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Actually, we couldn't find anyone who wanted to be on this list. What we did find was th 
programs for Intel's 386™ chip. And the way its popularity is growing, the list can only f 

*OS/ 2 is a trademark of International Business Machines Corporation. UNIX is a registe 
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The most compact high performance 
test instrumentation available. 
Available now, from Wavetek. 

You're looking at a 20 MHz 
Arbitrary /Waveform Generator, a 
100 MHz Pulse Generator, a high­
accuracy 6Y2 digit DMM and a 160 
MHz Frequency Time/ Interval 
Counter, plus room for four more. 

All in one seven-inch-high 
chassis. 

All backed by one company­
Wavetek, the experts in source 
technology. 

And all for less money than 
you 'd pay for the individual 
instruments. 

Circle No. 16 for Literature 

© Copyright 1988 Wavetek Corporation 

The Model 680 is completely 
modular. Buy just the instruments 
you need today, and add more later. 
An internal analog summing bus lets 
you combine outputs from multiple 
Arbitrary Generators and Pulse Gen­
erators to create complex sources. 

With its front panel for debug­
ging, MATE-CllL and GPIB inter­
faces, and built-in testing, 
calibration and reference, Model 
680 is ideal for ATE applications. 

And think of the ways you can 
use all the rack space you'll save. 

Circle No. 55 for Demonstration 

Model 680 is available 
now! Call (619) 279-2200 
today for detailed literature, 
application assistance, or to 
arrange a demo. 
Wavetek San Diego, Inc. 
9045 Balboa Ave. 
San Diego, CA 92123 
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M
. The 
1croprocessor: 

Nucleus for Change 
I

n less than two decades, a tiny chip-made from little more than sand­
has changed the way we live, work, and play. The microprocessor itself 
is plain, ordinary looking. But the things it has made possible are nothing 

less than dazzling. 
And the dazzle is all around us, thanks to this ubiquitous little chip, 

and it has become so commonplace that we've come to take it for granted. 
We see the dazzling color graphics of desktop computers, and we know 
microprocessors are responsible; but we also see sleek, new, high­
performance, fuel-efficient cars, and few of us know that microprocessors 
deserve the credit for enabling high performance and efficiency to coexist. 

We see the effects of microprocessors on the silver screen when we go 
to the movies. We hear their effects on music when we play our 
stereos. Our kids play with microprocessors without even knowing 
it; chips form the hearts of video games, talking toy dogs, even­
believe it or not-some special baseballs. And, incr~asingly, micro­
processors are venturing out from the familiar world around us to 
the far reaches of outer space. 

All of these glamorous applications of the microprocessor are docu­
mented in this EDN special issue. Other applications, equally glam­
orous, go unmentioned for the simple r;)ason that there are seemingly 
infinite applications and only a limited number of pages in which to 
describe them. Nor can we describe, in the pages of one magazine, 
the literally thousands of not-so-glitzy applications: the gas pumps, 

the supermarket scales, the motor controls. 
Not even the inventors of the microprocessor anticipated all its 

far-reaching effects, but the inventors, and EDN's editors in the 
early 1970s, did recognize that the microprocessor was a revolu­

tionary device. From those early days until now, EDN has reported 
on the microprocessor's present and future. EDN's early coverage 
was largely tutorial, explaining to designers of circuits how to 
design with whole computers that fit on only a chip or two. 
We've included in this special issue excerpts from past EDN 
issues, and in them you can see EDN's coverage evolve 
from the tutorial to the advanced, mirroring our read­
ers' advances in sophistication about microproces­
sors and their applications. 

What you'll see throughout this issue is 
change-in the things around us, in the products 
we design and build, in the components we build 
them with. That the microprocessor itself has 
changed is relatively unimportant; what is impor­
tant about the microprocessor is that it's a nucleus 
for change. Because of the microprocessor, the 
world is different than it was a few short years ago. 



"At LTX we evaluated a lot 
before we chose Vicor. '' 

"As the leading manufacturer of automatic test 
equipment for linear integrated circuits, we had 
unique power supply requirements for Hi.T, our 
new linear test system. Given its advanced 
resource per pin architecture, we needed new 
solutions. So we went to the experts. And Vicar 
delivered. 

They delivered a DC power module which lets 
us achieve low system noise, thus allowing our 
test equipment to measure signals down to 
microvolts. 

The high power density of Vicar's modules 
provides us more space for instrumentation. Our 
systems are smaller, and we can more easily 
distribute power supplies throughout the 
system. 

They delivered a power system that's modular, 
flexible and reliable. We can add new features to 
our testers without having to redesign the power 
distribution system. And high reliability is 
especially important to us since we offer a limited 
lifetime warranty on our test systems. 

At LTX, our test systems are designed to be 
flexible. To stay competi tive, we're prepared to 
test semiconductors that are not yet designed. 
The flexibility of Vicar's power supply is an 
important ingredient in LTX's role in meeting 
tomorrow's test challenges." 

- Phil Perki11s, Staff Scie11tist, 
Co-Fo1111der, LTX Corpomtiu11 



of power supply solutions 

Distributed Power 
Advanced system manufacturers are taking 

advantage of the inherent benefits associated 
with distributed power systems. Through the use 
of component level power converter modules, 
designers are able to effectively decentralize 
the traditional power system by 
providing on board power 
conversion at the 
sub-assembly 
level. 

The Benefits: 
• Maximum cost effectiveness 
• Minimum time to market 
• Minimum inventory 
• Reduced size 
• Efficient power busing 
• Modularity 
• Flexibility in system configuration 
• Enhanced reliability 

Rear pa11e/ of the Hi. T system 

The Component 
The building block for distributed power is 

the Vicar Vl-200 series of "zero-current-
switching", component 
level, DC/DC 
converters . 

To discuss 
your power system 

requirements, call Vicar today 
at (508) 470-2900, 23 Frontage Road, 

Andover, MA 01810. 



FOUR NEW 
µP SUPERVISORY ICs! 

• Micropower Supply Current (160µA) - ideal for battery applications 
• Adjustable Reset Voltage - down to 3.0V for CMOS µP's 

• 200ms Reset Pulse - for Motorola µP compatibility 

Power-On/Low Line 
Reset 

IJJNLINE ____ _ 

INPUT Vee ...._ _ _____,,__, 

Watchdog Timer 

Maxim's supervisory I Cs each have a 
precise factory trimmed or user 

adjustable threshold detector and timer 
that generates an accurate, reliable 

Reset signal for any power-on , brown­
out or low battery condition . 

RAW 
DC INPUT 

'!>/ 

PCM'EA FAIL 
IN CEIN 

MAX691 

BATTERY VIWT 

AO-A15 

VO µP 
NMI 

A watchdog circuit built into every 
MAX690-697 constantly monitors all µP 
activity. It detects both hardware and 
software malfunctions and automatically 
issues a Reset command to the µP -
effectively eliminating 'lock up' conditions. 

Memory Protect - Chip 
Enable Gating J_ 

RESET Power-Fail Detection 
An uncommitted 1.3V threshold 

comparator is built into each device for 
use as a power fail indicator or for 

monitoring the back-up battery voltage. 

WATCHDOG OUT 

GND 

MAX690-697s prevent µPs from writing 
erroneous data into RAM during power­
up, power-down, brown-outs, and 
momentary power interruptions. 

Automatic Battery Switchover 
The MAX690-696 monitor incoming power and automatically switch to battery back-up 

when the power supply drops below the battery voltage. Quiescent current drops to less than 
1 µA and ensures that the data in CMOS RAM or EEPROM remains intact until power is restored . 

Reset lsupply Reset Battery Memory Low Line 
Part # Pins (Volts) (mA) (ms) Switchover Protect (CE) In Out 

MAX690 8 4.6S 4 so Yes No No No 
MAX691 16 4.6S 4 so· Yes Yes No Yes 
MAX692 8 4.40 4 so Yes No No No 
MAX693 16 4.40 4 so· Yes Yes No Yes 

MAX694 8 4.6S 4 200 Yes No No No 
MAX69S 16 4.6S 4 200· Yes Yes No Yes 
MAX696 16 Adj 4 so· Yes No Yes Yes 
MAX697 16 Adj 160µA so· No Yes Yes Yes 

·internally preset value, also adjustable 

The MAX690-MAX697 are available in DIP or SO packages and - like every other 
Maxim part - each is tested to rigorous reliability standards absolutely free. They offer you a 
price-performance value unmatched in the marketplace. 

Call your authorized Maxim representative or distributor today for data sheets and samples. 
Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408) 737-7600. 

Distributed by Anthem/Uonex, Bell/Graham, Hall-Mark, Nu Horizons, and Pioneer. Authorized Maxim Representatives: Alabama, (20S) 830-4030; Arizona, 
(602) 860-2702; California, (408) 248-5300, (619) 278-8021 ; (714) 739-8891; Colorado, (303) 841-4888, Connecticut, (203) 754-2823; Florida, (305) 365-3283; Georgia, 
(404)992-7240; Idaho, (503)620-1931 ; Illinois, (312) 956-8240; Indiana, (317) 849-4260; Iowa, (319)377-8275; Kansas, (316) 838-0884, (913) 339-6333; Maryland, (301) 799-7490; 
Massachusetts, (617)449-7400; Michigan, (313) 968-3230; Minnesota, (612) 944-8545; Missouri, (314) 291 -4777; Montana, (503)620-1931; Nevada, (408) 727-8753; New Jersey, 
(609) 933-2600, (201) 428-0600; New Mexico, (505) 884-2256; New York, (516) 752-1630, (315) 437-8343; North Carolina, (919) 846-6888; Ohio, (216) 659-9224, (513) 278-0714, 
(614) 895-1447; Oklahoma, (214)386-4888; Oregon, (503)620-1931; E. Pennsylvania, (614) 895-1447; W. Pennsylvania, (609) 933-2600; South Carolina, (704) 365-0547; Tennessee, 
(404) 992-7240; Texas, (214)386-4888, (512) 451-2757, (713) 778-0392; Utah, (801) 266-9939; Virginia, (301) 621-1313; Washington, (206) 453-8881 ; Wisconsin, (414) 476-2790. 
Canada, (416) 238-0366, (604) 439-1373, (613) 726-9562, (514) 337-7540. 

Maxim is a registered trademark of Maxim Integrated Products. © 1988 Maxim Integrated Products. 
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On the cover: It's ivell documented- in 
these pages and many others- hoiv the 
microprocessor affects the ivay 1ve ivork in 
this industry. But how has it changed 
our liJJes outside of the ivork place? The 
microprocessm~ adds a new dimension to 
our music, makes our toys more Jim to 
play with, and giJJes our moJJies stunning 
special effects. To this tiny piece of silicon 
we demte our special issue, The 
Microprocessor: Nucleus for Change. 
(Photo courtes_v Intel Corp) 

WBPA J\BP 
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SPECIAL ISSUE 
The Microprocessor: Nucleus for Change 

In less than two decades, a tiny chip has changed the way we live, 
work, and play. The microprocessor looks plain, but its effects are 
dazzling. Its history, its future, its glamorous applications- all arc 
documented in this EON special issue. 

Fifteen years and counting . 13 
EON celebrates its more than 15 years of involvement with the 

microprocessor revolution . The magazine has not been merely a spec­
tator; EON has been an active participant.- Roy Forsberg 

The microprocessor's first two decades: 
The way it was 18 

In 1969, a Japanese manufacturer hired a year-old California com­
pany called Intel to produce a set of custom integrated circuits for use 
in a new line of calculators. The result was the microprocesso1; and the 
rest is history.-]ames F Donohue 

The world of the microprocessor: 1971-1988 40 
Events of the world at large, and events in the world of the 

microproccssm; as reported in the pages of EON . 

Microprocessors: What designers want from them 56 
Speed, power, and case of use. According to a recent survey of 

EON's readers, that's what designers and design managers want in the 
microprocessors they usc.- Gary Legg, Special Profects Editor, and Nancy 
Gaygan, Director of Research 

RAMs, ROMs, and microprocessors: 
That's what toys are made of 66 

It has been barely more than a decade since a microprocessor formed 
the heart of the first, simple electronic toy. Now, the ubiquitous chips 
arc in everything from talking dogs to baseballs.-Alden M Hayashi 

Continued on page 9 

EDN~(ISSN 0012-7515) is published 40 times a year(biweekly with 1 additional issue a month , except for July which 
has 3 additional issues) by Cahners Publishing Company, A Division of Reed Publishing USA, 275 Washington Street, 
Newton, MA 02158-1630. Terrence M McDermott, President; Frank Sibley, Electronics/Computer Group Vice President; 
Jerry D Neth, Vice PresidenUPublishing Operations; J J Walsh, Financial Vice PresidenVMagazine Division ; Thomas 
J Dellamaria, Vice PresidenUProduction and Manufacturing. Circulation records are maintained at Cahners Publishing 
Company, 44 Cook Street, Denver, CO 80206-5800. Telephone: (303) 388-4511 . Second-class postage paid at Denver, 
CO 80206-5800 and additional mailing offices. POSTMASTER: Send address corrections to EDN®at the Denver 
address. EDN®copyright 1988 by Reed Publishing USA; Saul Goldweitz, Chairman ; Ronald G Segel, President and 
Chief Executive Officer; Robert L Krakoff , Executive Vice President; William M Platt, Senior Vice President. Annual 
subscription rates for nonqualified people : USA, $100/year; Canada/Mexico, $115/year; Europe air mail, $135/year; 
all other nations, $135/yearforsurface mail and $210/year for air mail. Except for special issues where price changes 
are indicated , single copies of regular issues are available for $6, $8, and $10 (USA, Canada/Mexico, and foreign) . 
Please address all subscription mail to Eric Schmierer, 44 Cook Street, Denver, CO 80206-5800. 
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FA!!iTE!!iT REAL-TIME CMD!!i PRDCE!!i!!iDR 

Tom Longo, President: "This chip will be the fastest, 
smallest, single-chip implementation of the 1750A 
instruction set-with the lowest power dissipation." 
And it is. 

0 1986 Performance SemlCO'lductOfCorporatlOf"I. PACE Technology is a trademark of Performance SemlCOrlductor Corporatoo 

CIRCLE NO 6 

Using 0.8µ PACE Technology," ' 
Performance Semiconductor has 
done what no others could do: 
produced a single-chip, CMOS im­
plementation of the 1750A military 
standard-with almost 200,000 
transistors in a chip less than %" 
square. This real-time, 40 MHz chip 
performs integer processing at 
5 MIPS and features: 

o 32-bit and 48-bit floating point 
o 2.6 MIPS at 40 MHz for DAIS 

floating point instruction mix; 
1.6 million Whetstones/sec. 

o 20 Mbytes/sec. 1/0 bandwidth 
o Industry's lowest power dissipa­

tion: less than 1 watt at 40 MHz 
o MemoryManagementUnit(MMU) 

that provides a protected memory 
expansion to 2 MBytes at 40 MHz 
with no wait states 

o Supported by ultra-fast 64K CMOS 
Static RAMs: 

P4C188 16K x 4 
P4C187 64K x 1 
P4C164 8Kx8 

CommtAA 

20ns 
15ns 
20ns 

25ns 
20ns 
25ns 

Put real-time performance to work 
for you. Call or send the coupon to: 

610 E. Weddell Drive, Sunnyvale, CA 94089 
Telephone: 408-734-9000 Telex: 6502715784 

-------------------------------------
NAME ________________ _ 

TITLE ________________ _ 

COMPANY ______________ ~ 

ADDRESS _______________ _ 

CITY/ST/ZIP ______________ _ 
PHONE _______________ ~ 

Send me information on: 
_ PACE 1750A and Component Support 

_ PACE Bus Interface Octals 
_ PACE CMOS Static RAMs 

My need is: 
_ Immediate _ 6 Months _ Longer 



Continued from page 1 

If not for the microprocessor, the dramatic 
special movie effects we noJll talte fav 
granted would probab~v not exist (pg 78). 
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Microprocessors go to the movies 78 
Star Trek, The Motion Picture was one of the first films to use a 

microprocessor-based system (an Apple II) for special effects. Now, in­
creasingly complex systems- motion controllers, optical printers, and 
computer-animation workstations-routinely create striking images 
that were previously impossible.-Douglas Eidsmore 

Microprocessors change the sound of music 86 
The integration of microprocessors with electronic music instruments 

kicked off a sonic revolution whose impact is still reverberating. 
Thanks to the microprocessor, musicians can now generate, 
manipulate, and record a palette of sounds whose range and tonal 
qualities are virtua lly unlimited .-Dennis LiJJingston 

Microprocessors: The brains 
in cars' central nervous systems 102 

From the start, the objective of microprocessor-based vehicle controls 
was to make the car a more efficient organism.- Norman Alster 

The microprocessor chips out a new industry llO 
The microprocessor's impact on computing has been tremendous, 

but when Intel released the first microprocessor in 197 1, computers 
and data processing were not exactly what the company had in 
rnind.- Tim Scannell 

Microprocessors move slowly, 
but confidently, into space 122 

On-board spacecraft-control systems arc heavy and costly, so most 
control is directed from the ground. Microprocessors arc making 
lighter systems ever possible, however, and eventua ll y they wi ll be ubi­
quitous in automated sa tellites and spacccraft.-Paul Kinnucan 

Future microprocessors: Fast and fantastic 134 
T he microprocessors of the next five to ten years wi ll be rea ll y, really 

powerful and you ' II like them a lot. Beyond these platitudes, you 
won' t find much agreement about what microprocessors wi ll look 
like. But the disagreements arc fascinating, and they herald major 
changcs.- Robert E Peterson Jr 

Business/Corporate Staff 
Advertisers Index 

145 
147 

Cahners Publishing Company, A Division of Reed Publishing USA D Specialized Business 
Magazines for Building & Construction D Manufacturing D Foodservice & Lodging 
D Electronics & Computers D Interior Design D Printing D Publishing D Industrial Research 
& Technology D Health Care D and Entertainment. Specialized Consumer Magazines: 
D American Baby D and Modern Bride. 
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INMOS. ~MOTOROLA 
IMS T800 TRANSPUTER. 68020/68881 20 MHz 
4.6 MEGAWHETSTONES. 1.5 MEGAWHETSTONES. 

DEC. 
VAX 11 1780/FPA 
1.1 MEGAWHETSTONES. 

ONE T800 TRANSPUTER GIVES 
2.5 DOUBLE PRECISION 
MEGAWHETSTONES... & 
SO WHEN IT COMES TO 
PROCESSING POWER SEVEN -
INMOS T800 CHIPS COULD 
GIVE THE MIGHTY CRAY l S, 
RATED AT 16.l MEGAWHETSTONES 
A REAL RUN FOR ITS MONEY! 



MORE 
MULTIPROCESSOR 

MUSCLE. 
MORE RAW 

PERFORMANCE. 
When you're out in the trenches fighting it out with ordinary 

microprocessors, running out of muscle is all too easy. That's why you 
should look to the new T800Transputer from INMOS. 

The T800 is the fastest 32-bit, single chip, floating-point 
microprocessor available today. A quick glance at its statistics will show 
why nothing else is in its league ... 

32-bit enhanced RISC processor ... 64-bit on-chip IEEE floating­
point processor . ..4K Bytes on-chip 50ns static RAM ... Four20 MB its/ sec 
interprocessor communication links ... Eight independent OMA 
engines. All on a single chip capable of sustained 1.5 MFLOPS ... and 
4.6M Whetstones! 

And, if that's not enough raw power, the T800's I inks allow 
multiprocessor systems to be constructed quickly and easily - giving 
you 6MFLOPSwith four T800's .. . 30 MFLOPSwith 20 . ..150 MFLOPS with 
100 ... ln fact, there's no limit to the number of Tronsputers you can use! 

Programming Transputers couldn't be easier, with compilers far 
C, Fortron and Pascal, and the world's first concurrent programming 
language OCCAM. 

Wont to turbochorge your current system? No problem. Our 
exclusive Link Adaptor IC's allow Transputers to be connected to other 

microprocessors or peripherals. 
Other team members include the pin compatible T 414 Transputer, 

offering lower cost, 10 MIP performance and 0.75M Whetstones. 
Lined-up to provide all the 1/0 processing you need, the T212 16-bit 
Transputer is the ideal high performance controller and the M212 Disk 
Processor combines disk controller hardware and a Transputer on a 
single chip, supporting both Winchester and floppy disks. And the C004 
Link Switch makes the design of software reconfigurable multiprocessor 
systems as easy as kicking on extra point. 

Whatever field you're in-from real-time distributed systems to 
high-performance graphics, from fault-tolerant systems to robotics, 
Transputer technology con give you scalable performance at a cost 
you con afford. 

Transputers ore manufactured using an advanced 1.5 micron 
CMOS process which keeps the power consumption under one wall. 
So your system stays cool while under fire. 

Transputers to MIL-STD 883C will be available in the first half 
of 1988. 

If this all sounds like your kind of game, put the boll in ploy by 
contacting your local INMOS sales office today. And get ready to score. 

DESCRIPTION PERFORMANCE AVAILABILITY PACKAGE 

Word Clock Integer Flooting Point 
Port No. Length MHz Drystones Whetstones Commercial Military 

IMST800-20 32-Bit 20 9500 4.6Million Now 0288 84PGA 
IMST414-20 32-Bit 20 9500 0.75Million Now 0288 84PGA 
IMST212-17 16-Bit 17 8000 - Now 0288 68PGA 
IMST212-20 16-Bit 20 9500 - Now 0288 68PGA 
IMSM212-17 16-Bit 17 8000 - Now - 68PGA 

NETWORK SUPPORT PRODUCTS AVAILABILITY PACKAGE 

Part No. Descr_!e!ion Communication~- Commercial Military 

IMSC004 Software configurable 10 + 20 MBits/sec Now 0288 84PGA 
32way link switch 

24 Pin DIP IMSCOll Link to system bus 10 + 20 MBits/sec Now -
IMSC012 Link to ~tern bus 10 + 20 MBits/Sec Now Q288 24 Pin DIP 

THE TRANSPUTER TEAM 

eo[Jj)mos· 
INMOS, PO Box 16000, Colorado Springs, Colorado 80935. Tel. (719) 630·4000. 

Orange County- 714-957-6018 
Santa Claro-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 

r O s:d:e:f;m:ii: =t~T:n;u: ;:: 0 ;-ndm7th:-T:,;u:;;;i;P:;; a7sting 1 
I of third-party manufacturers' transputer-based products and services. 
I D Please hove a Field Applications Engineer call. D Please have a salesman coll. 
I I Nome __________ Title _____ _____ _ _ 

I Company Address _______ ___ _ 

I Zip Tel _____ _ 

L-------------------------
lNMos Tra nsputer 9 and IMS ore trademarks of the INMOS Group of Companies. 
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With the recent acquisition of 
one of the world's leading manufac­
turers of coaxial RF connectors, 
we've become stronger than ever. 

Add to that an equally strong 
commercial line of Vero low-frequency 
connectors and cable assemblies, 
and you've got an expanded group 
of companies offering you even more 
worldwide resources. As well as a 
significantly broadened product line to 

12 

help you narrow your supplier base. 
ITT Cannon, Schadow, 

Jeanrenaud, Pomona Electronics, 
MTI. And now Sealectro. All part of 
the ITT group of companies known as 
ITT ElectroMechanical Components 
Worldwide. 

From connectors and switches 
to test accessories and relays, ITT can 
now service your systems needs more 
thoroughly than ever before. 

CIRCLE NO 8 

To learn more about our capabil­
ities, contact us today. You'll see how 
we made the world's strongest group of 
electronics companies even stronger. 

Worldwide Headquarters 
10550 Talbe?t Avenue 
Fountain Valley, CA 92708 
Or call (714) 964-7400 

ITT ElectroMechanical 
Components Worldwide 
Discover our strengtJ1s. 
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EDITORIAL 

Fifteen years 
and counting . • • 
With this special issue, EDN celebrates its more than 

15 years of involvement with the microprocessor revo­
lution. EDN's involvement has not been merely as a 

spectator; EDN has been an active participant. Our editors 
are proud that they helped make the revolution happen: 
EDN was a pioneer in the coverage of the microprocessor. 

Let's recap some of EDN's pioneering efforts. 
• May 1, 1971. Six months sors. Bob Cushman's 

before Intel's 4004 4-bit hands-on µP design in 
microprocessor actually the same issue, the first 
came to market, an EDN article of a series that 
news story announced continued for more than 
that the single-chip CPU, 10 years, first coined the 
which was developed for µP acronym. 
the calculator manufac- • June 5, 1984. The first 
turer Busicom, would be- multipart Software De-
come available to all com- sign Series published. 
ers. The article propheti- • August, 1974. The first 
cally declared, "the pack- comprehensive µP Mar-
age might well induce de- ket Study, conducted 
signers to develop 4-bit among users/potential us-
applications outside the ers. Followed up again in 
confines of the calculator October, 1975, these 
market." EDN studies were mar-

• November 5, 1973. An keting's bible for many 
editorial titled "The race years. 
belongs to the prepared" • November 20, 1974. The 
stated our belief that First Annual EDN µP 
new markets would grow Chip Directory. 1988 
around the microproces- marks the 15th consecu-
sor, that engineers were tive year that EDN has 
not prepared to use this compiled and published 
new design tool, and that this directory. 
EDN was dedicating it- • June 5, 1975. EDN spon-
self to educating engi- sored the World's First 
neers to use microproces- µP Design Contest. 

EDN Microprocessor Issue October 27, 1988 13 
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EDITORIAL 

• November 20, 1975. 
EDN's First Annual µC 
Systems (board-level 
products) Directory. 

• November 20, 1976. An 
11-Chapter "µC Design 
Course" tutorial pub­
lished all in one issue. 

• June 5, 1977. A 13-Chap­
ter "Software Design 
Course" tutorial pub­
lished all in one issue. 

• November 20, 1977. 
EDN's First Annual µC 
Support Chip Directory. 
1988 marks the 11th con­
secutive year that EDN 
has published this impor­
tant directory. 

• November 20, 1977. The 
first seven chapters of 
EDN's 19-chapter Sys­
tems Design Project. 
EDN's editors learned 
and wrote about the 
problems of µC systems 
design by building an 
"under $10,000" com­
puter system. 

• November 20, 1978. A 7-
Chapter Software Sys­
tems Design Course pub­
lished all in one issue. 

• March 5, 1979. A 6-Chap­
ter Software Tutorial 
starts. 

• October 20, 1979. A 6-
Chapter Advanced Soft­
ware Systems Design 
Course tutorial all in one 
issue. 

• January 5, 1980. The 
start of ED N's first of six 
Designer's Guides to 
DSP. 

• March 20, 1980. A 4-
Chapter Designer's 
Guide to Testing and 

Troubleshooting µP­
Based Products pub­
lished all in one issue. 

• November 5, 1980. 
EDN's First µC Operat­
ing Systems Directory 
and a 5-Chapter Operat­
ing Systems tutorial. 

• April 1, 1981. EDN's 
landmark 16-bit µP 
benchmarks. 

• May 27, 1981. 3-Part De­
signer's Guide to µC 
Buses. 

• September 19, 1985. 
EDN's 4-Part 32-Bit Sys­
tems Design Guide 
starts. 

These pioneering efforts are 
merely a part of EDN's major 
editorial commitment to the 
development and growth of 
µP-related markets. Comple­
menting this work during the 
past decade and a half were 
hands-on articles in issue after 
issue by EDN's Bob Cushman, 
teaching the joys and pains of 
designing with µPs and µCs 
based on his own experiences. 

So you can see why EDN has 
cause for celebrating its 15 
years with the micrqprocessor. 
We have lived with, learned 
with, suffered with, and pros­
pered with all those in the elec­
tronics industry who have been 
affected by the mighty micro­
processor-and that's just 
about everyone and every com­
pany. Thanks for your support 
and confidence in ED N. 

