wilson, with a few changes to the in-
struction set and interface logic, a chip such as the 
32CG16 could be modified to serve in the copying, 
facsimile, or optical character-reading applications. 

Eventually, says Wilson, as processors such as the 
32CG16 increase in power and integrate more functions 
on-chip, systems designers will be able to build a single 
machine to incorporate at least three functions—copy-
ing, printing, and fascimile. -Bernard C. Cole. 
For more information, circle 481 on the reader service card. 
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TECHNOLOGY TO WATCH EMBEDDED PROCESSORS 

A BIT-SLICE MICROPROCESSOR 
FOR EMBEDDED APPLICATIONS 
Integrated Device Technology says its chip can do 
anything RISC chips can—and in more architectures 

espite the emergence of reduced-in-I) 
struction-set computers and algorith-
mic-specific processors aimed at par-

ticular embedded control applications, In-
tegrated Device Technology Inc. is forging 
ahead with a highly parallel, high-perfor-
mance second-generation version of its 32-

  bit microprogrammed microprocessor. 
The Santa Clara, Calif., company cites 

the adaptability of the microprogrammed bit- and 
word-slice processor to a wide variety of bus architec-
tures, its flexibility in algorithm modification, and its 
ease of memory management—not to mention its 
speed. The IDT49C404A is fabricated in the company's 
new third-generation 1-p.m enhanced CMOS process, 
CEMOS 3B, says Michael Miller, manager of proces-
sor product definition and applications engineering. 
The 32-bit slice has an instruction-cycle time of 70 to 
80 ns and is 20% to 30% faster than its first-generation 
predecessor, twice that of competitive CMOS devices, 
and equivalent in speed to some bipolar parts, he says. 
To ensure high-performance embedded control and 

processing applications—graphics, mass-storage control, 
data-base accelerators, image processing, and robotics— 
the IDT49C404A boasts a specially opti-
mized architecture to perform shift, rotate, 
mask, and merge operations in parallel rath-
er than in sequence. It also has a 64-by-32-
bit expandable seven-port random-access 
memory that allows three write and four 
read operations to be performed in a single 
clock cycle and three bidirectional 32-bit 
data ports for virtually unlimited bus acces-
sibility and easy external-memory expan-
sion. Add the proprietary on-board serial 
protocol channel, which considerably simpli-
fies the writing and debugging of micro-
code, system testing, and maintenance, and 
Miller claims the processor can more than 
hold its own against the many RISC designs 
aimed at embedded-control applications. 
The attraction of advanced RISC designs 

for performing embedded control functions 
is that they incorporate features such as 
deeper pipelines to allow faster cycle times, 
as well as separate instruction and data 

Performance of an embedded graphics controller 

using a RISC implementation (a) is exceeded by a 

factor of eight or more with a bit-slice version (b) 

using IDT's 49C404A. 

caches to allow the processor to fetch and process data 
and instructions simultaneously. RISC's large register 
files eliminate the need to go off-chip to access data. 
But Miller claims that the microprogrammable 

building-block approach, based on bit- and word-slice 
architectures, allows the design of systems with all 
the features of a RISC design. Indeed, he says, it is in 
bit-slice-based systems that many of the basic fea-
tures of today's single-chip RISC chips were first im-
plemented. But where the single-chip RISC approach is 
limited to a small on-board instruction set, the micro-
programmable approach can be used in different 
classes of bus architectures. 

Its ability to modify the control algorithm is impor-
tant in high-end applications where standards are not 
defined. Microprogrammable processors, unlike RISC 
machines, do not use sophisticated memory-manage-
ment units or cache memory. "Practically, in many 
embedded-control applications, such features only con-
fuse the issue, especially where precise cycle timing is 
important, such as in real-time control," he says. 
The chip's designers combined flexibility, low compo-

nent count, and compact design with high performance, 
says Miller, by using the company's CEMOS 3B process 
to implement a design that combines a highly parallel 
architecture, high-throughput three-bus structure, and 
proprietary multiport register file. 
A common bottleneck in present bit-slice designs, 

says Miller, is the sequence of operations for per-
forming various arithmetic, shift, and merge opera-
tions. Often, these functions are implemented to be 
performed in successive clock cycles, with up to 20 
cycles sometimes required to extract a field of data, 
operate on it, return it to the register file, and shift it 
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to an output. In the IDT49C404A, the onboard seven-
port register file feeds data in parallel—rather than 
sequentially—to an onboard funnel shifter, arithmetic 
logic unit, mask generator, and merge logic block. 
Thus, for simple sequences, Miller says, the user can 
select data from the registers, operate on it with the 
ALU, and merge it in one 70-to-80-ns cycle. 
Enhancing the parallelism of the design is a seven-

port register file RAM designed for writing three loca-
tions while reading four locations—all in one cycle— 
as well as three bidirectional data buses. Unlike com-
peting designs in which the ports are dedicated to 
either input or output operations, data can be read out 
of the register file on either of two buses, or both, or 
brought in independently on either bus. A third bidir-
ectional bus links the output of the merge-logic block 
to the input of the register file, allowing ALU opera-
tions to be performed in parallel with extraction of 
data out of the register file. 
These features allow the implementation of the 

tight inner loops of computation-intensive and repeti-
tive code in fewer writable-control-store memory de-
vices, relying on the host processor to provide all of 
the glue code. The result is a significant decrease in 
component count-22 parts for the RISC-based system 
and 16 for the 404A-based implementation—but with-
out any compromises in performance, says Miller. "In 
many embedded control applications, a 49C404A-based 
system can achieve throughput rates at least 10 times 
that of a comparable RISC implementation." 
For example, in a typical embedded graphics control 

application, where icons must be moved in bit form out 
of a dual-port memory-based host system interface and 
into video memory at arbitrary bit offsets, a 32-bit de-
sign built around the 49C404A requires fewer parts and 
is ten times faster, Miller says. Using a typical RISC 

machine made by MIPS Computer Systems Inc., but 
second-sourced by IDT, with instruction and data caches 
and program RAM for storing algorithms, a typical in-
struction execution loop might be performed in 10 in-
structions. At a sustained rate of 10 million instructions 
per second, this would yield 1 million loop iterations per 
second (see fig. la) A more realistic approximation, he 
says, requires more instructions with the rate being one-
half to one-third of the ideal, thus yielding a rate of 
500,000 iterations per second. 
The same application, built around the 49C404A (see 

fig. lb) would take advantage of its parallel architec-
ture: operands are computed, fetched, merged, and 
stored in parallel, requiring two microprogram clock 
cycles of 60 ns each. This translates into a loop itera-
tion rate of 8 million loops per second, Miller says. 
"Depending on whether you use the ideal or the real-
istic rates for the implementation, the performance 
improvement in the 49C404A system is anywhere 
from eight to 16 times." 
As a bonus for designers of embedded control sys-

tems, says Miller, the company's engineers have incor-
porated a proprietary serial protocol channel to simpli-
fy the tasks of writing and debugging microcode, field 
maintenance, debugging, and testing as well as sys-
tem testing during manufacturing. Adding only four 
additional pins and requiring only 5% more logic, the 
serial protocol channels allow designers to examine 
and alter the internal state of a system without hav-
ing to remove the device. Because the processor is 
buried inside the system—and of because double-sided 
surface-mount packaging—in embedded applications, 
this is a major improvement, he says. 
Among the primary blocks needed to implement the 

serial protocol channel onchip are a command decode 
logic block, serial command and address/data registers, 

and I/O pad scan circuitry. 
The command-decode logic 
block controls the data paths 
and generates the signals to 
exercise the hardware. The 
serial-command register de-
codes the 16 special diagnos-
tic instructions and coordi-
nates the transfer of data 
between the RAM and serial-
data register, which is con-
nected to the internal bus to 
gain access to the RAM reg-
ister file and on-chip data 
breakpoint circuitry. Ad-
dress/data registers hold the 
RAM address/data and the 
data obtained after the diag-
nostic commands are execut-
ed and the I/O scan circuitry 
scans specially located flip-
flops to monitor the state of 
the device's pins, as well as 
simulating external condi-
tions. -Bernard C. Cole 
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Easy loaders. 
Faster test and burn-in 
with AMP sockets. 
Faster delivery from AMP 
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WARNING: This 81/2 digit DMM will 
replace your present set-up! 

You have been warned.., the 
Model 1281 from Datron is so 
good, it's hard to resist! 

The 1281 is the world's most 
advanced DMM of its kind; 
bringing you the ultimate in 
electrical measurement via its 
accuracy, functional capability 
and ease of use. 

Take advantage of user 
selectable resolutions up to 81/2 
digits backed up by accuracies 
and repeatabilities to suit the 
longest scale length. And DCV 
performance from lOnV to 1000V 
with 1 year specifications to 
± 5ppm, coupled with true RMS 
ACV providing 1 year accuracies 
of 9Opprn. High accuracy 
resistance, current and ratio 
measurements are also yours 
with this superb instrument. 

At the touch of a key, Selfcal, 
Datron's unique, accurate 
method of internal calibration 
enhances the impressive 
instrument specifications while 
providing excellent performance 
outside controlled temperature 
environments. This exclusive 
Datron feature also provides a 
very comprehensive self test. 

If that's not enough to change 
your present set-up consider 
High Accuracy Spot Frequency 
ACV, Low Current Resistance 
measurement for resistance 
thermometry and simultaneous 
Frequency and RMS ACV. The 
1281 incorporates menu control 
which makes it easy to operate 
and built in as standard is 
IEEE-488.2, the way forward for 
test and calibration systems. 

For more information, call us 
today. Our fact filled 1281 bro-
chure will take you through, detail 
by detail, specification by specifi-
cation, the world's most advanced 
DMM. 

United States: 
San Diego, Cal. (619) 565-9234 
Clearwater, Fl. (813) 797-1792 
Beech Grove, Ind. (317) 787-3915 
Suffern, N.Y. (914) 357-5544 

United Kingdom: 
Norwich (0603) 404824 
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INSIDE TECHNOLOGY FLOATING-POINT PROCESSORS 

4,-

FLOATING-POINT MILESTONE: 
SINGLE-CHIP PROCESSORS 

S
ingle-chip technology has caught up with stan-
dards for the 64-bit floating-point arithmetic set 
by the Institute of Electrical and Electronics En-

gineers, and the timing could not be better. Floating-
point markets are about to be propelled beyond the 
traditional technical markets by the explosion in re-
duced-instruction-set computer architectures and pow-
erful work stations and the accompanying growth of 
numerically intensive applications. 

Floating-point units are suddenly finding work 
where once only data-processing software had been 
employed. Bankers, economists, and stock brokers are 
buying technical work stations to automate business 
forecasting and model global financial markets. 

"Floating-point has turned out to be a lot broader 
market than people thought it would ever be," says 
industry analyst Will Strauss of Forward Concepts in 
Tempe, Ariz. He estimates market growth at a 
healthy 36% annual rate. The merchant market for 
floating-point processor chips and chip sets stood at 
$25 million worldwide in 1987, Strauss says, and will 
grow to $64 million in three years (see chart). About 
90% of the floating-point market is expected to comply 
with the IEEE standards set in 1985. 
What's more, the floating-point niche is an area 

where U. S. chip makers appear to have a decisive 
edge over arch rivals in Japan. This advantage exists 
because of the software-intensive nature of the busi-
ness and its current small size. 

Until now, the IEEE's stan-
dard for binary floating-point 
arithmetic was supported only 
by multiple chip sets that 
work together to support 
most, but not all, of the spec's 
operating modes or required 
accuracy. New 1-gm CMOS 
technology has given chip 
makers enough integration 
power to pack double- and sin-
gle-precision math units onto 
one chip. 
With that breakthrough in 

hand, the battle is turning to 
the development of innovative 
architectures for parallel opera-
tions, new embedded algo-
rithms for higher accuracy in 
rounding off results, and hooks 
to make the IEEE-standard 

With floating-point applications exploding, at least 
three U. S. chip makers have just completed 
the difficult task of designing and building 
a single-chip processor that will meet the IEEE 
standard for 64-bit binary floating-point arithmetic 

by J. Robert Lineback 

parts easier to use in a growing number of systems. 
At least three U. S. competitors are aggressively 

launching single-chip floating-point units. Advanced 
Micro Devices Inc., Texas Instruments Inc., and Wei-
tek Corp. are aiming at driving down costs and raising 
performance of systems conforming to the IEEE stan-
dard. AMD, of Sunnyvale, Calif., plans to take that 
goal two steps further (see p. 78), by also conforming 
to other formats created by IBM Corp. and Digital 
Equipment Corp. The AMD chip also is a top perform-
er in both scalar and vector operations. 
TI in Dallas is launching a new powerful 209-pin 

CMOS processor (see p. 80), which has features that 
will support several RISC architectures, including one 
backed by Sun Microsystems Inc. And traditional 
floating-point powerhouse Weitek in Sunnyvale, Calif., 
is introducing its highly parallel chip, which integrates 

three separate 64-bit proces-
sors on a single die (see p. 84). 

All three of the chips do 
more than implement the tough 
IEEE-754 floating-point specifi-
cations, because just meeting 
the IEEE specs alone will not 
be enough for chip integrators, 
says John F. Rizzo, marketing 
manager at Weitek, which pio-
neered the floating-point proces-
sor market in the early 1980s. 
"Three years ago when you 
would go in to sell a chip, float-
ing-point customers were only 
concerned about speed. Now, 
they worry about software 
compatibility, standards, and in-
terfacing to specific processors 
as well as matching perfor-
mance and price to an applica-
tion," Rizzo says. 
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The solution is at hand, with parts, 
design and production assistance 
from OKI 

Oki is ready to help you speed product 
development, improve your production efficiency 
and shave costs with integrated system technologies 
and long-term technical support. Oki is more than a 
one-stop source of the highest-quality electronic 
devices and state-of-the-art ASIC support. We 
provide total project assistance, from design and 
manufacturing of system components and modules 
to technology assistance, available at any develop-
ment stage, through design centers in the U.S., 
Europe and Asia. 

Our achievements are your solutions. 
Old s technical leadership in I.C.s, Displays, PCB, 

Factory Automation and SMD manufacturing forms 
the basis for our system technologies services. 
And, Oki leadership is backed up by a strong 
commitment to the future, developing 4M dynamic 
RAMs, GaAs ICs and others to help you achieve 
your full potential, now and in the years to come. 

For more information contact your nearest Oki 
representative. 

Oki Electric Industry Co., Ltd. 
Electronic Devices Group 
Overseas Marketing Group 
Head Office Annex 
10-3, Shibaura, 4-chome, 
Minato-ku, Tokyo 108, Japan 
Tel: 3-454-2111 
Fax: 3-798-7643 
Telex: J22627 

Oki Electric Europe GmbH 
Niederkasseler Lohweg 8, 
4000 Düsseldorf 11, 
West Germany 
Tel: 0211-5955-0 
Fax: 0211-59-1669 
Telex: 8584312 OKI D 

Oki Semiconductor Group 
650 North Mary Avenue, 
Sunnyvale, CA 94086, U.S.A. 
Tel: (408) 720-1900 
Fax: (408) 720-1921 
Telex: (910) 338-0508 OKI 
SUVL 

Oki Electronics 
(Hong Kong) Ltd. 
16th Floor, Fairmont House, 
8 Cotton Tree Drive, Hong Kong 
Tel: 5-263111 
Fax: 5-200102 
Telex: 62459 OKIHK HX 

OKI 
Oki Electric Industry Co., Ltd. 
Tokyo, Japan 
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n April 28, we'll reveal whether 
designing future computer 

systems will be worth the RISC. 

Are standard microprocessors 

running out of steam? Many com-

puter makers accustomed to build-

ing their products around them are 

now demanding performance that 

is outstripping what chip makers 

can deliver. 

So in the frantic search for more 

speed, a growing number of com-

puter system design managers are 

designing their systems around a 

burgeoning number of reduced-

instruction-set computer (RISC) 

chips. What are the tradeoffs? Will 

RISC be a savior, or just a passing 

fad? In an important special issue, 

the editors of Electronics will exam-

ine the latest trends, and introduce 

the newest entries in the field. 

What's more, this issue will also 

have the next installment in our 

1988 Technology Series on Analog 

and Power. Coverage will include a 

special report on multiple-output 

OEM switching power supplies, 

plus technical articles on instru-

mentation amplifiers and smart 

power technology. 

It's an important issue that 

guarantees high visibility and read-

ership. Don't RISC missing it! 

Ad Closing: April 5, 1988 

Issue Date: April 28, 1988 

PI Electronics 

86 Electronics/ March 17, 1988 



That's why we always take a 
conservative approach to the 
design process. Giving you realistic 
worst case specs that no produc-
tion device will exceed. 

Guaranteeing a minimum 90% 
utilization of all gates. And giving 
you a simulation-to-production 
correlation of 99%. 

It's also why we control every 
step of the production process. FYom 
design to wafer fab to assembly 

and final test, including 100% AC 
testing at frequency. So nothing 
is left to chance. 

lb us, reliability in the field is 
everything. And when you remem-
ber we've taken over 8,000 ASIC 
devices from design through mass 
production, you can see that we'll 
give you a level of confidence no one 
else can offer. 

So count on parts that have 
longer life expectancies. 

Call our Hot Line today at 
(800) 556-1234, Ext. 82; in California 
(800) 441-2345. Look into ASICs 
you can send out the door. Never to 
return again. 
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Technology That Works. 
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VMEbus and MicroVAX imaging subsystems 
from Imaging Technology. 

Advanced vision for advanced architectures. 

Imaging Technology's broad product line features 
over 40 PC, VMEbus, MicroVAnd and Multibus® compatible boards. 

Imaging Technology supplies high-powered image processing hardware and 
software for MicroVAX and VMEbus-based computers and workstations, including 
Sun Microsystems. 

Our Series 100TM single-board image processor incorporates real-time 
image acquisition, storage, and display capabilities. It even includes a patented 
feedback processor to perform real-time recursive operations such as averaging 
and subtraction. 

If you're looking for more processing power, our modular product lines 
offer such features as large frame memories, programmable video buses, real-
time pipeline processing, tightly-coupled array processors, and several display 
options including the highest resolution display in the industry (2048 x 1536 
x 9-bits). 

All of our products are supported by ITEXTm, a library of over 200 high-
level image processing functions. In addition, several interactive packages 
featuring mouse and menu-driven operation are available. 

For all of your image processing needs, turn to the company that leads 
the field in products, experience, and support. lèchnology and service so clearly 
superior, they named the industry after us. 
Imaging Technology. 

Single-Board Subsystems Expandable Subsystems 

VMEbus, MicroVAX, PC Are PC AT, VMEbus MicroVAX 

o Real-time image acquisi- 
tion and pseudocolor display 
o Input and output look-up 
tables o Up to 1.5 Mbytes 
image storage o Zoom, pan, 
and scroll o Real-time 
feedback processing 
o Interactive and driver- 
level software 

o Up to 4 Mbytes image 
storage o Real-time 
convolutions, histogram- 
ming, and feature extraction 
o Programmable (C and 
FORTRAN) 20 MFLOPS 
floating-point accelerator 
o Interactive and driver- 
level software 

o Continuous processing on 
images up to 4K x 4K 
o Tightly-coupled array 
processor o Multiple high-
resolution display options 
up to 2048 x 1536 
o Real-time disk interface 
o Interactive and driver-
level software 

Imaging Technology subsystems and software available for the PC, VMEbus, Q-busru, Multibus. Please contact 
us for complete product specifications. 

1- 800 - 5 32 - 3 500 

IMAGING 
Technology Inc. 

Imaging Technology Inc., 600 West Cummings Park, Woburn, MA 01801 o (617)938-8444 

PC AT is a registered trademark of I8M Corporation; Q-bus and MicroVAX are trademarks of Digital Equipment Corporation; Multibus is a registered trademark 
of Intel Corporation; Sun Microsystems is a registered trademark of Sun Microsystems, Incorporated; the IMAGING logo is a registered trademark, and ITEX, PCVISIONplus, 

Series 100, Series 150, Series 151, and Series 20Pare trademarks of Imaging Technology Incorporated. 

1 astern Region 617-938-8444 o Midwest Region 313-855-2680 n Western Region 714-960-7675 CI Australia (3)-8734455 o Canada (604)-273-8655 D Eastern Bloc (49E61)-8227338 o Finland (0)-674191 
France (1)-45347535 o Germany (89)-809020 o Hong Kong (5)-8976678 n India (91)-244771 D Israel (3)-495898 n Italy (2)-4817930 o Netherlands/Benelux (76)-710144 o New Zealand (3)-798740 
Norway (2)-555977 o Portugal (2)-666501 o S. Korea (2)-6333547 o Singapore 2780011 o Spain (3)-2042099 D Sweden (8)-830980 o Switzerland (1)-7307655 0 Taiwan (2)-3923170 

D United Kingdom (273)-608331 
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INSIDE TECHNOLOGY COMPUTER GRAPHICS 

GRAPHICS VISUALIZATION IS 
A REAL EYE OPENER 

ti
ew ways of seeing are opening up to engineers, 
scientists, and designers who can now create 
realistic-appearing models, manipulate them, and 

visualize the results in real time. Creating images to 
represent the intensive computations and data inher-
ent in many computer applications areas is a dream 
coming true. So, too, is working interactively with 
computer graphics images that look as real as photo-
graphs or involve fast surface rendering of full-color 
three-dimensional objects. The machines of the new 
visualization age are high-performance graphics work 
stations, image computers, and a brand new class of 
computers, called graphics supercomputers. 
The capabilities of these machines are improving rap-

idly, even as their prices hold steady or drop. Graphics 
work stations typically have computational processors 
ranging from 2.5 million to 15 million instructions/s, 
floating-point units, and a graphics subsystem. High-end 
graphics work stations sport powerful 3-d graphics en-
gines with built-in algorithms for fast surface rendering 
of images of 3-d solid objects. 
Image computers are more powerful and handle more 

data than graphics work stations. "An image computer 
is two orders of magnitude more powerful than a graph-
ics work station in computational speed and in memory 
size," says Alvy Ray Smith, executive vice president of 
Pixar in San Rafael, Calif. For applications in which the 
data fills up 3-d space, such as many scientific simula-
tions, seismic and weather data, and medical scanning, 
image computers with graphics work-station front ends 
are the preferred tools. 

Graphics supercomputers combine graphics perfor-
mance beyond the top end of today's graphics work 
stations with processors that provide minisupercomputer 
power. They are well suited for applications where lots 
of calculations must be done and the results must be 
immediately rendered on the screen for interaction by 
the user, such as in mechanical design. 
There is a big product push now to provide advanced 

scientific visualization techniques to scientists to help 
them understand computer-assisted scientific research. 
And, in engineering, more realistic rendering of images 
is emerging as a necessary competitive tool for interac-
tive analysis and design (see fig. 1). Encompassing these 
applications and many other computer graphics applica-
tions is the role beginning to be played by graphics in 
computer networks. Standards such as the Computer 
Graphics Metafile are paving the way for users of 
different systems to exchange images over networks. 

Scientific visualization, high-performance engineer-

High-end graphics work stations, image 
computers, and desktop graphics supercomputers 
meld high-performance computing with realistic 
3-d image rendering; network sharing of new 
visualization techniques is just under way 

by Tom Manuel 

ing graphics, and the integration of graphics into net-
work systems will all be highlighted in the program 
and exhibits of the forthcoming National Computer 
Graphics Association conference to be held in Ana-
heim, Calif., March 20-24. This year's NCGA show fea-
tures a special demonstration of graphics systems in-
tegration involving systems from more than 30 ven-
dors in one network. 
A leap-frogging race for top performer in high-end 

graphics work stations is evident at the NCGA show. 
The latest vendor to jump over competitors is Hew-
lett-Packard Co. (see p. 95). The Palo Alto, Calif., com-
pany will introduce its HP 9000 model 835 TurboSRX, 
a new 14-mips work station that the company claims 
will render photorealistic images up to 10 times faster 
than its previous top-end graphics work stations, 

1. Software from Wavefront Technologies Inc. created this realistic image of 

the space shuttle, an example of high-quality surface rendering. 
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To cut power problems down to size, 
use rapid fire. 
Power line problems come in several varieties. 
But none of them are bullet proof. 

We're Rapid Power Technologies, and we've 
been in the power supply business for some 40 
years. So we've learned how to ambush sags, 
spikes and transients before they can wipe out 
your sensitive electronic equipment. 

Our arsenal includes a family of very user 
friendly solid state and ferroresonant line con-
ditioners. Ratings are to 1000 kVA—about as 
powerful as they get. 
We can regulate current to ± 1%, about as tight 

a tolerance as anyone would want. And you can 
make nominal voltage adjustments of up to 10% 
very easily. 

Our PurePowr II conditioners combine an 
advanced voltage regulator with a multi-shielded 
isolation transformer to filter out noise as well as 
power "dirt" before delicate semiconductors are 
damaged or fooled into processing false "data" 

Electronics/March 17, 1988 

We also offer complementary products such 
as low cost, lighter weight, more compact 
PowerTar conditioners; PowrShareTM power 
distribution centers; PowrWatchTM system 
monitors; PowrShieldTM isolation transformers; 
and PowrConverterTM frequency converters for 
main frame computers. 
We may not be the only company in the power 

protection business, but we're especially well 
known for fast deliveries on made to order power 
conditioners. In fact, we recently built a unique 
water cooled 225 kVA unit in only two weeks for 
the Air Force. 

Write or call today for our new booklet on how 
to shoot down power problems before they shut 
you down. We're located 
at Grays Bridge Road, wommilifflommliffle 
Brookfield CT 06804. min UM 
Call toll-free 
1-800-332-1111. 

ID 
POWER TECHNOLOGIES 
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WORLD 
BEATER. 

AMDS 32-bil chip uses an enhanced RISC design lo run at a sustained performance  level of 
17 mips; il can hit a peak arecution rate of 25 mips. 

AMD Develops The Fastest, 
Most Powerful 32-bit CPU. 

id In the high-stakes race to produce 

ever-faster microprocessors, AMD is about 

to blow past the rest of the field with the 

first microprocessor ever designed by the 

company. Using an enhanced RISC design, 

the Am29000 stakes a claim to the title of 

the world's fastest 32-bit µp. The company 

regards the new microprocessor as its most 

significant product in a decade. 

AMD thinks its pp can be a formidable 

contender against the swelling ranks of 

RISC-based chips. The company believes the 

chip can outrun a whole host of similar 

products: the popular RISC chip set from 

MIPS Computer Systems; the Clipper 32-bit pp 

from Fairchild; and upcoming releases re-

portedly on the way from DEC and IBM... JJ 
Excerpted from an exclusive article 
in the March 19, 1987 issue. 

VI Electronics 
THE LEADER IN NEW TECHNOLOGY COVERAGE 
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TECHNOLOGY TO WATCH COMPUTER GRAPHICS 

L
eapfrogging the competition 
in graphics and computa-
tional performance is the 

aim of every graphics-work-sta-
tion company, and the latest to 
jump ahead in the race is Hew-
lett-Packard Co. It made the 
leap by implementing its preci-
sion architecture processor on a 

fast new chip and introducing new graphics architec-
ture and hardware. The Palo Alto, Calif., company has 
produced a work station performing 14 million instruc-
tions/s, with three-dimensional graphics that look as 
real as photographs. The system, which offers interac-
tive capabilities as well, draws images up to 10 times 
faster than previous top-of-the-line HP work stations. 
HP's technical computer group in Ft. Collins, Colo., 

is introducing the model 835 TurboSRX as the new 
high end of its HP 9000 work-station line. The 835 
refers to the new 14-mips precision-architecture pro-
cessor; the new high-performance graphics component 
is called TurboSRX. A second model, the HP 9000 350 
TurboSRX, mates the new graphics subsystem with 
HP's MC68020-based work station. Prices start at 
$91,500 and $70,000, respectively—comparable to other 
high-end graphics work stations. 
The TurboSRX systems are the first to offer a new 

hardware-assisted rendering technique called radio-
sity, which models the way light reflects between all 
surfaces of a displayed image. The result is a ren-
dered object, with the photorealism of ray tracing, 
which can be viewed from any angle. Ray tracing, 
which the TurboSRX offers as a software utility, re-
quires a complete rerendering of the object for each 
new view—radiosity does not. 
These work stations are also 

the first to offer sixth-order non-
uniform rational B-splines. Affec-
tionately called Nurbs in the 
graphics world, these B-splines 
deliver faster graphics interacti-
vity on the HP work stations 
than any competitive system can 
provide, the HP designers say. 
A B-spline is the mathematical 

equivalent of a set of drafts-
man's French curves, which al-
low a designer to create complex 
curves—the wing of an airplane, 
for example—by fitting simpler 
curves together. The sixth-order 
Nurbs that HP is offering on the 
TurboSRX systems produce 
greater continuity in joining sim-
pler curves together and there-
fore more realistic-looking sur-
faces than the fourth-order 
Nurbs offered on previous HP 
graphics work stations. 
The model 350 TurboSRX and 

model 835 TurboSRX are especial-

HP DELIVERS PHOTO REALISM 
ON AN INTERACTIVE SYSTEM 
Realistic 3-d images can be viewed from any angle 
without recomputing the TurboSRX's algorithms 

ly good for such scientific and design applications as 
molecular modeling, solids modelling, animation, and im-
aging. The model 835 system, which is scheduled to ship 
in October, will compete directly with high-end graphics 
work stations and desk-top supercomputers offered by 
Apollo, Ardent, Raster Technologies, Silicon Graphics, 
and Stellar (see p. 97). In the midrange of performance, 
the model 350 TurboSRX, with the same graphics per-
formance but lower computational performance than the 
835, will compete with products from Apollo, Silicon 
Graphics, Sun Microsystems, and Tektronix. The 350 
TurboSRX will ship in late June. 
One distinction of the TurboSRX systems from com-

petitive offerings is their ability to implement and accel-
erate radiosity algorithms in hardware. Racliosity is a 
new alternative to ray tracing. Although it requires a lot 
of computing power, ray tracing has been used since the 
late 1970s to provide photorealistic images of solid-object 
models. Equally realistic images produced by the radio-
sity technique can be manipulated interactively, some-
thing impossible with ray-tracing. 
The radiosity algorithms were developed by students 

at Cornell University under the guidance of Donald 
Greenberg, director of the computer graphics program 
and made available to HP as part of a cooperative 

1. This image of a camshaft from an HP 835 TurboSRX shows off the system's photograph-like realism 

and provides an example of its ability to render curved surfaces with complex lighting and shading. 
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technology exchange agreement. The algorithms are 
based on fundamental energy equilibrium methods used 
in thermal engineering. Light leaving a surface—the 
radiosity of the surface—consists of light emitted, re-
flected, or transmitted through the surface. The radio-
sky method models the interaction of light travelling 
between these reflecting surfaces. The radiosity algo-
rithms are accelerated with proprietary hardware in the 
TtutoSRX graphics subsystem. To calculate the light 
relationships between all polygonal surfaces, the graph-
ics accelerator "creates a set of simultaneous equations 
describing all possible combinations of light between all 
the polygons in a given scene," says Harry Baeverstad, 
R&D section manager at HP. 
Ray tracing and radiosity, though producing excel-

lent rendered images, are both very computational-
intensive operations, especially if the scene contains 
large numbers of reflective surfaces. An automobile 
surrounded on three sides by mirrors, for example, 
could take over a week to render on a graphics work 
station. However, the great advantage of an image 
rendered with the radiosity technique is that once the 
radiosity of a scene is computed, the viewer can ro-
tate, zoom, or view the object from any angle, in other 
words, interact with it in real time. That is impossible 
with ray tracing because each movement of the object 
requires a complete recalculation of the ray trace. 
By comparison, in the radiosity technique, light re-

flections will not change based on the viewing angle. 
"While you can view a scene from different angles in 
a radiosity environment, you cannot change the geo-
metric relationship of objects in the scene because 
that changes how the light interacts between the ob-
jects," Baeverstad says. 

"The main advantages of our implementation [which 
includes hardware-assisted radiosity and software-imple-
meted ray-tracing] is that it is totally compatible with 
Starbase, our graphics library interface," he explains. 
"Any display list used to render an object on the Tur-
boSRX can also use either the ray tracer or the radiosity 
functions without having to change its data base at all." 

Instead of having to perform ray tracing in soft-

ware or write a special applications program to pro-
vide radiosity, an applications software package such 
as Geomod from Structural Dynamics Research Corp., 
a General Electric Co. subsidiary in Cincinnati, Ohio, a 
user only needs to make a call to the Starbase library 
for either of the two rendering functions, ray tracing 
or radiosity. The system automatically does the rest. 
Just as radiosity permits the user to interact with a 

fully rendered image in real time, HP's B-spline capa-
bility allows the user to interact in real time while 
creating an image. A B-spline is the mathematical 
equivalent of a draftsman's French curve. To create a 
complex curve such as the profile of an airplane wing 
using French curves, a draftsman selects different 
curves from a template and traces the curves together 
to form the desired shape. To create the complex 
curve mathematically in a computer graphics system, 
applications software uses different polynomials, each 
of which defines a unique curve, or B-spline. 
The software places these B-splines together to 

form a final curve and displays the result on a CRT 
screen just as the draftsman selects French curves 
from his template and places them together. This pro-
cess is termed a piecewise approximation of a curve. 
To create a surface—such as that of an airplane 
wing—the B-spline is replicated along the z axis. The 
higher the order of the polynomial used in each B-
spline, the higher is the degree of continuity between 
the joints of different B-splines. 
A nonuniform rational B-spline enables an application 

program to specify the joints, where one curve meets 
another, to be nonlinearly spaced. The capability allows 
the application program to break a B-spline into even 
smaller pieces. For example, in the design of an automo-
bile trunk, one B-spline defines the curve sloping down-
ward toward the bumper. To add a wind spoiler to the 
trunk, a nonuniform B-spline jutting upward where the 
trunk would normally curve downward to the bumper is 
inserted in the bumper's B-spline curve. 

Finally, a rational B-spline surface is one expressed as 
a ratio of two polynomials. "Without this capability, the 
system cannot produce true conic sections—cylinders, 

spheres, cones, etc.," says Baeverstad. 
Using the HP system, a designer could 
not create a model of an automobile cam 
shaft, for example, without using a ratio-
nal B-spline (see fig. 1). 
HP's original SRX was the first sys-

tem with B-spline functionality in its 
graphics engine. It represents surfaces 
as polynomial equations rather than as 
a collection of polygons which approxi-
mate the surface. Before the SRX, an 
applications program, such as a solids-
modeling package like Geomod from 
SRDC, had to translate the B-spline rep-
resentation in its data base into a rep-
resentation which can be displayed with 
polygons on the CRT screen. 
Not only did this require much com-

puting power and a large memory to 
contain the polygon representation, but 
it also meant that the user could not 
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2. HP's new TurboSRX graphics processor contains the graphics transform engine, scan 

converter, Z buffer, frame buffer controller, frame buffer, and color map for fast solids modeling. 
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interact with the system in real time. Now applica-
tions programs using B-spline representation can com-
mand the TurboSRX to draw B-splines. 
For example, a program to create a sphere with a 

polygon every 30 seconds of arc requires 9.3 Mbytes 
of memory and 35.5 seconds of computing time on a 
work station without B-splines. By contrast, the Tur-
boSRX with B-splines takes 792 bytes of memory and 
4.62 seconds of computing time. 
A graphics processor containing the graphics trans-

form engine, scan converter, frame buffer, Z buffer, 
frame-buffer controller, and color map is the main ele-
ment of a Turbo SRX (see fig. 2). The processor is a 
separate assembly that fits into the desk-high cabinet of 
a HP9000 model 350 or model 835 work station. 
During operation, the central processor of the asso-

ciated HP9000 work station sends segments of a 
graphics image display list—a polygon, a line, or other 
primitive—through the bus adapter, over the local 
graphics bus, into the master transform engine of the 
graphics processor. If the master is busy with a previ-
ous segment, it passes the incoming segment to one 
of the two slave transform engines, both of which 
operate in parallel with the master. 

After the CPU processes the image using world coor-
dinates, the transform engines convert the image to the 
1,280-by-1,024-pixel display-coordinate system. These en-
gines also perform all the computation for B-spline, light 
source, and color. Each of the three transform engines 
is a new HP-designed 177,000-transistor custom chip 

called Treis (transform engine in silicon). The Treis chips 
are implemented in HP's own n-MOS III process. 
As a graphic element comes into the transform en-

gine, it is processed and sent to the scan converter, 
which performs six-axis interpolation of the graphic 
primitive or polygon. Where the transform engine speci-
fies a graphic primitive in screen coordinate space, the 
scan converter specifies the pixel needed to represent 
the primitive on screen in x, y, and z coordinates—three 
of the six axes of interpolation. The other three are red, 
green, and blue colors, which the scan converter also 
interpolates; for example, the different colors on inter-
mediate pixels resulting from a red pixel on one edge of 
a polygon and a blue pixel on another. 
The frame buffer controller routes the pixels out of 

the scan converter into the correct frame buffer bank. 
At the same time, the scan converter routes z-axis data 
to the Z buffer. As the frame buffer controller draws 
pixel data into the frame buffer, it uses the Z-buffer 
data to determine the relative position of one surface 
with another to remove automatically one surface hid-
den by another. The frame buffer also controls data 
transfer's timing from the color map to the CRT display. 
The system comes with a new color-map chip developed 
by HP and implemented in its own 108-MHz, 1-µm CMOS 
gate array. Four of these color-map chips are used in 
the system. Each chip accepts 8 bits in and provides a 
24-bit digital-to-analog conversion, which emits an ana-
log red, green, or blue signal. -Jonah McLeod 
For more information, circle 486 on the reader service card. 

TECHNOLOGY TO WATCH COMPUTER GRAPHICS 

0
 ne of the worst-kept 
secrets in recent 
years, the GS1000 
graphics supercom-

puter from Stellar Computer, 
Inc., made its official debut this 
week. The long-rumored system 
[Electronics, Feb. 18, 1988, 
p. 22] combines on a desktop the 

power of a minisupercomputer with high-performance 
real-time 3-d graphics—and all for a price of about 
$100,000. 
The system executes more than 20 million instruc-

tions/s and can perform as many as 40 million double-
precision floating-point operations/s. In the graphics 
realm, the important numbers are its ability to draw 
500,000 3-d vectors/s and display 150,000 Gouraud-shad-
ed triangles/s. That parlay gives the GS1000 computa-
tional performance equal to or better than that of early 
minisupercomputers combined with graphics perfor-
mance that tops today's best work stations. 
The GS1000's multiple-processor architecture hinges 

on a superwide 512-bit data path. More than half of 61 
high-density CMOS application-specific integrated cir-
cuits implemented in the system are found in the 
extrawide data paths. Another key feature is the mul-
tistream processor (see fig. 1), which has four full 
internal streams or instruction paths and consists of a 
three-chip set. On top of its graphics performance, the 
system executes more than 20 million instructions/s 

STELLAR'S GRAPHICS MACHINE 
STRESSES INTERACTIVITY 
The single-user supercomputer generates real-time 
dynamic graphics at 500,000 3-d vectors/s 

1. This multistream processor board from the Stellar GS1000 graphics 

supercomputer uses many of the big ASICs developed for this system. 
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and performs up to 40 million double-precision float-
ing-point operations/s—computational performance 
that is equal to or better than that of early 
minisupercomputers. 

In founding Stellar, chairman and chief executive 
officer John William Poduska is aiming to bring inter-
active visualization—dynamic photorealistic images 
that can be manipulated interactively—to single users 
in a desktop system (see panel, p. 99). The GS1000 is 
targeted at applications in mechanical design and en-
gineering, molecular modeling, computational fluid dy-
namics, and computer animation. 
Poduska says the ASIC,s, architecture, and vectorizing 

compiler combine to give the GS1000 its heady perfor-
mance numbers. The GS1000's high-density ASIC de-
vices, which add up to 2 million gates, were developed 
and fabricated for Stellar by LSI Logic Corp., Milpitas, 
Calif. "That is at least as many gates as there are in a 
top-of-the-line IBM mainframe," Poduska adds. The 
ASIC density ranges from about 15,000 to 55,000 gates, 
but Poduska declines to elaborate on the internal chip 
architectures until patents are granted. Each chip is 
housed in a 300-pin ceramic package. 
The system delivers 18 to 20 megaflops in a 300-by-

300 double-precision floating-point Unpack array bench-
mark. That compares favorably with two first-genera-
tion midrange supercomputers from Alliant Computer 
Systems Corp. and Convex Computer Corp. Alliant's 
FX/8, with four processors, performs 12 megaflops and 
the single-processor Convex C-120 does 15 megaflops. 
The Stellar system's 100-by-100 all-Fortran Unpack 
benchmark is 8.6 megaflops, compared with 6 megaflops 
for both the just-introduced Apollo Computer Co. series 
10000 and the Ardent Computer Corp.'s Titan [Elec-
tronics, March 3, 1988, p.65 and p. 69] 

Stellar's innovative design approach is embodied in 
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2.A 51 2-bit data path links multiple processors, including a multistream scalar 

processor, a vector stream processor, and a graphics engine. 

the GS1000 hardware; especially in the 512-bit-wide data 
path, the overall architecture, and the multistream mul-
tiprocessor. Most high-performance computers have 
data-path widths no greater than 64 bits. The 512-bit 
width is like a superhighway between the elements in 
the GS1000, says Craig Mathias, director of marketing. 
He says the data path functions as an interconnect to 
perform switching, multiplexing, and demultiplexing. 
The data-path chips also manage the transfer of data 

between system segments with disparate-width data 
paths. The pathways to main and cache memories are 
512 bits, while the link between the data path and in-
struction processor in the multistream processor, for 
example, is 96 bits. In all, 32 of the CMOS ASICs—all of 
the same design—are devoted to the data path. 
The GS1000 architecture employs five kinds of pro-

cessors (see fig. 2). The four primary ones are a 
multistream processor (main integer processor); a vec-
tor/floating-point processor; a rendering processor for 
graphics; and as many as four input/output proces-
sors. The fifth processor is the SPC/386, a 386-based 
PC AT-compatible processor. The AT processor and bus 
allow the system to run a variety of administrative 
and support software and popular plug-in personal 
computer boards. The system's 512-bit-wide data path 
interconnects all of the processors, plus the main 
memory of 16 to 128 Mbytes, and a large cache memo-
ry of 1 Mbyte. 
Each of the multistream processor's four full inter-

nal streams or instruction paths has 32 dynamically 
assignable concurrency registers. The four streams 
share a pipeline, and can work simultaneously on one 
program or be assigned by the compiler to indepen-
dent tasks. The compiler dynamically decides which 
code to run and in how many streams, says Mathias, 
so that the architecture adapts dynamically to the 
system load. 
The multistream processor's three-chip set consists of 

an instruction-parsing chip, an effective address chip, 
and an execute chip. The instruction parser in the front 
end of the MSP determines what disposition to make of 
a given instruction; the effective address chip parcels 
instructions off to the vector/floating-point processor or 
to the execute chip. Integer and general-purpose instruc-
tion execution is the realm of the execute chip. How-
ever, it also assists the effective address chip—under 
direction of the compiler—in grouping those instructions 
that can be executed in one cycle. 
Only one of the vector/floating-point processor's 

three chips is a Stellar-designed CMOS ASIC: a vector 
control chip that routes appropriate instructions to the 
floating-point chips in that processor and sends graph-
ic instructions to the rendering processor for execu-
tion. The floating-point devices are the Weitek 2264 
and 2265—high-performance CMOS units that give the 
GS1000 much of its 40-megaflop floating-point speed. 
Poduska is especially enthusiastic about the Stellar 

machine's interactive graphics. The high-bandwidth 
concurrent architecture embodied in the four-steam 
multistream processor and the innovation of the foot-
print processor/rendering engine contribute greatly to 
real-time dynamic 3-d graphics. The GS1000's ability to 
generate 500,000 3-d vectors/s is far ahead of general-
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RELIABLE SUPPORT 
FOR ISDN 
Surviving in the 
complex and com-
petitive world of 
ISDN will depend 
on vital problem-
solving capabili- MP1601A 5GHz 

ties like quick 
response, quick recovery and preventive 
checking. This requires comprehensive 
monitoring, rigorous testing and exacting 
quality control of transmission systems. 