Roy Forsberg 
Vice President, Editorial Director and 

Associate Publisher 
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MVME147 SINGLE-BOARD COMPUTER ,i 

"Their new 030 board 
isiit really a single­
board contputer. 
ItS a single-board 

syste~: 
OEMs weren't prepared for the 
level of functionality our new 
MVME14 7 processor module 
delivers. On one standard VME 
card, it packs virtually all the 
functions you need to build 
a small, multi-user system. 

How? Mainly through AS I Cs 
like the single-chip VMEbus 
interface and Peripheral Channel Controller. Plus 
high-density on-board DRAM ( 4 or 8 Mbytes), SCSI 
interface and Ethernet chip set. To even come close in 
functionality, it would take as many as five 
conventional modules. 

Besides which, the 14 7 outperforms everything in 
sight. It takes maximum advantage of Motorola's new 
32-bit MPU-the MC68030-coupled with a floating­
point coprocessor. Both running at up to 25 MHz, 

to give you outstanding number­
crunching power. 

And since the 147 features both 
UNIX® and real-time operating 
system support, you can plug it 
into your existing 020-based 
architecture and software base. 

So you achieve a level of integration never before 
possible, while protecting your existing investment. 
All of which gives you unprecedented price/ 
performance advantages for just $3747 in OEM 
quantities of 100. 

To get an idea of what the future of VME looks like, 
call us today-toll free: 1-800-556-1234, Ext. 230; 
in California, 1-800-441-2345, Ext. 230. Or write: 
Motorola Microcomputer Division, 2900 Diablo 
Way, Tempe, AZ 85282. 
UNIX is a registered trademark of AT&T. 

@ MOTOROLA Microcomputer Division 
Approaching our technology from your point of view. 
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Seventeen MIPS with a fillgf§. 32-bit RISC 
chip. Sustained. 42,000 dhrystones. In CMOS. 
Complete hardware and software development 
support. Optimizing compilers. Assemblers. 

. Debuggers. Industry standard operating systems. 

16 

Hardware development tools. 
Documentation, training 

and customer support. 
Now. 
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Advanced Micro Devices' 29K. 
The next platform. 

Calf toll-free (800) 222-9323. Advanced Micro Devices, Inc., 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088. 
29K logo is a trademark of Advanced Micro Devices, Inc. © Advanced Micro Devices, Inc. 1988. ~ 
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The microprocessor's 
first two decades: 

the way it was 

T
he story of the microproc­
essor begins with a crackling 
good yarn about a bunch of 
all-American boys who used 
Yankee ingenuity, know­

how, and grit to create a tiny, inex­
pensive, bug-like thing that 
changed the way we work, wage 
war, play, write, think, and build 
cars and space ships. 

But what's been done to the mi­
croprocessor since the beginning, in 
less than two decades, is even more 
remarkable. The 
number of 

James F. Donohue 

devices per chip has increased by 
a factor of more than 400; the over­
all throughput, by three or four or­
ders of magnitude. And, before two 
decades are out, chip speed will 
have soared from 60,000 instruc­
tions per second to around 100 mil­
lion instructions per second (100 
MIPS). 

Although the first microproces­
sors came to market in 1971, their 
story really begins in 1969. Early 
that year Busicom, a Japanese 

Intel's 4004, the first micro­
processor, measured one­

eighth of an inch wide 
by one-six1h of an inch 

long. It contained 2300 
tmnsistors and performed 

60,000 operations 
a second. 

maker of electronic desktop calcu­
lators, hired a year-old California 
company called Intel to produce a 
set of custom integrated circuits 
that Busicom engineers had de­
signed for a new line of calculators. 

The cofounder of Intel was 
Robert Noyce, one of the inventors 
of the integrated circuit. Integrated 
circuits, although then ten years 
old, had hardly achieved sophistica­
tion . Developments came more 
slowly in electronics in those days. 
In 1969, integrated circuits rou­
tinely contained only 500 to 1000 
transistors and were hardwired to 
perform very limited tasks. 

The Japanese, however, were 
looking for a technological Great 
Leap Forward. They wanted 3000 
to 5000 transistors on their chips. 
Noyce turned Busicom's visiting 
Japanese designers over to a 31-
year-old electrical engineer with a 
doctorate from nearby Stanford 
University, Marcian E. (Ted) Hoff, 
Intel's twelfth employee. 

If Richard Wagner were alive 
and writing an opera about elec­
tronics, he would have scored this 
scene with a roll of kettle drums 
and a clap of thunder and a soaring 
phrase in the horns. In young Hoff, 
Noyce, only 40 himself, had found 
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the fire that would forge his chip 
into a dynamo that, after some fits 
and starts, would power so much 
of the world's industry. 

More than tripling the number of 
transistors on the chip probably 
wouldn't have been such a tough 
nut to crack. Intel already had 
found a way to put 2000 transistors 
in silicon, and techniques to squeeze 
on even more were in place. A much 
bigger problem, for Hoff, was the 
maddening inflexibility of the chip's 
hardwired circuits and logic gates. 

Electronic calculators in the late 
1960s contained chips of two varie­
ties: memory chips and logic chips. 
The memory chips weren't one of 
Hoffs problems. There were RAMs 
for storing the numbers entered by 
the user and ROMs for holding op­
erating instructions (how to add, 
subtract, find a square root). 

Hoff s problem was with the logic 
chip. It was hardwired to do only 
one chore. Not one chore at a time. 
One chore, period. Because of that, 
electronic calculators needed many 
logic chips: one chip to perform 
calculations, another to control a 
printer, another for the LED 
readout. 

Typically, the calculator of 1969 
contained six chips. But the 
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Japanese came to Intel with 
grandiose plans for calculators 
that would off er users many more 
options and control many more pe­
ripheral devices. So, of course, they 
would have to contain many chips, 
about 12 per calculator. 

Hoff studied the Busicom design 
and decided it was much too compli­
cated to work economically. More 
important, it was much too compli­
cated for a little startup like Intel 
to do at all. Recalls Federico Fag­
gin, a chip designer at Fairchild at 
the time, "Intel was in no position 
to bid for this totally custom con­
tract. The company had no in-house 
expertise in random logic design, 
and it would have taken too many 
engineers to do the job." 

But, luckily, about this time chip 
technology took a little jog forward. 
Intel had found a way to pack a 
kilobit or more of ROM on a chip. 
Hoff figured that, with so much 
memory, he could write a more 
powerful instruction set into ROM. 
Furthermore, he asked, with the 
capability to put 2000 transistors on 
a chip, wasn't it possible to design 
a general-purpose logic chip that 
could use these more powerful 
ROM instruction sets to do multiple 
jobs? 

Why not, he asked, create a mi­
croprocessor? "Instead of making 
their device act like a calculator. 
I wanted to make it function as a 
general-purpose computer pro­
grammed to be a calculator." 

Did the Japanese appreciate 
Hoffs idea? Get real. Hoff remem­
bers that the reaction of the J apa­
nese engineers was, "We know 
what we're doing. Why don't you 
go away and let us do our thing. 
You don't know about calculators." 

Noyce encouraged Hoff to pursue 
his idea anyway, as a backup to the 
Japanese' efforts. In the fall of 1969, 
the top brass of Busicom ca.me to 

Japanese manufacturer Busicom asked Intel to build 
12 hardwired logic chips for use in its calculators, 
and Intel responded by proposing to do the job with 
only four chips, one of which became the 4004 
microprocessor. 

California. The Japanese engineers 
presented their idea for the calcula­
tors, and Hoff presented his. Hoff 
won. Busicom agreed to pay Intel 
$60,000 to build a chip set for the 
calculators. 

The chip set was called the 4000 
family and comprised four 16-pin 
devices. These were the 4001, a 2k­
bit ROM with a 4-bit mask pro­
grammable input-output port; the 
4002, a 320-bit RAM with a 4-bit 
output port; the 4003, a 10-bit se­
rial-in, parallel-out shift register to 
be used as an input-output ex­
pander; and the 4004, a 4-bit CPU. 

The 4004 was a puny little thing: 
its 2300 MOS transistors chugged 
along at 60,000 operations a second. 
The first microprocessor measured 
one-eighth of an inch wide by one­
sixth of an inch long. Yet it had the 
computing power of the first elec­
tronic computer, the fabled 
ENIAC, which filled 3000 cubic feet 
and had 18,000 vacuum tubes. 

Intel didn't design the 4004 with­
out delays and difficulties, of 
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Federico Faggin, 

course. History blurs memories, 
but it appears that six months went 
by with little activity. The main 
problem seems to have been a lack 
of manpower at Intel. "We only had 
Hoff and two other designers in the 
company at the time," Noyce says. 
"I couldn't afford to put them to 
work in silicon . Hoff had other 
things to do." 

In the spring of 1970, to push 
things along, Noyce hired Faggin 
from Fairchild to put Hoff s concept 
of the microprocessor into silicon. 
At Fairchild, Faggin had developed 
a new technique (silicon gate tech­
nology) for the design of MOS ICs. 
"It was my strong desire to design 
complex integrated circuits with 
this technology that attracted me 
to Intel," Faggin recalls. 

the 4004' s designer, 
had been on the job 
only two days when 
Masatoshi Shima 
came in from Japan 
to review the work 
that Intel had been 
authorized to do six 
months before. 
Finding little pro­
gress, Shima blew 
his stack. 

stack. "Shima was furious," Faggin 
says. "He kept on saying in his bro­
ken English, 'I came here to check. 
There is nothing to check. This is 
just idea.' And he was mad at me 
since I was the official Intel project 
manager." 

In time, Faggin calmed Shima. In 
fact, Faggin remembers that Shima 
eventually "let go of the animosity 
and became very helpful doing a 
number of technical chores for me." 
Intel finished the chip, and Busicom 
made its calculators, eventually 
selling 100,000 units. 

Since Intel had developed the 
4004 under contract to Busicom, the 
Japanese had exclusive rights to it. 
But Noyce and Ed Gelbach, Intel 
marketing director, thought there 
were more worlds for the micro­
processor to conquer than just cal­
culators. "We weren't sure where 
Busicom was headed or if it would 
succeed," Gelbach remembers. "But 
we did agree that we could do a lot 
more with this set of parts then sell 
it for calculators." 

It took Faggin nine months to 
make the microprocessor, and dur­
ing the early months, he encoun­
tered a lot of problems. 

He remembers, "I was told that 
Hoff and Mazor (Stan Mazor, an ap­
plication engineer working for Hoff) 
had already completed the 
architecture and 

Zilog) came in from Japan to review 
the work that Intel had been 
authorized to do six months before. 
He looked around the Intel lab, and, 
finding little progress having been 
made on the new chip set, blew his 

logic design and 
only some circuit 
design and chip 
layout were left 
to do. But that is 
not what I 
found." What he 
found, Faggin 
says, were a lot 
of unresolved 
chip archi tec­
tural issues and 
nobody around to 
solve them. 

Good times in the pear orchard 

Noyce and Gelbach flew to Japan 
in 1971 intending 
to do no more 
than negotiate a 

To make mat­
ters worse, Fag­
gin was on the 
job only two days 
when one of the 
lead Busicom en­
gineers, Masa­
toshi Shima (who 
later worked for 
Intel and for 
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Venture capital money was prac­
tically growing on the fruit trees 
in northern California in 1968 when 
Robert Noyce and Gordon Moore, 
two of the eight founders of 
Fairchild Semiconductor, left 
Fairchild to start yet another com­
pany. Noyce and Moore put up 
$245,000 each of their own cash and 
picked up $2.5 million in venture 
capital. With that, they founded In­
tel Corp. The first offices were in 
Mountain View; in less than two 
years, Intel moved to a nondescript 
concrete building on a 26-acre aban­
doned pear orchard in Santa Clara. 
The name, Intel, was shorthand for 
"Integrated Electronics." 

Santa Clara, government seat of 
Santa Clara County, once the 
world's leading producer of dried 

prunes, had become a center for an­
other kind of produce: The county 
bloomed with flat-roofed, rectangu­
lar, one-story industrial buildings 
that housed companies like 
Fairchild, which pumped out mostly 
electronics products, like Noyce's 
chips. 

There was a kind of joke in vogue 
among the hot-shot engineers 
around Santa Clara in 1968. They 
gave the nickname "Silicon Valley" 
to the long, flat sprawl of land that 
crawled along Interstate 101 on the 
peninsula that forms the western 
shore of San Francisco Bay. Hardly 
anybody outside the Valley knew 
the nickname. It wasn't until 1971 
that trade magazine writer Don 
Hoefler popularized it. 

new contract with 
Busicom for the 
production of the 
4004. On the long 
plane ride, they 
talked about what 
might become of 
the microproces­
sor and what Intel 
might do with it. 
They decided 
"then and there," 
Gelbach recalls, 
"to offer Busicom 
a price reduction 
for the 4004 in re­
turn for market­
ing rights." 

Worldwide, 
times were tough 
in the electronics 
industry. In the 
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Robert Noyce: 
Creator of the chip 

If Ted Hoff is the father of the micro­
processor, Bob Noyce is the grandfather. 
And not just because Noyce hired Hoff 
at Intel and shepherded his concept of 
the microprocessor into silicon. There's 
more to it than that. There wouldn't have 
been a microprocessor at all if Noyce had 

"He was a very bright kid who knew more 
about these things (computers) than I 
did," he says. Noyce's expertise was in 
memory chips, and that was to be Intel's 
core business. But Noyce saw the bright 
future of computers, and he went to 
nearby Stanford University looking for a 
whiz kid in computers. He hired Hoff pri­
marily on the recommendation of the 
young man's professors. "They said he 

not first invented the integrated circuit, or "chip." 
That was in 1958, when Noyce, the son of a Midwestern 

Congregational minister, was research director at 
Fairchild Semiconductor. He had been looking for a better 
way to make transistors, which had been invented in 1948 
at Bell Telephone Laboratories. A big improvement over 
its predecessor, the vacuum tube, the transistor neverthe­
less had a passle of problems. For one thing, it tended 

was very bright," Noyce remembers. "About the brightest 
kid they'd had in their courses." 

to break off its circuit board. 

Was there any sense, 20 years ago, that this small group 
of scientists was doing work that would change the world? 
Just barely. "We saw the microprocessor as solving a 
bottleneck," Noyce says. "There just weren't enough de­
signers to custom design every chip. And we did recognize 
the importance of computers. But, no. We didn't see that 
microprocessors would bring computers to Everyman." 

The remedy, hit on simultaneously and independently 
by Noyce and by Jack Kilby at Texas Instruments, was 
to make the crystal in the transistor serve as the circuit 
board. In the process, Noyce and Kilby discovered that 
they could etch large numbers of transistors and their 
connections on a piece of silicon. That was the chip. 

Today, Noyce recognizes the importance not only of 
microprocessors, but of the entire American semi­
conductor industry. He recently agreed to become chief 
executive of Sematech, the consortium of semiconductor 
manufacturers that is performing research to maintain 
American competitiveness in world markets. 

Noyce hired Ted Hoff as Intel's twelfth employee. 
Does anything stand out in Noyce's mind about Hoff? 

United States, the orgy of venture 
capitalism of the late 1960s had 
spawned a vast army of new elec­
tronics companies. Competition was 
fierce, and in 1970-71 a lot of these 
little outfits folded. Competition 
among makers of electronic calcula­
tors was especially fierce. Busicom, 
feeling the pinch, agreed to Intel's 
proposal to exchange a lower price 
for the marketing rights to the 
4004. 

That fall, Intel ran the first ads 
ever for the microprocessor. "An­
nouncing a new era of integrated 
electronics," the headline trum­
peted about the 4004. "A micro­
programmable computer on a chip." 

The world reacted to the 4004 
with a big yawn. After all, what 
could you do with a 4-bit micro­
processor, except run a calculator 
which worked in binary-coded deci­
mal? Even Hoff didn't see much use 
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for the chip beyond calculators and, 
in limited use, in minicomputers. 
The calculator business certainly 
was promising enough, but only 
about 20,000 minicomputers were 
being sold annually in the early 
1970s, and Intel could expect only 
a piece-maybe 25 percent-of that 
pie. 

So, what to do with the 4004? 
Well, Intel was in the business of 
selling memory chips, like the lk­
bit 1103. Couldn't the microproces­
sor help sell memory? 

Fortunately, there were visionar­
ies at Intel. Company cofounder 
Moore remembers, "As soon as the 
microprocessor was a reality, we 
recognized that this was the next 
thing we wanted to do after semi­
conductor memory-a new direc­
tion in LSI (large-scale integration). 
By programming, we could make a 
standard LSI circuit perform in a 

wide variety of applications. We 
seized it as another step in the di­
rection we wanted to go." 

Hoff, Gelbach, and others began 
compiling lists of product applica­
tions for the microprocessor. An 
early magazine ad lists many of 
them: "Computer terminals, traffic 
light controllers, medical instru­
ments, business machines, mass­
transit equipment, reservation sys­
tems, cash registers, inventory 
computers for fast-food restau­
rants, process controllers, elec­
tronic test instruments, and even 
pinball and slot machines." 

There was, of course, little soft­
ware for any of this. Intel knew it 
had to rely on its potential custom­
ers for the applications work. Moore 
remembers going to an industry 
conference in 1972 and saying, 
"Hey, we've got this thing; here's 
what it'll do. Now, how can we in 
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the industry figure out a need for 
100,000 of them a month?" 

Intel also produced the electron­
ics industry's first development 
aids, elementary programming 
tools. Intel sold these development 
kits for $5000 and, at one point, was 
spending more to print and mail op­
erating manuals than the company 
generated in microprocessor sales. 

And, Intel was not without com­
petition, although most of the elec­
tronics industry didn't know it yet. 
Even as development of the 4004 
proceeded, both Intel and chip 
maker Texas Instruments were 
proposing microprocessors to a 
company other than Busicom. 

The company was CTC (Com­
puter Technology Corp., now Da­
tapoint Corp. , San Antonio, Texas). 
CTC had asked both Intel and 
Texas Instruments to design logic 
chips (not necessarily microproces­
sors) for a line of intelligent termi-

nals it planned to build. CTC even­
tually rejected the idea of a micro­
processor entirely and opted for the 
tried and true hardwired logic chip 
for its terminals, but the design 
work at Intel and TI was not to be 
wasted. 

TI demonstrated a "CPU on a 
chip" in March 1971, and a "com­
puter on a chip" (with added ROM) 
in July of that year. Building on 
those accomplishments, the com­
pany later produced a device used 
in calculators of its own manufac­
ture as early as 1972. In 1974, TI 
offered the device to the rest of the 
world as the now-legendary TMS 
1000 4-bit processor. 

Tl's work eventually led to the 
8-bit second-generation TMS 9980 
and, eventually, to the 16-bit third­
generation MSS9900/9940. At Intel, 
the work for CTC led to the 8008, 
introduced in April 1972. This sec­
ond-generation microprocessor con-

Ted Hoff: Architect of the concept 

Ask Ted Hoff if he , or anybody back 
then in 1969-71 , recognized the impor­
tance of the microprocessor , and he re­
sponds with a wry grin and a dry 
chuckle. "When people ask me that 
question," he says, "I tell them to read 
the first advertisement for the 4004." 
That ad, published in the fall of 1971, 
spoke of "A new era in integrated elec­
tronics." Says Hoff, "That is not ex­
actly a modest statement. Yes. We rec­
ognized that it was important." 

Hoff continues, "We recognized that 
we as engineers had numerous applica­
tions right there in our lab that, if it 
[the microprocessor] had been avail­
able, we would have designed it right 
in. And we believed that if we felt that 
way then other engineers, with their 
problems, would feel that way, too." 
He adds, "But that's a far cry from 
saying that we knew it would lead to 
a computer in every home." 
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Hoff was born in Rochester, New 
York, on Oct. 28, 1937. He took a 
bachelor's degree in electrical engi­
neering from Rensselaer Polytechnic 
Institute in 1958 and his graduate de­
grees from Stanford University, get­
ting a doctorate in electrical engineer­
ing there in 1962. He stayed on at 
Stanford after graduation, in the mid­
dle of what was becoming "Silicon Val­
ley," specializing in the then primitive 
science of computer pattern recogni­
tion. His doctoral thesis was entitled, 
"Learning Phenomena in Net works of 
Adaptive Neurons." 

In the fall of 1968, recommended by 
the Stanford faculty, he took the de­
sign-chief job at startup Intel. He re­
mained with Intel, through the heart­
years of the development of the micro­
processor, until 1983. Then he went 
to Atari, still in technology develop­
ment. About a year and a half later, 

tained 45 instructions, addressed 
16k bytes of memory, and ran at 
300,000 instructions a second. 

About this time, Intel went to the 
Kiddy Korps again, hiring a 33-
year-old public relations and adver­
tising specialist by the name of Re­
gis McKenna. Now a legend in Sili­
con Valley, McKenna was then an 
undersized college dropout looking 
to make a buck. He took Intel's 
message to the trade press with ads 
featuring bright photographs and 
sprightly writing: One ad showed 
ticker-tape machines to stress the 
financial benefits of the microproc­
essor and hamburgers to show that 
they could be popped out in droves, 
like hamburgers at a fast-food joint, 
and customized for many different 
jobs. 

"When all the world was con­
vinced our micro was the way to 
go," says Noyce, "they all wrote 
software for it, so it became the 

he set out on his own as a consultant, 
working out of his home in Los Altos 
Hills, California. 

Today, Hoff has come almost full cir­
cle, returning to the study of artificial 
intelligence and of how computers can 
be taught to become more like humans. 
"The question," he says, "is whether 
we can improve the interface to com­
puters with some of the things that 
artificial intelligence and neural re­
search are both addressing. We need 
to look for better handling of natural 
communication-speech recognition in­
put, pattern recognition input, more­
natural language communications. You 
probably won't see this in the next ten 
years, but I hope that with the kind 
of processing power that we have 
available that we'll see more progress 
in those areas." 
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way to go. It was a battle of opin­
ion, and Regis' marketing ploys had 
a lot to do with winning it." A com­
petitor, L.J. Sevin, founder of 
Mostek, remembers, "Regis clob­
bered us by positioning Intel as the 
technology leader. They had an eas­
ier time hiring ' hotshot engineers 
and getting through to their cus­
tomers' executives, not just to the 
purchasing managers." · 

Indeed, things were looking up 
in Silicon Valley. While nobody had 
quite known what to do with the 
4004, there were plenty of hot shots 
around with good ideas for the 8008. 
For one, they used it to invent the 
microcomputer. In 1973, Scelbi 
Computer Consulting Inc. and RGS 
Electronics introduced microcom­
puters based on the 8008. In July 
of the next year, Radio-Electronics 
magazine published a cover story 
by another young tinkerer, 
Jonathan Titus, describing how he 
built the Mark-8, an 8008 micro­
computer. Titus' article was a land­
mark. It was the first article to 
appear in a magazine that went into 
great detail about microcomputer 
technology. (The Smithsonian In­
stitution recently acknowledged the 
historical significance of the Mark-
8, acquiring it for a future exhibit.) 
Titus is now the editor of EDN. 

By now, events were hurtling 
along in the microprocessor busi­
ness. Competitors were every­
where. Noyce remembers that, in 
1974, "the number of available or 
announced microprocessors jumped 
to 19, as companies such as 
Fairchild, National Semiconductor, 
Signetics, Toshiba, and AMI intro­
duced products." 

At Intel, Faggin proposed the de­
sign for an improved 8-bit micro­
processor. The 8008 had really been 
only a first-generation-and-a-half 
product, a sort of 4004 version 1.5. 
Faggin proposed a true second­
generation device. It would contain 
75 instructions and address 64k 
bytes of memory. 
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Ted Hoff figured a 
kilobit of ROM 
would allow him to 
wnte a more power­
ful instruction set 
and design a gen -
eral-purpose logic 
chip that could use 
those instructions to 
do multiple jobs. 
Why not, he asked, 
create a microproc­
essor? 

Do you hear Wagner's horns 
starting up again? It was the 8080. 

The history of the microprocessor 
is full of ironic twists and turns. 
Here's another one. Hoff had pro­
posed the 4004, but Faggin had de­
signed it. Now Faggin proposed the 
8080, but somebody else designed 
it. Who? The Japanese engineer, 
Masatoshi Shima, who had so fussed 
at Faggin for early delays in the 
4004. Intel had gobbled Shima up 
when the Japanese calculator 
maker, Busicom, went bankrupt, a 
victim-despite the concessions 
wrung from Intel-of the price wars 
in the early 1970s. 

Among the competitors snapping 
at Intel's heels was a giant. Mo­
torola had decided that there was 
too much money in microprocessors 
for it to stay on the sidelines any 
longer. At Motorola were designers 
Tom Bennett and Chuck Peddle, a 
chubby (he peaked at 230 pounds) 
engineer who had been trying to 
design point-of-sale credit-verifica­
tion machines at a struggling little 

company in Phoenix when Bennett 
hired him. Together, they led the 
team which produced the 6800. 

The people Bennett assembled to 
make the 6800 were typical of de­
sign teams of the early 1970s. "It 
was made up of very young, local 
guys, right out of school," Peddle 
recalls. Their product was to set 
new standards for the microproces­
sor industry. 

The 6800 represented a major de­
parture from the Intel design. 
When Hoff, Faggin, and Shima de­
signed the first microchips, memory 
was expensive, so they relied on in­
ternal registers to store and trans­
fer data. Peddle moved temporary 
data storage to external memory 
and gave the chip only enough reg­
isters to keep track of the data. 

There are advantages and dis­
advantages to both design philoso­
phies. The Motorola design makes 
the chip go to external memory 
more often, but it enables it to do 
so more quickly. In addition, Mo­
torola implemented the "zero 
page," a 2-byte addressing instruc­
tion that permits about a 30-percent 
speedup in accessing the first 256k 
bytes of memory. 

You can get into heated argu­
ments about the 6800, but it re­
mains today-along with the Intel 
design-one of the two foundation 
architectures of virtually all mi­
croprocessors, right down to the 
current fifth-generation varieties. 

Motorola also gets credit for in­
troducing the first line of micro­
processors designed to control pe­
ripheral devices. The 6820, for ex­
ample, controlled parallel I/O; the 
6850, serial I/0. 

Perhaps even more important 
than working on the design of the 
6800 was the fact that Peddle was 
the catalyst for the dramatic price 
reductions (25 percent a year, on 
average, for two decades) that has 
helped spread the microchip across 
the world. 

Here's how he did it: In late 1973 
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or early 1974 (he's not sure which), 
Peddle left Motorola to join MOS 
Technology (now owned by Commo­
dore Business Machines) of Norris­
town, Pennsylvania, a maker of 
chips for scientific calculators. Ped­
dle had an idea of how to make a 
very inexpensive microprocessor to 
meet what he perceived was a huge 
demand for such an inexpensive 
device. 

At MOS Technology, he found a 
bright, ambitious group of design­
ers. And, a little more than a year 
later, in the summer of 1975, MOS 
Technology ran ads proclaiming 
that it would introduce-and have 
available for sale-the 6501 and 
6502 microprocessor at Wescon, the 
electronics exhibit, in September. 
The chips would be plug-compatible 
with the 6800. And the price that 
incredible: $20 for the 6501, $25 for 
the 6502. 

At the time, Intel's 8080 and Mo­
torola's 6800 were selling for $179 
in single quantities. A hue and cry 
went up in Silicon Valley. Such a 
staggering price cut was an insult 
of the worst possible kind: It came 
from the hated East. 