Anritsu's accuracy, quality and reliability 
are based on decades of experience in 
electronics, optical technology and laser 
research. Our focus is on the advanced 
optical devices and test equipment 
necessary for ISDN. 

Anritsu excels in optical and digital 
communication test systems. We have 
shown our commitment to quick response 
to practical ISDN applications by introduc-
ing high-resolution OTDRs, 5GHz pulse 
pattern generators, high-performance 
error rate measuring equipment for digital 
transmissions, and many more. 

Anritsu also designs industrial auto-
mation systems, applying lasers in many 
new ways. Feedback from every area 
enables us to develop ground-breaking 
new products. 

For any network, one name provides 
the reliable support to keep it run-
ning smoother... 

Anritsu makes you a survivor. 

Pulse Pattern Generator 

Matsu 
ANRITSU CORPORATION 

10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan 
Phone: Tokyo 03-446-1111, Telex: 0-242-2353 ANRITU J 
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5-Channel System 

Here's an entire filter system you can 
configure exactly to your needs— 
Krohn-Hite's Multichannel Filter System. 
Plug-in filter modules give flexibility— 
bandwidths, slopes, and expandability 
to 16 channels. Up to 60dB of input plus 
output gain is standard with each mod-
ule Bessel and Butterworth types com-
ing soon. Choose the configuration that 
fits your application best. And don't pay 
for more than necessary 

A Programmable 
Filter System You 
Can Configure 
Yourself 

Elliptical Filter Cards 

Model Pole(s) 
30-1 7 

30-2 7 

30-3 7 

Mode(s) 

LP 

LP 

LP 

Type(s) 

Elliptical 

Elliptical 

Elliptical 

Freq. Range  

1Hz — 99Khz 

0.1Hz — 9.9kHz 

0.01Hz — 990Hz 

31-1 7 

31-2 7 

31-3 7 

HP 

HP 

HP 

Elliptical 

Elliptical 

Elliptical 

1Hz — 99kHz  

0.1Hz — 9.9kHz 

0.01Hz — 990Hz 

< IEEE 488 > 

For more information on the multi-
channel filter system—and all the 
products in our lines—look in EEM and 
Gold Book. 

a-1k .--11-el-IKROHN-HITE 
l=i 11=0 F=i1A "T" CD IV 

Avon Industrial Park, Avon, MA 02322 
(617) 580-1660 TVVX: 710 345 0831 

FAX: 617-583-8989 
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NEW SCOPE TAKES 
TEK DIGITAL ACCURACY 

TO 300 MHz! 
he Tek 2432 combines 
familiarity and innova-

tion, advanced perform-
ance and ease of use. You 
can digitize, view and store fast 
analog and digital signals— 
to 300 MHz—with the proven 
performance of a scope built 
for solving tough problems. 

The 2432 and its 150 MHz 
version—the 2430A— 
operate like the analog scopes 
you're used to. They offer a 
familiar front panel and simple, 
one level menus. And powerful 
new features put less time 
between you and results 

Unmatched performance 
for the price. No other 
portables let you capture 
glitches as short as 2 ns 
at all sampling rates; 
automatically catch 
intermittent failures in 
babysitting applica-
tions using 
patented Save on 
Delta; and see 
waveform 
changes vir-

tually as they occur thanks to 
Teks high update rate. 
Features of Local Test rm 
mean fast, accurate, 
automatic answers. Just 
one button sets up the scopes 
for scaling, timing and trigger-
ing. They acquire and automat-
ically display unknown input 
signals as you probe multiple 
points on a circuit. 

You can characterize wave-
forms instantly: freeze 20 dif-
ferent waveform parameters 
on-screen at the touch of a 
button. And in just minutes 
you can build a test routine 
from the front panel and then 
recall the sequence when you 
need it to debug a stack of 
prototypes 
Easily the most complete 
scopes for product 
design. Features include 
extensive and easy-to-use trig 
gering and dfrect hard copy 
output. With GPIB and off-the 
shelf software you can fully 
automate measurements and 
extend waveform analysis. 

Call your Tek sales 
engineer for a demo. For 
a free video brochure or liter-

ature, or to find our sales office 
nearest you, call Tek direct: 
1-800-426-2200 

TODAY'S STANDARD Tektronix 2400 Ser 

Features 
Now loworpriced: 

2432 24304 
Dual-Channel 
• Bandwidth 300 MHz 150 MHz 
.. Digitizing - 

..:*eamPrIrl0 Rate 100 MS/s 100 MS/s 
' Max. Sweep Speed 2 ruldiv 5 ns/div 
Record Length 1K 1K 
VerlicarResolution 8 bits 8 bits 
Time-Base Accuracy 0.001% 0.001% 
Glitch Capture Yes (2 ns) Yes (2 ns) 
Printer/Plotter Out Yes • Yes 
GPIB . - Standard (full programmability) 
Warranty 3-year on labor and parts, including CRT 
Price $9500 $7950 

101987, Team AIF. weed. Prices sube lo dery without notice PXA4112 
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quickly enough. Generally speaking, the instrument of 
choice today for studying nonrepetitive pulses with 
rise times of less than 5 or 10 ns is still the analog 
storage scope. 

Studying a pulse means being able to look at its 
features in detail, examining it for preshoot, over-
shoot, ringing, and the like. Since those phenomena 
tend to have durations on the same order as rise time, 
a sampling instrument suitable for studying such 
pulses will need to acquire many samples during the 
5- or 10-ns period of interest. Whether any digital 
sampling scope now on the market is adequate for the 
task depends upon how many samples are needed. 
Ten samples doesn't seem like much, yet to get that 
number would require a sampling rate of 2 gigasam-
ples/s for a 5-ns rise time—a rate beyond the capabili-
ties of all but the most exotic and expensive of today's 
digital scopes (see table, p. 117). 

THAT'S NOT WHAT NYOUIST SAYS 

Many users fail to appreciate the limitations of sam-
pling because of a popular misinterpretation of the 
Nyquist sampling theorem. They often think that sat-
isfying the theorem requires only slightly more than 
two samples per period of the signal of interest in 
order to capture it completely. What the theorem actu-
ally says is that slightly more than two samples per 
period of the highest frequency present in the signal 
are what's needed to capture it completely. The two 
statements are equivalent only for sine waves. 
For square waves, which have significant overtones 

beyond the 10th harmonic, the sampling theorem sug-
gests acquiring more than 20 samples per period of 
the fundamental. It's only because the input amplifi-
ers of most oscilloscopes act as low-pass filters that 
users can get away with sampling at rates lower than 
Nyquist really demands. This also means that they do 
not know what their signals really look like, a draw-
back that holds true with analog scopes as well. 
Be it analog or digital, a 100-MHz scope—that is, 

one in which the input amplifiers have a bandwidth of 
100 MHz—has a rise time of 3.5 ns. If a signal dis-
played on such a scope appears to have a rise time of 
about 3.5 ns, then its rise time is a lot less than that 
figure. Also, its amplitude is greater than whatever is 
being displayed. If the displayed rise time is some-

what greater than but close to 3.5 ns, then the well-
known formula relating the rise time of the displayed 
signal to the rise time of the scope and the rise time 
of the actual signal can be used to calculate the real 
rise time it ,_Disp2 = tscopE2 + tsiGNAL2). 

According to this formula, a signal with an appar-
ent rise time of 4 ns as displayed on a 100-MHz scope 
actually has a rise time of slightly less than 2 ns. This 
is a significant error of a type that users probably 
make every day with analog scopes. While it is true 
that analog scopes generally do not lead the unwary 
as spectacularly astray as digital scopes can, neither 
is it true that they can always be relied upon to tell 
the whole truth. As the formula reflects, the effects 
of scope rise time become insignificant for signals 
having rise times that are several times longer than 
that of the instrument. 
For low-frequency single-shot events, the picture is 

very different. In such applications, the digital scope 
can really strut its stuff. For example, a switch clo-
sure or a power-supply startup transient with no ener-
gy above, say, 20 MHz can be very advantageously 
studied by a digital scope having a sampling rate of 
50 megasamples/s. Memory permitting, the digital 
scope can store a long record, which can then be 
exploited with various zoom and expansion features to 
allow for detailed study in ways that analog scopes 
simply cannot approach. Moreover, the signal will not 
fade over time, as it will with analog storage. 
Of even greater importance in some applications, 

digital scopes can present pretrigger information— 
that is, they let the user study what the signals were 
doing before the trigger event occurred. This feature 
can justify the purchase of a digital scope all by itself, 
because it means that the scope can trigger on a 
malfunction and then display what the signal was 
doing just before things went sour. 
Key to this capability is the fact that a digital scope 

can be set to acquire data constantly in the absence of 
a trigger. When its memory fills up, it simply writes 
over the contents, so the scope always has the most 
recent data stored. Then, when the trigger event oc-
curs, the scope stops acquiring data and displays the 
events leading up to the trigger, to the limit of its 
memory. More commonly, users set the trigger posi-
tion to some intermediate point so that some pretrig-

ger data is displayed along with some 
posttrigger data. 
When the ability to look back in time 

from the trigger point is a major rea-
son for using a digital scope, the size of 
the acquisition memory takes on great 
importance. Many digital scopes have 
only 1 or 2 Kbits of such memory be-
hind each channel, but some have much 
more. The Data Precision Data 6100, 
for example, has 128 Kbits, and the Le-
Croy 9400 has 32 Kbits. 

Besides making it possible to look at 
pretrigger events and to manipulate 
stored signals for as long as the opera-
tor wishes, most digital scopes have at 
least some ability to average signals 

ORIGIN OF AN ALIAS 

FALSE (ALIAS) SIGNAL 

SAMPLE POINTS 

ACTUAL SIGNAL 

I. Sampling the 1-KHz actual signal at 900 samples/s—instead of at the required rate of more 

than 2 kilosamples/s—results in an alias at the difference frequency of 100 Hz. 
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and to extract pulse parameters automatically. Some 
of these scopes, such as the members of the Tektronix 
11000 series and the Hewlett-Packard 54100 family, 
reduce the task of measuring, say, rise time to push-
ing a single button. Others—the Philips 3320, for ex-
ample—give the operator more control over complex 
waveforms, by requiring that, before the button can 
be pushed, one cursor be positioned near the bottom 
of the pulse edge and a second cursor near the top. 
The scope then moves the cursors to the 10% and 90% 
points, measures the time between them, and displays 
the result. In both cases, the measurement is made 
without any reliance on human judgment, so the re-
sults are repeatable from day to day and from opera-
tor to operator. Of course, it is also possible to posi-
tion the cursors manually and to have the scope mere-
ly read out the time interval between them. 
Another advantage of some digital scopes is compu-

tational capabilities that can put a computer to shame. 
The Data Precision Data 6100, for example, can per-
form fast Fourier transforms, calculate correlation 
functions, and even perform complex test sequences 
in which conditional branching modifies the test se-
quence depending upon intermediate results. 
For all their advantages, however, digital scopes 

can still cause trouble for users—even in studying 
moderate-speed, single-shot events, to which digitals 
are extremely well-suited. Just because the instru-
ment is capable of making the measurement doesn't 
mean that it can't also be misapplied. For example, 
problems can even arise if the scope is used to view 
switch-closure or power-supply transients, both of 
which are characterized by rather long durations cou-
pled with fairly high frequency content, which all but 
invite the user to set the sweep speed too low. Here, 
the trap into which the unwary may fall is related to 
the depth of the acquisition memory. 

If a signal has a duration of 2 ms and yet has 
frequency components as high as 20 MHz, the scope 
will need to sample it at, say, 50 megasamples/s for 2 
ms, during which time a total of 100,000 samples will 
be acquired. But very few scopes have that much 
acquisition memory. Nevertheless, the user will proba-
bly set the sweep speed to 200 1.ts per division, which 
will spread the 2-ms signal across the full width of the 
screen. In most digital scopes, the sweep speed sets 
the sampling rate so as to just fill the available memo-
ry with one screenful of data. In the case of a 200-
µ,s/division sweep speed and, say, a 4-Kbit memory, 

2.A sweep speed of 10,us/div is much too slow to display a 10-MHz sinusoid, as shown on this Kikusui COM 7101A combined analog/digital scope, 

and results in aliasing (left). Turning on the digital envelope mode (center) or the analog mode (right) clearly shows that something is awry. 

the sampling rate will be 2 megasamples/s, not the 
required 50 megasamples/s. 

This is the kind of situation in which aliasing typi-
cally occurs. Aliasing is the result of undersampling a 
signal—that is, sampling it more slowly than the Ny-
quist sampling theorem mandates. The result can be 
very misleading: the display will show a signal that 

Nothing is foolproof—just because the 
instrument is able to make a measurement 
doesn't mean that it can't be misapplied 

simply does not exist. For instance, if a 1-KHz sinu-
soid, which should be sampled at more than 2 kilosam-
ples/s, is sampled at a rate of 900 samples/s, an alias 
will be generated at 100 Hz (see fig. 1). 

Fortunately, there are a variety of means available 
for detecting aliasing. Probably the simplest and most 
commonly used technique is to speed up the sampling 
clock by speeding up the sweep rate. If the only effect 
is the expected time-scale expansion, then there is no 
aliasing problem. If the very nature of the signal 
changes, then the first signal probably was an alias. 
Another means provided by most scope makers is 

the min-max mode, which actually plots two amplitude 
values at each horizontal point instead of the usual 
one. In this mode, the sampling clock runs at full 
speed, capturing as many intermediate points as it can 
between the points that will be plotted. 
For the example of a sweep speed of 200 as/division 

and a 4-Kbit acquisition memory, the clock will run at 
its top speed of, say, 100 megasamples/s, grabbing a 
sample every 10 ns. However, since the memory 
doesn't have room for all of those samples, the scope 
stores and displays the largest and the smallest values 
that it sees between its 4-megasample/s sample points. 
That is, every 250 ns, it stores the minimum and maxi-
mum values that it saw during the interval just ended. 
When the scope creates a display from the stored data, 
it shows both the minimum and maximum values (see 
fig. 2). If there is no aliasing, there will be very little 
difference between the normal display and that of the 
min-max mode. However, if there is aliasing—that is, if 
there are significant signal excursions between sample 
points—then the min and max points will be widely 
separated and the display will clearly indicate that. 
Yet another digital-scope feature that can be used 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

FLUKE 

One Solution, Multiple Problems. 
For microprocessor board trouble-
shooting and service, nothing expands 
your diagnostic capabilities — and 
simplifies your operation — like the 
new Fluke 90 Series. 

This unique pP board tester gives you a 
complete range of test functions: 

• Bus Tests 

• Memory Tests 

• 1/0 Tests 

• QuickTracr Probe Test, to automatically 
identify and display unknown nodes. 

rICKTP.PrE 
A1;12 • 
• In all, 16 different preprogrammed tests 
make the 90 Series a powerful stand-
alone troubleshooting instrument. 

Add the power of a PC. 

Connect the 90 Series' RS-232 port to a 
PC or terminal and access advanced trou-
bleshooting functions, such as Break-Point 
and Frame-Point capabilities, memory 
upload and download, plus external trigger 
functions. You can save both test sequences 
and results, building documentation on 
different boards as you go. 

Designed for real-time testing. 

The 90 Series consists of three units, 
each designed for one of the three most 
commonly used 8-bit processors (Z80, 
6809 or 8085). 

Each tester clips directly onto the micro-
processor, including soldered-in proces-
sors. Power is supplied by the Unit Under 
Test. The UUT continues to operate while 
diagnostics are executed, so you can even 
locate intermittent problems. 

Easy on the technician, 
easy on the bunget. 

The 90 Series is small enough (11"x 6" x 
3") to find a home on every service bench. 
Test results are fast and presented in Eng-
lish. Each diagnostic function is selected 
from a simple-to-follow menu, which greatly 
reduces training time. 

The Fide 90 Series is ideal for service and 
repair operations, as well as engineering 
prototype testing ard technician training. 
And it's ideally priced at $1395 (suggested 
U.S. list), available from leading electronic 
distributors. 

To find out more about the Fluke 90 Series, 
or the products that made Fluke the leader 
in emulative board testing, the 9000 

PHILIPS 

Micro-System Troubleshooter or 9100 
Digital Test System, call today at 
1-800-44-FLUKE ext. 33. 

The Fluke 90 Series. A single instrument 
for a multitude of problems. 

The 90 Series 
p P Board Tester 

John Fluke Mtg. Co.. ln. P.O Box C9090. M/S 2500, Everett, WA 98206 
U.S.. 206-356-5400 CANADA 416-890-7600 
OTHER COUNTRIES: 206-356-5500, 

CCopyright 1987 John Fluke Mtg. Co.. Inc. All rights reserved Ad No. 1173-F9O. 

FLUKE 
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REPRESENTATIVE HIGH-FREQUENCY DIGITAL OSCILLOSCOPES 

Man ufacturer   Model 
No. 

Analog 
bandwidth 

(MHz) 

Digital 
bandwidth 
(MHz) 

Sampling 
rate 

(Msamples/s) 

Number 

of 
channels 

Per -channel 
acquisition 

m  mery depth 

e(kilobits) 

Vertical 
resolution 

(bits) 

Comments 
Circle 

No. 

Data Precision Div. 

Analogic Corp. 

Danvers, Mass. 

(617) 246-1600 

DATA 6100 Has no 

analog 
mode 

0.1 to 

1,000 

(Note 11 

0.1 to 250 

(Note 11 

2 to 4 

(Note 1) 

16 to 64 

(Notes 1. 4) 

8 to 16 

(Note 1) 

Extensive computational capability, 

including extremely high-resolution 

FFT processing; up to 10-ps timing 

resolution on repetitive waveforms. 

380 

Gould Inc. 

Test & Measurement 

Cleveland, Ohio 

(216) 361-3315 

4072 Has no 

analog 

mode 

100 400 2 1 8 5-ns glitch capture; includes integral 

4-color plotter; optional key pad on 

a pod does limit testing and signal 

processing, and stores setups. 

381 

4074 4 

Hewlett-Packard Co. 

Palo Alto, Calif. 

(contact local 
sales office) 

54110D Has no 
analog 

mode 

1,000 40 2 1 7 Color display; 4-bit pattern trigger; 

waveform algebra and automatic 
measurement of pulse parameters. 

382 

541110 500 1,000 2 8 6 to 8, 
depends 

on speed 

54120T Has no 

analog 

mode 

20,000 Note 2 4 1 12 Color display; includes time-domain 
reflectometer; up to 0.25.ps timing 

resolution on repetitive waveforms; 

automatic measurements. 

383 

Hitachi Denshi Ltd. 

Woodbury, N.Y. 

15161 921 -7200 

VC-6165 100 100 100 2 4 8 Has traditional front-panel layout; 

X- Y display in storage mode; 

analog outputs. 

384 

lwatsu Instruments Inc. 

Carlstadt, N.J. 

(201) 935-5220 

DS -6121 100 100 40 2 2 8 Extensive computational capability; 

go no-go comparisons against stored 
waveforms; analog and digital plotter 

outputs; choice of pulse, curve, and 

vector (linear ) interpolation. 

385 

SAS-8130 Has no 

analog 
mode 

12,400 Note 2 2 1 10 Less than 20 ps of jitter; useful for 

time-domain reflectometry; automatic 

measurement of pulse parameters. 

386 

Kikusui International Corp. 

Torrance, Calif 

(213) 371-4662 

COM 7101A 100 100 50 4 1 8 Envelope modes uses analog peak 

detector; 20-es glitch capture. 

387 

COM 7201A 200 

LeCroy Corp. 

Chestnut Ridge, N.Y. 

(914) 425-2000 

9400 Has no 

analog 
mode 

125 100 4 32 8 Up to 200-ps timing resolution; dual 

zoom for two expanded traces; 
extensive computational capability, 

including FFT processing. 