Silicon Valley fought back with 
what, years later, seems almost 
hysterical vigor and with what to­
day might be called "disinforma­
tion." Design engineers remember 
being told that the MOS Technology 
ads were a hoax, that nobody could 
sell microprocessors for less than 
$100. 

But MOS Technology showed up 
at Wescon with chips in hand at the 
price advertised (they had to sell 
them out of their hospitality suite 
because exhibitors weren't permit­
ted to sell products on the show 
floor). On the first day of the show, 
Intel and Motorola cut the prices 
of their chips to $69.95. 

Motorola sued MOS Technology, 
charging that Peddle stole the de­
sign for the chips. MOS Technology 
agreed to drop the 6501. Peddle 
says the company never really 
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MOS Technology 
ran ads proclaiming 
that it would have 
the 6502 at Wescon 
in September. The 
chip would be plug­
compatible with the 
6800, and it would 
sell for $25. At the 
time, Intel's 8080 
and Motorola's 
6800 were selling 
for $179. 

planned to sell it. "The 6502 was 
the product we intended to sell," 
he says. And the 6502 went on to 
glory, designed into early personal 
computers such as the Apple I and 
II, the Atari machines, and Commo­
dore's PET and VIC-20. 

The 6502 was a souped-up version 
of the 6800. Among its advantages 
were an on-chip clock generator, an 
improved instruction set, new ad­
dressing modes, faster access to the 
stack, and built-in BCD arithmetic. 

By this time, brain drains were 
happening all over Silicon Valley. 
It was a silicon version of the In­
vasion of the Body Snatchers, or 
what became known as the Silicon 
Valley effect: top designers leaving 
one company to found a new com­
pany nearby. 

In the most significant body 
snatch, Faggin left Intel to found 
Zilog , taking Shima with him. 
Shima later returned to Intel, but 
in the meantime Zilog made the 
Z80, an enhancement of the 8080 
that ran at up to 4 MHz, twice as 
fast as the 8080, and contained 176 

instructions, including all the 8080 
instructions as a subset. 

Spurred to react, Intel tried to 
throw the 8085 into the fray, but 
the device was too slow: a horse­
and-cart 3 MHz. The 8085A was 
better-it required fewer voltages 

·and had a simpler clock circuit. But 
there were problems with it. The 
8085A attempted to simplify the 
complex I/O of the 8080 by dedicat­
ing more pins to I/0. That required 
Intel to multiplex the data bus, and 
it meant the 8085A needed external 
latching. 

Tandy used the 8085A in its port­
able computers, but otherwise the 
chip generated little excitement or 
business. Clearly, something better 
was needed. Something faster, 
more dramatic. Something, per­
haps, of the 16-bit persuasion. 

Sixteen-bit chips were already 
out there. National Semiconductor 
had the Pace, the first 16-bit device. 
Others in the field included General 
Automation, with the LSI-16; 
Western Digital, with the WD-11; 
General Instruments, with the 
CP1600; and Texas Instruments, 
with the TMS9900. 

But Intel didn't think any of these 
had been successful, and the com­
pany thought it knew why. These 
microprocessors were not software 
compatible with 8-bit chips that had 
gone before. 

Intel started work on its 16-bit 
microchip, the 8086, in 1976, in­
tending it to be code compatible 
with the 8080. The designers were 
not entirely successful in this en­
deavor, but they came close enough 
for the time. The 8086, when it was 
announced in 1978, did not preserve 
direct code compatibility. But each 
8080 register did have its 8086 coun­
terpart, making code translation 
possible. 

Having come close to software 
compatibility, Intel decided to make 
a run at hardware compatibility as 
well. The result was the 8088, 
which ran as a 16-bit microproces-
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Federico Faggin: 
Master of the silicon 

Federico Faggin, who founded Zilog in 
1975, was the man hired by Intel from 
Fairchild in 1970 to put Ted Hoff's idea 
of the microprocessor into silicon. Hoff 
had proposed the microprocessor as a 
means to build a better desktop 
calculator. 

"In those days," Faggin recalls, "there was a contro­
versy in relation to the design of calculators: standard 
versus custom. The proponents of the custom view were 
the majority. They argued that it was not cost-effective 
to design a general-purpose calculator chip or chip set 
because the needs of the user were so diverse that the 
chips would need to incorporate all kinds of options, and 
this would be bigger and more costly than custom-tailored 
ones. 

"The other view was that by properly structuring the 
system as a small programmable computer, one could in 
fact achieve both versatility and cost-effectiveness. Pio­
neering work in this area had already been done at Fair­
child, where a 1-bit serial CPU architecture had been 
developed, and at Rockwell, where a more sophisticated 
CPU had been designed by Michael Ebertin and cowork­
ers, and at other organizations." 

"Ted Hoff," says Faggin, "was clearly in the second 
group. He proposed to use computer architecture to define 
a small set of standard components that could satisfy cur­
rent and future calculator needs." 

Faggin came to Intel expecting to find the architecture 
and logic design of the microprocessor already done "and 
only some circuit design and chip layout" left for him to 

do. Instead he found a project already 
very late and getting later. 

"I worked furiously 12 to 16 hours a 
day," Faggin says. "First, I resolved the 
remaining architectural issues. Then I 
laid down the foundation of the design 
style that I was going to use for the set. 
Finally I started the logic and circuit de­
sign and then the layout of the four chips." 

In the process, he says, "I had to de­
velop a new methodology for random logic design with 
silicon gate technology which had never been done before. 
To make the circuits small in size, it was necessary to use 
bootstrap loads, which no one at Intel thought possible 
with silicon gate." Faggin proved that it was possible. 

Shortly before the end of 1970, Faggin recalls, came 
the first run of the microprocessor, the famed 4004. "It 
was a major disappointment," he says, "because one of 
the masking layers was left out in the wafer processing, 
making the run unusable." 

He tried again, three weeks later. "My hands were 
trembling as I loaded the 2-inch wafer into the probe 
station," he says. "I was praying for it to work enough 
to enable me to find all of the bugs so that the next run 
would yield shippable devices. My excitement was grow­
ing as various areas of the circuit were found working. 

"By the time the testing was finished, only a few minor 
errors were found. I was elated. All that work suddenly 
was rewarded in that moment of intense satisfaction." 

Faggin now is president of Synaptics Inc., a San Jose 
company studying how the workings of the animal nervous 
system might be applied to computer technology. 

sor but faced the world as an 8-bit 
processor: It pulled in data one byte 
at a time, combining bytes for 16-bit 
processing inside the chip. The 
8088's 8-bit face to the world made 
it easy for designers familiar with 
existing Intel 8-bit chips, like the 
8085, to upgrade to the 16-bit 
world. 

the 8088 to run only about 20 per­
cent slower than the full-blown 16-
bit chip. The 8088 was the first 
microprocessor to use queuing. 

called it CP/M (Control Program/ 
Microcomputers). 

CPIM had it faults, but it was the 
only microcomputer disk operating 
system around, and that made the 
8080 the principal chip for the 
booming market for personal com­
puters. And that made compatibil­
ity with the second-generation 8080 
of critical importance for the third­
generation chips. 

Intel built a second processor into 
the 8088, the bus-interface unit 
(BIU), which, among other things, 
queued up data and instructions for 
the 8088. So, despite being able to 
pull in data at only half the speed 
of the 8086, this queuing enabled 

EDN Microprocessor Issue October 27, 1988 

Although the 8088 was less pow­
erful than the 8086, IBM chose it 
for the PC. The chip's friendly rela­
tions with software written for the 
8080 was a key reason for Big Blue's 
choice. After all, the 8080 was the 
principal chip of the suddenly explo­
sive home computer industry. Why? 
In 1973, an associate professor, 
Gary Kildall, working as a con­
sultant for Intel, wrote a disk-based 
operating system for the 8080 and 

Intel racked up more than 2000 
design wins with the 8088, but the 
IBM PC coup was the greatest win 
of all. And for almost half a year, 
Intel could say nothing about it. 
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The PC win "was proprietary infor­
mation," remembers Dave House, 
general manager of Intel's Micro­
processor and Peripheral Operation 
at the time, "and we couldn't an­
nounce anything for four or five 
months. We knew Apple was going 
with the 68000, so we kept the 
Crush program (designed to crush 
the 68000) going and toughed it out, 
all the time wanting to tell the 
world about the IBM win." 

ful of these was the 8087 math 
coprocessor, which added a set of 
floating-point instructions to the 
8086/8088 set. 

tions. The result was the 68000, the 
chip that Apple chose for the over­
priced, and unsuccesful, Lisa and 
for the highly successful Macintosh. 

With its innovative 8/16-bit chips, 
Intel also introduced the concept of 
the coprocessor. The most success-

The concept of a chip running at 
one speed on the inside while ad­
dressing data at another speed out­
side caught on. At Motorola, de­
signers in 1977 went to work on a 
chip for the 16-bit market that 
would run at 32 bits on the inside. 
They also set out to design 
orthogonality into the chip by elimi­
nating all special-purpose instruc-

The 68000 was a mighty 16-bit 
chip indeed. Motorola designed the 
instruction set so that there could 
be as many as 64,000 instructions, 
compared to 256 instructions for the 
Intel chip. And its 16-bit registers 
permitted the 68000, through a vir­
tual memory scheme, to address 4 
billion bytes of memory. 

A key reason for the success of 
the 68000 was that, beginning in 
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Ed Gelbach: 
Marketer of the idea 

One of the more eventful trips in micro­
processor history was in 1971 when Ed 
Gelbach, the new marketing director at 
Intel, and his boss, Bob Noyce, flew to 
Japan to negotiate a continuation of In­
tel's contract with Busicom for producing 
the 4004 microprocessor and related 
chips. Gelbach, just hired by Noyce and Intel cofounder 
Gordon Moore, had been manager of sales at Texas Instru­
ments. 

In the plane, Gelbach says, he and Noyce concocted 
the idea of getting marketing rights to the 4004 in return 
for price concessions to the Japanese. "I'm not going to 
say for 100 percent that the idea wasn't discussed back 
at the plant" before he and Noyce took off for Japan, 
Gelbach says. "But I don't remember that it was one of 
the major points we were going to go into the negotiations 
with." 

And so, in the air over the Pacific, Noyce and Gelbach 
decided that there was a future for the microprocessor 
and that Intel wanted to be part of it. Says Gelbach, "We 
hadn't completely thought out what we were going to do, 
but we did want to offer the Busicom chip set as a general­
public product line." 

Busicom agreed to the Intel offer, and Gelbach came 
back to California to look for jobs for the microprocessor. 
"I made a commitment to Bob then and there that I would 
set up~ separate group to pursue this," he says. "The 
first applications were the really mundane things-things 
like traffic-light control." 

Gelbach recalls that, "Originally, I think we saw it as 
a way to sell more memories, and we were willing to 
make the investment on that basis. We ked for applica-

tions in anything that needed some ROM 
control. There was a lot of ROM around. 
It was starting to get popular." 

A major reason for the success of the 
microprocessor, Gelbach says, was Intel's 
introduction, in 1971, of the EPROM. 
Now the ROM could be as flexible as the 
microprocessor. "It made sense," Gelbach 
says, "to be able to reprogram the micro­
processor instead of buying fixed ROMs 

for it. People could breadboard the microprocessor and 
use the EPROM. They could change their system over­
night or every five minutes with an EPROM." 

Gelbach marketed the microprocessor and the EPROM 
together, pitching that, "if you made a mistake, it wouldn't 
kill your project. You had the flexibility of trying out 
many different applications specific only to you, of modify­
ing them until you came up with the right one. And this 
would not cause you a 6-month delay." 

Gelbach also began turning out primitive programming 
kits, priced at about $5000 each, to help engineers put 
function into the 4004 and its successors. "In our own 
design labs," he says, "we realized that you needed to 
put some software into the microprocessor. Our own expe­
rience said that ordinary engineers had no experience with 
software. So any aids that we could give them would be 
a benefit for selling components." 

Eventually, the kits did help sell chips. But, in the early 
days, Intel made as much selling the kits as it did selling 
microprocessors. 

Gelbach, who took an engineering degree from the 
University of Southern California in 1959, retired from 
Intel this year as a senior vice president and a member 
of the board of directors. 
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FLUKE AND PHILIPS - THE GLO BAL ALLIANCE IN TEST & MEAS U REMENT 

IFLUKEI ====® 

Rnally! The one th!ng 
you've always wanted in a 
low;cost logic analyzer: 

No restraint. 
The Philips PM 3655. It's the first 
true100 MHz logic analyzer for under 
$10,000! That means it comes with 
a feature no other low-cost analyzer 
in the world can offer you: Freedom 
to use 1000/o of its capability 1000/o 
of the time. 

UNRESTRAINED PERFORMANCE 

• High-speed timing and state analysis: 
Get full 100 MHz synchronous and 

• asynchronous sampling on up to 96 chan­
nels. And never again sacrifice width for 
speed. 

• Deep memory: 2K memory depth per chan­
nel lets you measure complex data flows­
with no loss of width, speed or glitch cap­
turing potential. 

• GLITCH mode: 5 ns glitch capture at 
100 MHz on fill channels. Again, without 
forfeiting speed, width or depth. 
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• Flexible triggering plus Trace. Powerful, 
multi-level triggerword sequence, range rec­
ognition and four clock qualifiers help you 
find and display exactly the data you're 
looking for. 

• Expandability Add 24-channel modules 
any time for 24, 48, 72 or 96 channel 
configurations. 

• Broad support: Choose from a wide range 
of disassemblers and dedicated personality 
modules. 
SIMPLE OPERATION PLUS PC 

• Immediate familiarity All this capability and 
so easy to use-menu-driven operation; 
extensive user-defined labeling; and stan­
dard PC-style keyboard interface. 

• Plus full MS-DOS-based PC: Adds ver­
satility and value without compromising 
logic analysis. On-line disk storage for 
measurement data and instrument set-ups. 
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PHILIPS 

Expansion slots for extra memory, modem 
or other PC options. 
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Count on a one-year warranty and all the 
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ever need. From Fluke- the people who 
believe that extraordinary technology 
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1979, Motorola started upgrading 
it. The original 4-MHz 68000 
evolved into the 12.5-MHz 68010, 
and that evolved into the 20-MHz 
68020, a full 32-bit device that today 
is the backbone of many Unix-based 
computer systems. Motorola's com­
puter customers include Apple, 
Atari, Commodore, NCR, Sun 
Microsystems, and Unisys. 

Most recently has come the 32-bit 
68030, which runs at up to 30 MHz. 
Compare that to Intel's 80386, 
which tops out at 20 MHz. The 030 
has 300,000 transistors and proc­
esses more than 7 MIPS, about 
twice the speed of the 020. 

In pushing the 68030 to 7 MIPS, 
Motorola put the memory-manage­
ment unit (MMU) on the 030 chip; 
the 68020 required another chip, 
the 68851, to perform the MMU 
function. In addition, Motorola put 
both the data cache and the address 
cache on-chip, linking them in the 
"Harvard" dual, parallel-bus archi­
tecture. The 68020 has only the ad­
dress cache on chip. 

While Motorola's innovative de­
signs got it microprocessor design 
wins, especially in the booming 
market for graphics workstations, 
Intel was falling on hard times. In­
tel's microprocessor business did 
okay; the success of the IBM PC, 
with the 8088 inside, assured that. 
But the rest of Intel's semiconduc­
tor business was struggling-or 
falling before foreign competition. 
For example, Intel lost the DRAM 
market, which it had created, to the 
Japanese. 

"Intel introduced the DRAM," 
says cofounder Gordon Moore, now 
Intel chairman, "We used to have 
a 100-percent share of the market. 
And we went from 100 percent to 
zero percent over time." 

These and other problems 
brought Intel to a sorry pass: a loss­
year. In 1986, the company re­
ported losses of $173 million. The 
entire semiconductor business was 
m the second year of a slump in 

28 

The 68000 was a 
mighty 16-bit chip 
indeed. Motorola de­
signed the instruc­
tion set so that there 
could be as many as 
64,000 instructions. 
And its 16-bit regis­
ters permitted the 
68000, through a 
virtual memory 
scheme, to address 
4 billion bytes of 
memory. 

1986, of course. But, no matter. In­
tel formulated a plan. Microproces­
sors had made Intel rich and fa­
mous, and microprocessors would 
lead the recovery. 

Indeed, there has been a turn­
around. 

A key to the rebound (profits 
were $248 million in 1987, the high­
est in this decade) was the success 
of the 80386, the heart of the new 
IBM PS/2 and Compaq Deskpro 386 
computers. Intel sold 700,000 of the 
386 chips in 1987 and expects to sell 
2 million of them this year at an 
average price of $250 each. That 
means the 386 all by itself repre­
sents a $500 million market. 

Noyce describes the 80386 as 
having "a physical-address space of 
4 billion bytes, a virtual-memory 
addressing capability of 64 trillion 
bytes, and processing speed up to 
10 times faster than the previous 
generation's." He adds, "It also re­
alizes a significant qualitative 
breakthrough with its ability to run 
applications from multiple operat­
ing systems, like Unix and DOS, 

simultaneously." 
The road to the 386 was not with­

out its bumps and potholes, how­
ever. In 1983, Intel introduced the 
80186 and 80188 chips as upgrades 
of the 8086 and 8088, respectively. 
But neither was much of an up­
grade, and neither scored major de­
sign wins. Next came the 80286, 
which IBM chose for the PC/AT 
computers. 

While that was a major design 
win, the 286 won little else. It cer­
tainly won little praise. Customers 
said the 286 came out of Silicon Val­
ley's ivory towers. It was as if, they 
said, Intel had designed the 286 in 
an intellectual vacuum. "Intel 
screwed up," complains Gary Sti­
mac, vice president for systems en­
gineering at Compaq. "We still 
don't have a major 286 operating 
system. All the major applications 
had to be rewritten for the 286." 

When it started on the design of 
the 386, Intel showed it had listened 
to the complaints. It began to work 
closely with customers. Says Sti­
mac, "We were an integral part of 
the 386 design team. We shared an 
incredible amount of confidential 
information." 

Another result of this cooperation 
with customers was the introduc­
tion of the 16-MHz 80386SX chip, 
which runs software developed for 
the 386 while using lower-cost com­
ponents designed for 286 architec­
tures. The result: a less efficient­
but substantially less expensive­
device. The chip runs internally as 
a 32-bit device, but it uses a 16-bit 
external data bus. While a 16-bit 
bus performs less efficiently, it re­
sults in a cheaper computer: about 
$1000 off the list price of a full 32-bit 
80386-based computer, according to 
Bruce Schechter, Intel 386SX prod­
uct manager. Computers based on 
the 386SX have been announced or 
are planned by AST Research, 
Compaq, NCR Corp., and NEC 
Information Systems. 

Intel and Motorola don't domi-
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Fu ll software compatibil ity. 
You 'll be up and running with the Zl80 immediately. 

Because it 's IOO 'Xi object code compatible with 280/8080.'" You 
probably already know the code, so you can port right onto 
the Zl80. Not onl y that, since Zilog originally developed the 
part jointly with Hitachi , the Zl80 is directl y co mpatible with 
Hitachi 's version , the HD64180Z.'" 

Enhanced performance. 
Of course, the Zl80 's CPU core gives you more power and 

speed than discrete CPUs. Besides that, there are several new 
instructions. You also get operating frequencies to 10 MHz. And 
you have the overall performance advantages of CMOS and 
Superintegration ·• 
The important peripherals are on board. 

The ZISO 's high integration results in impressive savings 
in costs and real estate.The MMU gives you one Mbyte of 
addressing space. You have 2 DMA channels, 2 UA RT channels, 
and 2 16- bit programmable counter-timers. Plus wait-state 
generators, an interrupt controller, a clock oscillator/generator. 
and a clocked serial 1/0 port . All integrated on the Zl80 chip . 

If this isn 'tenough to convince you to takea look at what 
the Zl80 can do for your des ign proj ect, here's a little more to 
consider. The full complement of development support tools are 
readily available from industry leaders. And the Zl80 comes to 
you off-the-shelf, backed by Zilog's proven quality and relia­
bility. Find out more about the Zl 80 or any of Zilog's growing 
family ofSuperintegration products. Contact your local Zilog 
sales offi ce or your authorized distributor toda y. Zilog, Inc .. 
210 Hacienda Ave., Campbell , CA 95008, (408) )70-8000. 

Right product. Right price. Right away. Zilog 
ZIWG SALES OFFICES, CA (<Cll!) .F0·8il0, c-1 ·1) 8.\8--HCNl. (818) 707·l 160, CO (.\05) ·19<-l'Xl;, FL (H I.\) ;8;·l\.\.\, GA (<O<fll.\-8100, IL (.\ ll) l l' ·X080, MA ((, )") l'.\ ·<lll. MN (hill 8.\ 1·7 61 I. 
NJ (l0l ) l88-,\7,17, OH (216) ••7· 1<8Cl, PA (l ll) (6.\.01 .\0, TX (l l<) 987-9987, CANADA ToronlO (< 16) 6'.\.06.k ENGLAND Maidenhead (·M ) (618) 59l1Xl. W. GE RMANY Munich ( 19 ) (89) 61H.0 16. 
JAPAN Tokyo (81) (.l) ;87·01l8, HONG KONG Kowlrnm (811) (.I) 7l.l-8979. TA IWAN (886) (l) M -.\ lll. SINGA PORE 61-l .\\ 71\I. DJSTRJBllTORS, U.S. Amhcm Elcmic. llcll lndu>.. llall ·,llark Elec. . 
JAN Dc\'ices. lnc .. Lionex Corp., Schwchcr Elec. . Wcs1ern Mirro1cch . CANADA Future Elec.. SEMAll, LATIN AMERICA Ar~l·ntina-Yc l. - ( I ) -J6-ll ll. llrazil - Dii.:ihyte (011 ) l -11 -561 I . Mn ico-St'micnnduC"lort·:-i 
flrofes ionalcs (5) 5 .\6 - 1 .~I!. 
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nate the entire semiconductor busi­
ness, but they are at the top of the 
microprocessor business. For a 
time, major competition came from 
Zilog's 8-bit Z80, and the company's 
16-bit Z8000 for a time was a con­
tender for the IBM PC. Many in­
dustry observers say the Z8000 was 
more powerful than the 8086, but 
with the commercial microcomputer 
industry pretty well locked up by 
the 8086 and 68000, Zilog's market 
for the Z8000 has been primarily 
in the military in real-time control 
applications. 

Zilog took years and many false 
starts-including a short-lived joint 
project with AMD in the early 
1980s-to come up with a 32-bit 
chip. The long and rocky road led 
to the Z80000, a powerful chip 
that's code compatible with the 
Z8000. The Z80000, like its little 
brother, the Z8000, targets military 
applications. 

and its 32000 series, even though 
National was first to market with 
a chip having a working 32-bit 
CPU. 

Since the early days of micro­
processors, chip developers have 
crafted general-purpose proces­
sors-devices that were suited for 
use in everything from cars to tele­
visions to missiles. Now, however, 
chip makers are taking an addi­
tional approach, designing proces­
sors that can be tailored for differ­
ent embedded-control applications. 
These chips tackle specific jobs with 
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With the Z8000/Z80000, Zilog 
moved into a distant third in the 
microprocessor race behind Intel 
and Motorola, but ahead of National 

Chuck Peddle: 
Creator of the affordable 

When Chuck Peddle talks about the de­
sign team at MOS Technology-the team 
that gave birth to the 6501 and the 6502 
microprocessors-his voice gets very 
warm. 

"It was one of those projects that you're 
really pleased you worked on," he says. 
"We had a very sharp team. Everybody was focused and 
dedicated. Everybody was trying to make something hap­
pen. We met every scheduled milestone on that product. 
The chip worked the first time it came out. And we met 
the cost target: a $25 microprocessor, quantity one. That 
was the thing that changed the world." 

That breakthrough price was about $150 less than what 
other microprocessors were selling for at the time. 

The days at MOS Technology might have been great. 
But, in a real way, the 6502 (the 6501 never made it to 
market) might never have seen the light of day if Peddle 
had not first become frustrated at the corporate infighting 
he ran into at another company he worked for: giant Mo­
torola Inc. 

Peddle, born in Bangor, Maine, in 1937 and a graduate 
of the University of Maine (engineering and physics), was 
plucked in the early 1970s by Motorola's Tom Bennett 
from a little, struggling company in Phoenix called Intelli­
gent Terminal Systems. Bennett already was at work on 
what became the 6800. 

"He hired me," Peddle says of Bennett, "to do the archi­
tectural support work for the product he'd already 
started." 

If Peddle has a hero, it's Bennett. "He shepherded that 
product [the 6800] through Motorola," Peddle says. "Mo­
torola tried to kill it several times. Without Bennett, the 
6800 would not have happened, and a lot of the industry 
would not have happened, either." 

As far as Peddle was concerned, Motorola-at least 

at first-didn't know what to do with the 
6800. "We had to find a way to sell it," 
he says. "The sales force really didn't un­
derstand it very well. They were used 
to selling gates and elements like that." 

Peddle started going around with the 
sales people on customer calls. "The thing 
that came out of every meeting was that, 
while this [the 6800] was a wonderful idea, 
it cost too much." 

So Peddle did what to him was the logical thing: He 
looked for ways to make the chip cheaper. "I would ask 
potential customers what they would give up out of the 
6800 if I was going to give them a cost-reduced version. 
It turned out that most everybody had the same set of 
things they would give up." 

Wind of what he was up to got back to the brass at 
Motorola, of course. Not everybody liked the idea of pro­
ducing a cheap microprocessor. "Some guys at Motorola 
who still wanted to be in the minicomputer business went 
around and said I should be stopped from doing what I 
was doing. So I went out looking for somebody who 
wanted to pursue it," Peddle says. He found MOS 
Technology. 

How did the MOS Technology design team get the price 
down so much? First and foremost, he says, it was because 
of the high quality of its people. "That team has never 
been matched," he says. 

Peddle also drew on the work done at Carnegie-Mellon 
University on the instruction set for Digital Equipment 
Corp.'s PDP-11 minicomputer. From that work, he says, 
"we learned which instructions matter and which don't." 
He adds, "We would trade silicon for architecture when­
ever we could." 

Peddle cofounded Sirius Systems Technology Inc. in 
1980 and currently is president of Tandon Computer Corp. 
in Chatsworth, California. 
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If your 
Samtec catalog 
looks like this ... 

CCHRpal'O'. 

Oar~myoarelt!dl°'*~catalog . .,...,,,,. ... ,,,,.,..,,. .. ~ ,,, .. ......,. 
And, after e stiort wliile, their Samtec cata'8fl often loob as though 
the samtec tiger had played with it. Beat dlere Is help on the way. 
Qur new enlllled 100-pqe cataJot Will_.. Yo1Jr job easier than 
e¥er. It has complete specs on every ~ •• almWs what parts mate 
with eacb otlter ... indUdes more chartetto ~e board heights 
..• bu conversion charts as well as a PQA. ... Nference guide. 
lbu'D find alull fable of DIP sockets_, WeD as the broadest line 
of~~ 

Square post socket 
strips, board spacers. 

WORLDWIDE SAMTEC, Inc. P.O. Belt 
HEADQUARl'ER8: New Albany, IN 47160 

TWX: 81().640.4095 ~ 

CIRCLIN01t 

Machined sockets, 
terminal strips. 

.025" sq. terminal 
strips, single/double 
row shrouded. 
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efficiencies that general-purpose 
processors find difficult to match. 
Intel's 80960, AMD's 29000, and 
Harris' RTX 2000 are some of the 
more prominent embedded-control 
devices. 

Perhaps the hottest battle in the 
microprocessor business concerns 
the RISC (reduced instruction set 
computer) architecture. Many engi­
neers describe RISC as a "stream­
lined" architecture. By simplifying 
the instruction set-to prioritize 
the 20 percent of instructions that 
do 80 percent of the work-and by 
employing other tricks (like sepa­
rating paths for instructions and 
data), RISC architecture cuts the 
number of clock cycles required to 
execute programs. 

Tricks learned by architects in 
designing RISC chips are also 
bringing about some dramatic im­
provements in efficiency in non­
RISC processors. For example, the 
average number of cycles needed to 
execute an instruction for Mo­
torola's 68000 has dropped from 12 
for the 8-MHz 68010 to 5.5 for the 
20-MHz 68020. The goal of RISC 
developers is one instruction per 
clock cycle. 

There are several RISC vendors, 
including AMD (with the 
AM29000), Apollo (with the Prism) 
and Intergraph (with the Clipper). 
But the battle lines are forming pri­
marily around three armed camps: 

• backers of MIPS Computer 
Systems' R3000 

• backers of Motorola's 88000 
and 

• backers of Sun Microsystems' 
SPARC (scalable processor 
architecture) chip. 

MIPS Computer Systems, which 
in 1984 was one of the first compa­
nies to employ RISC architecture, 
claims a 50-percent speed improve­
ment over competing RISC chips 
with the R3000. This summer, 
MIPS used the R3000 to enter the 
crowded market for mid-range com­
puter systems. Its M/2000 is rated 
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at 20 MIPS. 
A users' group, 88open Consor­

tium Ltd., has already been formed 
to promote standards for the Mo­
torola 88000. Among the founding 
members are Convergent Tech­
nologies, Stratus, and Tektronix. In 
addition, Motorola has teamed with 
DEC to develop a 100-MIPS ver­
sion of the 88000 implemented in 
emitter-coupled logic. The CMOS 
88000 currently performs at 14 to 
17 MIPS. 

Sun Microsystems designed the 
SPARC RISC chip, then turned 
production over to a group of semi­
conductor vendors, including Bipo­
lar Integrated Technology (BIT), 
Cypress Semiconductor, and 
Fujitsu Microelectronics. As do Mo­
torola and DEC, Sun and its ven­
dors plan to reach 100-MIPS per­
formance for the chip. Target date: 
1990. 

From 60,000 operations a second 
in 1970 to 100 MIPS in 1990. That's 
a lot of progress in two decades. 

Even the pioneers admit they 
didn't see what the microprocessor 
would become and what it would 
make possible. They saw only 
enough to push forward with their 
work. "As obvious as such inven­
tions as the microprocessor may ap­
pear to be later, they are frequently 
born out of struggle," says Faggin. 
"The struggle of a few believers 
against those who have something 
to lose from changes, set in a back­
ground of indifference." 

Ah, recalls Ed Gelbach, "those 
were the good old days." EDN 

James F . Donohue is managing edi­
tor of Mini-Micro Systems. 
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8051 Emulator ADVERTISEMENT 

Has Innovative Breakpoint Features 
Nohau Corporation's 8051 emulator, 
the EMUL51-PC, uses a 64K bit RAM 
to generate breakpoints. Each of the 
65,536 possible combinations of the 
16 address lines corresponds to one bit 
in the breakpoint RAM. The "break 
bit" coming out of the RAM is then 
qualified with RD (read) , WR (write) , 
FB (first byte of instruction) and an 
optional user-chosen external signal. 

The concept of calculating and writing 
relevant patterns into the breakpoint 
RAM results in a number of sophis­
ticated breakpoint features . Individual 
addresses, ranges of addresses and 
" wild-carded" addresses are among 
the most obvious useful setups. 

Using line numbers and the corres­
ponding values from symbol lists 
generated by C-compilers and PL/M 
compilers, breakpoints can be set on 
the first assembly instruction in each 
source line. The result is a "high­
level" single step function . 

Everyone who has debugged 8051 
code has probably wished for the 
ability to break on a change of value 
in internal data RAM and special 
function registers. This feature is 
made possible by scanning the entire 
code memory for instruction patterns 
which would write to a specified byte 
or bit if they were executed . Memory 
changes caused by indirect writes and 
stack manipulations cannot be detected 
this way in real time, but a pseudo­
real-time feature of the EMUL51-PC 
makes even this kind of breakpoint 
possible. 

Every software engineer's nightmare 
is to have a program that crashes in a 
random way, especially if the crash 
happens only once a day, or once a 
week . Bugs like these may be virtually 
impossible to find , and they can 
cause severe problems for end users. 
A crash often results in the loss of 
program control , with instructions 
being executed outside the legal 
program area , in data tables, or even 
on second and third bytes of legal 
instructions. 

The emulator can be set up to break 
when the program goes out of control . 
This setup is accomplished by first 
setting the entire breakpoint RAM so 
that every address would generate a 
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breakpoint , then defining the starting 
and ending points of all blocks of 
legal instructions and finally by 
removing breakpoints on every valid 
FB (first byte of instruction) . :j: 

the EMUL51-PC's 16K trace buffer 
(described in a separate article) , the 
engineer has a very good chance of 
seeing the cause of the problem. 

Execution will then break as soon as 
the program goes outside of legal 
program blocks. By looking back in 

Nohau Corp., 51 E. Campbell Ave. , 
Campbell, CA 95008 (408) 866-1820 

f l"at. Pend . by Logical Services. 

KILL8051 
BUGS FAST. 

»olp 111• ............ . a.-. il?.ll:m .• ...., .. ~ . .:/i~ll" ";':.~( ....... 
.. . . .... ·=· ....... •==· ·········=··REG _ •• ··-··- • • r.:: •• c 

r1 __ ee IE _ _ ee rne __ ee Bx Breakpoint registers""\ . .:;.' H_ee 
P3 __ ee TMOD _ _ ee TL8 __ ee DSx ~Int In Co SIO.. - L_ee 
1r __ ee rc!Ji _ _ ee THl __ ee Tiii hak on Irece trig · _ es 

· ..... ~ ... = .. ==i:ODE UIHOOU. 1111 hakpoinl llode leglster 
.121 : counter= first; I • initla SL Set Line RreakPolnts 
.122: valve = 8x4E; SUI Set Line lruklolnh la: 
.123: last_value = 8; n ..... on lntornal bit 
.124 : value• read...bit(P3...2...bit); Yb Rrrt1k on int erndl byte 
.125 : if ((value== I) Ii ( last_value Cl.It 
.126 : if (counter == 1888) 11 
.127: C01roter • 8; llC 

ca- bralllpolnts 
lnttm1l llrealt 111 patt.rn 
&re.k on Internal Contents 

.128 : else L------------' 

.129: counter++; 

.138 : last_value • value; 

.131 : / • "°" restart process • I 

• sys comand 

Systen=C01111MD 

3rr:.::~·p11r.t<:" or1 al! Mrites to specified twte .Jddress 

Nohau's EMUL51-PC 
emulat.or and trace board 
make a sophisticated bug· 
hunting pair for your 
8031/8051 projects. Plug 
the EMUL51-PC int.o your 
PC, XT, AT or compa­
tible and find bugs that 
other emulat.ors can't. 
Our powerful software 
makes it a snap t.o use. 

•Source Level Debug· 
ging for PL/M-51 and C-51 
• 48 bits wide 16K deep 
trace buffer 
• 20 MHz real-time 
emulation 
• Complete 8051 Family 
support including 
proliferation chips 
• Available in either 
"Plug-in" or "Box" 

configurations 

The EMUL51-PC conies with a 5ft cable, software and 1 year harrt 
ware warranty with.free software updates. 'n·ace board optional. 

CIRCLE NO 2 

CALL TODAY 
FOR YOUR FREE 

VIDEO AND 
SOFTWARE DEMO. 

(408) 866-1820 

WORLDWIDE CALL: 
Austria 02 22 38 76 38·0 
Australia 02 654 1873 
Benelux +31-1858-16133 
Denmark 02 65 8111 
Prance 0169 412 801 
Great Bri tain 01464 2586 
Israel 03 4 99034 
Korea 04 784 784 l 
Portugal 01 83 56 70 
Scandinavia +46 40 922425 
Spain 03 217 2340 
Switzerland 01 74041 05 
West Germany 08 13116 87 

no Hau 
OOAPORATION 

51 E. Campbell Ave. 
Campbell CA 95008 
( 408) 866-1820 
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Instead, we'll help you along the path 
to higher productivity 

Through high-volume, high-yield 
technology, our manufacturing affiliate 
Seiko Epson Corp. produces millions 
of ASIC devices each month. 

S-MOS backs up that production 
with a dependable design program that 
provides back annotation simulation 
and fault grades every chip to help your 
designs succeed. 

To keep costs low, there are no CPU 
simulation charges. 
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Our full line of ASICs are migratable 
from gate arrays into standard cells and 
beyond to our Compiled Cell Custom 
cell-based designs. 

Our ASIC solutions span from 513 
to 38,550 gates with technologies down 
to 1.2 micron (drawn). 

To save you time, we can use your 
existing arrays as future building blocks. 

Most ASIC products are available 
in plastic quad flat packs, pin grid arrays, 
plastic leaded chip carriers, small out­
line packages and plastic dual-in-line 
packages. 

So if you're looking for an ASIC 
program that will get you out of the 
woods, call us. 

(408) 922-0200. 

AA. s ~'j r--~~ ~ -~a... .... -· 
SYSTEMS 

S-MOS Systems, Inc. 
2460 North First Street 

San Jose, CA 95131-1002 
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When it comes to competition 
in the compatibles marketplace, 

are you going to grab 
the bull by the tail? 
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There's only 
one thing 
tougher than 
getting ahead 
of the industry 
standard these days. 
Staying ahead. 

To stay ahead in the 
compatibles market you need a 
technology partner that's a proven leader: 
Chips and Technologies. 

Our CHIPSets™ for PS/2'" and AT-compatibles are 
based on a powerful asynchronous architecture. Offering 
you the ultimate in future product line flexibility and design 
investment protection. While focusing on your advanced­
product marketing opportunities. 
The only full range of super-compatibles. 

Wherever you drive your IBM-compatible lines, the 
CHIPSet family will support you. We're ready for PS/2 
Model 70-compatibles today. With the only small footprint, 
high performance solution. 

Configuring a Model 50- or Model 80-compatible 
desktop or tower? We're ready now. In fact, throughout the 
entire PS/2 family, you can choose any microprocessor archi­
tecture-286, 386'"-even the new 386SX. Running at any speed 
to 25 MHz and beyond. With whatever DRAM solution prevailing 
cost and availability dictate. 



For the 
ultimate in AT­

compatible de­
signs, our 286/ 

NEAT" and 386/ AT 
CHIPSets dominate. 

They're the result of four 
years experience building inte­

grated CHIPSets now used in over 
5 million microcomputers. While other 

chips hit the wall at 12 MHz, only CHIPSets support a full 
range of processors and clock speeds. 

Why take a chance with partial solutions which 
might box you in? CHIPSets solve your system-level design 
problems today. Providing tightly-coupled subsystem 
solutions for VGA graphics, mass storage and communi-
cations, too. And our unique Design Services Organization 
offers assistance ranging from technical consultation to the 
design of entire systems. 

Only CHIPSets offer the high-performance compatible 
options you need today and the migration path you must have 

to plan for tomorrow. Call 800-323-4477 for information. 

•••••• •• •• ••••• • •••• ••••••• •• • ••••••••••• 

\.iii;.;;:» 
chip sets or CHIPSets:" The difference is the difference. 

Chips and Technologies, Inc. 3050 lanker Road. Department MC-2. San Jose, CA 95134. PS/2 is a trademark of IBM Corporation. 386 is a 
trademark of Inte l Corporation. CHIPSet. NEAT and CHIPS/280 are trademarks of Chips and Technologies, Inc. © 1988, Chips and Technologies. Inc. 
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~National 
~ Semiconductor 

DRAM Controller 
Direct inte rface 
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EPROM 
Font and program 

storage 
Printer diagnostics 

HPC™ 
16-bitCMOS 

Microcontroller 
RS232 , Centron ics 

AppleTalk 
Lase r Engin e 

inte rface 

DP8510/ 11 
Bit BLT 

Processing Unit 
(Accele rator) 

(optional) 
VeIJ' fast bit-aligned 

b lock transfers 

NS32CG16 
32-bit Printer Display 

Processor 
18 specialized 

graphics instructio ns 
16-Mbyte linear 
address range 

10 15 MHz 

74ACT245PC 
FACT"' family 

of high -speed, 
low-power 

advanced CMOS 
logic devices 

SCX6218 
Gate array 

System logic 
OMA support 

NS32081/NS32381 
Floating Po int Unit 

(optional) 
High -speed outline­

font calculations, 
scaling, rotation, 

translation 

Printe r set-up 
Page-volume data 

EDN Microprocessor Issue October 27, 1988 



When it cotnes to page-printer electronics 
only National puts it all together. ' 

ALL TOGETHER FOR 
PRINTERS, SCANNERS, 

COPIERS, FAX MACHINES 
AND DESKTOP DISPLAYS 

Introducing the NS32CG16 
Printer/ Display Processor. 

The only fully program­
mable 32-bit, CMOS micro­
processor tuned for graphics 
applications. 

HOSTlllJ 

RS-2321 

~ HPC 

JO MHZ 

NS32CG 16-15 
l'!llNTCRIDISl'lAY 

PROCESSOR 

I MEGABYTE 
EP!lOM 

NMC27C1023 

~ co~\?c:~LER 16BITSDATA 
24 BITS AOORESS 

OP8421 
DRAM 

CONTROLLER 

STATUS 
INDICATORS 

FRONT PANEL 
CONTROLS L NS32081 fPU 

FLOATING 
POINTUNIT 

ENGINE STATUS/CONTROL 

OP8510BPU 
BITBLT 

P!lOCESSING UNIT 

2 
MEGABYTES 

DRAM 

tools, available now: 
• add-in cards to tum your 

PC/Ar' or compatible into 
a powerful, multiuser devel­
opment host 

• ~ full set of language tools, 
I VIDEO including 

BUffER 
L___ -assemblers, linkers, 

VIDEOTOENGINE debuggers 
-optimizing compilers 

And the heart of the most 
cost-effective systems solu­
tion for a full range of imag­
ing designs. 

The NS32CGJ6 is the heart of a high-pe1fomia nce, cost-efjectim 
systems so/11t1onfor applicatiom like this page-printer controlle1:· 

for C, Pascal, FORTRAN 
77, and Ada® 

• MicroCASE (formerly 

ALL TOGETHER: THE CHIP 
The NS32CG16 combines the 

programmability of a high-perform­
ance 32-bit microprocessor with 
the power of a specialized graphics 
coprocessor. It includes 18 dedi­
cated graphics instructions for: 
• bit-aligned block transfers 

(BitBLT) with 16 logical opera­
tions for high -speed character 
moves and windowing 

• line drawing (9 Mbits/ sec) 
• pattern drawing, replication and 

filling (60 Mbits/ sec) ' 
• pattern magnification to support 

Epson and HP LaserJet™ emula­
tions (IX, 2X, 3X, 4X) 

• binary data compression/ expan -
sion for compact font storage 
under run-length-limited (RLL) 
encoding 

• supports CCITI Group III and IV 
protocols for facsimile transmission 

• on-chip clock generator 

LaserJet and PCL are trademarks of Hewlen-Packard Corporation 
Pos!Script is a trademark of Adobe Systems, Inc. 
AppleTalk is a registered trademark of Apple Computer Corporation 
IBM and PC/ AT are registered trademarks of International Business 
Machines, Inc. 
Ada is a registered trademark of the U. S. Government, Ada Joint 
Program Office 
HPC, !SE, FAST (Fairchild Advanced Schonky ffi), and FACT (Fairchild 
Advanced CMOS Tedmology) are trademarks of National Semiconductor 
Corporation 

1988 National Semiconductor Corporation 
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• programmable power-down 
modes 

• on-chip DMAsupport circuitry 
A true 2-address machine (for 

direct memory-to-memory graph­
ics operations), the NS32CG16 has 
a 16-Mbyte linear address space to 
support large font storages, high­
dpi (dots-per-inch) page buffers, 
and memory-intensive page­
description languages (PDLs). 

ALL 1DGETHER: 
THE PERIPHERALS 

The NS32CG16 is supported by a 
full .range of peripheral devices, 
available now: 
• hardware floating-point coproc­

essors for high-speed outline­
font calculations in PDLs like 
PostScript™ and PCL™ 

• DRAM controllers 
• single-chip I/ 0 support for 

RS232 Serial, Centronics Parallel 
and AppleTalk® interfaces ' 

• LAN support, including Ethernet 
Thin Ethernet, StarLAN, and IBM~ 
3270/ 5250 protocols 

• interrupt controllers with timers 
and parallel I/ 0 ports 

• National's family of logic: FAST,™ 
FACT,™ ALS and AS. 

ALL TOGETHER: THE TOOLS 
The NS32CG16 is also supported 

by a full range of development 
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Northwest Instrument 
Systems) Software Analysis Work­
station for performance-tuning 
your code 

• National's In-System Emulator 
(ISE™) for complete hardware/ 
software integration 

• the NS32CG16 Evaluation/ Devel­
opment Board to reduce develop­
ment time and costs, and bring 
your design to market faster 
(in development) . 

ALL 1DGETHER: THE PROOF 
The NS32CG16 has already been 

designed-in by a number of major 
office peripherals manufacturers, 
such as Canon and Olivetti, and is 
now being evaluated by over 100 
companies around the world. 

But find out for yourself what 
the NS32CG16 can do in your 
design. 

For more information imme­
diately, call us toll-free at 
(800) 227-1817, ext. 15. 

We think you'll be pleasantly 
surprised. 

Altogether. 

~ National 
~ Semiconductor 
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The world of the 
microprocessor: 1971-1988 
•••••••••••••••••••••••••••••••••••••••••• 
Events of the world at lm,;ge) as we remem­
ber them) and events in the world of the 
microprocessor) as reported in the pages of 
EDN. 

1971 

Charles Manson is con­
victed of murdering 
actress Sharon Tate 

and six others. A court­
martial jury convicts Lt 
William Calley for the 
murder of 22 Vietnamese 
civilians. 
Gene Hackman and The 
French Connection win 
Oscars. Carole King wins 
Grammy awards for her 
Tapestry album. 
Oakland's Vida Blue wins 
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Rookie-of-the-Year hon­
ors and the American 
League's Cy Young 
Award with a 24-8 record 
and a 1.82 ERA. Milwau­
kee's Lew Alcindor is the 
NBA's most valuable 
player. 

"CPU on a Chip" 
goes public 
The firm that put the cen­
tral processor circuitry 
on a single chip for Busi-

com, Japanese calculator 
manufacturer, is now of­
fering it to all comers. 
There's a string on Intel's 
deal, though-Busicom 
Corp. must approve the 
sale. 

In addition to its 4004 
processor on a chip, the 
Mountain View, Calif. 
firm is offering its 4001 
2048-bit read-only mem­
ory, 4002 320-bit random­
access memory and 4003 
6-bit shift register. These 
are designed to be con­
trolled by the 4004 in 
numbers up to 32 ROMs 
and 16 RAMs. Intel also 
is quoting bulk price 
ranges, in the 100,000 
quantity bracket. At 
lOOk, the 4001 ROM and 
4002 RAM will go for $10-
$15; the 4003 shift regis­
ter for $2-$3; and the 
4004 processor for $35-
$50. 

The devices come with 
a 34 instruction set and 
a "jump instruction" ca­
pability. Together, the 
package might well in­
duce designers to develop 
4-bit applications outside 
the confines of the calcu­
lator market. 

1972 

The Watergate 
"plumbers" burglar­
ize the offices of the 

Democratic National 
Committee. Alabama 
governor George Wallace 
is shot while campaigning 
for president. 
The US resumes bomb­
ing Hanoi after a four­
year hiatus. 
The Godfather wins an 
Academy A ward for best 
picture; Marlon Brando 
wins, but refuses, an Os­
car for best actor. 
Milwaukee's Kareem Ab­
dul-J abbar wins the 
NBA's MVP award. 
Frank Shorter becomes 
the first American to win 
an Olympic marathon, 
and American swimmer 
Mark Spitz wins seven 
Olympic gold medals. 
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Industry: A lot of chips, and a lot of 

good stuff cheap. 
Elsewhere: Watergate rates as one of the 

country's better scandals. 

1973 

Nixon aides HR Haldeman, John Erlichman, and 
John Dean resign, casualties of the Watergate 
scandal. Vice President Spiro Agnew resigns after 

pleading no contest to charges of tax evasion. Attorney 
General Elliot Richardson and deputy William Ruck­
elshaus resign after Nixon fires Watergate prosecutor 
Archibald Cox. 
UCLA's basketball team, coached by John Wooden, 
wins its seventh consecutive national championship. 
Jack Nicklaus is the PGA's leading money winner for 
the third consecutive year, racking up $308,362. Kathy 
Whitworth is the LPGA's leader for the fourth straight 
year and for the eighth time in nine years; her 1973 
winnings are $82,854. 
The Sting wins Best Picture honors; Stevie Wonder 
wins a Grammy for You Are the Sunshine of My Life. 

Blitz of chips 
Microprocessors are available off-the-shelf from Intel, 
Rockwell International, Fairchild, and National Semi­
conductor. They are projected to be available in 1974 
from Signetics, Microsystems International (Canada), 
American Micro-systems, Motorola, and Western Digi­
tal. Other semiconductor houses such as General In­
struments, Texas Instruments, RCA, and Hughes 
have been making microprocessors but have not for­
mally announced products. British and Japanese firms 
are also showing an interest in microprocessors. 

Powerful, but no speed demon 
The National IMP-16C has a long enough word 
length-16 bits-to be the equivalent of existing mini­
computers like, say, the NOVA 1200, though with only 
about 1/s the speed. 

Good stuff cheap 
The Rockwell PPS µP is way at the bottom end of the 
GP computer spectrum as far as parts cost goes. You 
can buy a set of its three basic chips for under $30 in 
large quantities. 

A new dimension in design 
[Microprocessors] are powerful, flexible, compact com­
ponents whose uses are limited only by the equipment 
designer's ingenuity and capability. 
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Never before have designers had such off-the-shelf 
"components" to design into their systems. They can 
now bring computer capability to bear in applications 
where it was previously unheard of-or thought of­
and at reasonable cost. But to do so will require a 
knowledge of and familiarity with things that are alien 
to many designers today. Words like software,pro­
gramming, and polling and priority interrupt will have 
to become more than just words. A working knowledge 
of these and a lot of other areas previously considered 
as strictly within the domain of computer people will 
be essential for engineers using the new processors. 

Encouraging words 
Do not be dismayed by software. First of all, program­
mers are not likely to take over your jobs. It will be 
much easier for you to learn software than it will be 
for them to learn circuitry. 

1974 

President Richard 
Nixon resigns under 
threat of impeach­

ment. Gerald Ford suc­
ceeds Nixon and pardons 
him a month later. 
Muhammed Ali knocks 
out George Foreman to 
regain the world heavy­
weight championship, 
which he relinquished in 
1967 for refusing military 
service. 

Grammy awards: Paul 
McCartney & Wings are 

the best pop group; 
Olivia Newton-John is 
best female pop vocalist. 

More bargains 
National has priced 
PACE at $141 in hun­
dreds, but the story cer­
tainly won't end there. 
Just think of what NSC 
could do µP pricing if it 
decided to be as aggres­
sive in the µP market 
place as it has been in the 
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Industry: Dealing with the 21/z-genera­

tion machines. If we can do it ... 
Elsewhere: Resignations galore, jail in 

store. 

pocket calculator market. 
In the latter, National 
now sells calculators to 
the general public at $16 
apiece-and claims to be 
making a healthy profit! 

Looking ahead 
The first 8-bit machine­
the Intel 8008--is con­
strained by its small 18-
pin package. 
With 40 pins, it would be 
possible to have com­
pletely separate address 
buses, and moreover, 
make these buses so 
wide- 16 bits-that they 
could address memories 
as large as most systems 
designers would want-
65k bytes. 

Standards be damned 
Rockwell makes no at­
tempt to be compatible 
with TTL signals and 
power supplies, as do 
most of the other micro­
processor makers. The 
PPS-8 has a single - 17V 
power supply and comes 
in Rockwell's special 42-
pin package. 

What is it? 
The Fairchild PPS-25 has 
undoubtedly the most ob­
scure architecture of any 
microprocessor now on 
the market. 
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A champ ... 
[The Intel 8080] is serv­
ing as the point of com­
parison for all the other 
mainstream single-chip 8-
bit µPs that other semi­
conductor manufacturers 
are scheduling for intro­
duction during 1974 and 
1975. 

. .. and a challenger 
The 6800 is the first 8-bit 
µP to challenge Intel's 
very visible position in 
the µP field. 

So, we got a 
little carried away 
Within the next few 
months the 16-bit MOS 
µPs will be out in sample 
quantities. These "third­
generation" machines 
have completely caught 
up with minicomputers. 

But at least we 
called this one right 
The microprocessor is 
here to stay. Right now 
more of the little 4-bit mi­
croprocessors are being 
produced each month 
than the total number of 
mini and maxi computers 
produced to date. The 
first of the second-gen­
eration 8-bit machines is 
now finally in the hands 
of equipment designers, 
and it is certain that the 
8-bit devices, too, will 
start to see volume pro­
duction before the end of 
1975. 

1975 

John Mitchell, H R Hal­
deman, and John Erli­
chman are found 

guilty of Watergate 
cover-up charges. 
FBI agents capture 
Patty Hearst, the pub­
lishing heiress who was 
kidnapped by a radical 
political group a year and 
a half earlier. Hearst is 
later convicted of partici­
pating in a bank robbery 
with the group. 
One Flew Over the 
Cuckoo's Nest wins an 
Oscar for best picture; 
the Captain & Tennille 
are Grammy winners for 
Love Will Keep Us To­
gether; and Paul Simon 
wins for Still Crazy After 
All These Years. 
Chris Evert wins the 
first of four consecutive 
US Open tennis champi­
onships, the Minnesota 
Twins' Rod Carew wins 
his fourth consecutive 
American League batting 
title, and Boston Bruin 
Bobby Orr is named the 
NHL's best defenseman 
for the eighth straight 
year. 

We built it ourselves 
EDN's toy/tool for the 
MOS Technology 6502 µP 
was built in about a 
month. Parts cost, ex­
cluding the 6502, was 
about $50. (The 6502 it­
self is being sold for $25 
in single quantities.) The 
little skeleton computer 
system is installed in the 
plywood box so it can be 
carried about and stored 
safely. It has survived 
coast-to-coast air travel, 
checked as luggage. 

Don't laugh, it works 
EDN's initial breadboard 
for "bringing up" the . 
MOS Technology 6502 µP 
illustrates how easy it is 
for users to deal with the 
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Industry: Handicapping the devices. 

Elsewhere: A country celebrates a bicen­
tennial with crass commercialism. 

hardware of the 2%-gen­
eration machines. Al­
though we discovered 
quite a bit of noise 
(mostly coupling in of 
clock pulses) on all of our 
rather long and spread­
out lines, the 6502 oper­
ated without malfunc­
tion. 

One was a real winner 
A class of what might be 
called 2Y2-generation mi­
croprocessors is now en­
tering the marketplace. 
This includes the MOS 
Technology 650X family, 
the National SCAMP and 
the Electronic Arrays 
9002. 

It was so affordable 
The MOS Technology 
650X family represents a 
conscious attempt by 
eight former Motorola 
employees who worked 
on the development of 

the 6800 system to put 
out a part that would re­
place and outperform the 
6800, yet undersell it. 