388 

Nicolet 

Test Instruments Div. 

Madison, Wis. 

(608) 273-5008 

4094 Has no 

analog 

mode 

0.05 to 
100 

(Note 1) 

0.1 to 200 

(Note 11 

4 

(Note 3) 
8 

(Note 4) 

8 to 15 

(Note 1) 
Extensive computational capability, 

including FFT processing; Autocenter 

feature allows single-cursor selection 

of any waveform feature, or shifts 

horizontal cursor to analog zero 

voltage. 

389 

Philips/Fluke 

Everett, Wash, 

(206) 347-6100 

3320 Has no 

analog 

mode 

200 250 2, plus 
trigger 

view 

2 

(Note 4) 

10 Can display up to 8 waveforms at once; 

cold switching for enhanced reliability; 

soft keys ease user interface. 

390 

Tektronix, Inc. 

Beaverton, Ore, 

800-426-2200 

2432 Has no 

analog 

mode 

300 100 2 1 8 2-ns glitch capture; go/no-go compari 

irons against stored waveforms; 

fast update rate for 'live' feel. 

391 

11402 Has no 

analog 
mode 

1,000 20 8 2 

(Note 4) 

10 Very fast update rate for 'live' feel; 

extensive computational capability, 

auto-including waveform calculus; auto-

 assures accurate 

channel-to-channel measurements. 

matic dc-skewor  

392 

7250 Has no 

analog 

mode 

6,000 1,000,000 1 0.5 11 
aean .converter technology; 

trigger jitter below100 Ps: automatic 

waveform parameter measurements. 

393 

7854 400 14,000 0.5 2 1 10 Time-domain-ref lectometry capabil- 

ity; plug-in system with several heads: 

extensive computational capability. 

394 

Notes: 1. Depends on plugan. 3. With two plug-ins, each having wo channels. 
2. Slow. Scope is for repetitive signals only. 4. More memo y is available if all channels are not active. 
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The go/no-go feature shown here on the twatsu VC-6165 sets upper and lower bounds for the 

input signal. The scope can be set to trigger when the signal falls out of bounds. 

that do use sequential sampling need more front-end 
gain than do their lower-frequency counterparts, and 
so their signals tend to be much noisier. 

Regardless of the type of sampling used, the ratio 
of effective sampling rate to signal frequency for 
repetitive signals tends to be so high that the aliasing 
problem all but disappears. Nevertheless, some users 
still refuse to believe that a digital scope is telling the 
truth until its accuracy is confirmed by an indepen-
dent witness, namely an analog scope. Realizing that, 
some scope makers include an analog scope in each of 
their digital units. With those scopes, simply pushing 
a button switches operation between stored and real-
time operation. 
The Iwatsu Model DS-6121, the Hitachi VC-6165, 

and the Kikusui COM 7101A and COM 7201A all com-
bine an analog scope and a digital unit under the same 
roof, which their makers feel is the best way to deal 
with users' reluctance to trust straight digital scopes. 
Manufacturers who do not include analog capability 
tend to stress the superior display quality, higher reli-
ability, and cost savings that accrue when the high-
frequency CRT and associated circuitry required for 
real-time capability can be eliminated from an instru-
ment. These makers feel that the best way to deal 
with aliasing is through user education and higher 
sampling rates. 
Automatic signal finding—an extremely convenient 

feature provided by most manufacturers in both 
groups—offers antialiasing insurance almost as a side 
effect. What Tektronix and Philips call Autoset, Hew-
lett-Packard calls Autoscale, and Gould calls Auto/set-
up, automatically sets the horizontal and vertical scales, 
and sets up the triggering so that a stable signal is 
displayed on the CRT. Since these automatic features 
start at the highest sweep rate and step down until they 
get to the optimum rate for the signal being viewed, 
they greatly reduce the possibility of aliasing. 
Users often can get emotional about their oscillo-

scopes in a way that they don't about other instru-
ments. They tend to feel that scopes should have 
certain controls in certain positions and should re-
spond to them in traditional ways. This puts digital-
scope makers in a peculiar position. Their latest prod-
ucts have so many features that providing access to 
them through traditional controls, with switches and 

knobs dedicated to each func-
tion, would require an enor-
mous front panel. In conse-
quence, some manufacturers 
have adopted a menu-driven 
user interface. 
By giving the user a set of 

appropriate choices at each 
step in the setup process, a 
menu makes the instrument 
easier for the infrequent oper-
ator to use. At the same time, 
it penalizes the expert by forc-
ing him to walk through that 
same series of steps, when he 
knows exactly where he wants 
to go. 

In general, digital scopes that offer a great deal in 
the way of preprogrammed computational capability 
tend to use menus, while the others have a more 
traditional user interface. In what may well be the 
wave of the future, Tektronix, in its 11000 series, 
shoots for the best of both worlds. Scopes in the 11000 
series use menus, but the menus are so designed that 
the most frequently used functions—the vertical and 
horizontal scale controls—are always accessible. 
One of the biggest criticisms leveled against digital 

scopes has been their low update rates, in comparison 
with analog units. Where the time between sweeps in 
an analog scope is so fast that it appears instanta-
neous, some digital scopes acquire only two or three 
traces per second. The result is that users are always 
aware of the fact that the signal they are watching is 
slightly stale. 
Although not of great significance in most applica-

tions, this shortcoming can be very annoying when the 
operator is making an adjustment and observing its 
effect on the scope. An instrument with a slow update 
rate will lag behind as a potentiometer is turned, forcing 
the user to slow down or even backtrack. Scope makers 
are all well aware of this problem. Their latest introduc-
tions tend to be much improved in this respect over 
their predecessors. Tektronix, in particular, has paid a 
lot of attention to this problem, developing proprietary 
display-control ICs that boost update rate enough to 
give its scopes a 'live' feel. Under some conditions of 
trigger rate and sweep speed, Tek's 2432 updates its 
display at better than 100 Hz. The 11400 series is even 
faster. Although Tek has the lead in this area right 
now, other makers have improved on their earlier prod-
ucts. Before this year is out, several new introductions 
are expected, almost all of which will have fairly high 
screen update rates. 
Another selling point for these new scopes will be 

well-designed front panels that will make them more 
attractive to users of conventional scopes. Most impor-
tant, this new breed of digital scopes will cost appre-
ciably less than earlier versions. While still more ex-
pensive than their analog counterparts, they will dras-
tically narrow the price gap between analog and digi-
tal scopes, bringing the day much closer when cost 
difference is no longer a major issue. And that, when 
all is said and done, is what everyone is waiting for.12 
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LUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

Introducing 
perfect 32-bit balance 
The Philips PM 3570 Logic Analyzer. 
A no-compromise solution for true 32-
bit systems integration. At a price that 
won't weigh you down. 

HEAVYWEIGHT PERFORMANCE  

• 32-bit channel width: No other logic ana-
lyzer in its class offers 83 state plus 32 
transitional timing channels for simul-
taneous, time-correlated display of software 
flow and high-speed hardware signals. 

• Unmatched acquisition speed: Up to 400 
MHz with 2.5 ns resolution for data capture 
four times faster than similarly-priced 
instruments. 

• Transitional Timing: A Philips' innovation, 
this feature provides the equivalent of 132 
GBytes of conventional RAM. 

• Plus broad support: Get dedicated person-
ality modules for quick connection to most 
8-, 16- and 32-bit micros. 

EASY MEASUREMENTS  

• Softkey simplicity. Eight menu-driven soft-
keys give you direct access to over 300 
different functions. 

• Labeled timing channels: Lets you identify 
each channel with your own code names. 

• Time-tagged events: Logs time between 
events for stored signals in synchronous 
and asynchronous acquisition modes. 

• Non-volatile memory. Stores four complete 
user settings, measurement data and your 
last set-up—even at power-down. 

UPSCALE SUPPORT  

Count on a one-year warranty and all the 
application and service assistance you'll 
ever need. From Fluke—the people who 
believe that extraordinary technology 
deserves extraordinary support. 

WEIGH THE DIFFERENCE  

Call Fluke today at 800-44-FLUKE ext.77. 
And discover how easy it is to achieve per-
fect 32-bit balance. 

John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C 
Everett, WA. 98206 
U.S.: 206-356-5400 CANADA: 416-890-760n 
OTHER COUNTRIES: 206-356-5500 

Copyright 1987 John Fluke Mfg. Co, Inc. 
All rights reserved. Ad No. tI71-P3570 

PM 3570 • LOGIC ANALYZER 
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DESIGN TO TEST 
High Quality Signal Capture and 
Comprehensive Processing 
Unequalled signal recording fidelity is offered by LeCroy's 9400 
Digital Oscilloscope. It utilizes the highest quality ADCs with more 
effective bits than any other fast converter on the market. The 9400 
also provides +1% DC accuracy and 0.002% time base accuracy. 
Cursors aided by dual 100X zoom capability enable convenient 
measurements with up to 10 1.41/ and 40 psec resolution. 

The 9400's 32K waveform memories offer advantages you won't find 
in oscilloscopes with short record lengths. Coupled with our unique 
peak detection method, they permit longer record times, finer time 
resolution, and a much higher single shot bandwidth at similar time 
base settings. 

To get maximum information out of your measurements, the 9400 
offers extensive built-in signal processing capabilities, like math 
functions, max/min monitoring, smoothing, integration and differen-
tiation. Signal averaging, which yields enhanced signal to noise ratio 
and resolution, operates significantly faster than on any other digital 
scope. You can also measure frequency, magnitude, power density, 
or phase with just the touch of a button . . . a unique feature in a 
general purpose oscilloscope. 

The 9400's familiar "analog" front panel and its unique 
instantaneously-updating display make it an easy to use yet com-
plete test and measurement instrument. 

An amplitude modulated signal is analyzed using the 9400's FFT capability 
Expansion reveals a 250 kHz carrier with 1 kHz sideband. 

Versatile High Speed Waveform Generation 
With the Model 9100 Arbitrary Function Generator, you can acquire 
captured waveforms from the 9400, modify and regenerate them. 
The 9100's high output rate of 200 megapoints/sec makes it the 
fastest in the industry. Its analog accuracy of +1%, fast risetime of 
<5 nsec, and fast settling time ensure faithful reproduction of cap-
tured signals. 

9100 outputs duplicating radar "chirp" pulses in phase quadrature measured 
with Model 9400 DSO above. 

Circle 212 for Information 
Circle 213 for Demonstration 

The 9100 also provides a unique two-channel mode. With it, the 
9100 can provide differential, summed, or accurately phase shifted 
outputs, each with independent amplitude, filter, and offset adjust-
ments. The output summing feature even allows automated varia-
tions of "sections" of waveforms. 

Control of the 9100 is provided via a convenient hand-held control 
panel or from computer. With either, the 9100 also functions as a 
standard pulse and function generator. 

EASYWAVE', the 9100's menu-driven PC software package, is 
designed to revolutionize the process of creating custom waveforms. 
Signals can be created, with ease, from equations, simple elements, 
point entry, or captured waveforms . . . and, as easily edited. Once 
created, they can be stored in the AFG's 350 kB nonvolatile memory 
for fast recall without recalculation delay. 

Whether working together or independently, in benchtop or GPIB-
based ATE environments, these two instruments give you the best 
features for design, test, or research in accurate data acquisition 
and high speed waveform generation. 

Call or write for details: LeCroy Corp., 700 Chestnut Ridge Rd., 
Chestnut Ridge, N.Y. 10977, USA; Phone: 1-800-5-LeCroy. 

LeCroy 
Innovators in Instrumentation 



The best of both worlds. 
The K450B Logic Analyzer and 
the 4074 Digital Storage 
Oscilloscope from Gould... 

State-of-the-art test instruments for 
designers of today's superfast digital and 
data communications systems. 

Powerful measurement capabilities... 
The K450B Logic Analyzer, with up to 80 
channels at 100 MHz or 40 channels at 
200 MHz and glitch capture across all 
channels, provides top performance. 
AND the 4074 DSO—the only 4 channel 
instrument with 400 MSample/Sec 8 bit 
converters on every channel—is the 
most sophisticated oscilloscope available 
for the high speed pulse measurements 

required by electronics designers and 
test engineers. TOGETHER—they work 
as an integrated system without any of 
the compromises of hybrid systems; 
APART—two high performance instru-
ments available for separate test 
applications. 

ease of use... 
We provide that on both the K450B and 
the 4074 with our AUTO SETUP facility. 

and fail-safe performance! 
Gould Electronics created the timing 
analyzer market in 1978 with the intro-
duction of the first logic analyzer; and we 
were pioneers in DSO technology. Today 
we supply leading computer and tele-
communications equipment makers with 

logic analyzers and DSOs for digital 
design verification, hardware and soft-
ware integration, component and sub-
system test, hardware debug and digital 
remote diagnostics. 

Wherever high performance test and 
analysis is required in digital electronics 
design, Gould is at the leading edge with 
a price/performance record second to 
none. 

For further details, contact: 
Gould, Inc. 
Test & Measurement 
19050 Pruneridge Avenue 
Cupertino, CA 95014 
1-800-GOULD 10 
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TECHNOLOGY SERIES TEST & MEASUREMENT 

THE SYSTEM DMM BECOMES 
A FAR MORE POWERFUL TOOL 

T
he ubiquitous system digital multimeter is quietly 
turning into a far more powerful instrument. 
First off, it's a lot more accurate—ten years ago, 

an absolute de-voltage accuracy of 80 parts per million 
per year was a respectable long-term accuracy for a 
DMM having a calibration cycle of 90 days; today, the 
best DMMs offer 5 or 10 parts ppm per year. In fact, 
many of the new DMMs are as accurate at the end of 
a year as their predecessors were at the end of a day. 
Moreover, their mean time between failure has been 
extended from hours to years. What was accepted as 
the price of high performance in years past—low reli-
ability—is not tolerated nowadays. Even the most 
complex DMM on the market now boasts a mean-time-
between-failure rate of at least 20 years. 
But it's not just in accuracy that DMMs have 

gained. Advancing technology is making today's DMM 
smarter, faster, and more versatile than its predeces-
sors. These changes are making it indispensable for 
more tasks than ever before. 

The DMM is part and parcel of virtually every com-
puter-aided test system, and is often embedded in 
systems dedicated to specific tasks such as linear-
circuit testing, in-circuit board test ng, assembly func-
tional testing, and process con-
trol. Besides offering full pro-
grammability through the GPIB 
(the IEEE-488 general-purpose 
instrument bus), it has become 
a full-fledged talker/listener on 
the GPIB, automatically control-
lable for all measurement func 
tions. And although accuracy 
and speed have improved by or 
ders of magnitude over the last 
10 years, the DMM's price has 
remained low: a unit with fairly 
high resolution of 51/2 digits 
costs only $1,000. 
Together with greater intelli-

gence, the enhanced perfor-
mance of the system DMM is in-
creasing test throughput, im-
proving production yields, and 
offloading the GPIB control 
computer. Moreover, the system 

DMM can now measure much 
more than traditional steady-
state de voltages. Nowadays, it 
can often double as a counter/-

The new DMMs are as accurate at the end of a 
year as their predecessors were at the end of 
a day, and accuracy isn't the only achievement— 
they're smarter, faster, and more versatile, making 
them indispensable for more tasks than ever before 

by Rex A. Berg, Hewlett-Packard Co. 

timer or serve as a digitizer for measuring dynamic 
signals. In addition, electronic calibration and higher 
reliability have led to significantly longer DMM 
uptime. 

And with the wide choice of DMMs now available, 
users can find the right instrument to fit any job or 
budget. As a rule, system DMMs fall into three class-
es: low-cost, midrange, or high-performance, which 
have prices ranging from about $1,000 up to $8,000 or 

so (see table, below). For modest measurement needs, 
there is a large selection of lower-cost models from 
which to choose. It is easy to find moderate accuracy 
of 50 ppm, moderate speed of 5 readings/s, and mod-

FOR SYSTEM DMMs, A THUMBNAIL 
SKETCH OF PERFORMANCE 

Parameter Low-cost Midrange High-performance 

Price $1,000 to $2,000 $2,000 to $4,000 $4,000 and up 
Resolution 
(digits) 

51/2 51/2 to 71/2 61/2 to 81/2 

Measurement speed 
(readings's) 

10 to 1,000 10 to 1,500 10 to 100,000 

Dc voltage accuracy 
(ppm over 24 h to NaS) 

30 to 50 10 to 30 2.5 to 10 

Relative accuracy 
(ppm over 24 h to 
calibration standard) 

greater than 30 5 to 30 0.5 to 5 

Transfer accuracy 
(ppm) 

Not specified 2 to 10 0.1 to 2 

Linearity 
(ppm) 

greater than 5 0.5 to 5 0.1 to less than 0.5 

Long-term stability 
(ppm over 1 yr) 

greater than 80 30 to 80 5 to 30 

Short-term stability 
(ppm over 1 h) 

Not specified 2 to 4 greater than 0.1 to 2 

Repeatability 
(ppm) 

Not specified 2 to 10 0.05 to 2 
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multiplier of 100 would measure to within 5 V ± 0.002 
V, and the loss in yield would be a nominal 0.02%. In 
the extreme, if the margin were the same as that of 
the DMM, only those devices that tested perfectly 
would be able to pass. 

In many applications, another important consider-
ation is DMM versatility, or how many measurement 
functions the instrument offers in addition to de volt-
age. Most DMMs measure both ac and de voltage, as 
well as resistance; and many offer current measure-
ment. Several of the new system DMMs add frequency 
measurement along with period counting, functions 
that allow the DMM to double as a counter. The fre-
quency range corresponds with the frequency range 
of ac voltage measurement. For example, the frequen-
cy range of the new high-performance HP 3458A 
spans 1 Hz to 10 MHz; for the midrange 3457A, it 
covers 10 Hz to 1.5 MHz. The period-counting capabili-
ty is simply the reciprocal of the frequency range. 
A DMM's frequency capability is particularly useful 

for making low-frequency measurements, and that ca-
pability brings a twofold benefit. The user gets an 
extra measurement function, and therefore may not 
need to buy a frequency counter. Moreover, since the 
DMM is isolated from ground, he can preserve the 
ground isolation in his system by making a floating 
frequency measurement, a feature that most frequen-
cy counters don't offer. 
Now that the system DMM is inherently intelligent 

because of its resident microprocessor, the ability to 
execute mathematical operations has become rather 
commonplace and in the process has contributed to 
DMM versatility. The DMM now performs many of the 
measurement computations, such as ratios, that for-
merly required separate circuitry. A good many DMMs 
can now compute their own statistics (mean, standard 
ieviation, maximums and minimums); make decisions 
nn pass/ fail limits for reporting out-of-limit measure-
ments; provide alarm outputs (audio, visual, or a TTL-
compatible signal) to flag failures; store measurement 
readings in memory for complete data retrieval later; 
snd remember instrument setups (states) and mea-
surement sequences for faster communication be-
:,ween the GPIB control computer and the DMM during 
:esting. 
In fact, because of its versatility, the system DMM 

cas even begun to enter, albeit quietly, into instru-
ment realms that have been the exclusive domain of 
)seilloscopes and spectrum analyzers. Provided it has 
sdequate measurement speed, timing accuracy, and 
.nput bandwidth, the DMM can digitize dynamic sig-
nals, typically, with more resolution than most digital 
scopes offer. Those dynamic signals can have frequen-
cy components of up to half the reciprocal of the DMM 
sampling period. 
As a result of this digitizing capability, the perfor-

mance of the system DMM is being characterized by 
some nontraditional DMM parameters, including aper-
mre, dynamic linearity, timing jitter, and trigger la-
:eney (see table, next page). Usually, the DMM is 
called upon to measure an event that is in a steady 
state, but it is not restricted to them—the new breed 
is measuring dynamic signals, too. 

By measuring dynamic signals, the digitizing DMM 
can team up with the GPIB control computer to form a 
low-frequency oscilloscope or a low-frequency spec-
trum analyzer. With the aid of the fast Fourier trans-
form, waveform-analysis software can easily turn the 
DMM's high-speed measurements into frequency spec-
trum graphs of the test signal with more than 96-dB 
dynamic range. Or, the DMM can generate time-do-
main plots directly from the data it captured for other 
parametric information like pulse width, rise time, and 
overshoot. Of course, the system DMM is not intended 
for real digitizing in the normal sense of the word. 
However, if the test signal is within the DMM's fre-
quency capability, the combination of the DMM and 
the automatic test equipment's computer display 
makes an inexpensive way to see the waveform of 
interest in any system. 
Because of its fast reading rate, the digitizing DMM 

can be the central measuring device for the dynamic 
testing of analog-to-digital and digital-to-analog con-

INCREASING PRODUCTION YIELDS 

10 

TEST-MARGIN MULTIPLIER 

100 

When the test margin of the system DMM is significantly higher 

than the limits for the device under test, production yields go up. 

verters as well as telecommunications devices such as 
codecs and universal asynchronous receiver/transmit-
ters. In this ease, the high-speed DMM not only mea-
sures static data to full resolution and accuracy but 
also tests dynamic characteristics to their limits. Even 
when the converter's performance exceeds that of the 
DMM for direct measurements (the converter may be 
faster), the resolution of the DMM and its timing capa-
bility allow the indirect measurement of dynamic per-
formance. For example, in the case of a high-speed 
(say, 1 MHz), high-resolution (say, 16 bits) DAC, the 
measurement of dynamic linearity can be inferred 
from the FFT of the digital pattern given to the DAC 
to convert at its rated speed. If that digital pattern 
were a sine wave, any deviation from the desired 
pattern would show up in the FFT as a spurious re-
sponse that would be attributed to some failure mode 
in the DAC. Clearly, it is essential that the DMM not 
be the cause of the spurious response. 
The technological advances that have vastly expand-

ed the system DMM's usefulness have also affected 
the cost of ownership. That cost includes not only the 
price of the DMM itself, but also the expense of main-
tenance and any downtime associated with that main-
tenance, including keeping the instrument in calibra-
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THE DIGITIZING DMM: 
WHAT THE SPECIFICATIONS MEAN 

Aperture: 
The width of the sample window the DMM uses to acquire samples of 
the signal to be measured. 