At these prices, 
they won't last! 
The 9209, TMS-1000, and 
PPS-1 may be slow 
PMOS machines, but 
they can sell at $5-­
which is almost down to 
the $3 level for calculator 
chips. For equipment de­
signers, the new 4-bit 
µPs make economically 
possible such end prod­
ucts as $70 programma­
ble scientific calculators. 

Yeah, sure 
Texas Instruments poses 
perhaps the most fear­
some threat to traditional 
mini houses because the 
MOS and bipolar manu­
facturing groups at TI 
have joined forces with 
Tl's own minicomputer 
department. 
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1976 

The US celebrates its Bicentennial. 
Viking I and Viking II land on Mars. 
Detroit's Mark Fidrych, alias "The Bird," talks 

to the ball while on the mound, delighting fans and 
racking up a 19-9 record in his rookie year. Bjorn Borg 
wins the first of five straight Wimbledon titles. 
"I'm mad as hell, and I'm not gonna take it anymore!" 
So yells Peter Finch in his Oscar-winning performance 
in Network. Best Picture award goes to Rocky. 

The 8080 earns an A 
Last year the leader in µPs was Intel's 8080. T~is 
year it's the more refined 8080A, but the story is the 
same: This 8-bit NMOS machine has captured more 
µP-application slots than any other device. 

The spin-off was the winner. 
Ever on the offensive, Intel will introduce early in 
1977 its next-generation 8080A, the 8085. . . 

Another significant 8080-based product, the soph1st1-
cated Zilog Z80, has captured the imagination of many 
designers. 

Tough champion 
In 8-bit machines, RCA is the line champion of CMOS. 
The firm's 1801 was upgraded to the 1802 in 1976, and 
for many uses- particularly those with severe env~on­
mental constraints-this µP finds a loyal and growmg 
following. 

Dark horse 
EDN's nomination for the "Dark Horse µP of 1976 
Award" goes to the [Fairchild] F8. Because this ma­
chine handles many admittedly unglamorous but never­
theless very high volume applications with only two 
chips, it's now underg9ing shipment in large quantities. 
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1977 

J
immy Carter becomes president and immediately 
pardons some 10,000 Vietnam War draft evaders. 

Convicted killer Gary Gilmore is executed by a 
ah firing squad; his execution is the first in the US 

in 10 years. 
George Foster swats 52 home runs for the Cincinnati 
Reds. 
Woody Allen experiences angst over lobster and Diane 
Keaton in Annie Hall. The Grammy award for best 
album goes to Fleetwood Mac's Rurrwurs. 

Two for the price of one 
Suppliers of midrange µPs are compressing whole mul­
tichip systems into 1- or 2-chip systems for minimum­
cost low-end applications. Examples illustrating this 
trend include the 3870 version of the F8, the 6801 
variant of the 6800, the 6600 outgrowth of the 6500, 
the 9940 version of the 9900, the Z8 version of the 
Z80, etc. To this list we might also add the 8048, be­
cause although it isn't a software compatible version 
of the 8080/85 family, it shares much of the same hard­
ware support. 

Before they caught the RISC bug 
There seems to be a general industry reluctance to 
risk bringing out a new µC family. Perhaps just too 
many good µCs are available for any semiconductor 
supplier to hope at this late date to launch any totally 
new µC family. 

And none too soon 
Steady progress in CMOS technology could see CMOS 
µCs finally coming into their own in 1978. 

We read it in the National Enquirer 
EDN observes that Intel and Zilog have been widely 
rumored to be developing advanced machines that will 
execute higher level languages like PL/M and Pascal 
directly. 
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Industry: Instruction sets tell a good 

story. 
Elsewhere: Carter takes over; draft 

dodgers breathe a collective sigh of relief. 

1978 

Discos are every­
where. Women of 
less-than-average in­

telligence swoon over 
John Travolta in Satur­
day Night Fever. Men of 
less-than-average intelli­
gence try to imitate him. 
The Bee Gees (nobody's 
fools) win a Grammy for 
their album from the 
film. 
Painful memories of Viet­
nam appear on the silver 
screen. The Deer Hunter 
wins an Oscar for best 
picture; Jane Fonda and 
Jon Voight win honors 
for their roles in Coming 
Home. 
Pope John Paul dies after 
only a month in the Vati­
can. John Paul II, of Po­
land, succeeds him, be­
coming the first non-Ital­
ian elected pope since 
1522. 
Proposition 13 passes 
overwhelmingly in Cali­
fornia. 

EDN fesses up 
A year ago, EDN ex­
pected that at least one 
µP supplier might pro­
duce a radical new archi­
tecture in 1978: perhaps 
a novel stack-oriented 
machine or a chip to di­
rectly implement a high­
level language such as 
Pascal. We regret, how­
ever, that we can't report 
any such architectural in­
novations. 

We liked 'em 
Taking a closer look at 
the Z8000 and 68000 (and 
the 8086 as well), we con­
clude that these next­
generation 16-bit µPs 
have indeed impressively 
enhanced almost every 
aspect of the standard 
Von Neumann machine. 
Their instruction sets tell 
the story: These µPs can, 
in varying degrees, ma­
nipulate all sorts of 
data-the 8086 even per­
forms arithmetic on AS­
CII-coded information. 
And abandoning the ade­
quate, but hardly ele­
gant, pointer addressing 
of the 8080, they all fea­
ture extensive true in­
dexed-addressing-just 
like the best minis and 
maxis. 

Joe Isuzu was in 
electronics then 
Will [certain microproces­
sors] really be available 
in volume in 1979? [There 
is] a growing tendency 
among semiconductor 
manufacturers to prean­
nounce their products, 
write articles about them 
and advertise them as 
though they are cur­
rently available, when in 
reality the products · 
might exist only as logic 
diagrams on paper. 

A welcome trend 
Instead of compounding 
users' specialized 
development-system in-
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.......................................... 
Industry: Picking up rumors of 32 bits. 

Elsewhere: People in Pennsylvania 
panic. 

vestments by offering 
more $5000 to $25,000 de­
velopment computers, 
some µP manufacturers 
suggest instead that their 
customers buy estab­
lished minicomputers and 
use cross software to de­
velop application pro­
grams. The designer's re­
maining needs are then 
satisfied with semistand­
alone boxes ($1000 to 
$2000) that provide real­
time in-circuit emulation 
when plugged into the 
CPU socket on a proto­
type. 

1979 

Anuclear reactor on 
Three Mile Island in 
Pennsylvania leaks 

radioactive gases. 
The shah of Iran flees the 
country, and the Ayatol­
lah Khomeini returns. 
Iranian militants seize 62 
American hostages. 
Margaret Thatcher be­
comes British prime min­
ister. 
Dustin Hoffman and 
Meryl Streep do court 
battle in Kramer vs. Kra-

-
mer. Billy Joel wins more 
Grammies. 

Safe choices 
• The PMOS TMS 1000, 
with its huge, expected 
1979 volume of about 
20M units 
• Among 8-bit 1-chip µCs, 
the older 8048 family 
• In the mainstream 8-bit 
multichip-µP application 
area, the venerable 8080 
family 
• The Motorola 6800 
• The Rockwell/Syn­
ertek/MOS Technology 
6500 family 
• In the specialized area 
of CMOS 8-bit µPs, 
RCA's 1802. 

Project Aloha, Part 1 
Intel's answer to the Mo­
torola 68000 and Zilog 
Z8000 could be under de­
velopment at the firm's 
Aloha, OR facility. Put­
ting together the handful 
of rumors we've heard 
about Project Aloha, we 
speculate that it could be 
a 32-bit machine resem­
bling the 68000 and 
Z8000 but with more of 
the latest bells and whis­
tles. 

1980 

Mount St Helens, an "extinct" volcano in Washing­
ton, erupts. 
Eight Americans are killed in an unsuccessful 

attempt to rescue the hostages held in Iran. 
The United States' Olympic hockey teams wins a gold 
medal. Kansas City's George Brett almost becomes the 
first .400 hitter since Ted Williams in 1941. 

Well, software was simpler then 
In the case of the new 8051, Intel has provided not 
only a much cleaner and more uniform split-memory 
configuration, but a "big-machine" -type macro assem­
bler as well. The firm is even in the process of providing 
PL/M high-level-language support for the 8051. 

Look no more 
The handful of "winners" in the 8-bit µP world have 
become too deeply locked into large end-user bases for 
these devices to die away in the foreseeable future. 
For example, look at the Z80-based TRS-80 and the 
6502-based Apple and PET computers. 

And that was before the IBM PC 
Intel appears to be successful in selling its 8088 8-bit­
bus version of the 16-bit 8086. 

But Microsoft and Borland weren't impressed 
Suppliers of 16- and 32-bit µPs have not attempted to 
pioneer solutions to the problem of software, but rather 
have assumed that computer-industry leaders such as 
DEC and IBM have the best answers. 

That'll teach 'em to listen to eggheads! 
[Microprocessor] suppliers have also been listening to 
academic computer-science experts, for they have al­
most unanimously standardized on Pascal as a high­
level language. 

Project Aloha, Part 2 
What about the iAPX 432's advanced features? The 
advanced scope and power of the Ada language will 
be used to check users' escalating software costs for 
large programs. 
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1981 

The 52 American hos­
tages are released by 
Iran. President Re­

agan and Pope John Paul 
II are shot by would-be 
assassins. 
Henry Fonda and Kath­
erine Hepburn quarrel, 
but eventually make up 
and suck face in On 
Golden Pond. Accompa­
nied by inspiring music, 
a group of Englishmen 
slog along a beach in 
Cha riots of Fire. 
Edmonton's Wayne 
Gretzky is the NHL's 
leading scorer. 

At the source 
Our directory now promi­
nently lists large J apa­
nese firms (NEC, 
Hitachi, and Fujitsu) and 
large European ones 
(Philips and Siemens) as 
both prime and second 
sources. 

The low end ... 
The object is to bring 
high-level languages 
down to these lower level 
µCs. Most significant is 
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probably Intel's effort to 
make PL/M available for 
the 8051. But most inter­
esting are the efforts of 
National and Zilog to in­
corporate Tiny BASIC in 
1-chip µCs: in National's 
8073 and Zilog's 8671 ver­
sion of the Z8. 

... and the high end 
The truly glamorous op­
portunities for OEM de­
signers this year lie in ap­
plying the 16/32-bit ma­
chines (Intel 8096, Mo­
torola 68000, Zilog 
Z8000, and such newcom­
ers as the National 16000 
and TI 99000). 

Coming soon: the Z80000 
The stakes in the 16/32-
bit arena are so high that 
suppliers there will keep 
upgrading their CPUs 
into more powerful su­
persets. And when they 
run out of coprocessor­
type enhancements, they 
will produce enhance­
ments of the CPU itself­
as Zilog has promised 
with its Z80000 an­
nouncement. 

Project Aloha, Part 3 
[An] opportunity lies in 
the newly emerging mi­
cromainframe area, cur­
rently occupied by just 
one machine: the Intel 
iAPX 432. Only users 
with considerable main­
frame-computer experi­
ence will be able to assess 
this opportunity, though. 

•••••••••••••••••••••••••••••••••••••••••• 
Industry: Japanese and European coun-

tries begin to make a big difference. 
Elsewhere: One female athlete begins a 

one-woman domination of her sport. 

1982 

Argentina invades the Falkland Islands, and Great 
Britain responds by sending naval and ground 
forces. Six weeks after the fighting begins, the 

Argentines surrender. 
The Justice Department settles its 13-year suit against 
AT&T; the telephone giant agrees to give up the Bell 
System companies. 
Dr Barney Clark receives an artificial heart. 
Martina Navratilova wins the first of five consecutive 
Wimbledon titles. Baseball's National League cele­
brates its eleventh consecutive victory (and its nine­
teenth victory in twenty seasons) over the American 
League All-Stars. 
Meryl Streep wins her second Oscar, for Sophie's 
Choice. · 

The year for CMOS 
CMOS is making serious inroads in multichip 8- and 
16-bit devices: Even old stalwarts like the 8085 and 
Z80 will be available in CMOS versions this year, and 
at least three of the leading 16-bit µPs have or soon 
will have CMOS counterparts. 
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Making a Flexible and Reliable 
Device Programtner is Something Else. 

GANGPRO-S TM . •• an industrial 
grade GANG/ SET programmer for high­
volume production. 

32·32 pin or 16-40 pin EE/ EPROM 
capacity. 
Reliable quad redundant design minimizes 
downtime. 
Virtual algorithm code and space memory 
architecture assure upgradeability. 
Extensive error checking operations. 

a Minimal operator skill required. 

CUPL TM ..• the first high level, universal 
language for PLOs. 

Schematic entry, state machine or boolean 
equation design formats. 
Comprehensive data base support library. 
Compatible with MS-DOS, UNIX and VMS. 
24 hour/7day dial up bulletin board for 
update information. 

a Worldwide field support. 

LOGICAL 
DEVICES, IN C. 

ALLPRO ™ ... the universal device 
programming workstation that grows with 
your needs. 

Programs over 1800 device types (PLDs, 
PRO Ms, Micros) . 
Continous device support program by 
floppies . 
No adapters or plug-in electronics. 
Totally pin/ software driven. 
Certified by major PLO manufacturers. 
High performance, menu-driven or macro· 
driven user interfuce software. 

1201 NW 65th Place. Fort Lauderdale, Florida 33309. (305) 974-0967. Toll Free 800-EEl-PROM. Telex 383142 

Come see us at Wescon Booth No. 3587 CIRCLE NO 58 c 1988 togical Dt."\ice~ . Inc 



•••••••••••••••••••••••••••••••••••••••••• 
Industry: There goes the 4-bit market. 

Elsewhere: Politics redefined. 

1983 

The Soviet Union shoots down a South Korean air­
liner that ventures into Soviet air space. In Beirut, 
terrorists blow up a barracks, killing 241 US ma­

rines and sailors. US troops invade Grenada. 
Poland's Lech Walesa wins the Nobel Peace Prize. 
Alice Walker wins the Pulitzer Prize in fiction for The 
Color Purple. Michael Jackson wins three Grammies 
with Thriller. 
The US sailing team loses America's Cup. 

Here come the 32s 
Motorola appears to be in the best position in the 32-bit 
race. While it may not have as much software momen­
tum as Intel, what Motorola and its third parties do 
have for the 68000 should run more or less directly 
on the forthcoming 32-bit 68020, because the basic 
68000 has had 32-bit CPU registers all along. 
National has one impressive advantage in the 32-bit 
race: It has had a working 32-bit CPU available longer 
than any other comparable device. From the start, its 
16000 has been a full 32-bit µP. 

Insult to injury 
Many 68000 customers are using N ational's 16081 float­
ing-point coprocessor (as a peripheral) because of the 
unavailability of the Motorola floating-point unit­
much to Motorola's annoyance. 

Oil alone 
Zilog has been the subject of a continuous barrage of 
rumors implying that, since Zilog has never made a 
profit, parent-company Exxon is trying to sell it. None­
theless, Zilog continues to keep up with the leaders 
in putting advanced, large-computer architectures into 
working silicon. Whatever problems, real or imagined, 
Zilog may have as an "affiliate" of Exxon, it doesn't 
seem to have difficulty in finding the $30 million up­
front money thought to be required to launch a new 
32-bit device like the Z80000. Indeed, based on per­
formance , OEM designers should be glad Zilog persists 
in the face of Silicon Valley gossip. 

1984 

Geraldine Ferraro be­
comes the first 
woman to run as a 

major political party's 
candidate for vice presi­
dent. 
Bernhard Goetz shoots 
four black teenagers in a 
New York subway. 
The Boston Celtics' 
Larry Bird wins the first 
of three consecutive 
NBA MVP awards. Carl 
Lewis wins four Olympic 
gold medals in track and 
field. Joan Benoit wins 
the first-ever Olympic 
marathon for women. 

They're everywhere! 
Japanese companies have 
taken over the 4-bit µP 
markets and have be­
come major second 
sources of leading 8-bit 
parts. They are also get­
ting under way with their 

thrust into 8086-family 
markets. To date, the 32-
bit market hasn't been 
sufficiently large or ma­
ture enough for Japanese 
interests. ' 

RISC already? 
There are three new, im­
pressive 32-bit µPs. Two 
are microcodable ma­
chines: the NCR/32 (men­
tioned last year) and the 
very powerful bipolar 
building-block family, the 
AMD 29300/400. The 
third-the Inmos T424 
Transputer-incorporates 
yet another novel archi­
tecture. These three 
parts may herald the ad­
vent of the new reduced­
instruction-set computer 
(RISC), which incorpo­
rates shorter instructions 
for greater speed. 
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The "Look and Feel" CAE Users Have Been Looking For 
On-Screen Prompt line makes 
it easy to find the feature 
you're looking/or. 

....... 

Command Line displays 
selected function. 

Hierarchical Menus eliminate 
keyboard commands. 

EE Designer III supports workstation-quality 
graphics up to 1280 x 1024 resolution, or uses 
standard VGA, EGA, or CGA colnr graphics. 

Action Button selects 

Menu Button toggles 
between menu and 
graphics. 

Pan Button Redraws 
screen around 

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

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

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

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

EE Designer III combines on-screen 
function prompts with a graphic­
based hierarchical menu structure. 

Outside North America Contact: 

-;zl!f:!'!£'$l~ 
Box 1337 
S-181 25 LIDINGO, Sweden 
Tel: +46 8 7679205 
Fax: +46 8 7318118 

EE Designer III sets the price­
perforrnance standard for 
CAE software. 

• Supports L/l/M EMS 
Memory for Expanded 
Database Capabilities 

• On-Line Netlist Capture 
• Forward and Back­

Annotation of Multipage 
Schematics 

• Analog and Digital Circuit 
Simulation 

• Full SMT Support 
• 1 mil Grid Resolution 
• 45° Memory AutoRouting 
• Fabrication/ Assembly 

Drawing Support 
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So whether you're capturing a sche­
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 

The EE Designer series of products 
is distributed worldwide by a com­
bination of Visionics Corporation 
in North America and Betronex 
Group in Europe, Asia, Australia 
and South America. 

Join the family of over 7000 world­
wide users who have found that the 
EE Designer series of products get 
the job done. 

In North America Contact: 
- :;;: __ -; - _-:.,;;;;;;;: __ -;;_-;@ .. ---- --· -- -• ,.~,.v,.,..,~ 
CORPORATION 

343 Gibraltar Drive 
Sunnyvale, CA 94089 
(408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: (408) 734-9012 49 



1985 
''Live Aid," a rock concert broadcast to more than 

150 countries, raises $70 million for Africa's 
starving multitudes. 

Hijackers seize the Achille Lauro, an Italian cruise 
ship. 
The Mets' Dwight Gooden repeats last year's Rookie­
of-the-Year performance. His ERA for the season is 
a minuscule 1.53. 

Best seller 
The Z80 is steadily increasing its share (even though 
it's a 10-year-old design). According to Zilog, approxi­
mately 28 million units are sold annually, including 
units from alternate sources. 

Foreign competition 
An interesting conjecture is whether the V Series will 
be as formidable an opponent of the 8086 as Zilog's 
Z80 was of the 8080. 

Intel's 80386: 
The competitors have been saying Intel could never 
extricate itself from the limitations of the 16-bit 8086 
architecture and produce a 32-bit machine that could 
have the performance of the National and Motorola 
32-bit-from-the-start machines. But it looks as if Intel 
has done a credible job. 

Fairchild's Clipper: 
A new 32-bit machine that goes some steps beyond 
current 68020, 32000, and 80386 architectures, the Clip­
per, from its designer's description, appears to be an 
intelligent mix of RISC and CISC concepts. 

Project Aloha, final chapter 
Intel deserves an A for effort on the 432 family. The 
company put in a great deal of honest effort in defini­
tion, design, and customer support for the 432, but 
OEM designers did not respond in sufficient numbers 
to make the it viable. 

1986 

The space shuttle 
Challenger explodes 
after launch, killing 

all seven crew members. 
US warplanes strike tar­
gets in Libya, including 
the residence of Libyan 
leader Muammar Qad­
dafi. 
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At Chernobyl, in the So­
viet Union, a nuclear re­
actor suffers a core melt­
down. 
Ferdinand and Imelda 
Marcos flee the Philippi­
ness; Corazon Aquino be­
comes the Philippines' 
new president. 

•••••••••••••••••••••••••••••••••••••••••• 
Industry: Start your Unix engines. 

Elsewhere: To some, Ollie's a hero. To 
others, well ... 

The Chicago Bears maul 
the Patriots 46-10 in the 
most lopsided Super 
Bowl game ever. The 
Red Sox, not to be out­
done, snatch defeat from 
the jaws of victory 
against the Mets in the 
World Series. Only the 
Celtics salvage Boston 
pride; they win the NBA 
championship. 

Dynasties prevail 
Figures for '85 show the 
16-bit members of the 
8086 family (including the 
80186 and 80286) as hav­
ing 60% of the unit vol­
ume. 

The 16-bit members of 
the 68000 family (68000 
and 68010) had 25% of the 
unit volume in 1985, leav­
ing only 10% for all other 
16-bit µPs. 

Number crunchers 
Inmos says that because 
its Transputers are the 
first commercially avail­
able µPs designed to be 
paralleled, they will give 
OEMs the chance to im­
plement certain algo­
rithms faster than any or­
dinary µP is capable of. 
Many industry experts 
agree that highly parallel 
µP systems will be the 
wave of the future but 
wonder if the Transputer 
might be somewhat 
ahead of its time. 

1987 

Ollie North stirs patri­
otic passions in the 
televised Iran-Con­

tra hearings. 
Passions of a different 
kind get Jim Bakker in 
trouble. 
The Dow Jones Indus­
trial Average plummets 
508 points in one day. 

Start your Unix engines 
For systems that run 
Unix, the µP's task is to 
be a "good Unix engine." 
Among other things, this 
task requires that the µP 
architecture mate well 
with an accompanying 
optimi~ing compiler. The 
Motorola 68020 has the 
lead in this area, and pre­
sumably the 68030 will 
help Motorola retain that 
lead. But the Unix mar­
ket is an open field; Mo­
torola's 68000 family now 
has many competitors, 
even the 80386. 

RISC ·emerges 
There. are also new RISC 
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Trap tricky hardware and software bugs, precisely. 
Powerful debug commands aren't 
worth much if they're too difficult to 
use. We've designed the SA98 to 
trap bugs based on simple, well 
defined, and detailed commands. 

Quick Change Artistry 
No more running up and down com­
mand trees to change or modify an 
emulator condition. Change com­
mands without stopping the emulator. 
Define in-depth breakpoints. Call up 
help menus and files as you need 
them. And you can go from 8- to 
32-bit microprocessors quickly. 

You Set the Rules 
Define your own soft keys and 
macro commands. With the PC/AT 

Available for Rent through 
U.S. Instrument Rentals, Inc. 
1-800-874-7123 

or XT function keys configured for 
emulation functions, you can type in 
and modify commands directly. 

Powerful Commands 
The SA98 command structure is so 
powerful and precise, comparing it 
to other systems is tough on them. 
Let the power of the SA98 trap your 
toughest problems and break out of 
conventional traps. 

More Than Expected 
Call for a demonstration, and see 
how good a trap it really is. You'll 
see fast, well defined solutions. 
Call Toll-Free Today 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 

~ns. 
Dedicated to MDS/ICE Support 

U.S. & European Headquartera: 
Sophia Systems 
3337 Kifer Road 
Santa Clara, CA 95051 (408) 733-1571 

Corporate Headquarters: 
Sophia Systems Co. , Ltd. 
NS Bldg. SF 
2-4-1 Nishishinjuku, Shinjuku-ku 
TukyO 160 03-348-7000 
© 1988 Sophia Systems 
Sophia Systems is a registered trademark of 
Sophia Systems Co., Ltd . 
ICE is a registered trademark of Intel Corporation. 
MDS is a registered trademark of 
Mohawk Data Science Corporation. 
IBM PC//IJ and XT are registered trademarks 
of International Business Machines Corporation. 
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•••••••••••••••••••••••••••••••••••••••••• 
Industry: RISC and embedded-controller 

chips get a lot of publicity. 
Elsewhere: Setting new speed records 

and fashion statements. 

(reduced-instruction-set 
computer) µP chips: the 
Clipper, which has 
changed ownership re­
cently but now may have 
found an appropriate 
home with workstation 
maker Intergraph; the 
SPARC chip, which is 
the basis of Sun's open 
hardware/software 
SPARC system; and 
AMD's 29000. 

1988 

Soviet leader Mikhail Gorbachev begins massive re­
forms. 

An American warship, on patrol in the Persian 
Gulf, shoots down an Iranian airliner, killing all 290 

52 

people on board. A Naval inquiry finds that the tragedy 
resulted from a radar operator's error. 
Sisters-in-law Jackie Joyner-Kersee and Florence Grif­
fith Joyner rack up gold medals at the Seoul Olympics, 
and Greg Louganis secures his credentials as the best 
diver ever. 

Guts and glory 
This year, new µP chips aimed at embedded-control 
applications deserve the limelight-even though high­
performance RISC (reduced instruction-set computer) 
chips have garnered most of the headlines. 
Examples of new high-end embedded-controller chips 
include Intel's 80960, Harris's RTX2000, and AMD's 
29000. 

Four-bitters to the bitter end 
In terms of units shipped, this year the 8-bit devices 
may surpass their 4-bit cousins. Keep in mind it has 
taken 17 years for this development to come about. 

Go Forth and multiply 
Instead of cryptic assembly-language commands, the 
Harris RTX2000's commands look like Forth-language 
statements. In fact, Forth programs compile directly 
into RTX2000 operations: Each Forth statement com­
piles into an RTX2000 instruction. 
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IGBTs. The~mparisons. 
Compare Power 
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2000 DARLINGTON 
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U.J 
(:J 

['§ 500 
S? 

200 

IGBT 
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Compare Speed 
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Compare Selection 

The choice is now obvious when you 
require both power and switching speed in 
your power systems. Insulated Gate Bipolar 
Transistors (IGBTs) offer both. 

Similar to Bipolar, IGBTs have high 
conductivity with faster switching speeds 
(tf=0.5µS typ). And like MOSFETs, IGBTs 
have high input impedance/high speed with 
lower on-resistance (as low as 8mQ). 

So now, for applications like low-noise 
inverters and servo-motor drives, there really 
isn't any reason to compromise. The solution 
you've been looking for is available: IGBT 
The performance combination that doesn't 
make you give up one thing to get another. 

Leading the way, again, this time with 
the broadest line of IGBTs anywhere in the 
wor Id To h'b s I a. 

TOSHIBA AMERICA, INC. 
Semiconductor Products Division 

--.~~ 
IGBT (Insulated Gate Bipolar Transistor) Selection Guide 

MAXIMUM RATING 

CIRCUIT SYMBOL Vces( V) COLLECTOR CURRENT le (A ) 

8 15 25 50 75 100 150 200 300 400 

~~ 
GT15H101t GT21H101t GT50G101t 

500 1400VI 

BS 
MG15H1BS1 MG21H1BS1 MGIOH1BS1 MG75H1BS1' MG100H1 8S1 

1000 
GT8N101t' GT15N1011 

MG15N1 BS1 MG21N1BS1 MGION1BS1 MG75N1BSI' 

~ 
500 MG300H1US1 MG400H1US1 

600 MG300J1US1 • llG400J1US1 • 
us 

1000 MG200N1US1' MG300N1US1 • 

1200 lolG20001US1' MG30001US1 • MG40001US 1 • 

500 MG25H2YS1 MGIOH2YS1 MG75H2YS1 MG100H2YS1 MG150H2YS1 MG200H2YS1 

91?1 600 MG76J2YS1' MG100J2YS1' MG1&0J2YS1 • MG200.J2YS1. 

YS 1000 MG11N2YS1 MG25N2YS1 MGSON2YS1 MG71N2YS1 MG100N2YS1 UG160N2YS1' 

1200 MG2602YS1' MG5002YS1' MG7602YS1' MG10002YS1' MG15002YS1 ' MG20002YS1' 

1400 UG26S2YS1' 

~ JS 1000 MG25N1JS1 

191- 500 MGIOH1ZS1 
ZS 

1000 MG25N 1ZS1 

~ 
500 MG15H8ES1' 

ES 

1000 MG8N6ES1' MG 15116ES1' 

tNon Isolated Type TO-JP Under Development 

TOSHIBA AMERICA, INC., Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine. CA 92718 • 17141 455-2000. Regional Sales Offices: 
Western Region , 17141 455-2000; Central Region, 13121 945-1500; Northeastern Region, 1617) 272-4352; Southeastern Region. 14041 368-0203 . 
Distributed by: Marshall Industries. Cronin Electronics. General Components, Inc ., Goold Electronics. ITT/Multicomponen ts • RAE Electron ics !Canada only), 
Image Electronics. Ital Electronics. JACO Electronics. Reptron Electronics, Sterling Electronics and Western Microtechnology. 
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Everything you need 
for ASIC success 
from one reliable source 

An ASIC project is a major commitment of your 
budget and man hours. Give yourself the advantage 
of working with a powerful partner. Oki Semiconductor 
has the experience, resources, and commitment you 
can rely on to help ensure your ASIC VLSI success. 

Advanced ASIC products and'technologies 
Oki Semiconductor has complete ASIC capa­

bilities, from full custom to semicustom I Cs. Our three 
families of advanced CMOS ASIC products have been 
designed to meet all of today's high-density, high­
speed device requirements . 
..,. Sea-of-gates: 
new sea-of-gates channelless arrays provide an avail­
able 100,000 gates and a minimum 40,000 gate circuit 
logic density of 640 picoseconds. 
..,. Channelled array: 
new 1.2 µ channelled arrays provide speed in the 
subnanosecond range together with a logic density of 
up to 30,000 usable gates. 
..,. Standard cell: 
the new 1.2 µstandard cell family offers density up to 
60,000 gates and an average speed of 600 picoseconds, 
plus memory capability of32K bits RAM and 128K 
bits ROM. 

ATG and logic transparency 
With automatic test-point generation built into 

each of these new products, test programs can be 
generated in a fraction of the time you'd normally 
spend-without sacrificing logic or speed. All three 
product families also use the same cell design library, 
for logic transparency. 

ASIC Market 
Needs 

Complete ASIC 
support 

Working 
with Oki means 
you can draw on 
our vast resources 
and experience 
to back you up at 
any stage of the 
development 
process. We have 
one of the finest 
ASIC teams in 
the industry to 

support you. We also provide the state-of-the-art 
design tools, packaging options, and manufacturing 
capabilities to successfully implement your project. 
With so much on the line, give yourself the security 
of working with Oki-the one source you can rely on 
for all your ASIC needs. 

,------------------------
! Check Oki: your complete ASIC resource. 
I Please send complete technical data/sJJecs on Oki capabilities in: 
I D Sea-of-gates D Channelled arrays 
I D Standard cells D Full customs 
I D Please call. We have immediate requirements. 

I Phone 
I 
J Name 

J Tille 
I 
J Company 

J Attach coupon to business card or letterhead and return to: 
ASIC Customer Service Oki Semiconductor 785 North Mary 

I Avenue, Sunnyvale, CA'94086. Phone: (408) 720-1900. L _____________ __________ _ 

OKI 
SEMICONDUCTOR 
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MICROPROCESSORS: 

What designers want from them 
Gary Legg, Special Projects Editor, and Nancy Gaygan, Director of Research 

S
peed, power, and ease of use. Those are the 
main things designers want in the microproces­
sors they use. That's what we learned in a recent 
survey of ED N's readers who either design with 
microprocessors themselves or manage other 

becoming more sophisticated. No longer limited to sim­
ple control tasks or the "brain" functions of desktop 
computers, microprocessors are finding increasing use 
in embedded applications where intensive processing 
or control, or both, are required. 

designers. We sent 
out 2500 detailed 
questionnaires and 
received 637 re­
plies. The survey 
respondents repre­
sent a broad spec­
trum of companies 
and end-user appli­
cations. 

The fact that de­
signers want speed, 
power, and ease of 
use isn't surprising, 
of course, but it 
does lend credibility 
to the notion that 
applications for mi­
croprocessors are 

~~,,.. -' -\'11> • ~ '::r ;J • " 

1-MICROf.R9(E.SSOR WORD-LENGTH REQUIREMENTS 
............. ~:.:.:..~ - ..... ~-.:i-- ........ 

PERCENT 100 WI LL START 
OF USING NOW USING WITHIN 
RESPONDENTS I TWO YEARS 

80 
69% 71% 

60 

40 32% 
25% 

20 12% 
1% I 

8 BITS 16 BITS 32 BITS 
DATA-WORD LENGTH 

I 

It certainly is no 
surprise that de­
signers are turning 
to microprocessors 
with longer data 
words; 32-bit proc­
essors have been 
available for several 
years now . Al­
though 8-bit devices 
have been on the 
market for almost 
17 years, they're 
just now overtaking 
4-bit microproces­
sors and microcon­
trollers in the num­
ber of devices sold. 
Our survey seems 

TABLE 2-MICROPROCESsoRTCfocK-RATE REQUIREMENTS 
~-

PERCENT 100 
OF USING NOW 
RESPONDENTS 

I WILL START 
80 USING WITHIN 

TWO YEARS 

60 51 % 

42% 

40 

20 14% 

5% I 
5MHz -10 MHz 10 MHz -15 MHz 

56 

23% 
17% 

I 
15 MHz - 20 MHz 

CLOCK RATE 

I 
16% 18% 

I 10% 14% 

I 
20 MHz - 25 MHz OVER 25 MHz 
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to indicate, however, that 16-bit 
and 32-bit chips will take over from 
their 8-bit relatives much faster 
than 8-bit chips succeeded 4-bit 
units. 

Table 1 illustrates the point. 
About the same number of survey 
respondents now use 8-bit and 16-
bit processors (69% and 71 %, re­
spectively), but there will be many 
more first-time users of 16-bit de­
vices in the next two years (12% 
of respondents) than there will be 
new users of 8-bit chips (only 1%). 

The trend toward 32-bit devices 
is even more impressive. Although 
only 32% of our survey respondents 
now apply these top-of-the-line 
processors, 25% say they will begin 
applying them within the next two 
years, thus almost doubling the 
number of users. When you con­
sider that many current users of 8-
bit chips, and possibly 16-bit chips, 
will soon stop using them, and that 
users of 32-bit devices are more 
likely to continue using such de­
vices, the trend toward longer word 
lengths seems even stronger. 

Faster and faster 
Designers who use microproces­

sors expect to turn to higher clock 
rates in the near future, too (Table 
2). Rates below 15 MHz are by far 
the most common now, but over the 
next two years designers will turn 
increasingly to rates above 15 MHz. 
Of our survey respondents, 17% ex­
pect to make first-time use of rates 
between 15 MHz and 20 MHz, and 
18% expect to use clocks with 20-

EDN Microprocessor Issue October 27, 1988 

TABLE 3(A)-USE OF 8-BIT DEVICES ~ "~?!;:..-
~ - ...:'-~ J'•r. ,,.!, 

10 
PERCENT OF RESPONDENTS 
20 30 40 50 60 

8051 
4% -- WILL START USING 

WITHIN TWO YEARS 

37
% -- USING NOW -

8088 
36% 

280 
35% 

6800 
33% 

HD64180 
5% 

2% • 

TABLE 3(B)-USE OF 16-BIT DEVICES 

10 

68000 -
80286 

8% 

8086 -
80186 

8096 

PERCENT OF RESPONDENTS 
20 30 40 

WILL START USING 
WITHIN TWO YEARS 

32% 

32% 

21% 

TABLE 3(C)-USE OF 32-BIT DEVICES . 

10 
PERCENT OF RESPONDENTS 
20 30 40 

50 60 

48% 

USING NOW 

50 60 

68020/30 • ••••••••••••• 54% 
50% 

80386 

29000 -
TRANSPUTER 

2% -
88000 

2% -

5% 
5% 

6% 

6% 

22 0
,
0 

WILL START USING 
" WITHIN TWO YEARS 

USING NOW 

50% 
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MHz to 25-MHz rates for the first 
time. Almost as many, 14%, will go 
beyond 25 MHz, more than dou­
bling the number of designers now 
working with such high rates. 

User preferences are changing 
In tracking specific 8-, 16-, and 

32-bit devices, we found that sur­
vey respondents' preferences vary 
(Tables 3a, 3b, and 3c). Eight-bit 
and 16-bit microprocessors and 
microcontrollers remain extremely 
popular with the engineers and 
managers who responded to EDN's 
survey. However, there will be es­
sentially no new users (no more 
than 4% of survey respondents) for 
any one 8-bit device, and only a few 
new users (8% of respondents or 
less) for any one 16-bit chip. The 
powerful 32-bit chips from Motorola 
and Intel can expect to see lots of 
new devotees, however; half of our 
survey respondents expect to begin 
using the 68020/30 and the 80386 
within two years. No other devices 
come anywhere close to those pro­
jections or, for that matter, to the 
present popularity of the Motorola 
and Intel chips. 

What designers want 
Clock rates and word lengths (the 

"specs") don't tell the whole story, 
of course. Designers and design 
managers have qualitative, as well 
as quantitative, concerns about the 
microprocessors they use. Table 4 
shows how the people who re­
sponded to EDN's survey rank 27 
microprocessor characteristics in 
importance. The numbers shown 
with the different characteristics in­
dicate just how important respon­
dents think those characteristics 
are; on a scale from 0 to 10, 0 is "not 
important," and 10 is "very impor­
tant." 

"Software tools/ease of program­
ming" is the microprocessor charac­
teristic considered most important 
by survey respondents, and "design 
tools/ease of design" ties for second 
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TABLE 4-IMPORTANCE OF MICROPROCESSOR CHARACTERISTICS 

SOFTWARE TOOLS I EASE 
OF PROGRAMMING 

SUPPLIER 
REPUTATION 

DESIGN TOOLS/ 
EASE OF DESIGN 

SPEED 

ARCHITECTURE 

AMOUNT OF MEMORY 
SUPPORTED 

SECOND SOURCES 

BUS WIDTH 

ON-CHIP FEATURES 
(TIMERS, ETC.) 

PRICE 

TEST TOOLS/ 
EASE OF TEST 

POWER CONSUMPTION 

FAST INTERRUPT 
RESPONSE 

HIGH-LEVEL-LANGUAGE 
COMPATIBILITY 

INSTRUCTION-SET 
COMPATIBILITY 

SUPPORT CHIPS 
(E.G., FPU) 

OBJECT-CODE 
COMPATIBILITY 

OPERATING SYSTEM 
AVAILABILITY 
COUNTRY OF 

MANUFACTURER 

MULTITASKING 

FLOATING-POINT 
PROCESSING 

OS KERNEL 
AVAILABILITY 

MUL Tl PROCESS ING I 
PARALLEL PROCESSING 

MULTIPLE USERS 

AVAILABILITY AS 
CELL-BASED ASIC 

NOT IMPORTANT 
0 2 

CISC liiiiilliliilillilllilillifiililil-.• 

4 
VERY IMPORTANT 

6 8 10 

8.4 

8.1 

8.1 

8.1 

7.8 

7.7 

7.7 

7.6 

7.5 

7.5 

7.4 

7.3 

7.2 

7.0 

6.9 

6.7 

6.1 

5.8 

5.6 

5.6 
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Record-Shattering 
CPU Performa ' 
Sustained 20-MIPS 7-MF(op 
throughf!ut in a 32:/,it CMOS 
CPU anti FPU. 
Nothing else 
comes close. 

What happens when you blend our 
ultra-fast PACE Technology™ with MIPS, 
the top-performing RISC architecture? 

Simple- a breakthrough of major propor ions. 
A 32-bit CPU/Floating point processor set that 
delivers sustained throughput of 20-MIPS, and ... ::::::=:=;.;::~ 
7-MFlop single precision , LINP.A:C~Kd, ~======"~ 
or 4-MFlop double precision . _ 
(Peak throughput exceeds 25-MIPS.) 

There's more. The market-rattling performance 
of the PaceMips™ R3000 and R3010 is supported 
by 256K bytes each of high-speed instruction and 
data cache memory. The speed , as you might 
expect, is made possible by our 64K, 16K and 4K 
SRAMs-the world 's fastest- in x1, x4 and x8 
organizations. 

If record-shattering performance interests you , 
you 'll call our marketing HOT LINE today at 
(408) 734-9000 for more information. On pricing . 
Operating systems. Compilers. Development 
systems. And fast static RAMs. 

The PaceMips R3000 and R3010. Ready now. 
With champion performance that can make your 
next system a winner, too. 

;:1!:,!!!'!!'!c~!3 
Performance Semiconductor Corporation 
610 E. Weddell Drive, Sunnyvale, CA 94089 
Telephone (408) 734-9000 

PACE Technol~gy is a trademark of Performance Semiconductor Corp<?ration. 
PaceMips is a Joint trademark of Performance Semiconductor Corporation and 
MIPS Computer Systems, Inc. 
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place. Obviously, then, designers 
and managers are concerned with 
getting their applications up and 
running and on the market as 
quickly and as easily as possible. 
The reputation of a microproces­
sor's supplier is also important to 
our respondents, a fact that corre­
lates with two well-known and long­
established companies, Intel and 
Motorola, topping the list in pre­
f erred sources for new 32-bit chips. 

Of all the microprocessor charac­
teristics listed in our survey ques­
tionnaire, CISC (complex-instruc­
tion-set computer) and RISC (re­
duced-instruction-set computer) ar­
chitectures are apparently not, in 
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themselves, important to designers 
and managers. These two char­
acteristics ended up at the very bot­
tom of the rankings. ED N's editors 
predicted this outcome when they 
wrote the questionnaire, however; 
readers and industry sources con­
sistently say that performance is 
the real issue, not RISC versus 
CISC. 

As you can see by looking at Ta­
ble 4, though, "architecture" is im­
portant to the survey respondents, 
so you might wonder why the 
RISC-versus-CISC architecture 
question isn't. Our survey didn't ad­
dress that question specifically, but 
we can speculate on it and make 

some intelligent guesses at the an­
swer. Our guess is that the things 
which our survey shows are impor­
tant to designers-available soft­
ware tools, available design tools, 
familiarity and ease of use, speed, 
and so forth-are closely tied to ar­
chitecture. In other words, design­
ers are looking for ease of use and 
high performance, and they'll go for 
whatever architecture can provide 
that for them; RISC and CISC are 
merely factors that contribute to 
the bottom line. 

And the bottom line, of course, 
is effectiveness; that's what micro­
processors are all about. 

EDN 
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Get hard-ware and software 
-working together ... 
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... and you'll rea 
levels you've ne 

Harris Introduces 
Real Time Express™ 
The first microcontroller 
optimized for real time, will put 

your systems on the fast track! 
Every designer is looking for a faster 

system. But the special demands of real-time ap­
plications require you to look beyond MIPS-to 
predictability, repeatability and responsiveness. 
Because in a real-time world , a late answer is a 
wrong answer. 

Now there's a solution addressing all your per­
formance parameters: our Real Time Express 
(RTX™) family. Combining the integration of 
a microcontroller and the speed of a RISC 
processor. 

Real-Time Tradeoffs 
BeforeRTX™ 
Traditional microprocessors sacrifice predict­
ability and external response to achieve high 

RTX 2000™ Performance 

• ~~ ... ,, • .,$ ....... 

instruction-execution speeds, and they can't 
switch tasks quickly with minimum overhead. 

Traditional microprocessors lack flexible par­
titioning between hardware and software to meet 
critical timing requirements. You can't easily ex­
tend their architectures to accommodate 
application-specific needs, either. 

Real-Time Software: 
Hard Without RTX™ 

.. "1~/' ~~ 

Today's real-time software environment restricts 
designers' productivity. They have no choice but 
to mix high-level and assembly language -
sometimes microcode, too - during program 
development. To achieve real-time performance, 
they must program and debug the most complex 
tasks at the lowest level . The result: long develop­
ment cycles, difficult debugging and high 
maintenance costs. 

Procenor l'fplcel Instruction Power DIMlplltlon Interrupt Conditional 16 x 16 Muhlply ASIC Bus"' Subroutine Call/Return 
Clock Speed (MHz) Rate (MIPS)" (mW) Latency (ps) Bn1nch (ps) (ps) Bandwidth (Mbytes/Sec) Overhead (ps) 

10 15.0 400 0.4 0.10 0.10 20 0.10 
8 12.0 320 0.5 0.12 0.12 16 0.12 
5 7.5 200 0.8 0.20 0.20 10 0.20 
1 1.5 40 4.0 1.00 1.00 2 1.00 

· instruction Rate Measured In Millions Of Instructions Per Second. 
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~h perlorma11ce 
ver dreamed of. 

The RTX™ Solution: 
No More Performance Penalties 
The Real Time Express™ family of general pur­
pose, application-specific and semicustom prod­
ucts offers you microcontroller integration and 
RISC processor speed - for a fraction of the 
power of conventional designs. 

It achieves performance through simplicity and 
parallelism, using an innovative dual-stack Quad 
Bus™ architecture with no caches or pipelines. 

RTX™ frees you to program your entire ap­
plication in a structured, high-level language (C, 
Forth, Prolog) without traditional performance 
penalties. 

The Little Engine That Does: Based on proven macro 
cells, the Harris RTX is fully integrated into a CAD system, 
adding flexibility and reducing risk in semicustom designs. 
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RTX 2000/2001 ru Features 

Feature RTX2000 

Timer/Counters (on-chip) 3 ea. -16 bit 

Interrupt Controller (on-chip) NMI and 13 Maskable 
(Expandable off-chip) 

Memory (on-chip) 256 x 16 Parameter Stack 
256 x 21 Return Stack 

wait State Yes 
Controller (on-chip) 

ASIC Bus™ 16 bit 

16 x 16 Multiply Single Cycle 

32/16 Divide 21 Cycle 

32/16 Square Root 25 Cycle 

Address Range 1 Mbyte 

Data Bus 16 bit 

Byte Operations Yes 

Package 84 pins 

883C Compliant 10CY89 

Semicustom Migration Path Yes 

Rad-Hard Migration Path Yes 

32 bit Migration Path Yes 

Development System Yes 

Forth Compiler Now 

C Compiler 4QCY88 

Prolog Compiler 10 CY89 

RTX2001 

3ea. - 16 bit 

NMI and 13 Maskable 
(Expandable off-chip) 

64 x 16 Parameter Stack 
64 x 21 Return Stack 

Yes 

16 bit 

20 Cycle 

21 Cycle 

25 Cycle 

1 Mbyte 

16 bit 

Yes 

84 pins 

Not Planned 

Yes 

Not Planned 

Yes 

Yes 

Now 

40 CY88 

10 CY89 
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A better hardware-to-software balance can make you 10 times 
more productive. 

You'll boost productivity by debugging interac­
tively- at full speed - with full symbolic debug 
support. Powerful debugging tools you can use 
on a low cost PC. 

16-bit RTX 2000TM and RTX 2001 TM are just the 
start. To respond to the diversity of your real-time 
applications, we'll be announcing a broad family 
of RTX™ products , among them fixed and 
floating point versions, and a 32-bit model. Now you can integrate hardware and software, 

and debug without investing in costly, complex In­
Circuit Emulators (ICE). 

Find out more about how you can move more 
of your hardware into software - and get them 
working together like never before. It's everything you've wanted in a real-time 

microcontroller - rapid interrupt response, 
predictable timing, fast context switch, hardware 
extensibility (via a unique ASIC Bus™). And our 

Contact us for technical briefs or to reserve a 
spot at an RTX™ seminar near you. 

U.S. HEADQUARTERS 
Harris Semiconductor 
2401 Palm Bay Road 
Palm Bay, Florida 32905 

DISTRIBUTORS IN U.S.A. 
Anthem Electronics 
Falcon Electronics 
Hall-Mark Electronics 

Reorder Number: 6AD-5030 
© Harris Corporation , July 1988 
Printed in U.S.A. 
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In U.S.: 1-800-4-HARRIS Ext. 1288 (literature) 
Ext. 1299 (seminars) 

In Canada: 1·800-344·2444 Ext. 1288 (literature) 
Ext. 1299 (seminars) 

Sales Offices 
EUROPEAN HEADQUARTERS 
Harris Systems Ltd. 
Semiconductor Sector 
Eskdale Road 
Winnersh Triangle 
Wokingham RGll 5TR 
Berkshire 
United Kingdom 
TEL: 0734-698787 

Hamilton / Avnet Corporation 
Schweber Electronics 

FAR EAST HEADQUARTERS 
Harris K.K. 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-Ku, Tokyo 16 Japan 
TEL: 81-3-345-8911 

DISTRIBUTORS IN CANADA 
Hamilton/ Avnet Corporation 
Semad Electronics 

Real Time Express, RTX, RTX 2000, 
RTX 2001 , ASIC Bus, and Quad Bus 
are trademarks of Harris Corporation . 
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Electronic Etch A Sketch, powered 
by a Hitachi 6301 microcontroller, allows 

young (and young-at-heart) artists to create animation 
sequences. 

Texas Instruments' Speak & Spell 

Indeed, few youngsters today have ever played Pong 
by Atari, a tennis video game with two electronic pad­
dles and a ricocheting ball. Arguably the first video 
game for the masses, Pong debuted in a Sunnyvale 
bar in 1972 and caught on instantly. After two days, 
it ceased to work-its money box was jammed with 
coins. 

Pong, implemented without a microprocessor, whet­
ted the public's appetite. The game's runaway success 
also spurred its creator, Nolan Bushnell, the founder 
of Atari. The 6-foot 4-inch Bushnell, his physical stat­
ure at odds with his childlike creativity, realized that 
Pong's simplicity would soon result in boredom after 
players inevitably mastered the game. But adding 
more complexity could easily balloon manufacturing 
costs, and arcade video games had to compete with 
the stalwart pinball machine, which was then selling 
for around $600. Pinball machines had already survived 
assaults by such faddish amusements as bumper pool 
and Foosball. 

What better way to cut costs, but not functionality, 
thought Bushnell, than by using microprocessors? So, 
in 1976, Atari introduced Tank 8, the company's first 
microprocessor-driven video game and one that would 
spawn a whole generation of others. One, of course, 
was the famous Pac-Man, in which the protagonist, 
controlled by the player, scurries through a maze of 
hungry monsters. 

Introduced in 1980, Pac-Man contained a single cir­
cuit board that housed a total of 90 ICs, including a 
Z80 microprocessor, five PROMs, and six RAMs. The 
board was also home to two custom ICs--one to ad­
dress the video RAM for the color monitor and the 
other to operate as the Z80 bus controller. An 18-MHz 
crystal oscillator provided both 3- and 6-MHz clocks, 
and the Z80 created audio signals that were boosted 
by dual audio-amplifier ICs. 

Atari was first, in 1977, with a microprocessor-based 
video system for the home. The Atari 2600's control­
console deck housed joysticks, an RF interface (for 
transforming an ordinary TV set into a game monitor), 
and a microprocessor. Replaceable ROM cartridges al­
lowed access to games such as the popular Space Invad­
ers. The system was made possible by a 6502 micro­
processor from MOS Technology, later acquired by 
Commodore. 

Although the home video-game industry languished 
during the mid-1980s-Atari ended up burying truck­
loads of unsold game cartridges in a New Mexico 
landfill four years ago-the toys have recently seen a 
renewed interest, partly due to snazzier graphics. 

Microchips spawn handheld games 
Microprocessors also spawned a revolution in hand-
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held electronic games. Perhaps the first such toy, intro­
duced by Milton Bradley in 1976, was Comp IV, a 
guessing game in which players try to deduce a se­
quence of numbers. The toy contained a single circuit 
board with a Texas Instruments TMS 970, a customized 
4-bit calculator chip that was the forerunner of the 
company's TMS 1000 family of 4-bit general-purpose 
microcontrollers. 

After Comp IV, the market was literally flooded 
with handheld microprocessor-based games from com­
panies such as Coleco, Mattel, and Tandy. The games­
some of which were takeoffs of sports like baseball, 
football, and hockey-could usually be played either 
by two participants battling each other or by one per­
son challenging the machine. One such game left many 
chess players reeling. 

Chess Challenger, made by Fidelity Electronics with 
28 transistors and 14 ICs, pitted its 8080 microproces­
sor against chess players of varying skill levels. The 
game's transistors drove an LED display that, in con­
junction with 512 bytes of RAM, tracked the chess 
pieces being moved. Rules stored in 2 kilobytes of 
ROM (the advanced version uses 4 kilobytes) allowed 
the 8080 to determine if a player had just made an 
illegal move and, if not, to issue forth its best counter­
move. Before microprocessors became widespread, 
computerized chess games were limited to the elite few 
who had access to mainframe hardware. 

The same was true for voice synthesis. Implementing 
the linear predictive coding (LPC) technique for artifi­
cial speech was a costly proposition before microproces­
sors arrived on the scene. According to Larry 
Brantingham, Texas instruments' manager of speech 
technology, LPC then required at least a dozen 6 x 9-
inch cards and a huge power supply, all of which cost 
around $10,000. 

Electronics costs tumble 
So Brantingham and a small team engineered a cus­

tom 4-bit microcontroller, the TMC 0270, which utilized 
the LPC technique and could be manufactured for $2 
to $3. Thus was born Tl's Speak & Spell, an educational 
toy that was developed in 18 months. Brantingham 
and his team finished a prototype barely three days 
before the toy's debut at the Consumer Electronics 
Show of 1978. Speak & Spell, perhaps the first micro­
processor-based application of speech synthesis, be­
came the hit of that year's Christmas season. 

With its digital voice, Speak & Spell asks children 
to spell certain words, particularly difficult ones that 
do not follow phonetic rules. The child then spells the 
word using a touchpad keyboard, and the toy gives 
vocal praise for correct answers. In addition to digitally 
synthesizing speech, the TMC 0270 also handles the 
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An Intel 80(51 microcontroller 
enobles Coleco's talking dog, Wrinkles, to interact with 
children. Tickle his tummy, and Wrinkles giggles; put o bone in his 
mouth, and he makes chewing sounds. 

keyboard input and -drives 
the toy's speaker and LED 
display, where the child can 
view a word as it is being 
spelled. The toy's 150-word 
vocabulary is stored in a 
separate 128-kilobit ROM 
chip, and the TMC's on-chip 
ROM contains the procedure 
for checking if the words are 
spelled correctly. 

Tl's latest educational toy 
takes speech technology one 
step further. Using a full­
custom 8-bit microcontroller, 
Voyager incorporates both 
speech synthesis and recog- Monogrom/Kidstor's Rodar Boll 
nition. Children communicate 
with the toy solely by talking 
and listening. In a typical 
conversation, Voyager might 
play a game similar to 
Twenty Questions: 

uses o pressure sensor and o cus· 
tom microcontroller to determine 
the speed of o pitcher's fastball. 

Voyager: Do you want to pick a dinosaur and have 
me guess which one it is? 

Chi ld: Yes. 
Voyager: Have you picked a dinosaur? 
Child: Yes. 
Voyager: Does it eat meat? 
Child: Yes. 
Voyager: Is it the size of a cat? 
Chi ld: No. 
Voyager: Does it have two crests? 
Child: No. 
Voyager: Is it Tyrannosaurus Rex? 
Chi ld: Yes! 
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Pong debuted in a Sunnyvale bar in 1972 and 
caught on instantly. After two days, it ceased 

to work-its money box was jammed with coins. 