Jitter 
Aperture jitter: 
The short-term variation of the width of the sample aperture window. 
Timing Jitter: 
The short-term variation of the timing between sample points. 
Trigger Jitter: 
The short-term variation between the trigger event and the first sam-
ple point. Trigger jitter can be caused by amplitude variations on the 
trigger event as well as timing fluctuations In the trigger circuits. 

Dynamic linearity: 
A measure of the flatness of the input voltage response of the DMM's 
internal ADC when it operates at its rated maximum reading rate. Dy-
namic linearity is specified as either differential nonlinearity (a measure 
of the maximum deviation between adjacent points) or integral nonlinear-
ity (a measure of the maximum deviation of any point from a least-mean-
square fit of the actual response of the ADC). 

Since most digitizing DMMs are characterized by the number of bits of 
resolution they provide, instead of the number of digits, linearity specifi-
cations are sometimes presented in terms of the least significant bit 
(LSB) of the conversion—for example, a differential nonlinearity of plus 
and minus 2 LSBs in the 16-bit mode of operation. 

Timing Accuracy: 
A measure of how closely the DMM's internal timebase tracks a known 
time standard. 

Trigger 
The event that starts the sampling of the input signal. The trigger can be 
the input signal itself, another signal, or the GPIB controller. 

Trigger latency: 
The fixed time offset between the trigger event and the first sample 
point. 

tion. The calibration cycle varies with the require-
ments of the application and the DMM. 

Features like self-testing add very little to the cost of 
the DMM, but they can be a great way to gain confi-
dence in how the instrument is working and can elimi-
nate unnecessary repairs. Self-testing, however, does 
not assure calibration; it only adds confidence that the 
DMM is functioning. Somewhere a comparison with a 
standard is necessary to make sure that the instrument 
is calibrated. In the past, the DMM would go to the 
calibration lab, where a variety of test standards and 
adjustments was used to make the DMM meet its speci-
fications. Nowadays, internal electronic calibration 
makes the job simpler, more foolproof, and more reli-
able. Electronic calibration has eliminated both the hu-

man drudgery and the human error, a significant source 
of uncertainty. At the push of a button, for example, 
the new HP 3458A's automatic-calibration function 
maintains the unit's accuracy by recalibrating all of the 
measurement functions to the internal references. Even 
the ac-voltage-frequency response is internally recali-
brated to 10 MHz without the need of an external refer-
ence. And with just two external references (10 V de 
and 10 Kohms) and a short, the HP 3458A can be 
completely calibrated to its 24-hour specifications for 
every function and range. 
Which DMM a user chooses to buy will depend, of 

course, on his application. For the production test 
floor—assuming that the DMM meets the most de-
manding measurement requirement—then the order 
of priority for ranking DMM features should be mea-
surement speed, setup speed, system uptime, and ac-
curacy. In research and design areas and calibration 
labs, test margin holds the highest rank, followed by 
uptime and speed. In either production or R&D, when 
the DMM serves as a high-resolution digitizer, the pri-
ority ranking becomes the maximum reading rate, 
measurement resolution, bandwidth, triggering, and 
timing accuracy. 
As for the future, one trend already affecting the 

system DMM is the emergence of instruments on a 
card. The industry standard here is VXI (VMEbus Ex-
tensions for Instrumentation), which is the instrument 
version of the VMEbus card cage. Overall, the market 
for system DMMs has been growing about 15% a year 
since 1975, but most of this growth has been in these 
so-called card-cage DMMs, which have been growing 
at twice that rate. 
The stand-alone DMM will probably always offer an 

edge in measurement performance over the card-cage 
unit. However, for some high-throughput applications 
requiring low system-lifetime cost, the card-cage DMM 
offers several distinct advantages. It utilizes a com-
mon display in the instrument-card cage, an integral 
digital bus for rapid communication between the card-
cage controller and the DMM controller, and a shared 
power supply. For example, the card-cage version of 
the HP 3457A DMM does not offer quite the accuracy 
of its stand-alone equivalent, but its speed of up to 80 
measurement setups/s is nearly three times faster 
and it costs a few hundred dollars less. 
On the whole, the natural trend in DMMs is to extend 

today's superlative performance to the commonplarP 
and reduce the cost while doing so. Resolution and accu-
racy may further improve, but the emphasis is bound to 
be on higher-speed measurements and faster test set-
ups. Right now, the system DMM is the fastest instru-
  ment in the test system over the GPIB, 

Rex A. Berg, a product marketing engineer at Hewlett-Pack-
ard's Loveland Instrument Division in Loveland, Colo., has 
been involved with the introduction of three major system 
DMMs in less than 10 years. He works with a design team 
to help define, introduce, and support a new DMM—and, 
when the time comes, to phase out that product in an 
orderly way. He has written numerous articles since joining 
the company in 1973, when he graduated from Purdue 
University with a bachelor of science degree in physics. 

and there is need for a much faster scan-
ner that can truly support switching test 
signals to the DMM at a speed of 100,000 
channels/s and with 16-bit integrity. In 
the future, the line between the system 
DMM and the digitizer—whether it is a 
digital scope, a waveform recorder, or a 
waveform analyzer—will get even fuzzi-
er. Some DMMs of tomorrow may even 
offer CRTs for their displays. D 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

FLUKE 

Breakthrough! 
The first fast digital with 

analog for <S4,000 
It's here. The Philips PM 3350 Digital 
Storage Oscilloscope. High-speed 
digitizing plus full analog capabilities 
for half what the next-best DSO would 
cost you. Unbelieveable! 

BREAKTHROUGH PERFORMANCE  

• 100 MSIs sampling speed on both channels 
simultaneously allows you to capture fast 
phenomena having low repetition rates— 
even single shots—with excellent resolu-
tion. A first in this price range! 

• True 8-bit vertical resolution offers precise 
signal display and measurement. 

• Deep reference memory lets you store and 
compare wafeforms with ease. 

• Plus, you get full, dual-trace 50 MHz real-
time familiarity at the touch of a button. 

FAST, CONFIDENT OPERATION  

• AUTOSET automatically selects amplitude, 
timebase and triggering for error-free, 
instant display of any input signal on any 
channel—in both digital and analog modes! 

• LCD panel serves as the text information 
center, offering clear, at-a-glance alpha-
numeric read-out of all instrument settings; 
saves screen area for uncluttered waveform 
viewing. 

• Cursors supply instant voltage, timing, 
frequency, amplitude and risetime 
measurements. 

• Softkeys grant you simple, direct access to 
over 40 different functions via on-screen 
menus. 

• IEEE 488 or RS 232 interface options 

PHILIPS 

for fast computer/controller hook-up, data 
transfer and printing hard copies. 

COMPLETE SUPPORT 

The Philips PM 3350 comes with a 3-year 
warranty and all the technical and service 
assistance you need. From Fluke—the 
people who believe eat extraordinary tech-
nology deserves extraordinary support. 

TEST THE DIFFERENCE  

Call Fluke today at 800-44-FLUKE 
ext. 77. And make a break with the past. 

John Puke Mfg. Co., P.O. Box C9090. MIS 250C, 
Everett, WA, 98206 
U.S.: 206-356-5400 CANADA: 416-890-7600 
OTHER COUNTRIES: 2M-35g-5500 

(0 Copyright 1988 Johr Fluke Mfg. Co., Inc. 
All rights reserved. Ad No. 0181-P3350 

PM 3350 • 50 MHz • OIGITAL STORAGE SCOPE 

FLUKE 
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TECHNOLOGY SERIES TEST & MEASURMENT 

BUILDING BIG SYSTEMS TAKES 
HARDWARE LOGIC ANALYZERS 

Il
e Il too often these days, automation can be a 
powerful tool for building the wrong design fast-
r. Although simulation verifies that the blocks 

lesigned satisfy the designer's test cases, it does not 
ruarantee that the design is indeed what is required. 
i'urthermore, layout tools can put a lot of circuitry on 
. board in a fashion that precludes correct circuit 
peration when those tools are not given the proper 
astructions regarding optimal placement, signal ter-
nination, and power-supply decoupling. 
In translating a design from schematic to circuit 

loard, computer-aided-engineering tools for simulation 
.nd layout help eliminate possible bookkeeping errors. 
Iowever, these tools do not address the integration 
iroblems. In particular, they ignore the subtle errors 
reated by incorrect or incomplete specification of cir-
uit functions, interface protocols, and fabrication re-
,uirements for system modules. 
The right tool—in fact, the only tool—for debug-

:ing complex hardware designs and their integration 
iroblems is the hardware logic analyzer (see panel, 
I. 132). As a design debugging tool, the hardware 
.nalyzer must offer performance features usually as-
ociated with timing analysis, which reflects the rela-
ionships in time among a large number of signals 
rithin the digital system. As an integration tool, it 
Is° must be able to trigger competently on a se-
uence of system signal values having associated 
urations. 
Sophisticated new processors and affordable high-

ensity digital ASICs, such as gate arrays with the 
quivalent of 100,000 gates, are placing new demands 
n the logic analyzer. As the instrument of choice for 
esigning, debugging, and testing digital systems, the 
nalyzer derives its power from its ability to track 
ifferent signal levels on numerous nodes and to de-
ect combinations of signal values that occur in a 
articular sequence. 
Before the emergence of ASICs, a board-level de-

ign might contain one fairly complex logic module. 
Is a result, the possible problems with the design 
/ere fairly simple, usually involving signal integrity 
nd logic implementation. But today, hardware inte-
Tation—the process of fusing together designs of 
lodules to create a system—has become a critical 
;sue as well. In fact, hardware integration has now 
eached a level of difficulty comparable with the soft-
/are bottleneck encountered when software engineers 
/ere first working with the microprocessor. 
The task of hardware integration hits snags when 

Simulators and layout tools can be a great way 
to build the wrong design faster—and that's where 
logic analyzers come into play, because they can 
take on the signal, protocol, and state analysis 
needed to debug complex digital hardware designs 

by Doug Boyce, Tektronix Inc. 

one of the modules in the digital system under devel-
opment fails to function as it should. The hardware 
analyzer says which module is faulty by showing that 
module's interfaces (inputs and outputs) in terms that 
relate directly to system performance. Integration 
testing usually begins at the interfaces, because in-
puts and outputs provide the best clues to the behav-
ior of the block being integrated. 
A hardware analyzer is a basic tool for both design 

and integration because it can examine the system 
interfaces without unduly loading any of them. Three 
areas of concern are associated with the interfaces 
between the blocks of any digital system: signal, pro-
tocol, and state (see table, below). Signal analysis de-
termines the quality, or integrity, of the digital sig-
nals within the system; protocol analysis pinpoints the 
sequence of signal transitions within the required tim-
ing intervals at control and data nodes; and state 
analysis monitors the actual data values and the se-
quence in which they are passed between modules. In 
broad terms, the analyzer helps to solve signal prob-

THREE-LEVEL HARDWARE ANALYSIS 

SIGNAL ANALYSIS—Applies to any signal node 
• Waveform abberations 
• Noise margin 
• Rise and fall times 
• Overshoot and undershoot 
• Connection errors 

PROTOCOL ANALYSIS—Applies to a single internal data bus 
• Timing margins on control signals 
• Sequence of control signals 
• Handshake operations on data transfers 

STATE ANALYSIS—Applies to all data buses to a block 
• Correlation of multiple data streams 
• Long history of data transfers 
• Block functional response to input data 
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The Family of Automated Test Equipment 

We've passed 
the test. 

Will you pass 
up ours? 

A strong acquisition 

has positioned us better 

than ever—we are 

Testsystems/ES.P, Inc. 

Customers of Test-

systems, Inc. can now enjoy our new strengths, 

enhancing quality and product reliability of auto-

matic test equipment. We are here to serve your 

ATE needs. Don't pass up our Test of excellence for 

a lesser technology 

Pictured above Testsystems/ ESP's Manufacturing Defects Analyzer 

In Pursuit of 

ATE Excellence. 

Testsystems Mo', Inc. 
1045 West Geneva Drive 

Tempe, Arizona 85282 

602/894-9891 
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Cleugi 
cheap 

rf 
power. 

10 watts linear, 
10kHz to 250MHz. 

The new Model 10A250 bench-
top broadband amplifier gives 
you the freedom you've wished 
for in your rf testing. 

Its great phase response is 
ideal for pulsed and non-sinu-
soidal waveforms. Ultrasound. 
NMR. Plasma physics. Inter-
ference susceptibility testing. 
All-around rf lab work. 

Latest FET technology gives 
you instantly available bandwidth 
from 10kHz to 250MHz. And total 
immunity to load mismatch— 
even from open or shorted output 
terminals—means freedom from 
worry about foldback, oscillation, 
and blown output transistors. 

You've always known our pow-
er ratings are ultra-conservative. 
The 10-watt nameplate on this 
one assures you 10 watts linear 
throughout the bandwidth, and 
even more when saturated. 
The Model 10A250 belongs in 
your lab. 

CII IIMPLIFIeR ReseancH 
160 School House Road 

Souderton, PA 18964-9990 USA 
Phone 215-723-8181 
TWX 510-661-6094 

function of connecting an additional 
probe channel to the system under 
test. For flexibility, most hardware 
analyzers include 8 to 10 channels per 
probe, with special emphasis on low 
capacitance and inductance so that 
the probe connection does not load the 
system under test. 
The trend towards high-density sur-

face-mount packages, like pin grid ar-
rays, has made debugging a far more 
formidable task by significantly in-
creasing the number of pins, or termi-
nals, for a single device. Besides dra-
matically multiplying the number of 
signal nodes per device, those high pin 
counts are exacerbating the difficulty 
of probing and increasing the likelihood 
of poor physical connections. 

All too often, device pins are so close 
together that it is really not possible to 
attach a probe to them. Attempting to 
do so simply causes the probe to short 
one pin to its adjacent neighbors. And 
frequently nowadays, tracing back a 
fault through the signal-generating log-
ic reveals a simple failure caused by 
the lack of integrity of a physical con-
nection, with signal nodes shorted to 
each other, shorted to power-supply 
lines, or not connected at all (an open 
circuit). The tight physical tolerances 
and complex mounting techniques of 
surface-mounted devices are particular-
ly problematic with prototype boards 
(ones built for engineering purposes), 
because their tooling errors are show-
ing up on boards that have untested 
logic designs. 

Signal errors that are not the result 

of direct integrity problems are usual-
ly caused by incorrect logic—that is, 
an incorrect implementation of a func-
tional block so that the correct input 
fails to produce the correct output. 
Signal errors can also be caused by 
the actual physical implementation of 
the system when that implementation 
fails to correctly control the analog 
nature of digital signals. That analog 
nature encompasses signal problems 
such as crosstalk, ringing, incorrect 
termination, and improper power-sup-
ply decoupling (see table, below). 

Digital circuits built with different 
logic families exhibit different analog 
performance characteristics, which 
can interact with the hardware ana-
lyzer to impact the difficulty of de-
bugging. For example, emitter-cou-
pled-logic families and several of the 
new advanced CMOS standard-logic 
families have logic transitions and 
gate bandwidths capable of respond-
ing to pulses as narrow as 1.5 ns. In 
order to characterize problems in sys-
tems employing these logic families, 
the hardware analyzer must be able 
to respond to such narrow signal 
pulses and inform the user of their 
occurrence. 

Specifically, the analyzer's probe 
and that probe's leadset interact with 
the system being tested because the 
system signal nodes are also driving 
the analyzer's input. As long as the 
analyzer is probing a node, the addi-
tional load on the system by the probe 
and leadset can sufficiently reduce 
the amplitude of narrow pulses so 

COMMON ANALOG PROBLEMS , 

Crosstalk: 
• Cause: Too close placement of multiple signals and their return paths next to 
a sensitive wire run, or the inductive coupling of a signal into a signal return 

path. 
• Effect: Generates unwanted pulses on the affected signal. Those pulses are 
usually narrow, on the order of 1 to 25 ns. Clock fines are especially vulnerable. 

Ringing: 
• Cause: Without a defined or controlled impedance, the wire run for a signal is 
longer than the edge transition time of that signal will permit for faithful trans-
mission of the signal. 
• Effect: Violations of setup and hold times, extended instability of the signal, or 
undesired multiple clocking of sequential logic. 

Termination: 
• Cause: Incorrect termination, missing termination, or no pullup resistor. 
• Effect: Slow transition times, logic levels out of specification, ringing, or clock 
pulses that are too narrow to correctly clock sequential logic. 

Power supply: 
• Cause: Failure to decouple high-current switching supplies properly, poor 
system grounding, or unwanted current loops 
• Effect: Loss of noise margin due to differences in the reference levels 
between driving and receiving logic. 

8,108 
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that the analyzer's input cannot de-
tect them. 
However, there are a couple of 

ways to detect very narrow low-ampli-
tude pulses. One attractive approach 
is to use a high-performance digitiz-
ing oscilloscope to capture the pulse 
and display its full analog nature. The 
hardware analyzer, then, should be 
able to trigger that scope based on 
the occurrence of a group of digital 
signals. This is a powerful combina-
tion—the scope provides information 
on the narrow pulse and the hardware 
analyzer on the conditions causing it. 
Another method is to use a high-speed 
timing analyzer, one of the high-band-
width, low-capacitance instruments ca-
pable of sampling pulses as narrow as 
800 ps on up to eight channels. This 
choice has the added advantage of 
pinpointing the exact location of the 
rising and falling edges of these nar-
row pulses—and on multiple channels. 
When it comes to debugging com-

plex digital systems, protocol analysis 
has much broader ramifications than 
the usual definitions of communica-
tion protocols, like the ubiquitous RS-
232 standard for serial communication 
or the IEEE-488 standard for instru-
ment buses. In this case, protocol re-
fers to the control information used to 
pass data between functional blocks 
in a system. Designing separate mod-
ules within a large digital system ne-
cessitates the development of local 
protocols within that system. 

Developing a robust protocol that 
can account for potential error 
sources is not particularly easy and, 
therefore, not always done within a 
system design. Such an incomplete 
specification allows some system mod-
ules to use protocol in an unanticipat-
ed manner. As a result, because the 
information required is not always 
available, debugging sessions can un-
cover bizarre operations within the in-
terface under test. 
Debugging protocol problems be-

gins with a review of the states of the 

control lines at the interface and the 
exact transition times associated with 
them. Frequently, design implementa-
tions contain signals in different gate 
paths that may combine into a single 
signal. The consequence is unwanted 
variation in the times when signal 
transitions occur. If the variation in a 
control line violates a protocol specifi-
cation, signal transfers on control 
lines go awry. 
Key features within its triggering 

capability allow the hardware analyz-
er to deal with protocol debugging. 
The analyzer's trigger creates a spe-
cific point of reference in time to flag 
exactly when the system under test 
stores data, and it presents informa-
tion in a window around that time. 
The trigger may be programmed to 
monitor the control signals associated 
with the protocol and then trap an 
error condition within them. Trapping 
protocol errors requires a trigger ma-
chine capable of identifying initial 
conditions on the control signals, tim-
ing the period required until the next 
control signal condition, and following 
through the entire transfer. 
Because it is easy to use, a hard-

ware analyzer that does not offer 
many trigger features might be re-
garded as a blessing by some users. 
However, when attempting to do pro-
tocol debugging, those users will 
quickly discover that they do not have 
the resources they need to get the job 
done. Protocol bugs tend to be time-
consuming to find and difficult to 
solve, so a feature-rich trigger system 
is essential. 

State analysis provides an even 
higher level of information than pro-
tocol analysis about how a system is 
performing. State analysis does a 
good job of debugging both the flow 
of information within a system and 
the processing of data by the system. 
It suppresses control signals and tim-
ing information but emphasizes the 
data within the transfer block. 
When the system under test employs 

Doug Boyce is the business unit engineering manager for 
digital instruments in the Logic Analyzer Division of Tek-
tronix Inc., Beaverton, Ore., where he oversees the devel-
opment, design, and support of midrange logic analyzers. 
Boyce has 11 years of experience working with logic ana-
lyzers and has been with Tektronix for 14 years, ever 
since earning his BSEE from Washington State University 
in 1974. He holds one patent, as a coinventor for multiple 
timebase correlation in logic analysis. 

THE 1937/88 

Electronics 
Buyers' Guide 

Order your copy today for 

the industry's most often-

used directory: 

• It's three directories in one 

• Includes more than 4,000 
product listings. (approx. 700 
pages) 

• Contains over 5 000 company 
listings (approx. 400 pages) 
including: 

• Company name, address 
and phone number. 

• Name and title of contact 
for sales information. 

• Number of engineers at 
plant and number of 

employees. 
• Annual dollar sales volume. 
• Local sales offices and 
manufacturers 
representatives. 