Microprocessor speech synthesis and recognition 
have not been limited to educational toys. Coleco's dog, 
Wrinkles, was one of the first stuffed animals to depend 
on a chip for its vocal chords. (The older talking bear, 
Teddy Ruxpin from Worlds of Wonder, uses cassette 
tapes.) Engineered by Beck-Tech, a contract design 
firm, Wrinkles uses various sensors to interact with 
children. Tickle his tummy, and Wrinkles giggles. 
Place a bone in his mouth, and he emits chewing 
sounds. 

Wrinkles' five sensors are controlled by an analog 
circuit board within the dog's plush body. A digital 
board containing an Intel 80C51 manages the analog 
board's functions and also synthesizes the voice and 
other sounds. A 256-kilobit ROM stores the more than 
one thousand phrases and sound effects, as well as the 
software routines, that make Wrinkles interactive. Ac­
cording to Bob Steele, Beck-Tech vice president, In­
tel's 8-bit CMOS microprocessor was chosen because 
of its low price (less than $3 in volume), extensive I/O 
capability, and nominal power consumption. "You've 
got to watch your current drain," says Steele, "or four 
batteries go pretty quickly." 

For more extensive speech synthesis and recogni­
tion, some-toy companies use digital signal processors. 
Worlds of Wonder's Julie doll can recognize 12 different 
words and respond with over 200 unique sentences. 
For example, if she hears the word "hungry," she 
might respond with, "Let's have some cookies and 
milk." Because Julie must pick out the 12 prompting 
words from random conversation, a DSP with fast proc­
essing was necessary. Worlds of Wonder picked the 
TMS 320 from TI. 

Zap! You're dead! 
Microprocessors also made possible the use of infra­

red light in toys. With Lazer Tag, from Worlds of 
Wonder, children play the traditional game of tag, but 
with guns that shoot infrared light beams. To detect 
hits and for scorekeeping, players wear target sensors 
on their chests. The game uses two TI 1730 4-bit micro­
controllers. One, in the gun, generates a coded infrared 
pulse train and an accompanying shooting noise when 
the gun is fired; another, in the target sensor, decodes 
the pulse train, figures out if it's the right code, and 
determines if the burst was long enough to count as a 
"hit." 

In another application of electronic weaponry, chil­
dren can actually interact with a broadcast TV pro­
gram. Watching "Captain Power and the Soldiers of 
the Future," they use special guns, made by Mattel, 
to help the good guys battle evil enemy robots. 
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The guns contain light sensors connected to micro­
controllers that are programmed to detect narrow 
ranges of color; the TV show broadcasts shimmering 
square targets of these selected colors. Players at home 
lock onto the targets (which is indicated by a flashing 
LED on the gun) and then shoot to register points on 
the gun's scorekeeper. The robots, in turn, hurl back 
yellow fireballs , which players can neutralize by shoot­
ing them when they reach maximum brightness. If a 
player fails to shoot a fireball, the gun's scorekeeper 
deducts points. 

Another creative application of microprocessors is 
Simon, a takeoff of the vintage Simon Says game. The 
idea for the electronic Simon, introduced in 1978, was 
first proposed to Milton Bradley by Marvin Glass & 
Associates, a Chicago firm that brainstorms game con­
cepts. The proposed toy required players to repeat a 
long sequence of commands; if a player repeated the 
sequence correctly, the toy would add more commands 
until the string became so long that mistakes were 
inevitable. 

The concept was ingenious, but the Chicago firm 
had no idea how to develop it. As Gary Bergnann, 
Milton Bradley's director of marketing, recalls, "They 
just had a man-behind-the-curtain type of prototype." 
So Milton Bradley engineers set to work. They discov­
ered that the concept could be handily implemented 
by using the TMS 1000 MP 3201 4-bit microcontroller 
from Texas Instruments. 

Chip against brain 
Simon's sequence, which players must reproduce, is 

indicated by different colored buttons that light up in 
random order. The various buttons-red, green, blue, 
and yellow in the original version-all elicit an accom­
panying monotone of a different pitch, thus providing 
players with two different types of stimuli for remem­
bering the sequence. After the fifth, ninth and 13th 
signals in a sequence, the toy automatically speeds up 
the tempo, generating as many as 31 random signals 
in one sequence. 

Practically all of Simon's work is done by the TI 
microcontroller. The chip's processor generates the 
random sequence, which the player is required to repli­
cate, and stores it in on-chip RAM. Using a procedure 
programmed into the on-chip ROM, it then compares 
that sequence with a player's input sequence. The mi­
crocontroller also handles the external transistor driv­
ers for the lights and speaker. 

The TMS 1000 was the ideal chip for Simon. It had 
just the right amount of on-chip RAM and ROM. It 
could run off a 9-volt transistor battery. (The power-
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Vctriety. For some it is the spice of life. 
At MCE it is a way of life. 

Variety of aptitude, application and 
ability in the development and 
production of custom, semi-custom and 
selected high-quality ICs. That is what 
MCE is all about. 

As an integrated circuit manufacturer, 
MCE is an industry leader. Since 1977, 
design engineers have relied upon our 
extensive experience and expertise for 
innovative solutions to their often 
complex design and applications 
problems. 

MCE offers one of the broadest ranges 
of high-quality product lines in the 
industry, including our family of 20, 40 
and 80 volt semi-custom arrays and 
smart power ICs. 

From initial design concepts to the 
finished circuit, MCE provides its 
customers with a full range of technical 
services, advanced facilities and proven 
skills. 

At MCE, we offer a variety of 
expertise. In return we receive a variety 
of satisfied customers. 

MCE Semiconductor Inc. 
1111 Fairfield Drive 
West Palm Beach, FL 33407 
lei: (407)845-2837 
Fax: (407) 863-8275 

EDN Microprocessor Issue October 27, 1988 CIRCLE NO 25 71 



Parker Brothers learned the painful lesson that 
electronics for electronics' sake is not 

necessarily wise. 

consuming lights depend on a separate pair of D-size 
batteries.) And the chip was inexpensive. "At the 
time," says Milton Bradley's Bergnann, "board games 
were selling for $10 to $15, so. we knew we had to 
come out with something in that price range." Tl's 
TMS 1000 microcontrollers currently sell for about 60 
cents in volume quantities. 

Simon celebrates its tenth birthday this year, and 
more than 10 million of the toys have been sold world­
wide. In an interesting aside, at least two hospitals 
use Simon to treat people with short-term memory 
disabilities. 

A pitch for microchips 
Another ingenious use of microprocessors is Mono­

gram/Kidstar's Radar Ball, a baseball with an LCD 
readout that tells pitchers how fast they're throwing. 
In a curious exchange of roles, the idea for this product 
actually came from Japan and was improved upon in 
the United States. 

Dwain Dials, Kidstar's director of product develop­
ment, saw an early product three years ago in Japan-a 
ball that displayed how long it flew in the air after 
being thrown. When a pressure sensor in the ball was 
released, i.e. when the ball left a pitcher's hand, the 
ball's internal timer started. When the sensor was acti­
vated again, i.e. when the ball reached the catcher's 
mitt, the timer stopped. 

Dials liked the product, but thought it would be 
better if the ball gave a reading in miles per hour 
instead of elapsed time. So Kidstar developed two dif­
ferent baseballs: one for the 46-foot distance from a 
Little League pitching mound to home plate, and an­
other version for the greater distance of 60 feet 6 inches 
used in professional baseball. 

From the outset, Radar Ball presented some inter­
esting design problems. For starters, the ball had to 
be of regulation size and weight, a restriction that 
forced Kidstar engineers to use just one chip, a custom 
microcontroller. The microcontroller does virtually 
everything: It interacts with the pressure sensor, times 
the ball's flight, converts the tenth-of-a-second read­
ings to miles per hour based on the appropriate dis­
tance, and drives the LCD display. 

Electrical power was also at a premium, because the 
ball's non-removable leather casing makes battery re­
placement impossible. Dials asserts, however, that a 
power-stingy design allows the ball to be pitched four 
hours a day for two years before its two watch batter­
ies expire. At a retail price of $15, the technically 
misnamed Radar Ball has been doing well. Kidstar 
should sell its millionth ball soon, according to Dials. 

72 

Of course, not all toys have used microprocessors 
judiciously. In fact, after electronic games caught on 
like wildfire during the late 1970s, many companies 
began plopping microprocessors into toys just for the 
sake of calling them "computerized" or "electronic." 
When the high-tech toy market soured in the early 
1980s, not a few companies were left gasping. Mattel's 
electronics division nearly drove the company to bank­
ruptcy four years ago. 

Parker Brothers also learned the painful lesson that 
electronics for electronics' sake is not necessarily wise. 
Several years ago, the company introduced Monopoly 
Playmaster, an electronic version of the classic board 
game. In the updated version, a custom microprocessor 
sped the game's pace by electronically "rolling the dice" 
and by tending to the various banking duties such as 
the auctioning of unowned property. The game was 
literally crammed with bells and whistles. When some­
one landed on a railroad property, the song "I've Been 
Working on the Railroad" played. When someone went 
bankrupt, the opening notes to Beethoven's Fifth Sym­
phony chimed. 

Unfortunately for Parker Brothers, the public pre­
fered classic Monopoly, which has sold more than 100 
million units since its introduction in 1935. Monopoly 
Playmaster was discontinued _before reaching its sec­
ond birthday. "There's a place for electronics, but you 
can't overdo it," chides Charles Brixey, a senior mem­
ber on Tl's technical staff. "There's got to be a very 
good reason for having a microprocessor in a toy." 

Not too real, okay? 
Although some in the industry claim that toys have 

already become too sophisticated, others disagree. "We 
need more computing power," asserts Pong creator 
Bushnell, "because certain toys need to simulate real 
life better." Bushnell's new company, Axion, sells pet 
robots that do "80 percent of what a real cat or dog 
does." 

So, what will the future hold as 16-bit, 32-bit, and­
perhaps one day-64-bit microprocessores are incorpo­
rated into toys? According to Omni magazine, anti­
gravity bicycles, superconductivity-powered train sets, 
holographic dolls, and robots that play catch could well 
become the staples of every child's toy chest during 
the 21st century. And, regarding the classic Etch A 
Sketch, could a 3D version in color be right around the 
corner? EIJlll 

Alden Hayashi is a Senior Editor for Electronic Busi­
ness. 
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Long recognized as a leader in high-speed over into the 1990s. The seminar is particularly 
CMOS memories and logic, IDT has now taken a valuable to anyone involved in high-performance 
leadership role in the RISC SEMINAR OUTLINE applications such as: 
RISC revolution. Our 
technology partnership 
with MIPS Computer 
Systems brings you the 
highest performance 
RISC processor family 
ever available: the R3000 
Family. 

Join us at one of our 
upcoming technology 
seminars as we present 
RISC: the technology 
that is changing all the 
rules of microprocessor 
system design. 

The IDT RISC Tech(lol­
ogy Seminar is a MUST 
for engineering profes-

I. What is RISC? 

II. The IDT R3000 RISC Solution 
• Architecture 
• Optimizing Compilers and Operating 

Systems 
• Development Support 

Ill. Application Examples 
• Embedded Controllers 
• Workstations 
• Multi·Processing Systems 

IV. Comparison of RISC Approaches 
• Architecture and Performance Differences 

V. Performance Benchmark Analysis 
• Interpreting Benchmarks for Your 

Application 

VI. Future IDT RISC Roadmaps 
• Performance Upgrades 
• Product Evolution 
• Memory Support 

• embedded controllers 
• workstations 
• multi-processing 

systems 
• general purpose 

computers 
• software development 

The IDT RISC Technol­
ogy Seminar is subject 
to limited seating. 
Reserve by calling the 
Seminar Hotline in the 
city you wish to attend 

1 and we'll give you all the 
details. We advise that 
you make reservations 
at least one week in 
advance. 

sionals and managers involved with selecting a 
microprocessor platform today that will carry 

Time: 8:30 a.m. -1:00 p.m.; lunch and a compre­
hensive literature kit are included. 

Arizona Illinois Oregon Washington 
Phoenix November17 Chicago November2 Portland October12 Seattle October 11 
(602) 860-2702 (312) 390-9696 (503) 620-1931 (206) 453-8881 

California Maryland Pennsylvania 
Los Angeles November17 Baltimore November2 Philadelphia November1 Canada 
(714) 641-0601 (301) 858-5423 (516) 360-3370 Montreal November10 

Irvine November30 Massachusetts Texas (514) 636-4121 

(714) 641-0601 Boston October27 Austin October19 Ottawa November9 
San Diego November29 (508) 872-4900 (512) 338-2440 (613) 728-0031 
(619) 565-8797 Minnesota Dallas October20 Toronto November8 
Woodland Hills November 16 Minneapolis November3 (214) 490-6167 (416) 675-1868 
(714) 641-0601 (612) 941-7181 

Fullerton December1 New Jersey When Cost Effective Performance Counts 
(714) 641-0601 Saddlebrook October25 

Santa Clara November8 (516) 360-3370 

(408) 492-8357 November9 New Mexico ~Irnegrared Santa Barbara November15 Albuquerque November 16 
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Hitachi's HMCS400 
Series of CMOS Microcontrollers 
The intelligent answer for small system control problems 
The raccoon has a remarkable ability to thrive in 
any type of environment. His sheer intelligence and 
ingenuity let him adapt to whatever circumstances 
he may find, and prosper with only minimal 
resources at hand. 

Resourcefulness also characterizes Hitachi's 
HMCS400 series of CMOS microcontrollers. These 
sophisticated devices are optimized for real-time 
control tasks and include a great number of 
peripheral functions on-chip. 

This new generation of 4-bit micros is a far 
cry from the old 4- or 8-bit designs you're used to. 
They execute efficient 10-bit instructions in as little 
as 0.89µs, and include powerful on-chip peripherals 
such as large EPROMs, LCD and vacuum fluorescent 
drives, and multiple serial interfaces. 

For example, our new HD4074408 has an BK 
one-time-programmable EPROM, a 512 x 4 bit RAM, 
58 I/O lines, comparator inputs, PWM timer outputs 
and serial interfaces-all in a plastic package. Future 
devices will include AID converters, phase locked­
loop circuitry, DTMF generators, and much more. 

Most importantly, Hitachi's ZTATTM technology 
gives you Zero Turn-Around Time. The on-board 
one-time user-programmable EPROM eliminates the 
need to wait three or four months for mask ROM 
devices. The very day you finish development, ZTAT 
gets you into production. And, you can implement 
software changes immediately, to stay one step ahead 
of everyone else. 

Put all of Hitachi's HMCS400 series resources to 
work for you: Ceramic windowed devices for deve-



lopment, ZTAT devices for pilot and small-scale 
production, and mask ROM devices for large-scale 
production. And, a full complement of development 
support tools is available for use with IBM-PC*, 
DEC VAX*, and Hitachi systems. 

Plus, when you consider all the on-chip 
integration, you also get the lowest-cost solution for 
your design. The packaging is one of the reasons 
why ZTAT only costs slightly more than mask ROM 
microcontrollers, and is a lot cheaper than ceramic 
reprogrammable devices.--

Clearly, Hitachi's HMCS400 series is right for a 
broad range of today's small systems applications in 
automotive, consumer, handheld instrumentation, 
telecom, and industrial products. 

There's no need to wait. Hitachi is delivering 
the 4-bit all-CMOS HMCS400 series right now-

including EPROM-on-chip ZTAT devices. For more 
information, call your local Hitachi Sales 
Representative or Distributor Sales Office today. 

Literature Fast Action: For product 
literature only, CALL TOLL FREE, 1-800-842-9000, 
Ext. 6809. Ask for literature number #SB-106. 

*IBM-PC and DEC VAX are trademarks of International Business Machines 
Corporation and Digital Equipment Corporation, respectively. 

Hitachi America, Ltd. 
Semiconductor and IC Division 
2210 O'Toole Avenue, San Jose, CA 95131 
Telephone: 1-408/ 4 3 5-8300 
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WORLD'S 
SMALLEST 

SMT 
CRYSTAL CLOCK 

OSCILLATORS 

212-505-5340 
• 0.1 MHz-35MHz •HI-TEMP MOUNTING: 260°C FOR 20 SECONDS 

•SHOCK-RESISTANT, LEADLESS, CERAMIC CHIP CARRIER 

•LOW POWER USE • HI-STABILITY •CMOS & TTL COMPATIBLE 

PLUS 
THE WORLD'S SMALLEST QUARTZ CRYSTALS 10kHz-30MHz 
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MICRO CRYSTAL DIVISION I SMH 
35 EAST 21st STREET, NEW YORK, NEW YORK 10010 
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Microprocessors 
go to the movies 
Douglas Eidsmore 

H
ollywood seems to have an "attitude,'' as they 
say on the cop shows, about computers. After 
all, a HAL 9000 tried to kill off the crew in 
2001, a hacker almost started World War III 
in War Games, and the hero of TRON got 

digitized and downloaded into a CPU. 
But on the other side of the screen, the business 

side, the entertainment industry has- gladly embraced 
high tech. Microprocessor-based motion controllers, 
optical printers, and computer-animation workstations 
are routinely used today to create striking images that 
were impossibly laborious only a decade ago. 

2001: the odyssey begins 
Although many of the special effects in 2001 were 

shot almost a decade before the introduction of the 
microprocessor, the film defined how outer-space epics 
would look and be shot for years to come. Not -only 
were the space ship models and interiors more realistic 
than ever before, the film's optical effects and precise 
motion control laid the groundwork and created a need 
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for the microprocessor-based controllers of the future. 
The psychedelic "Star Gate" sequence in 2001, in 

which astronaut Bowman is transported over a space­
time warp, was created using slit-scan or streak pho­
tography. Douglas Trumbull, one of four special-effects 
supervisors on the film, constructed a slit-scan machine 
consisting of a 65-millimeter camera mounted on a 15-
foot track. A powerful light source shining through 
glass panels was at one end of the track, and a screen 
with a long narrow slit in it was between the camera 
and the light. Film exposure, from the powerful light 
shining through the slit, occurred one frame at at time 
as the camera moved down the track. This laborious 
process was repeated, producing streak after streak, 
until the entire sequence was shot. 

In several scenes in 2001, as the space ship Jupiter 
passes by, you can see astronauts inside the ship 
through a window. To create this effect, movie techni­
cians first moved a 54-foot model of the space ship on 
a 150-foot track, photographing it with its window 
blacked out. Then they rewound the film and repeated 



To "stretch" 

this Renouh, R/ 
Greenberg Associates 
used an 8086-6osed optical printer. 

the sequence, with everything ex­
cept the window blacked out; the win-
dow itself was covered with a white card. Dur-
ing this second sequence, a projector moved with the 
space ship and cast action footage of the astronauts 
onto the window, exposing that part of the film that 
was left blank in the first sequence. Each sequence 
required over four hours and had to be repeated ex­
actly for proper alignment of the images. 

The animation stand Trumbull used in 2001 moved 
' along a single axis and required a 20-foot worm gear 

for control. It was cumbersome to use and prone to 
devastating errors. (You shoot, move the camera a 
sixteenth of a inch, and shoot again. If you miss or 

r epe a t 
a step, the en-
t ire sequence is ru-
ined.) Trumbull saw the need 
for automating such equipment, and 
soon after 2001 he began experimenting with mo­
tion controllers. In a controller used for shooting com­
mercials in 1969, Trumbull and his partner, Jamie 
Shourt, used an ordinary stereo tape recorder to re­
cord square-wave pulses that drove synchronous 
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Although many of the specia] effects in 2001 were 
shot almost a decade before the introduction of the 

microprocessor, the film defined how outer-space ep­
ics would look and be shot for years to come. 

motors. It was a significant improvement. 
Stanley Kubrick took HAL on a long, tortuous jour­

ney in 2001; in Star Wars, George Lucas put R2D2 
into hyperdrive. Star Wars required over 350 special 
effects that demanded the technical detail of 2001 com­
bined with complex combat scenes showing several 
rapidly moving space ships on the screen at the same 
time. John Dykstra, the visual effects supervisor on 
Star Wars, saw the need for an electronic control sys­
tem that would allow a camera to fly around a station­
ary space ship model and create the illusion that the 
model itself was in flight. The system had to record 
these complex moves so they could be precisely re­
peated. 

Dykstra hired Alvah Miller, who had experimented 
with computer-controlled cameras in the late 1960s, 
to design the electronic motion-control system. Miller 
and Jerry Jeffress designed a control system driven 
by a custom processor that was implemented with over 
a thousand ICs on 24 printed-circuit boards. Miller and 
Jeffress received Academy Awards for Scientific 
Achievement for this system, as did Dykstra for devel­
opment of the Dykstraflex Camera. 

A number of motion-control systems were developed 
after Star Wars. Jeffress developed a system that was 
used on Close Encounters of the Third Kind, and 
Dykstra started his own company, Apogee Inc., where 
Miller is now chief electronics design engineer. 

The next feature Miller worked on was Star Trek, 
The Motion Picture. Star Trek not only put Spock's 
ears in a feature film for the first time, it was one of 
the first films to use a micro- In Invaders From Mars, special­
processor-based system for effects company Apogee used an 
special effects. Miller and 80286-based AT to create a ray 
Apogee software engineer gun effect in which a pulsating, 
Paul Johnson opened up undulating ray of light blasts 
Johnson's Apple II, cut the from a moving gun to a moving 
cables between the control target. 
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In lucasfilm's The Ketvrn of the system and the individual 
Jedi, a 68000-based Hewlett- motor controllers, and 
Packard 200 computer directed patched in the Apple so it 
the motion-control system that could access control-system 
moved space ship models for RAM. The Apple II and its 
filming. ubiquitous 6502 microproces-
sor thus controlled Apogee's boom cameras. 

By the early 1980s, motion controllers used Apples, 
Commodore PETs, and computers based on the S-100 
and STD Buses. A Z80-based system developed at In­
teractive Motion Control was used to shoot the titles 
for the movie The Untouchables. IMC now markets 
controllers based on the Hitachi 61480 microprocessor. 

The IBM PC gave special-effects engineers a stable 
and expandable hardware base with software migra­
tion extending from the Intel 8088 to the 80386. In 
Invaders From Mars, Apogee used a 286-based AT 
with a math coprocessor to create a ray gun effect in 
which a pulsating, undulating ray of light blasts from 
a moving gun to a moving target. To create the effect, 
a laser beam was projected onto a screen that moved 
on a track. The mathematics for controlling the move­
ment were quite complex-defining an undulating cyl­
inder with both ends moving to match live action with 
a single laser dot. 

After Star Wars, Lucasfilm formed an Industrial 
Light and Magic division to create effects for its own 
and other companies' productions. ILM's first motion­
control system, called Motion Master, was based on a 
Z80 processor and the STD Bus. Using the Motion 
Master, camera operators would make initial "moves" 
for which parameters were recorded on tape, and the 
tape would then be "Reebok-networked" to a Hewlett­
Packard personal computer where the moves got 
smoothed out. A tape with the smoothed moves would 
then be used in the controller for actual shooting. This 
system was used on The Empire Strikes Back. 

For The Return of the Jedi, ILM hooked a 68000-
based HP 200 directly into a Motion Master. Space 
ship models were filmed, by separate real-time motion­
control moves against a blue screen, on mounts that 
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allowed them to pitch and 
yaw. For movement of the 
death star or star field (when 
the camera pans over a 
model, the star field behind 
the model has to move as 

Jonathon Keeton, of Western Im­
ages, used a 68000-bosed 
video-effects processor to creole 
"Mickey's Nightmare" for The 
Disney Channel. 

well) motion control was also necessary. According to 
Scott Squires, ILM's Technical Director, the effects 
company is now converting to Macintosh II-based mo­
tion controllers with custom plug-in interface cards. 
The Mac's graphics capability and user interface allow 
moves to be simulated on-screen prior to shooting. 

Optical printers can also be used to create special 
effects. The Oxberry CompuQuad 16-axis, four­
projector optical printer has a controller that uses four 
8086 microprocessors running under Intel's iRMX real­
time operating system in conjunction with four tight 
OS kernels around each processor for controlling the 
projector motors. Development of the system began 
in 1979 when the 8086 was first introduced. 

Computers learn to draw 
Many computer-like images have been created for 

film without the aid of computers. For example, the 
computer displays inside the space ships of 2001 were 
hand drawn, and although TRON, Disney's film in 
which the hero gets digitized and pursued through a 
computer, used some computer-generated imagery, 
much of the film was animated by hand-. 

But computers are playing an increasingly important 
role. Star Wars contains a short computer-generated 
sequence, and a Cray generated the space ship se­
quences in The Last Staifi,ghter. And in a striking scene 
in Young Sherlock Holmes, ILM used a Pixar image 
computer to create a moving apparition made up of 
shards of stained glass. 

Why haven't you seen more computer-generated im­
ages? Because you can't beat the storage capacity of 
film. The resolution of 35-millimeter Vista Vision film 
is about 4000 by 3000 pixels, and if you assume 12 bits 
per color pixel, a single color frame stores 18 million 
bytes of data. Moreover, generating a 10-second com­
puter-animated sequence can take a 300-MIPS com­
puter center an entire eight-hour shift. 

The much lower resolution of television makes that 
medium much more suited to computer-generated im­
agery, and a number of hardware and software vendors 
offer broadcast-quality products. Silicon Graphics' 
IRIS graphics workstations are the most popular mi­
croprocessor-based systems for computer animation; 
current models include the 16-MHz 68020 systems and 
8-MHz MIPS RISC systems. Wavefront Technologies' 
Dynamic Imaging System is the most popular anima­
tion software running on the IRIS. The Wavefront 
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system enables studios and post-production facilities 
to create broadcast-quality commercials, logos, ani­
mated graphics, and special effects. 

Wavefront uses the IRIS as a stand-alone graphics 
workstation or as the front-end processor for a wide 
range of computers including Cray Research and Ar­
dent Computer Corporation supercomputers and sys­
tems from DEC, Hewlett-Packard, Pixar, Ridge Com­
puters and Sun Microsystems. 

Bill Kovacs, Wavefront's director of software devel­
opment, led the team that created Robert Abel and 
Associates' minicomputer-based custom animation sys­
tem. Kovacs sees the microprocessor as being the 
whole economic enabler of an industry that uses raster 
graphics as a visual medium. 

TV winners 
Microprocessor-based digital optical effects systems 

such as Ampex's ADO and Quantel's Harry put incred­
ible real-time effects in the hands of video artists. The 
ADO uses multiple Z8000 microprocessors, and Harry 
(a development code name that stuck) uses multiple 
68000s. A Harry creates effects for the syndicated tele­
vision series Star Trek: The Next Generation. 

What has the microprocessor meant to special ef­
fects? Alvah Miller says that "the microprocessor has 
allowed us to create shots that not only would we not 
have even attempted before, but would have laughed 
at." Indeed, the microprocessor does allow complex 
film effects, but the highly competitive world of special 
effects is more than wisps and whooshes, sparks and 
arcs. It is also a business, and the microprocessor 
works in that business; it allows the creation of effects 
at costs that are affordable. EDN 

Douglas Eidsmore, a freelance writer, lives in Soquel, 
California. 
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AMP is a trademark ol AMP Incorporated 
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Our sockets are designed to get solidly 
into contact and stay in contact. No matter 
what the outside influences. Pop-out is 

simply not a problem. 

Controlled contact 
interface angle 
in AMP HPT sockets 
ensures positive 
chip carrier retention. 
Our exclusive removable 
housing allows direct 
inspection of solder 
joints, and fast 
repair/replacement 
of contacts. 