• Local distributors. 
• Instant referral to 

company's advertisements. 
• Offers FREE current catalog 

retrieval service (approx. 1300 
catalogs) 

Price: 
$50 USA & Canada 
$75 elsewhere (surface mail) 
$90 elsewhere (air mail) 

Send order with payment to: 
Regina Hera 

Electronics Buyers' Guide 
1221 Avenue of the Americas 1:5A1 
New York, NY 10020 Ifl él .lectronics / March 17, 1988 

135 



THE MOMENT OF 
TRUTH FOR 
PLENCO 06582 
500 HOURS AT 285°C. 

Today's tough product liability laws, along with tightened 
manufacturing standards, demand more accurate product per-
formance information 

Plastics Engineering Company, Sheboygan, Wisconsin 
manufacturers of Plenco thermoset molding compounds, is 
concerned that temperature stress ratings for engineering 
thermoplastics may not reflect actual performance under load at 
high temperatures Current test methods either measure 
strength after a heated part has cooled or measure the tempera-
ture at which a test sample deflects 0.010 in 

Plastics Engineering Company conducted a test of twelve 
materials' ability to perform under continued load at high tem-
perature to determine a heat stress rating The results of the 
heat and stress tests of nine engineering thermoplastics 
showed catastrophic failure at temperatures significantly lower 
than expected The engineering-grade phenolic was a different 
sto ry 

Plenco 06582 was subjected to the highest heat possible in 
a standard laboratory test oven-285°C—for 500 hours The test 
sample deflected 40 under continued stress Plenco 06582 
withstood the stress and more heat, far longer . And it costs a 
fraction of the engineering thermoplastics 

The results of these tests should be reviewed by engi-
neers, designers, and manufacturers — anyone who specifies 
plastic parts For a detailed report write or give us a call at 
(414) 458-2121 You'll be glad you did instead of wish you had 

F'L_ENICC) 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan WI 53081 

thermoset plastic performance 
for over 50 years. 

Through Plenco research a wide range of ready-
made or custom-formulated phenolic. melamine-
phenolic. alkyd and polyester thermoset molding 
compounds and industrial resins 

standard buses, state analysis can 
readily monitor the flow of information 
processed by a system module. A mi-
croprocessor, for example, is a module 
usually debugged by state analysis, be-
cause operations within it are devel-
oped from standard buses, which use 
well-documented signal and protocol re-
quirements. With custom buses, a sys-
tem's signals and protocols are unique, 
making state analysis more difficult 
and causing the user to become very 
involved with the proper setup of the 
hardware analyzer to probe that cus-
tom system bus. 

In state analysis, the hardware ana-
lyzer must be able to store the data 
streams that are based on the signal 
protocols used in the system. Such in-
ternal data streams between inter-
faces involve a mixture of serial and 
parallel buses. Consequently, a hard-
ware state analyzer must be able to 
handle data rates of at least 50 MHz 
to deal with the broad range of hard-
ware implementations now available 
to the digital system designer. 

State problems are either fairly 
simple or complex and intermittent. 
For instance, some processing blocks 
always perform the same operation 
on data streams—a digital-multiplier 
block, for example, always multiplies 
two data streams together. With state 
analysis, the hardware analyzer can 
observe the multiplier's two input 
data streams and its output stream to 
verify correct operation. 
Other system blocks, such as con-

trol modules for virtual memory, are 
more complex. A programming 
stream that may have occurred some 
significant time earlier can alter their 
operation. Verification of proper oper-
ation, then, must be based on the his-
torical programming information, and 
that means it is vital for the hardware 
analyzer to maintain a history of that 
programming information. As ASICs 
incorporating larger random-access 
memory and more state variables be-
come common, the hardware analyz-
er's ability to track and display in-
structions and multiple operand 
streams will become far more impor-
tant for state analysis. 
Yet another useful feature in state 

debugging is the analyzer's ability to 
compare large data blocks with 
known-good reference files. This fea-
ture allows the analyzer to trap block-
size errors even if just a single data 
value at a single location in the block 
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is different from the expected value. 
Ultimately, the hardware analyzer 

must build a stronger link to simula-
tion tools. It must relate actual infor-
mation about system blocks—informa-
tion regarding the timing of probed 
control signals and the state data sent 
to various internal blocks—to simula-
tions of those blocks. The hardware 
analyzer cannot probe inside devices, 
but it can link physical measurements 
to the simulator, which does probe the 
internal information. 
The development of such links will 

help the designer deal with the pre-
sent disparity between the time re-
quired to simulate a complex system 
and the number of errors now found 
in the system when integration be-
gins. There are still far too many er-
rors. To do the job properly, the hard-
ware analyzer must provide especially 
good timing resolution on exactly 
when pulse transitions occur. The sim-
ulator requires very accurate informa-
tion about the edge placement of the 
signals, to help isolate potential tim-
ing-related design problems. 

In the future, the hardware analyzer 
will also take on some of the higher-
level data operations now common for 
the software analyzer. Those higher-
level presentations of information in-
clude tracking data by symbolic mne-
monic references, charting information 
by state maps that show the flow of 
signal control, and statistically analyz-
ing data content (such as generating a 
graph of a data value over time). Sym-
bol reference translates acquired data 
by means of a table of data values and 
reference names. More complex symbol 
translation can take into account the 
sequence of historical data values to 
develop a set of rules for the transla-
tion. To generate state maps, sequen-
tial data patterns that occur frequently 
within data blocks are assigned a high-
er-level name, much as symbol transla-
tion does with single occurrences of 
data values. 
Even custom presentations of data 

will be possible when the hardware 
analyzer of tomorrow provides a stan-
dard interchange format for acquired 
data and passes that data to the us-
er's computer. The user can then em-
ploy applications software to process 
the data in any manner. As both com-
puter capability and design complex-
ity grow, the user of the hardware 
analyzer can truly have the informa-
tion he wants, the way he wants it.E1 

THE MOMENT OF TRUTH 
FOR POLYPHENYLENE 
SULFIDE-
3 HOURS AT 255°C. 

Today's tough product liability laws, along with tightened 
manufacturing standards, demand more accurate product per-
forinance information 

Plastics Engineering Company, Sheboygan. Wisconsin, 
manufacturers of Plenco thermoset molding compounds, is con-
cerned that temperature stress ratings for engineering thermo-
plastics may not reflect actual performance under load at high 
temperatures. Current test methods either measure strength 
after a heated part has cooled or measure the temperature at 
which a test sample deflects 0.010 in 

Plastics Engineering Company conducted a test of twelve 
materials' ability to perform under continued load at high tem-
perature to determine a heat stress rating The results of the heat 
and stress tests of nine engineering thermoplastics showed 
catastrophic failure at temperatures significantly lower than 
expected 

Polyphenylene sulfide (40% glass tilled), under this test 
method, demonstrated a maximum temperature rating of 245 CC 
compared to its published deflection temperature under load 
(ASTM D648) rating of 260-C Polyphenylene sulfide fractured 
after 3 hours of exposure to 255 CC. In fact, all the thermoplastic 
compounds tested resulted in maximum temperature ratings 
significantly below their published deflection temperature 
under load 

The results of these tests should be reviewed by engi-
neers, designers. and manufacturers — anyone who specifies 
plastic parts For a detailed report write or give us a call at 
(414) 458-2121 You'll be glad you did instead of wish you had 

Fel_ENCCD 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan WI 53081 

thermoset plastic performance 
for over 50 years. 

Through Plenco research a wide range of ready-
made or custom-formulated phenolic, melamine-
phenolic. alkyd and polyester thermoset molding 
compounds, and industrial resins 
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ONLY 18 SUPPLIERS QUALIFY AS 'QUALITY VENDORS' FOR DESC 

18 of the 144 companies that applied made the grade in the first Only 
phase of the Defense Electronics Supply Center's Quality Vendor Pro-

gram. The Dayton, Ohio, clearinghouse for military electronics is beginning the 
program in five product categories, including integrated circuits, communica-
tions equipment, and passive components. DESC plans to add five more 
categories to the list this spring. Among the 18 certified vendors are the 
Ground Systems Group of Hughes Aircraft Co., Control Data Corp., the Collins 
Defense Communications Division of Rockwell International Corp., and a num-
ber of distributors, including Schweber Electronics and Avnet Inc. Last 
August, DESC invited 5,000 suppliers to apply for certification in the program, 
which is designed to encourage contract officers to consider delivery and 
quality history as well as price when awarding contracts. 1=1 

MIMIC PROGRAM MANAGERS GIRD FOR A 22% CUT IN 1989 FUNDING... 

Ofine of the programs hit hardest by proposed cuts in President Reagan's 
fiscal 1989 defense budget is the Microwave and Millimeter Wave Integrat-

ed Circuits project, or Mimic. The program is due for a 22% reduction in 
funding, to $67 million, from its requested $86 million level. The program will 
cost $45.5 million in fiscal 1988, which ends Sept. 30. The cut's effect is not 
yet clear, says an official in the Pentagon's Office of Computer and Electronic 
Technology. "We're considering scaling back the Phase 1 awards," he says. 
But the biggest cutbacks will probably come in the program's ancillary third 
phase, which was to run concurrent to Phase 1 (Phase 2 won't start until 
1991) and was to include development work in computer-aided-design, lithog-
raphy, and automatic-test equipment. First-phase bidders are now negotiating 
final pricing for their bids, but it will be late April before contracts are let and 
costs are disclosed. That, in turn, will determine what's left for Phase 3. I=1 

... AS THE IR FOCAL PLANE ARRAY PROGRAM IS PUT OFF UNTIL 1989 

Defense Department has decided to put off its Infrared Focal Plane The 
Array Initiative until fiscal 1989 because of funding problems. The program 

got slightly less than $2 million for the current fiscal year, a far cry from the 
$45 million it had been seeking [Electronics, Sept. 3, 1987, p. 103], so 
program managers in the Pentagon's Office of Computer and Electronic 
Technology had to rethink the effort. Now the program is facing further cuts. 
President Reagan's proposed budget for fiscal 1989 asks for just $23.5 
million, less than a third of what the program had been seeking. The Pentagon 
now hopes to get the program started in the fall. 0 

LOCKHEED DUSTS OFF ITS RADAM RADAR PROCESSOR 

electronics spending in fiscal 1989 will go heavily for upgrades and Defense 
retrofits, analysts say, and Lockheed Electronics Co. plans to take advan-

tage of that by pushing a radar processor that can see through camouflage 
and foliage. First conceived in the early 1970s, when there was a need for 
radars that could penetrate the dense Vietnamese jungles, the idea for Ra-
dam—Radar Detection of Agitated Metals—was shelved as the war ended. 
Now Lockheed is trying to bring it back. The Plainfield, N. J., company is 
offering Radam to the Army and another unnamed service as an enhance-
ment for airborne radars that don't already have such capabilities. William 
Guyton, director of advanced programs in Lockheed's Radar and Fire Control 
Division, says Radam is "simpler than synthetic-aperture radar," a technique 
that creates a video image from the radar feedback and requires much more 
signal-processing power. 0 
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Spectrum and 
network analysis 
with just one 
instrument. 
The SNA-1 is precise 
and easy-to-use 
For USA contact 
W&G Inc., RIP, NC 27709-3585, Tel. 919-9415-730 

FSTART 
FSTOP 

TRC1 OLY 
TRC2--MAG 

REFERENCE 
.0.8000us 

22. 00+ 

SCALE 
200ms 
25dB 

ROW 3kHz 
APERT 15 
SWT Is 

SEIM LEVL 
-3.00dBm 

5MHz/OLV 
150.000 000 0 MHz 

The SNA-1/02 is the ideal instrument for 
spectrum and network analysis and has 
a wide frequency range. 
1) Network analysis on video, telecom 
or control systems — phase and group 
delay measurements. 
2) Spectrum analysis on wanted and 
spurious signals, e.g. oscillators or tele-
com systems. 
High resolution, high sensitivity and high 
selectivity mean the SNA-1 can handle 
the toughest test problems. Easy oper-
ation due to screen menu, knob or push-
button control, IEC/IEEE interface. An 
unbeatable instrument! 

Wendel &Goltermann, VMW. Postfach 12 62, D-7412 Eningen 
Fed. Rep. of Germany, Tel, I- (49) 71 2)-86-0, Tlx. 7 29 833 

I would like: 
A free SNA-1 colour brochure 

L I A visit from a sales engineer 

Name  

Company 

Street   

Town   

Telephone no  E 7395 KF 

Visit us at CeBIT'88, Hanover, March 16th - March 23rd, Hall 13, Stand A18/1317 Circle 141 on reader service card 



Director, International Marketing 
Our Customers Demand The Highest Level Of Circuit Performance. 

We Deliver A Lot More. 
The Semiconductor Sector 
of the S2.1+ billion Harris 
Corporation is a leader in 
providing standard, 
semicustom and custom 
integrated circuits based 
on CMOS, dielectric isola-
tion, GaAs and radiation-
hardening technologies. 
The market niches we 
serve demand the highest 
levels of performance and 
reliability as well as the 
special degree of service 
one would expect from an organization that has 
grown to become one of the world's largest suppliers 
of integrated circuits. 

Recognizing the significant opportunities that exist in 
Europe and the Pacific Basin, we have created an op-
portunity for a senior level marketing executive who 
can help us expand upon our growing presence in 
these regions. 

To qualify, you will need a minimum of 10 years' 
marketing experience in the electronics industry, at 
least 5 of which must have been in Europe. You must 
be familiar with European distribution channels, 
preferably in integrated circuits, and have an 
established record of accomplishment in developing 
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and implementing a 
global sales and 
marketing strategy. 

Reporting to the Sector 
Vice President of 
Marketing, this position 
likely to be based in 
Southern England and will 
require an initial one-year 
assignment at our 
Melbourne, Florida head-
quarters. A B.S. degree is 
required, an advanced 

degree is preferred. The selected candidate will 
receive an excellent salary, incentive bonus 
and a full complement of benefits. Please forward 
your resume, including salary requirements, in 
strictest confidence to: Director of Human Resources, 
Dept. ED, Harris Corporation, Semiconductor Sector, 
P.O. Box 883, Melbourne, FL 32901-0101. An Equal Op-
portunity Employer mlflhly. 
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HARRIS 

WANT TO MEASURE MICRO-OHMS, 
MILLI-OHMS, OR EVEN NANO-OHMS? 

We have high-performance, low-cost solutions for 
any low-resistance measurement problem. 

• The rugged, easy-to-use. Model 510A Digital Micro-ohmmeter 
provides honest 1 micro-ohm resolution, 41/2 digits, and a basic 
accuracy of 0.02%. 

• Three measurement modes. SWITCHED DC cancels thermal 
errors. CONSTANT DC for inductive components PULSED 
MODE for thermally sensitive devices. 

• Dry-Circuit test mode, rugged 4-terminal Kelvin clips, and BCD 
outputs included 

• Accessories for every application including battery-pack, 
limits-comparator, computer interface, and resolution to 10 
nano-ohms. 

Money-back Guarantee: Try the 510A free for 30 days. 

rrinnnr,r, -Ç 

Cambridge Technology, Inc. 
23 ELM STREET, WATERTOWN, MA 02172 U.S.A. (617) 923-1181 

THE 1987/88 

Electronics 
Buyers' Guide 

Order your copy today for the industry's most often-
used directory: 
• Its three directories in one easy-to-use volume.  
• Includes more than 4 000 product listings.  (approx. 700 pages) 

• Contains over 5,000 company listings (approx. 400 pages) including: 

• Company name, address and phone number. 

• Name and title of contact for sales information. 

e Number of engineers at plant and number of employees. 

• Annual dollar sales volume. 

• Local sales offices and manufacturers representatives. 

• Local distributors. 

• Instant referral to company's advertisements. 

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

Price: 

$50 USA & Canada 
ér 

$75 elsewhere (surface mail)Electronics Buyers' Guide Bona 
$90 elsewhere (air mail) 1221 Avenue of the Americas, N Y. NY 10020 

Send order with payment to 
Regina Hera le5 1 I 
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Plug-In To Our Network And 
Receive A Free Issue Of... 

If you're responsible for the use, planning, design and implementation 
of information networks...YOU should be connected to this magazine. 

DATA COMMUNICATIONS is devoted 100% to reporting and exploring 
developments in digital communications. And it publishes more than 
half of all networking information printed in the USA! 

In it you will find practical ideas to help you enhance productivity in 
your own environment, build more efficient systems, cut costs and 
avoid mistakes. 

Each issue examines methodologies of computer applications.., system 
design and optimization... message switching... integrated voice, data 
and video.., diagnostics, error detection and testing... digitized voice 
...common carrier facilities...software and network design... and more. 

But don't just take our word for it. Let us send you a free issue to read 
and evaluate. Simply complete and mail the postage-paid card adjacent 
to this page. We'll send you a copy of the current issue, along with our 
invoice for the term you select. If you like what you read, send us your 
payment. If not, just write "cancel" on the bill, return it, owe nothing 
and keep the free issue with our compliments. 

So plug-in to our network now... and see for yourself why 
DATA COMMUNICATIONS is recognized as the world's leading 
networking magazine. 

deunications 



FIRST AGAIN. 
MID 256 K CRAMS. 

Toshiba technology leads the way 
again with the development of Ultra 
Large Scale memory devices that 
feature high speed access times. 

1 MB CMOS DRAMS 
Toshiba, world produc-OM tion leader in CMOS, is 

t delivering 1MB DRAMs. 
In three different access 
modes. With speeds of 85, 
100 and 120 ns. You have 
a choice of fast page 
mode, static column or 
nibble mode, as well as 
DIP, SOJ and ZIP 
packages. 
TOSHIBA DYNAMIC RAMS 

Part Number Org. Process Samples Prod. 
Speed Sorts 
Available 

Pkg Options 
& Comments 

TC511000P/J/Z 1MbX1 CMOS YES YES 85 100 120 P/J/Z 
TC511000AP/AJ/AZ 1MbX1 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC511001P/J/Z 1MbX1 CMOS YES YES 85 100 120 P/J/Z 
TC511001AP/AVAZ IMbX1 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC511002P/J/Z 1MbX1 CMOS YES YES 85 100 120 P/J/Z 
TC511002AP/AJ/AZ 1MbX1 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC514256P/J/Z 256KX4 CMOS YES YES 85 100 120 P/J/Z 
TC514256AP/AJ/AZ 256I0C4 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC514266AP/AJ/AZ 256KX4 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC514258P/J/Z 256KX4 CMOS YES YES 85 100 120 P/J/Z 
TC514258AP/AJ/AZ 25610C4 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC514268AP/AT/AZ 256KX4 CMOS 4/88 5/88 70 80 100 P/J/Z 
TC524256P/J/Z 256KX4 CMOS YES 2q88 100 120 P/J/Z 
TC524257P/J/Z 256KX4 CMOS YES 2Q'88 100 120 P/J/Z 
TC521000P 25610(4 CMOS YES YES N/A P 
TC41000L 1MbX4 CMOS 6/88 7/88 70 80 100 L 
THM81000S/L 1MbX8 CMOS YES YES 85 100 120 S/L 
THM91000S/L 1MbX9 CMOS YES YES 85 100 120 S/L 
THM91020L 1MbX9 CMOS 2/88 4/88 70 80 100 L 
THM8512L 512KX8 CMOS YES YES 85 100 120 L 

1988 Toshiba America, Inc. 

256K CMOS STATIC RAM 

Toshiba's product de-
velopment leadership 
continues. We were first 
with 16K CMOS RAMs. 

First with 64K CMOS RAMs. And now 
first again—with 256K CMOS static 
RAMs. This 32K x 8 device features 
the lowest power consumption avail-
able today—only 5mA/MHz. Lower 
than any competitive product. And we 
offer speeds to 85 ns. 

TOSHIBA 256K CRAMs 
Part Number Org. Process Speed Standby Power Package 
TC55257APL-85 32KX8 CMOS 85ns 100pAMAX 28PIN 
TC55257APL-10 32KX8 CMOS 100ns 100pAMAX 28PIN 
TC55257APL-12 32KX8 CMOS 12Ons 100pAMAX 28PIN 
TC55257APL-85 32KX8 CMOS 85ns 30pAMAX 28PIN 
TC55257ALP-10L 32KX8 CMOS 10Ons 30pAMAX 28PIN 
TC55257APL-12L 32KX8 CMOS 12Ons 30pAMAX 28PIN 

P AND SOC) 

ULTRA LEADERSHIP 
Again Toshiba leads the way. With high 
speed access times. Now with Ultra 
Large Scale products. With ultra high 
quality. Toshiba. The power in 
memories. 

TOSHIBA. THE POWER IN MEMORIES. 

TOSHIBA AMERICA, INC. 

MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498, MISSOURI, D.L.E. Electronics, (316) 744-1229, R W. Kunz, (314)966-4977; MONTANA, Components West, (2061885-5880; NEVADA, Elrepco, Inc., (415)962-0660: 
NEBRASKA, D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Tchnology, (201) 947-0151; NEW MEXICO, Summit 
Sales. (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pi-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA. Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, 
Electric Component Sales. (612) 933-2594; OHIO, Steffen 8 Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731; OREGON, Components West. (503) 684-1671; 
PENNSYLVANIA, Nexus Technology, (215) 675-9600, Steffen 8 Associates. (412) 276-7366; RHODE ISLAND, Datcom, Inc.. (617) 891-4600; TENNESSEE, Montgomery Marketing. Inc., (205) 830-0498; TEXAS, MIL-REP 
Associates, (512) 346-6331, (713) 444-2557, (214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801263-2640: VERMONT, Datcom, Inc., (617) 891-4600. WEST VIRGINIA, Steffen 8 Associates, (419) 884-2313; 
WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States, Inc., 
(303) 426-0890: CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452. 
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ELECTRONICS SEMICONDUCTORS 

NEW PRODUCTS 

SEEQ'S 512-KBIT FLASH EEPROMs SUPPORT 
IN-SYSTEM PROGRAMMING ON 12-V SUPPLY 

.One-transistor cells, 1.5-micron process, deliver high density and fast erasing 

New host-interface features, 12-V pro-
gramming, and a 1.5-p.m CMOS pro-

cess are being combined by Seeq Tech-
nology Inc. to launch a new line of flash 
electrically erasable programmable read-
only memories. They offer easy 
in-system programming and high 
bit-packing densities. The single-
transistor cell-based flash memo-
ries also erase 30 times faster 
than conventional EEPROMs. 
The 32-pin, 512-Kbit 48F512 be-

comes the first CMOS flash mem-
ory tailored for in-circuit pro-
gramming with 12-V power sup-
plies. It is also now the densest 
EEPROM chip being sold in a 64-
K-by-8-bit organization, claims the 
San Jose, Calif., company. 

Designers added latches on ad-
dress, data, and control input 
ports to keep the parts compatible 
with the erase and programming 
cycles of host microprocessors 
(see figure). Seeq also added ex-
tra control logic to implement a 
512-byte block-erase mode, so the 
chip can selectively reprogram 
chunks of the array. Flash EE-
PROMs generally must be erased 
entirely during reprogramming because 
the one-transistor cell design typically 
trades off byte erasures for small size. 
The lower, 12-V programming supply, 

for example, can also be applied to the 
part while it is read. Seeq managers say 
the reduction of voltage requirement 
will make the part more suitable for in-
circuit programming applications. 
ONE TRANSISTOR. On an architectural 
level, the 48F512 flash memories marry 
the advantages of one-transistor cells in 
ultraviolet EPROM and the erasure mech-
anism of conventional EEPROMs. Flash 
cells program like an EPROM, using hot-
electron injection, but are erased like an 
EEPROM, using cold-electron tunneling. 
The 48F512 flash memories use this 

one-transistor storage-cell design to 
achieve high bit-packing densities. The 
technology helps deliver the high densi-
ties and low costs that have eluded con-
ventional EEPROMs, which usually have 
two-transistors per cell. Seeq's 48F512 is 
fabricated with a 1.5-pm process that re-

duces cell sizes to nearly 20 1.4,m2, com-
pared with 35 p.m2 with the company's 
previous n-MOS flash memory, says Mike 
Villott, vice president of marketing. 
Compared with ultraviolet-EPROMs, 

time is 7.5 seconds. The 48F512 has a 
minimum erase-write endurance level of 
100 times. Parts will be also be sold 
with 1,0(X)-cycle endurance. Data reten-
tion is guaranteed for 10 years. 

Seeq uses a stacked polysilicon 
gate layout in a folded-cell config-
uration that merges the bit-select 
transistor of a conventional EE-
PROM with a floating gate. The 
split-gate layout is identical to the 
technology in Seeq's first flash 
memory, the 128-Kbit 48128, 
which is made of n-MOS and re-
quires 21-V programming [Elec-
tronics, Aug. 21, 1986, p. 53]. 

In the summer, Seeq will offer 
samples of a pin-compatible 1-Mbit 
flash EEPROM, the 48F1024, 
based on the same cell design and 
CMOS process. "Customers will 
be able to design a socket for the 
512-K or the 1-Mbit part," says 
Villott. Seeq's development of a 
family of compatible 256-Kbit-to-1-
Mbit flash memories is part of a 
joint-development pact with Na-
tional Semiconductor Corp. 
The part dissipates 100 mA in 

standby mode and 60 p.A active. 

LATCHES EASE PROGRAM/AIN 

WRITE/ERASE INPUT 

COLUMN 
ADDRESS 
INPUT 

ROW 
ADDRESS 
INPUT 

TIMER 

CONTROL 
LOGIC 

CONTROL 
LATCHES 

EEPROM ARRAY 

48C512 (512 KBIT) 
48C1024 (1,024 KBIT) 

DATA 
LATCH 

INPUT/OUTPUT 
BUFFERS 

READ/ 
WRITE 
DATA 
OUTPU 

Latches on address, data and control ports keep the EEPROM 

in step with programming cycles of host microprocessors. 

flash-memory programming-erasure 
times are fast. The part will entirely 
erase its array in one minute-20 to 30 
times faster than EPROMs. The maxi-
mum time for writing to the chip is 1 ms 
per byte. The maximum block-erase 

Available now with 250-ns access times, 
the part costs $18.75 each in 100-piece 
quantities. - J. Robert Lineback 
Seeq Technology Inc., 1849 Fortune Dr., 

San Jose, Calif. 95131. 

Phone (408) 432-1550 [Circle 360] 

IDT'S ECL-COMPATIBLE SRAM 
DELIVERS 50% POWER SAVING 
An ECL-compatible, 64-Kbit biCMOS 
«static random-access memory from 
Integrated Device Technology Inc. deliv-
ers a 50% power saving over the power-
hungry emitter-coupled-logic devices 
that currently dominate the high-speed 
memory market. What's more, its 15-ns 
access times rival the ECL competition. 

Organized as 64-K-by-1 bit and com-
patible with ECL 100-K logic, the 
IDT100490 dissipates 320 mW typical. It 
gets its speed/power performance from 

the Santa Clara, Calif., company's pro-
prietary BiCEMOS process, says Larry 
Jordan, vice president of marketing. The 
22-pin device features separate data in-
put and outputs; static operation with-
out clocks or refresh; and open-emitter 
outputs. 
The BiCEMOS process is built on the 

company's 1.5-p.m CEMOS 3B technol-
ogy, but incorporates bipolar transistors 
that operate at cutoff frequencies above 
6 GHz. This combination provides better 
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Harris/3M copiers 
come with a unique 
paper supp 

• \\'‘e\' \o t s. 

e ' - '' _ o ' e,s. 
‘ .['' •Ç eft_ etge\ _ _ 
. 
£0''' 

98°/0  O etey, 
COÇ 

• et coet .\ e ses\c,e VSÇ 
.14,•30N),N1» 

It's something no other copier 
company in the world can offer. 
We call it the Harris/3M promise. 
And it guarantees, in writing, that 
your copier will be up and running 
when you need it. But that's only 
part of what we offer you. 

'nude in now for up to $1000! 
Give us a call or send in 

this coupon and we'll tell you how, 
for a limited time, you can save 
up to $1000 on a new Harris/3M 
copier. We'll also send you two free 
booklets to help you evaluate 

your copier needs. 
Get all the facts 

on the Harris/3M 
promise and our 
valuable trade-in 
offer soon. You'll 
be convinced 

that your next copier should be a 
Harris/3M. We guarantee it. 

E Ca111-800-TLC-COPY 
Or send in this coupon to receive information 
on our trade-in offer plus two FREE booklets 
to help you evaluate your copier needs. 

0 I'd also like information on your full line of 
fax machines. 

Name  

Company Name  

Address  

City State  

Zip lblephone  

Mail to Harris/3M Document Products, Inc., 
LP.O. Box 785, Dayton, OH 45401, MH388FPJ 

1 

HARRIS/3M 
Get more than a copier. Get a commitment. 

Offer is valid at participati ng U.S. dealers for a limited time and other restrictions and limitations apply; see your Harris/3M sales representative for details. Free loaner offer is valid if ropier is installed wit hin 50 miles of an 
authorized Harris/3M service facility ©1958 Harris/3M Document Products, Inc. Harris is a trademark of the Harris Corporation. 3M is a trademark of the 3M Compatis 
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COMPUTERS & PERIPHERALS 

CLEAR DIGITIZING PAD CUTS 
COMPETITION'S PRICE IN HALF 
Ovonic Imaging Systems' E-Z Image Pad uses proprietary resistive film 
to make entering handwriting or tracing drawings and photographs easy 

A thin film of proprietary resistive 
Mmaterial deposited on a transparent 
glass substrate is the key technology in 
Ovonic Imaging Systems Inc.'s digitiz-
ing pad for direct entry of handwritten 
information into a computer. And at 
$110, the versatile pad costs about half 
the price of competing systems. 
When the user writes or draws with a 

conductive stylus on the Troy, Mich., 
company's E-Z Image pad, an image of 
the inscription appears on a computer 
display in bit-mapped form. Simple cir-
cuitry around the edges of the pad 
senses the location of the stylus. 
The pad is compatible with IBM 

Corp.'s Personal Computer family. Since 
it is transparent, E-Z Image can be used 
as an overlay for tracing drawings, 
maps, and photographs. It can be placed 
over a light box, CRT screen, or flat-

panel display. Another use is as a direct-
entry notepad in applications such as 
filling out forms electronically, or in sig-
nature-verification systems for security 
purposes, banking, and credit-card 
transactions. 
The system offers a versatile, simple-

to-use approach to computer entry that 
requires no special training, says Lionel 
Robbins, Ovonic Imaging's vice presi-
dent for sales and marketing. "This is 
more user-friendly than, say, a mouse 
device," he says. 
The $110 price tag, for 1,000-unit 

quantities, compares with approximately 
$250 for competitive products, Robbins 
says. "The real basis for this technology 
is our ability to deposit and work with 
thin films on large glass substrates, re-
sulting in the low cost," he explains. 
The E-Z Image pad with a 7-by-81/2 -in. 

E-Z Image is compatible with IBM's Personal 

Computer family. 

active area is available now complete 
with stylus and interface card. 

Ovonic Imaging also offers the pad, 
interface, and stylus separately, priced 
at $60, $40, and $10 respectively, in 
1,000-unit quantities. The company will 
customize pads for size and interface 
cards or RS-232C ports based on cus-
tomer demand. - Wesley R. Iversen 
Ovonic Imaging Systems Inc., 1896 Barrett 
St., Troy, Mich. 48084. 
Phone (313) 362-2738 [Circle 340] 

KIT IMPLEMENTS MICRO CHANNEL INTERFACE 
anufacturers of expansion memory 

Inboards for the IBM Corp. Personal 
System/2 models 50 and 60 can cut both 
the time and engineering costs required 
to implement a design—and do it using 
up to 30 fewer chips—with a two-chip 
set and design package from Edsun 
Laboratories Inc. 
The EL2010 is one of the first VLSI 

chip sets implementing the PS/2 Micro 
Channel interface and memory-control 
functions, claims the Waltham, Mass., 
company. It provides a complete Micro 
Channel interface, expansion memory 
controller—indeed, "everything needed 
to manufacture and introduce PS/2 add-
on memory boards," says Richard Si-
mon, director of marketing. 
QUICK UPGRADE. Its use offers suppli-
ers of expansion boards a way to up-
grade their products quickly, says Si-
mon. He estimates it can also save new-
comers to the PS/2 add-on business six 
to 12 months in design time and $50,000 
or more in engineering resources. 
The kit includes a sample board, print-

ed-circuit-board artwork, drill tape, sche-
matics, manufacturing diagnostics, a 
user manual, and software drivers for 
the Lotus-Intel-Microsoft Expanded 
Memory Specification 4.0 and OS/2 ex-
tended memory. 
The chip set/design package combina-

tion is intended to meet a PS/2 memory-

board market that will grow when the 
OS/2 extended-edition operating system 
arrives later this year, says Simon. OS/2 
requires a minimum of 1.5 Mbytes for 
the operating system alone and the ex-
tended edition will consume 3 Mbytes. 
But the 80286-based PS/2 models 50 and 
60 are shipped with just 1 Mbyte of sys-
tem memory. 
The chip set embodies a full set of 

power-on-setup registers, selectable 
board ID codes, parity and channel-
check logic, translation random-access 
memory control, and decoding for one 
parallel and two serial ports. It supports 
up to 14.25 Mbytes of memory in up to 
eight banks, includes an optional on-
board relocatable BIOS read-only memo-
ry, and will accommodate 256-Kbit or 1-
Mbit dynamic RAM chips. The EL2010 
devices will run in systems operating at 
up to 16 MHz. 
The chips come in a standard 84-pin 

plastic leaded chip carrier. They can be 
surface-mounted or socketed. 
Two versions of the Design Ware 

package—for 2- and 8-Mbyte expansion 
boards—are available. The kit's board 
uses three IBM-authorized ID numbers, 
which prevent the problems some early 
PS/2 add-on-board suppliers encoun-
tered without them. Those problems 
ranged from an inability of the operat-
ing system to recognize all of the expan-

sion memory available, to total failure 
of the memory board. 
The DesignWare package is priced at 

$2,500. The chip set sells for $35 in 
quantities of 1,000. Samples will be 
available at the end of March, and Si-
mon projects that production quantities 
will be available "in time to meet manu-
facturers' needs." - Lawrence Curran 
Edsun Laboratories Inc., 9 Spring St., Wal-

tham, Mass. 02154. 
Phone (617) 647-9300 [Circle 342] 

$8,000 VMEBUS 
BOARD DELIVERS 
16 MILLION COLORS 

Aseries of single-board bit-map dis-
play controllers from Univision Tech-

nologies Inc. delivers true color perfor-
mance for VME-based Sun Microsys-
tems work stations. Yet at ,000, the 
controllers cost about a quarter of the 
price of the high-end systems that offer 
true color, but also incorporate much 
higher vector performance than many 
users need, says the Burlington, Mass., 
company. 
The UDC-3400 series supports 60-Hz 

noninterlaced monitors and can handle 
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You've got two weeks to put location proposals to the Board. 

Don't panic. Consider Livingston in Scotland-Europe's most logical 

location. 

You're on the motorway, just 30 minutes from Glasgow's Airport and 

10 minutes from Edinburgh's. 

You've got a choice of fully serviced industrial estates-including a 

high technology park-and a wide variety of available factories and offices. 

You've got neighbours. Over 300 of them. Unisys, Burr-Brown, 

Johnson & Johnson, Ferranti, NEC-to name just a few who are expanding 

vigorously. 

You've got the support and research facilities of six universities and 

numerous technical colleges within a forty mile radius. 

You've got maximum investment grants, 

rent free periods plus European Community 

assistance. 

And you've got us. A Development 

Corporation that can put together a detailed, 

personalised prospectus on Livingston for your 

particular company. 

In hours if you push the panic button. 

Could anything be clearer or 

more specific than that? 

RV THE US, send to: C Anne Robins, PO Box 345, — 1 
Old Greenwich, CT 06870. Tel: (203) 629 3496. 
IN THE UK and EUROPE, send to: David Balfour, 
Commercial Director, Livingston Development 
Corporation, West Lothian EH54 6QA, Scotland. 
Tel: 0506 414177. 
Prove that Livingston is the most logical location for 
my company. We are/are not pushing the panic button. 
BLOCK LETTERS PLEASE 

Name  

Position  

Company  

Address 

Postcode 

Telephone  Y si  
MAKE IT IN E 2° 
LIVINGSTON 

I Europe's most logical location. I 
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Contactless de-soldering 
and soldering with 

the Leister-Labor "S" 
Hot Air Tool 

F- .0e ruir 
- 

• P 

11, 

Electronic Temperature Adjustment 
from 20 to 600 C. Electronical 
Air Volume Adjustment from1 to 
150 litres per minute. 
For contactless de-soldering and 
soldering of SMD- and 
DIP-components in 2-4 seconds. 

Ask for free brochure UW 70 

Brain R. White Co. Inc., 313 Henry Station Road 

Ukiah, CA 95482 phone: (707) 462-9795 

Farmingdale, NJ 07727 phone: (201) 938-2700 

Circle 154 on reader service card 

RF 
Transformers 

500Hz to 800MHz 
from $2.95 

• 12.5 to 800 ohms 
• low-cost plastic case 
• RFI-shielded metal case 
• pin and connector models 

Immediate Delivery 
call or write for Free 64 page guide 

1=IMini-Circuits 
A Division al Scientific Components Corporation 

P.O. Box 166, Brooklyn, New York 11235 
(718)934-4500 

Domestic and International Telexes: 
6852844 or 620156 

16.8 million colors with 34-bit/pixel 
graphics resolution. Eight bits each are 
used for red, green, and blue signals, 
eight for indexing/tagging, and two for 
overlay. The controllers target applica-
tions such as computer-aided design and 
image analysis. The series has not been 
fully benchmarked, but Warren Moo-
trey, director of sales and marketing, 
says that 20-pixel horizontal-vector line 
drawings are done at a rate of 50,000/s. 
One version of the series, selling for 

$7,995, offers 1,280-by-1,024-pixel resolu-
tion with 24-bit depth and two bits of 
overlay. Another version of the control-
ler boasts resolution of 34 bits/pixel and 
costs $8,995. 
Mootrey says he knows of no other 
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The UDC-3400 series offers 16 million colors 
with 34-bits/pixel graphics resolution. 

single-board display controller for Sun 
systems in this price/performance 
range. The UDC-3400 series has been 
positioned to fill a market need below 
that met by the high-end solutions: 
three- or four-board sets that plug into 
Sun systems for 3-d real-time applica-
tions and cost as much as $34,000. 
The UDC-3400 series gets its perfor-

mance by combining a 20-MHz Intel 
Corp. 82786 display controller with up to 
9 Mbytes of dual-ported video memory. 
That combination allows high-speed op-
erations, such as polygon and line draw-
ing, bit-block transfers, and multifont 
text generation. 
The dual-ported memory also gives 

fast access to the host bus, while an 
optional external VSB-standárd bus in-
terface provides access to very-high-
speed processing by means of an out-
board array processor or coprocessor at 
a transfer rate of 10 Mbytes/s. A 512-
Kbyte display-list memory allows users 
to store primitives, such as circle arcs, 
commands, and text. 
The series is available now. 

Univision Technologies Inc., 12 Cambridge 

St., Burlington, Mass. 01803. 
Phone (617) 273-5388 [Circle 341] 

School É>i American. Bali« qudcnt pmformance: Merrill Cupyright:Martha 
SWIM, 1%7 

Thanks 
to the Library, 
American dance 
has taken great 
leaps forward. 

American dance is more 
popular than ever, and one of the 
reasons is The New York Public 
Library's Dance Collection. 

Choreographer Eliot Feld 
says the Library at Lincoln Cen-
ter is "as vital a workroom as 
my studio." Agnes de Mille says, 
"the revival of any work is de-
pendent on access to the Li-
brary's Dance Collection." 

And they're not the only 
ones. For dancers and choreog-
raphers everywhere, over 37,000 
volumes, 250,000 photographs, 
and an enormous film archive 
have been essential elements in 
the renaissance of American 
dance. 

That's just one way The 
New York Public Library's re-
sources serve us. The Library 
offers plays and puppet shows 
for children, programs for the 
elderly and disabled, extensive 
foreign language and ethnic col-
lections, and scientific journals 
vital to the business community. 

Again and again, the Li-
brary enriches our lives. 

The New York Public Library 
WHERE THE FUTURE IS 

AN OPEN BOOK 

154 Circle 162 on reader service card Electronics/March 17, 1988 



New and Current 

Products Presented 

by the Manufacturer 

Product Showcase 
To advertise call Steve Argila (212) 512-2787 or Ron Lewis (212) 512-2143 

FREE CATALOG OF 
ELECTRONIC INSTRUMENTS 

FOR RENT 
1987-88 Rental 

Catalog is available 

from Genstar 

Rental Electronics, 

Inc. New equip-

ment from major 

manufacturers 

ecludes analyzers, 

meters, generators, 

oscilloscopes, 

recorders, and 

more. Rental terms and conditions are 

included as well as toll free numbers 

of the U.S. inventory centers. 
Le1.129611 

6307 De Soto Avenue. Ste. J 
Woodland Hills, CA 91367 

(800) 227-8409 
(800) 331-3440 (in CA) 

GENSTAR CIRCLE 238 

B&K—PRECISION PROGRAMMABLE 
IC TESTER 

The B&K-PRECISION Model 560 tests over 
1500 different devices. including TTL and CMOS 
digital IC's, static RAMs and ROMs. Speeds 
testing, simplifies diagnostics and doesn't 
require prior test skills. Plain-English user 
prompts guide operation. Test results are dis-
played on an easy-tolead display. $3,500. Con-
tact your local distributor or: B& K-PRECISION, 
Maxtec International Corp., 6470 W. Cortland 
St., Chicago, IL 60635. (312) 889-9087. 

B&K-PRECISION CIRCLE 216 

EMULATORS 8051152, 8031, 80C31, 8032, 
8344, 80C452, 80C152, 80535, 80C451 

• IBM PC plug in boards • 64K emulation 
memory • 16MHz full speed Real Time Emula-
tion • Command driven User Interface with 
static windows • Advanced trace capabilities 
• 16K trace buffer • Powerful Macros • Supports 
PL.M-51, 051 • Symbolic debugging • Prices: 
32K 8031 $1790, 4K Trace $1495. FREE DEMO 
DISK! CALL NOHAU CORP., 51 E. Campbell 
Ave., Campbell, CA 95008. 408/866-1820 

NOHAU CIRCLE 211 

FORCE OPERATED SIX AXIS CONTROL 

A six degree of freedom force operated control 
has been designed to fit in a palm sized handle 
with all six axes having a "pivot" point 
centered in the cup formed by the curved palm 
of the operator's hand. The control analog out-
puts corresponding to X,Y,Z translations and 
pitch, roll, yaw rotations and are also available 
in a serial RS232 or RS422 format. Measure-
ment Systems, Inc., 121 Water Street, Norwalk, 
CT 06854. (203) 838-5561. 

MEASUREMENT SYSTEMS, INC. CIRCLE 244 

NOHAU 

EMUL51-PC 
IN 

EUROPE 
SWEDEN, NORWAY, FINLAND  
Nohau Elektronik AB tel. 040 92 24 25 

GERMANY  
iSystem GmbH tel. 08131 1687 

FRANCE  
Emulations s.a.r.l. tel. 01 69 412 801 

DENMARK  
'age Olsen AIS tel. 02 65 81 11 

SWITZERLAND  
thau Computer AG tel 01 740 41 05 

PORTUGAL  
Fatronica Ida tel. 01 83 56 70 

VVe are currently seeking representatives in: 

Great Britain, Italy, Spain, Holland, 
Belgium and Austria 

CIRCLE 210 

NEW, ENLARGED 100-PAGE 
SAMTEC CATALOG 

The new Samtec Catalog, with 28 more pages, 
has complete specs on every page, more charts 
than ever before, including a full PGA cross 
reference guide. Complete ordering information 
on Samtec's full line of DIP sockets, the indus-
try's widest array of strip connectors — includ-
ing machined and formed pin socket and ter-
minal strips and cable strip connectors. Write 
for the new Samtec F-88 catalog and distributor/ 
rep list. Contact: Samtec, Inc., P.O. Box 1147, 
New Albany, IN 47150. Phone (812) 944-6733. 

SAMTEC CIRCLE 249 
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BRIDGES 
DIODES 
HV 
• ASSEMBLIE 

BRIDGE RECTIFIERS AND 
HV DIODES AND ASSEMBLIES 

Thousands of stock items are shown in the 
mini-catalog. HV diodes, silicon bridges packs, 
assemblies, cartridges, solid-state rectifier 
tubes are illustrated. They feature power to 
100 amps, all voltages, with standard fast and 
superfast recoveries (to 50 NS). Many case 
styles, terminations, and custom designs 
available. Electronic Devices, Inc., 21 Gray 
Oaks Ave., Yonkers, NY 10710. (914) 965-4400. 

FREE COPY 
ELECTRONIC DEVICES CIRCLE 218 

INCREDIBLE NEW AID CONVERTERS! 

Get all the performance you need from "board 
level" A/D conversion systems in one 28 pin 
package. An ADC808E is easy to use—just 
supply power and analog input. You can do 
away with clock and control inputs, and digi-
tize analog signals to 60KHz. This CMOS 
device doesn't use much power either (100 
milliwatts). It's 8-bit parallel outputs are TTL 
and CMOS compatiblé. Priced from $85. 
R-K MANUFACTURING, 5931 Ravenswood 
Rd., Unit #20A, Fort Lauderdale, FL 33312 
(305) 963-2948 

R-K MANUFACTURING CIRCLE 252 

CROSS ASSEMBLERS 
Universal Linker, Librarian 

PC/MS DOS, VAX VMS, UNIX 

• Fast Version 2.2 
• Conditional assembly 
• Binary or ASCII Hex file output 
• New expanded Manual 
• Powerful macros 
• Relocatable or absolute code 
ENERTEC INC, 19 Jenkins Ave. 
Lansdale, PA 19446 
telex 4948709 

CIRCLE 208 

215-362-0966 
MC/V 

DATA ACQUISITION PROCESSORTm 

ONBOARD INTELLIGENCE FOR IBM PC/XT/AT 
• analog, digital I/O to 150K samples/second 
• 80186 coprocessor — real time processing 
• software: 80 commands, FFT, triggering 
• closed loop process control 
• run applications without programming 
• direct access to Lotus 1-2-3 
• from: $995 digital I/O, $1595 analog I/O 
Microstar Laboratories, 2863 152nd Avenue N.E., 
Redmond, WA 98052. 206/881-4286 

MICROSTAR LABORATORIES CIRCLE 247 

BUSTRAK MICROSYSTEM BUS 
ANALYZER, THE $1495.00 

TIME MACHINE! 

Save REALTIME in XT/AT system and 
peripheral design. Resident BusTrak sets up 
in minutes for routine bus data capture. 
Features flexible triggering, advanced post 
processing, captures 80 channels, 8 K deep. 
CALL TODAY FOR FREE DEMO DISKETTE! 
Applied Physics, Inc. (317)497-1718, P.O. 2368, 
West Lafayette, IN 47906 

APPLIED PHYSICS INC. CIRCLE 251 

TOOLS AND TOOL KITS 

Techni-Tool's complete line of tool kits 
serve every need in the industry. Stan-
dard and customized kits and our ex-
clusive design-a-kit system all feature 
the finest tools and cases available. Call 
or write for our complete FREE catalog. 

rEC1111,-TOOL,.. 
5 Apollo Road, Box 368 
Plymouth Meeting, PA 19462 USA 
(215) 825-4990 Telex 83-4763 
FAX 215-828-5623 

TECHNI-TOOL CIRCLE 242 

• Control instruments, plotters, and printers. 

• Supports BASIC,C,FORTRAN and Pascal. 

• Fast and easy to use. Thousands sold. 

• Software library. Risk free guarantee. 

Capital Equipment Corp. 

99 South Bedford St. 
Burlington, MA. 01803 

FREE demo disk. Call (617) 273-1818 

ELECTRONIC CAD 

Experience powerful, easy to use electronic 
design with the Douglas CAD/CAM Profes-
sional System. This fully integrated package 
takes you from schematic to final routed 
board. Runs on the Apple Macintosh. Features 
unlmtd multilayers, SMT support, digital 
simulation, net list generation and multi-pass 
routing. Layout $1500, Schematic & 
AutoRouter $700 ea. Douglas Electronics, 718 
Marina, San Leandro, CA 94577 (415) 483-8770. 

DOUGLAS ELECTRONICS INC. CIRCLE 243 

SMART PLD & EPROM PROGRAMMERS 

Software driven by IBM PC/XT/AT. Loaded with 
software features. No RAM modules ever 
needed. Rugged, industrial quality. Free demo 
disk. Sailor PAL: Now supporting over 10 mfrs 
and 500 PLDs: bipolar, CMOS, EPLDs, GALs, 
PEELs etc. Universal electronics. $1295 com-
plete. Sailor-2,-8: 2 and 8-socket Set/Gang 
EPROM programmers. From $575 complete. 
1050 East Duane Ave., Sunnyvale, CA 94086. 
408-984-8600. TLX 5106005624 ADVIN. 

ADVIN SYSTEMS, INC. CIRCLE 209 
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One thing 
every 

executive 
should 

have after 
retirement: 

An adventure. 
Gold watches are fine for some 

retired executives. But after a lifetime 
of experience, moving from the 
trenches to the front offices, your 
knowledge is worth more—to us and 
to hundreds throughout the world in 
need of your special skills. 
Through the International Execu-

tive Service Corps—the not-for-profit 
organization that sends U.S. man-
agers to help businesses in develop-
ing nations—you can volunteer for 
short-term assignments in foreign 
countries where you're truly needed. 
Although you will not be paid, you 
and your spouse will receive all ex-
penses, plus the personal satisfaction 
of teaching others while you discover 
more about yourself. 

It's an adventure of the spirit. And 
the time to explore it is now. So 
please, don't let this golden opportu-
nity pass by. Send for more informa-
tion today. 

QED 
International 
Executive 
Service Corps 

Turn your lifetime of experience 
into the experience of a lifetime. 

YES. I'd like to share my lifetime of experience 
with others. I recently retired from my position as 
a hands-on manager with a U.S. company. I also 
understand that volunteers and their spouses 
receive expenses, but no salary. Please send me 
more information now. 

Name  

Address  

City State Zip  

Write to, 1ESC,8 Stamford Forum, P.O. Box 10005, 
Stamford, CT 06904-2005. Or, for faster 
response, call this number: (203) 967-6000. 

COMPUTER 

MARKET PLACE 

MICROCONTROLLER $199 
The ultimate development tool • More lealutes or greater versatility 

8052—BASIC (80C31) • SINGLE 51/ PS • LOW POWER • COMPACT SIZE 
EPROM PROGRAMMER • 2SER r 3PAR • 96K • RTC IC • EXPANDABLE 

PHONE (NN) 656-9163 to on3er your MC-520 (BASIC) Of MC-52C (CMOS) 

o 2366 Eastlake Ave E 
If;Kins Inc. v attte WA 98102 

POSITIONS VACANT 

Work In Japan — Individuals with a degree 
or experience in business interested in 
teaching business English for one year in Ja-
pan to employees of major corporations / 
government ministries should write to: In-
ternational Education Services, Shin Taiso 
Bldg., 10-7, Dogenzaka 2-chome, Shibuya-
ku, Tokyo 150, Japan. Information on the 
position will be sent after receiving a de-
tailed resume. 

RESUMES 

Resumes by PREP — Harvard MBA/Yale ex-
perts. Professional resumes and employ-
ment placement. Satisfaction guaranteed. 
For free job change packet, call 
1-800-533-2814. 

SPECIAL SERVICES 

Switching Power Supply Expert for hire. 
State-of-the-art designs in less time and less 
expensive. Also consulting. Call for informa-
tion (519) 837-1646. 

Save $$$ subcontract @ $13.50 per hour. 
We specialize in fabricating cables, circuit 
boards, chassis, panels per your specifica-
tions. One piece or 1,000. Fast turn around, 
quality workmanship. No hidden fees. The 
E.M.F. Network, Inc., Box 666, Clochester, 
CT 06415. Call Chris Narus (203) 537-3920. 

Short Circuit Location on PCBs, bare or 
loaded. Shorts located quickly including 
power / ground. Reasonable rates. Save 
time, money and scrap. Tekworks, 16 South 
St., Morristown, NJ 07960. 201-540-1096. 

Confidential Design, prototype, short pro-
duction run services. CAD PCB layout. 
Micro-P Control Systems, Interactive Video, 
Smart House, Telecom. Communications 
Systems Labs, 23 S. Kam Hwy, #206, 
Wahiawa, HI 96786 Telex 6502990026MCI 
or Toll-Free 800-521-1364. 

BUSINESS OPPORTUNITIES 

Excellent Opportunity. Southwestern Elec-
tronic Mfg. & Development Co. for sale. 2.5 
mil gross sales. Contact Carolyn Bussard, 
Corporate Business Services. (505) 
984-0163. 
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Pittsburgh, Pa. 15222: Joseph Milroy 
Suite 215, 6 Gateway Center, [215] 496-3800 
Southfield, Michigan 48075: 
4000 Town Center, Suite 770, Tower 2 
[313] 352-9760 
San Francisco, Calif. 94111: 
Rich Bastas, Jeffrey C. Hoopes, Paul Mazzacano 
425 Battery Street 
[415] 362-4600 

Frankfurt/Main: Fritz Krusebecker, Dieter Rothenbach 
19 Liebigstrasse, Germany 
Tel: 72-01-81 
Milan: Manuela Capuano 
1 via Baracchini, Italy 
Tel: [039] [2] 890 10 103 
Paris: Jean - Christian Acis, Alain Faure 
128 Faubourg Saint Honore, 75008 Paris, France 
Tel: [1] 42-89-0381 
Scandinavia: Andrew Karnig 
Finnbodavagen 
S-131 31 Nacka 
Sweden 
Tel. 46-8-440005 
Telex: 17951 AKA S 
Tokyo: Hirokazu Morita 
McGraw-Hill Publications Overseas Corporation, 
Kasumigaseki Building 3-2-5, chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, 100 Japan 
[581] 9811 

United Kingdom: 
34 Dover Street, London W1 
Tel: 01-493-1451 
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Business Manager 
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Daniel McLaughlin 
Director of Circulation 
[212] 512-6598 
Roseann Lehmann 
Office Administrator 
[212] 512-3469 
Frances M. Vallone 
Manager, Reader/Sales Services 
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Ann Strignano 
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Thomas M. Egan 
Production Director 
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Carol Gallagher 
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DAVIDOW TAKES 
CHARGE AT ACTEL 
William Davidow, a former 
Intel Corp. executive turned 
venture capitalist, is stepping 
back into management in the 
chip business as chairman of 
Actel Inc., a Sunnyvale, Calif., 
startup. Davidow, a general 
partner in Davidow Ventures, 
of Menlo Park, Calif., suc-
ceeds founder Amr Mohsen, 
who will stay on as president 
and chief executive officer. 
Two-year-old Actel is develop-
ing a user-configurable CMOS 
gate array technology to com-
pete in the application-specific 
chip market [Electronics, 
Feb. 18, 1988, p.75]. 

key projects Tektronix will 
emphasize this spring after 
its streamlining job is com-
plete, says president David 
Friedley. "We have a number 
of growing, profitable busi-
nesses which are performing 
well, including portable oscil-
loscopes, television-related 
units, and the graphics print-
er and terminal divisions," he 
says. "We are also aggres-
sively pursuing other growth 
opportunities, such as tele-
communications equipment, 
work stations, and measure-
ment systems." 

VMS SMP, a symmetrical mul-
tiprocessing version of DEC's 
VMS operating system. Five 
models, offering from one to 
four processors and up to 512 
Mbytes of main memory, are 
available immediately for 
prices ranging from about 
$544,000 to $1.6 million. 

TEKTRONIX CUTS 
1,000 JOBS... 
Less than five months after 
starting an ambitious reorga-
nization, Tektronix Inc. is 
streamlining its operations— 
and cutting 1,000 jobs be-
tween now and May 28, when 
its fiscal year ends. The Bea-
verton, Ore., maker of instru-
ments, work stations, and dis-
plays, struggled through four 
years of flat growth before 
David Friedley took over as 
president and chief executive 
officer and shook things up 
last fall [Electronics, Feb. 4, 
1988, p. 45]. "Most of the re 
ductions affect managerial 
and professional jobs," Fried-
ley says. Friedley is hoping 
that cutting the work force by 
6% to about 16,000 employees 
will help Tektronix return to 
high growth and profitability. 

COMING SOON: FIBER— 
OPTIC NET FOR CARS 
Codenoll Technology Corp. 
and Hoechst AG are joining 
in a 10-year deal to make 
polymer optic-fiber compo-
nents and networks, primari-
ly for the automotive market. 
Codenoll, of Yonkers, N.Y., 
and Hoechst, the West Ger-
man chemical giant, will un-
veil a prototype system in 
April at the Hanover Fair. 
They say that the first sys-
tem will be the first fiber-op-
tic network to completely 
control an automobile. 

... AS DEC JOINS 
SIEMENS IN TELECOM 
Digital Equipment Corp. in-
tends to bolster its excursion 
into the U. S. telecommunica-
tions markets by working 
with Siemens AG, the world's 
third largest producer of tele-
communications equipment. 
The Maynard, Mass., comput-
er maker and Siemens Com-
munications Systems Inc., a 
U. S. subsidiary of the Mu-
nich firm, have signed a non-
exclusive pact to develop a 
wide range of products for 
openings—resulting from de 
regulation—that they spot in 
the market. 

which sells systems for easy 
data communications be 
tween Macintosh desktop 
computers and minicomput-
ers from Digital Equipment 
Corp. The duo intends to pro-
mote CL/1, Innovation's uni-
versal language for transpar-
ent desktop-computer/main-
frame links, as an industry 
standard across all major 
computing environments. The 
first CL/1 connection ties Ap-
ple Macintosh desktops to 
Digital Equipment Corp.'s 
VAX mainframes. Links for 
IBM hosts will follow. 

... BUT 88000—BASED 
RISC SYSTEM IS CLOSE 
While Tektronix Inc.'s man-
agement struggles over cut-
ting back its staff, the com-
pany's engineers are pushing 
ahead with a planned high-
performance work-station 
product, based on Motorola 
Inc.'s 88000 chip, a new 32-bit 
reduced-instruction-set-com-
puter processor [Electronics, 
Feb. 18, 1988, p. 83]. The 
88000-based RISC work sta-
tion will be one of several 

EMCORE BREAKS INTO 
JAPANESE MARKET 
Emcore Corp., a Somerset, 
N. J., maker of specialized 
gallium arsenide chip-making 
equipment, has scored its 
first overseas sale. The three-
year-old company broke into 
the Japanese market by sell-
ing a metal-organic chemical-
vapor-deposition system to 
Mitsui Toatsu Chemicals Inc. 
The system, a research mod-
el, is designed for use with 2-
in. gallium-arsenide wafers, 
and costs more than $300,000. 

EXPORT GROWTH 
OUTPACES IMPORTS 
Exports of U. S. electronics 
grew 20% last year, outpac-
ing the growth of imports for 
the first time since 1980, the 
Electronics Industries Associ-
ation reports. Exports leaped 
almost 20% in 1987 to $40 bil-
lion, up from $33.4 billion in 
1986. Electronics imports, 
meanwhile, reached $57.9 bil-
lion, up 15% over the 1986 
figure of $50.3 billion. The 
EIA attributes the turn-
around in export growth 
mainly to a lower dollar, but 
also credits higher quality 
and aggressive marketing. 

GOULD MOVES FORMER 
AMI UNIT TO IDAHO 
Gould Inc. is consolidating 
the last remnants of what 
was once American Microsys-
tems Inc. of Santa Clara, 
Calif., into its growing Poca-
tello, Idaho, semiconductor 
plant. About 100 marketing 
and adminstrative employees 
of what's now called the 
Gould Semiconductor Divi-
sion are being asked to move 
to Idaho within 90 days. 
Gould, which purchased AMI 
in the early 1980s, has been 
shifting the bulk of its chip-
making activities to Idaho for 
the past three years. About 
850 employees are at the Po-
catello site today. 

MULTIPROCESSOR VAX 
FINALLY DEBUTS... 
Digital Equipment Corp.'s 
long awaited high-end VAX, 
the 8800 series, finally hit the 
street in March. The primary 
foundation for the new family, 
which will compete with IBM 
Corp.'s low-end mainframes, is 

APPLE ACQUIRES 
NETWORKING FIRM 
Apple Computer Inc. ac-
quired a small networking 
firm in its home town of Cu-
pertino, Calif., as part of its 
principal 1988 technology ob-
jective: expanded networking 
and communications systems. 
Apple paid an undisclosed 
sum for four-year-old Net-
work Innovations Corp., 

IBM SETS NEW MARK 
IN SUPERCONDUCTORS 
Researchers at IBM Corp.'s 
Almaden Research Center in 
San Jose, Calif., have upped 
the ante in high-temperature 
superconductivity to 125 K 
using a ceramic oxide of thal-
lium, barium, calcium, and 
copper. Earlier, scientists at 
the University of Arkansas in 
Fayetteville had reported su-
perconductivity—the loss of 
all electrical resistance—at 
106 K for a different materi-
al containing the same ele-
ments. The two back-to-back 
U. S. announcements came 
two months after the first 
1988 record was claimed in 
Japan. IBM is filing a patent 
on its newest bulk supercon-
ductive material. 
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SPECIFICATIONS 

MODEL FREQ. GAIN, dB • MAX. NF PRICE $ 
MHz 100 1000 2000 Min. PWR. dB Ea. Qty. 

MHz MHz MHz (note) dBm 
MAR-1 DC-1000 18.5 15.5 - 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +8 ci 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 - 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 5.0 1.90 (25) 
MAR-8 DC-1000 33 23 - 19 +10 3.5 2.20 (25) 

NOTE: Minimum gain at highest frequency point and over full temperature range. 
• 1d13 Gain Compression 
▪ .4d13m 1 to 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

only $59.95 

çtv 
dc to 2000 MHz 
amplifier series 

Unbelievable, until now...tiny monolithic wide-
band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 
in the MAR-series offer up to 33 dB gain, 0 to 
+11dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 
• MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 
Stable for source/load impedance VSWR less than 3:1 

Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each,t 

Size 
(mils) 
80x50 5% 
80 x 50 10% 
120 x 60 10% 

t Minimum Order 50 per Value 

finding new ways... 
Setting higher standards 

Tolerance Temperature Value 
Characteristic 

NPO 
X7R 
X7R 

IZZI Mini-Circuits 
A Division of Scientific Components Corporation 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 
Fax (718)332-4661 Domestic and International Telexes: 6852844 or 620156 

Circle 901 on reader service card 

0, 22, 47, 68, 100, 470, 680, 100 pf 
2200. 4700. 6800. 10,000 pf 
D22, .047..068. 1pf 
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isibly superior. 
When we introduced the MVP-AT, the most powerful image 

processor for the IBM,AT, vvesaw the importance pf establishing a major 
program with 3rd party software developers. Now that it's in place, the 
MVP's superior features are available for a wide variety of applications. 

Medical imaging • Machine Vision • Electron Microscopy 
• Training/Simulation • Satelite Imaging. 

Application software that takes advantage of the 
sophisticated MVP-AT design can provide 

advanced image processing functions 
and superior performance... perfect 
vision. And this support is also 
available for our VMEbus version. 

But that's not all. New developments 
with our 3rd party program are soon 
to be released. 

To receive a copy of our 3rd party 
imaging software guide just call: 

(uy.> 1-800-361-4903 , 
In Canada, call (514) 685-2630. 

A LEADER IN VIDEO maiormaioLOCY 

ELEC-SOFT/388 IBM AT ,s a registered trademark of International Business Machines Corporation. 
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