The contacts are High Pres.c;ure Tin, an 
AMP proprietary design which creates 
very high normal forces-a minimum of 
200 grams per contact-for maximum 
retention and reliable interconnection. 
Short-signal-path contacts float in the 
housing to accommodate thermal 
expansion. 

Two basic styles of sockets are avail­
able: square or 32-position rectangular 
EPROM and SO-J. Both come in solder 



tail or surf ace mount versions and feature 
all the important details. Tin-over-nickel 
plating is applied after the contacts are 
formed, to assure full plating. We've 
built in visual indicators for locating pin 
1, and polarizing to aid correct insertion. 

pc board both fast and simple, ideal for 
hand or tube-loaded robotic insertion. 
And the high pin counts make very 
effective use of real estate. 

Call the AMP Information Center 
at 1-800-522-6752 for literature on HPT 
PLCC Sockets. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

Orientation holes in the 94 V-0 housing 
floor make registration to the AIVI P Interconnecting ideas 

Seven socket 
sizes are available, 

with carrier extraction 
tools provided for each size. 
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A New VME Enclosure with 
Benefits That Really Stack Up: 

40 Slot Capacity. Big systems in less space. In its 
maximum configuration. MaxChassis has two 20-slot VME 
card cages and two power supplies-two complete 20-slot 
VME systems in a single package only 14" high, 26" deep. 
One takes cards from the front. the other from the rear. 

backplanes. Just add your cards. 
Disk drive modularity. The 12 and 32-slot models have 

slide-in peripheral mounting assemblies that hold up to four 
half-height drives. No brackets to design, no harnessing 
to make. 

Match your needs exactly. There are 12, 20, and 32-slot 
systems, too. Tabletop or rack mount. The 12 and 20 slot 

RFI tight. There's a front cover panel that holds RFI in (and 
out) so your system will be looked on approvingly by the FCC. 

models are only 20" deep for VME 
or Multibus II, but you can get triple 
height (9U) cages and card depths 
to 400mm. There are three power 
supply choices from 400 to 800 
Watts. 

Ready to play. All MaxChassis 
come fully wired, complete with 
high-performance VME or Multibus 

We'll FAX you 
the facts. 

-· 
Want the latest data in a hurry? 
Nothing is faster than Electronic 
Solutions' new " FAX the FACTS" pro­
gram. If you have a FAX machine. just 
call our "800" number. give us your 
FAX number and type of FAX 
machine, and the information you 
need from us. We 'll FAX it to you 
immediately. 

The cover panel covers all those 
cables and connectors on the card 
fronts, so everyone else will look on 
your system approvingly, too. 

So before you stack this maga­
zine, phone for our MaxChassis 
facts right now. And ask for our 
complete catalog of VME. Multibus 
and Multibus II system packaging . 

6790 Flanders Drive, San Diego, CA 92121 · (619) 452-9333 Telex ll(TWX): 910-335-1169 

Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
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Code and debug micro· 
controllers in c without 
ever leaving your PC 

Now you can run, debug, and test Archimedes 
Microcontroller C code right on your PC, and you 
don't even need any prototype hardware. Combined 
with Archimedes C, SimCASE allows you to speed 
up software development. You can test-run your 
software ideas before you even commit to a micro­
controller design. It's like having a microcontroller 
built into your PC. 

You'll have every traditional debugging tool at 
your fingertips, including trace, step and break­
points. So you can fully debug microcontroller code 
at the C source level. Of course, you can use 
SimCASE to debug at the Assembly level too, 
if necessary. 

Speed up software development on all of 
today's most popular microcontrollers. 
Archimedes Microcontroller C and SimCASE are 
available for a wide variety of microcontrollers, 
including: Motorola's 6801and68HC11, Intel's 8051 
and 8096/196, Zilog's Z80/Z180, Hitachi's 6301 
and 64180. 

Simulate and test your designs without 
hardware. At the heart of SimCASE is the Micro­
controller Simulator Engine. Use it to simulate every 
part of your chip on your PC. Then use the various 
modules to control and analyze your simulation. 

With the Input Stimulus Generator you can 
simulate real-time I/O intensive applications right 
on your PC. 

Then use the Performance Analysis Tuol to get 
the execution time of every block and line of code 
and identify any performance bottlenecks in your 
design. You can run this assessment for worst-case 
scenarios, including hardware tolerances. 

All before you even 
commit to hardware. 

Get your free demo ~ 
diskette and see 
SimCASE in action. 
Get a taste of the full 
speed and power of 
Archimedes C and Sim­
CASE. Orderyourfree 
demo diskette and product guide today by calling 
1-800-338-1453. In California call 415-567-4010. 

Archimedes Microcontroller C and SimCASE. 
They set the standard by giving you fust, fully­
featured C compiling, C-source level debugging 
and simulation of real-time microcontroller designs. 

ARCHIMEDES 
SOFTWARE 

Archimedes, Archimedes C, Microcontroller C, and 
SimCASE are trademarks of Archimedes Software, Inc. 
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E-mu Systems used a ZSO in 1977 
to make the first microprocessor-controlled matrix scanning 

keyboard. The company's latest offerings, such as this Emulator II+, combine many 
electronic-music functions in one instrument. 

Microprocessors change 
the sound of music 

Dennis Livingston 

B
arely ten years ago, the integration of micro­
processors with electronic music instruments 
kicked off a sonic revolution whose impact is 
still reverberating for music lovers everywhere. 
Thanks to the microprocessor, musicians can 

now generate, manipulate, and record a palette of 
sounds whose range and tonal qualities are virtually 
unlimited. In addition, the use of the same microproces­
sors in personal computers has brought the pleasures 
of playing and composing music to larger numbers of 
nonprofessionals than ever before. 

Microprocessors have also helped to dramatically 
lower the cost of music. In the mid-1970s, if you wanted 
to record a piece of pop music, you needed half a dozen 
musicians, instruments, a bunch of microphones, a mix­
ing console, a multitrack tape recorder, and a recording 
studio to house all this-all at a capital cost of about 
$300,000. Today, you can have a recording studio in 
your home for about $3000. 

A prophet with honor 
Early electronic music, beginning in the 1960s, was 

all analog. Notes on synthesizers were set by twisting 
potentiometer knobs, and there was no memory for 
storing the settings. The microprocessor changed all 
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this. The first high-volume, commercially successful 
synthesizer to use a microprocessor (Zilog's Z80) for 
controlling analog functions was the Prophet-5, intro­
duced in 1978 by Sequential Circuits Inc. (Sequential 
has since been acquired by Yamaha Music Corp., 
USA.) 

A major microprocessor function in the Prophet-5 
was the generation of control voltages for analog syn­
thesis chips. These specialized chips, which handled 
dedicated oscillator, filter, amplifier, and envelope­
generator functions , produced the actual sound and 
helped reduce the synthesizer's cost. The chips were 
used in five independent sound modules, with the Z80 
serving as orchestrator for this ensemble. 

The Prophet-5 could generate as many as 40 sounds, 
some of which came programmed in memory. This 
made a big difference in commercial potential, accord­
ing to Sequential president Dave Smith, because "you 
just had to press a few buttons to call up the sounds 
in memory. People didn't have to have a techie level 
of experience to make music with our machine." 

Users could also create their own synthetic sounds 
by manipulating front-panel knobs. The processor con­
verted the knobs' positions to numbers, which could 
be stored in battery-backed memory, ready for instant 
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retrieval at the press of a button. Thus, all sounds 
defined by users were precisely repeatable and could 
easily be reprogrammed or modified. 

Given these advantages, all makers of electronic in­
struments began using microprocessors within a year. 
Why didn't they begin earlier? Part of the reason, 
says Smith, is cost. The Z80 was priced at $300 each 
when it first appeared; when it dropped to $15, it was 
more practical to use. 

Initially priced at $4500, the Prophet-5 was the most 
popular electronic instrument with professional musi­
cians for several years. It was used by performers 
with widely varying styles-Pink Floyd, Genesis, Her­
bie Hancock, Barry Manilow, and Devo, to name a 
few-and is still in use. 

Keyboards get physical 
Another important microprocessor function is to 

carry out sound-module assignments through keyboard 
scanning, thus making possible an efficient polyphonic 
keyboard---0ne that can sound more than one note at 
a time. 

"In a piano,'' explains Jim Turner, vice president of 
engineering at Kurzweil Music Systems, Inc., "every 
key you press is connected to a specific set of strings. 
But in a synthesizer, only a limited number of oscilla­
tors is available to receive pitch instructions from each 
of the 88 keys on the keyboard." Thus, if you want to 
play chords, some system is needed to link pressed 
keys with available oscillators. 

Early synthesizers needed no such system, because 
they were monophonic to begin with. A dedicated set 
of patch cables configured each sound, one note at a 
time. The Polymoog, from Robert Moog and his col­
leagues at Moog Music, got around this limitation, but 
in a hardware-intensive way: It allocated a sound­
producing circuit card for each key. The microproces­
sor, however, finally made it possible to dynamically 
link all key depressions to only a handful of oscillators. 

E-mu Systems was first with this approach, turning 
to the Z80 in 1977 to make the first microprocessor­
controlled matrix scanning keyboard. You could play 
chords or counterpoint with the E-mu keyboard, al­
though you still had to use potentiometers and careful 
tuning to set up different sounds. 

In Sequential's Prophet-5 programmable synthe­
sizer, the same microprocessor that directs the analog 
chips also scans the keyboard. It monitors the key­
board, end-to-end, several hundred times a second to 
see if any new key has been depressed or released 
since the last cycle. Then, using an assignment algo­
rithm, the processor looks for any sound module not 
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in use at the time a key is pressed and assigns the new 
note to that module. With five such modules, the 
Prophet-5 can play up to five simultaneous notes. 

Chips bring finesse 
The microprocessor has also brought more finesse, 

or what musicians call "expressiveness,'' to keyboards. 
"The piano is still considered the most expressive key­
board instrument,'' says Bob Moog, "because of what 
it does in turning a person's hand motions into energy 
that produces sound. That ability to naturally and rap­
idly change from loud to soft notes, and anywhere in 
between, is the kind of thing we are recreating in 
electronic devices." 

Sequential's Dave Smith notes that the Prophet-5, 
like other synthesizers of its time, had a keyboard 
whose plastic keys operated as little more than on/off 
switches. Its keyboard had no dynamic feel or re­
sponse; no matter how hard you pressed a key, you 
just closed a switch. 

The Z80- and Z8000-driven Prophet T-8, introduced 
by Sequential in 1983 at a price of $5900, was a pioneer 
in expressive keyboards. "We had a real, tactile, 
wooden keyboard,'' says Smith, "with real handles that 
flew like a piano and optical sensors that detected their 
motion and converted it into electrical signals." Algo­
rithms in the processors computed sound parameters 

New England Digital Corp. president Bradley Naples stands with recording star Sting, 
who owns and uses several of NED's Synclavier music systems. 
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from these signals. 
Among the T-8's features is the ability to sense key 

velocity and thus precisely determine how hard you 
hit the keys. In addition, if you continue to put pres­
sure on a key after pressing it down, a microprocessor 
will route this information to the tone generator to 
alter pitch, vibrato, and other factors. 

Sampling the real world 
Synthesizers create an impressive range of sounds 

from scratch, but they are less successful in simulating 
the complex timbral nuances of acoustic instruments. 
For more accurate renditions of such sounds, you need 
a sampling machine. 

Samplers, unlike synthesizers, did not exist before 
the advent of microprocessors. By changing the rate 
at which a sampled note is played back, you can alter 
its pitch. Some machines can perform other manipula­
tions on sampled sounds as well, such as adding vibrato 
anp splicing together parts of different sounds. Most 
samplers come with floppy-disk drives so that you can 
not only save the sounds you sample, but gain access 
to vendor libraries of prerecorded sampled sounds as 
well. 

Linn beats the drum 
Roger Linn's work on drum machines illustrates one 

early application of sampling. Devices that played re­
petitive, continuous rhythm patterns existed before 
the creation of Linn Electronics, but the sounds, cre­
ated by analog synthesizers, were unrealistic. Then, 
in 1980, Linn marketed the Z80-based LM-1, the first 
drum machine with presampled sounds. The sounds 
were stored internally in ROM chips. 
The LM-1 allowed musicians to program its sounds 

to their own drum beats. While listening to a built-in 
metronome, you could tap buttons marked as snare, 

The chip of choice 
Zilog's Z80 was most often the chip of choice for 
synthesizers and other electronic musical instru­
ments from the mid-1970s into the early 1980s. 
"For these applications," says Roger Linn, whose 
pioneering drum machine used the chip, "the Z80 
was the cheapest, hippest processor of the time." 

The Z80 appeared on the market just as elec­
tronic instruments were coming along, says Linn. 
"Everyone went to the Z80 because it had onboard 
refresh and was faster, cheaper, and easier to im­
plement than the Intel 8080. It also had a better 
instruction set and required little support cir­
cuitry." 
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The Commodore 64 and its VLSI, three-voke Sound Interface Device {SID) chip 
were milestones in electronic music for the average consumer. 

bass drum, and other percussion instruments. The 
processor sensed what buttons were pressed and 
stored the relationship between metronome beats and 
button pushings. A current Linn product, the 80186-
based MPC60, developed with Akai Corp., enables you 
to sample sounds of your own creation. 

Several thousand of Linn's early machines were sold, 
altering the sonic feel of popular music. Now, he points 
out, many popular groups use some kind of electronic 
drummer. Linn products have also been useful in re­
cording demos. "The steadiness of the timing, com­
pared to human drummers, makes the song feel more 
steady, and the sounds are exactly what you want 
them to be, without the trouble of setting up mikes, 
changing equalizations, and so forth,' ' says Linn. 

Mirage was no illusion 
Devices with broad sampling capabilities began ap­

pearing in the late 1970s, but they were expensive 
($8000 to $30,000). The Mirage, from Ensoniq Corp., 
introduced in 1984 at $1,700, became the first mass­
marketed sampler, and over 25,000 have now been 
sold. 

Mirage used a Motorola 6809 for the main processor, 
because, according to Bob Yannes, senior design engi­
neer at Ensoniq, it "is very fast, like the 6502, and 
more code-efficient." Ensoniq's ability to lower the cost 
of samplers, however, was due more to its development 
of the Q-Chip, or Digital Oscillator Chip (DOC), for 
sound generation. This custom chip allowed one circuit 
board to replace four larger ones. 

Another advance in sampling occurred in 1984 with 
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the introduction of the $10,000 Kurzweil 250 by 
Kurzweil Music Systems . . Based on Motorola's 68000, 
it provided users with high quality sampled sounds for 
36 instruments. According to Kurzweil's Jim Turner, 
the piano sample was so accurate that musicians 
couldn't distinguish it from a real piano in a blind test. 

Behind this feat is Kurzweil's approach to a problem 
faced by all samplers: since the limitations imposed 
by memory preclude sampling every note of an instru­
ment, how do you capture as much as possible of an 
instrument's full tonal essence? 

One technique is to record only some of an instru­
ment's notes, using pitch changes to approximate the 
rest. Kurzweil, however, turned to a proprietary algo­
rithm that uses pattern recognition techniques to de­
fine the essential characteristics of an instrument's 
waveforms and frequency spectra. Both algorithmically 
extracted information and data-compressed sampled 
portions of a sound are stored on ROM chips in the 
250. This approach uses less memory to reproduce the 
full range of an instrument without degrading sound 
quality. 

Resynthesis is a recent hybrid technique for sound 
creation based upon the analysis of sampled sounds. 
With New England Digital's (NED) Synclavier, for 
example, the resident processor identifies and analyzes 
significant parts of a sampled sound's digitized wave­
form, such as the attack and first decay parameters, 
and recreates them as synthesized sounds. This method 
is less time consuming than creating from scratch the 
fundamental harmonic, the overtone series and other 
performance artifacts; you start with a complex wave­
form-from a piano, for example-and add to it. 

Sequencers move sounds around 
Synthesized and sampled sounds give the musician 

access to a large variety of tonal colors. Making full 
use of this musical palette, however, depends on your 
being able to manipulate these sounds through cutting, 
pasting, and editing, as a writer does with words on 
a word processor. That is the job of a sequencer. 

Sequencing is akin to recording, but what gets stored 
in sequencers is not the actual music you make or a 
digital sampling of it, but the keystrokes (or more 
precisely, the performance information) that make up 
a tune. Sequencers allow such information to be stored 
so that the tone colors can be changed at any time in 
the future. 

A modern, microprocesor-controlled sequencer al­
lows you to transpose notes, duplicate and cut sections, 
change tempos, alter the instrumentation, and carry 
out a variety of other manipulations on synthesized 
and sampled material. Multiple sound tracks can thus 
be created and played back through a synthesizer, 
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In the 68000-powered Kurzweil 250, 
the piano sample is so accurate that 
musicians can't distinguish it from a 

real piano in a blind test. 
which, in effect, acts like the sequencer's player piano. 

Sequencers give musicians great editorial flexibility. 
"With a sequencer," says Craig Sibley, product special­
ist manager at Roland Corp., "you can examine your 
work, rearrange it, and get it right before spending 
valuable time at a recording studio. With a tape re­
corder, you can't change the sound without wiping out 
the performance, but all a sequencer is interested in 
is things like how long and how hard particular keys 
were held down; you can change the sound by pressing 
a button." Moreover, a modern sequencer can feed 
notes into more than one synthesizer to achieve multi­
timbral, orchestral effects. 

The most popular of the early microprocessor-based 
sequencers was Roland's MC-4, which used the Z80. 
Entering the market around 1978, this four-channel 
device made sequenced music a permanent part of pop 
music and greatly enhanced the versatility of compos­
ers and orchestrators in creating music. 

By the mid-1980s, microprocessors were once again 
changing synthesizers, which previously had used the 
chips primarily for control of analog functions. Now, 
custom VLSI digital chips are replacing their analog 
brethren. 

Yamaha's DX7, with over 200,000 units sold since 
1983, has become the most popular all-digital musical 
product and is the widest selling synthesizer yet made. 
Thanks largely to its VLSI technology, it sells for an 
affordable $2,000. The main processor is a customized, 
16-bit chip similar to the Intel 80286, but it has an 
instruction set designed to be efficient in controlling 
the sound-generating chips. 

The DX7 uses two custom VLSI chips that incorpo­
rate mathematical models for analog components. Be­
cause these algorithms make it possible to single out 
individual harmonics within complex sounds with great 
accuracy, the DX7 can create realistic sounds with the 
sensitivity of an acoustic instrument. The product even 
incorporates user-controlled inaccuracies to simulate 
the sonic quality of acoustic music. 

The DX7's microprocessor also controls chips in the 
sequencer and the expressive, polyphonic keyboard. 
A single oscillator can be multiplexed by the processor 
to make as many as 16 notes sound like a chord. 

Putting it all together 
Recent years have seen the emergence of versatile, 

high-end machines that integrate the capabilities · of 

89 



all-digital synthesizers, samplers, sequencers, and ex­
pressive keyboards. 

NED's Synclavier may be the most ambitious such 
product on the market, as well as the most costly, at 
an average price of $150,000. It combines the above 
functions with the ability to synchronize sound to film, 
using time-based standards established by the Society 
of Motion Picture and Television Engineers (SMPTE). 
At the Synclavier's heart lies a proprietary 16-bit RISC 
microprocessor that governs specialized downstream 
chips linked in a star topology. 

1 
At the other end of the financial spectrum from dedi­

cated musical systems are the host of personal comput­
ers-including the IBM PC and compatibles, Commo­
dore Amiga, Atari ST, and Apple II and Macintosh­
that have metamorphosed into electronic instruments. 

One important step in helping desktop machines to 
sing was the development of the Musical Instrument 
Digital Interface (MIDI) in the early 1980s from col­
laboration among researchers at Yamaha, Roland, Se­
quential Circuits, and other companies. 

MIDI standardizes the digital encoding of musical 
data, thus enabling computers and electronic instru­
ments from different vendors to work with each other. 
A master keyboard or computer terminal can then be 
used to control the operation of an array of other in­
struments over multiple channels. With a pitch-to-

MIDI converter, acoustic instruments can also be used 
to transmit MIDI signals to receiving ports on synthe­
sizers and computers. 

Even before the first computer-connected MIDI port 
appeared in the Atari ST, however, home computers 
were being widely used for music-making. With the 
appropriate software and such peripherals as key­
boards, interface cards, and digital oscillator boards, 
personal computers can be used for generating and 
editing waveforms on screen, sequencing, running ven­
dor sound libraries, storing music, and printing compo­
sitions. MIDI attachments extend these capabilities. 

Initially marketed in 1982, the Commodore 64 and 
its VLSI, three-voice Sound Interface Device (SID) 
chip were milestones in this context. SID, designed 
by Bob Yannes at Commodore, in effect is a synthesizer 
on a chip. It works with the 8-bit 6502 main processor 
as does a traditional analog synthesizer, with 
programmable envelope generators, filters, waveform 
selectors and so forth. "Before SID," Yannes says, 
"personal computers were generally limited to generat­
ing square waveforms, with no filtering to change the 
tone color. SID significantly expanded the musical hori­
zons of home computer users." EDN 

Dennis Livingston is a senior editor for Mini-Micro 
Systems. 

Inside an electronic music studio 
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Packed into a third-floor room of Robert Ceely's 
home in Brookline, Massachusetts, is the array of 
electronic music instruments and recording devices 
that comprise BEEP Studio. Ceely, director of elec­
tronic music at the New England Conservatory of 
Music in Boston, uses this facility to write and re­
cord his own music and to give workshops. 

A Synclavier, a multifunction, $150,000 machine, 
holds the place of honor at BEEP, surrounded by 
a number of other products. Running up one wall 
is a set of Moog analog synthesizer modules. A 
Yamaha TX802 FM tone generator, a Roland linear 
synthesizer, and a Roland Super JX (a microproces­
sor-controlled analog synthesizer) all sit mounted 
on a rack in the middle of the room. 

"I want to show you how easy it is to tap the 
capabilities of this system," says Ceely, loading a 
floppy disk. He calls up a timbre directory at his 
computer terminal and pecks out instructions to cre­
ate several harmonic structures, including their par­
tial timbres. A harmonic display rapidly graphs the 
amplitude of all harmonics indicated. "Imagine what 

it took to do basic synthesizing," he says, "when 
you had to play with dozens of knobs, one note at 
a time." 

"Let's make a tune," Ceely says. He improvises 
a catchy line on the keyboard, using the synthesized 
sound he just created. "You can record up to 200 
tracks from the built-in sequencer and view 32 of 
them at a time on the comparative track display." 
He records the tune on an empty track, sets it to 
loop indefinitely, and pushes a button to create a 
steady "click" track behind the beat that he would 
use if the results were eventually to be synchronized 
with film. Ceely then adds a simple melody on top 
of the basic tune and experiments with changing its 
timbre and pitch. 

Four MIDI channels enable him to control the 
rack-mounted synthesizers and other equipment 
from the Synclavier. He calls up a sample of a 
shakuhachi, adding the breathy sound of this Japa­
nese bamboo flute to another track. Finally, he plays 
back the whole piece and stores it on a floppy disk. 
His composition is complete. 
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Get your VME project 
off to a running start. 

Introducing 
Running Starrfrom 
Force Computers. 

It's a package deal. 
The deal: Now you can 

integrate your VME hardware 
and software in a fraction of 
the time it used to take. And 
start writing application 
software months ahead 
of your competition. 

The package: Running 
Start, the first integrated 
software development 
package for VME. And the 
perfect complement to our 
VME/ PLUS™ line of high 
performance products. 

Running Start comes 
complete with board 1/0 
drivers, diagnostic and 
test code and complete 
documentation. More 
importantly, you also get 
a consistent programming 
interface across the 
Force VME line. 

With Running Start 
you can integrate 
your target system 
with our 
VMEPROM~ 1JJilll'!~~ 
software,~.,~ 
a real-time, 
multi-tasking kernel resident 
inEPROM. 

Best of all, with VMEPROM, 
there's no license and no 
extra charge. 

With the Running Start 
package and your favorite 
PC or UNIX workstation, you 
can quickly develop your 

1988 Force Computers. Inc. 

applications 
with VMEPROM 
and third-party 
software, 

including 
VxWorks, 

VRTX32, 
pSOSand 

C EXEClITIVE. 
Thanks to all these options, 

it's unlikely you'll ever again 
be bogged down with 
integration problems. 
But if you are, there's a whole 
team of Force engineers 
waiting to help. 

So put your project 
on the fast track. Call 
1(800)BFST-VME and find 

out more about VME/ PLUS 
and Running Start. And 
don't forget to ask 
for our Running ~ 
Start data \ Ami 
sheet and 1988 \""" 
data book. \ 

VME at its best. 
FORCE COMPlITT:RS, INC. FORCE COMPlJfERS, GmbH 
3165 Winchester Blvd. Daimlerstrasse 9 
Campbell , CA 9~57 ()..8()12 Ottobrunn 
Telephone ( 408) 37(}.63()() Telefon (089) 60091-0 
Telefax (408) 374-1146 Telex 524190 forc-0 

l e lefax (089) 6 097793 

Running Start and VME/PLUS are trademarks of Force Computers, Inc. UNIX is a trademark of AT&T VxWorks is a trademark of Wind River Systems, Inc. pSOS is a trademark of Software Component Group. Inc. 
VRTX32 is a trademark of Ready Systems. Inc. C EXECUTIVE is a trademark of JMI Software Consultant<>, Inc. 
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Introducing two ways to get horsepower 
in VME single board computers. 

CPU-37. The workhorse of VME. 
Now you can harness all the power of 

VME and the 68030 with our new, low­
cost single board computer. 

The new VME/PLUS™ CPU-37 comes 
with either a 16.7 or 25 MHz 68030, 

SCSI and floppy disk controllers, VMEPROM 
and 1 MB of memory. Options include an Ethernet 
controller and up to 4 MB of memory. 

With the CPU-37, you now have the power of 
four boards in one. Thus reducing your system cost, weight 
and space requirements. 

In addition, software products 
such as UNIX, PDOS, VxWorks, 
OS-9, pSOS, VRTX32 and 
C EXECUTIVE will be available. Plus 
our Running Start™ development package 
will let you start writing your applications 
quickly-under UNIX, PDOS or MS-DOS. 

So if you need lots of horsepower without the 
thoroughbred price, hitch up with CPU-37. 

CPU-30. The pacesetter ofVME. 
Our new CPU-30 shares all the hardworking virtues of the CPU-37, plus it's faster on its feet. 
In fact, it offers the highest level of performance and functionality in a 68030 single 

board computer. And just like CPU-37, our single slot CPU-30 has multiple configurations 
that meet your exact needs. 

The real reason the CPU-30 is such a winner is our 280-pin gate array with 
22,000 gates. It handles interprocessor commu­
nication and high speed data transfers much 
more efficiently. The result is significantly 
increased system throughput in multiproc­
essing applications like factory automation, 
simulation, test and instrumentation. 

It all adds up to the highest VME system 
· performance you can get. 

So if that's 
what you want, 
why horse around? 

Call us at 
(800) BEST-VME for 

CPU-37 and CPU-30 Data 
Sheets and our 1988 Data Book. Count on Force 
for your total VME solution. 

FORCE COMPUTERS INC. ft g_?!CE® FORCE COMPUTERS GmbH 
3165 Winchester Blvd. S Daimlerstrasse 9 D-8012 Ottobrunn 

Campbell. CA 95008-6557 ~ a.. ~ Telefon (089) 600 910 
Telephone (408) 370-6300 ~ Telex 524 190 fore-ct 

Telefax (408) 374 -11 46 u~ Telefax (089) 609 7793 

VME at its best. 
' 1988 Force C0mpu1crs. Inc. VJ\tE/PLUS and Running Start arc trademarks 0f FORCE COMPUTERS INC. UNIX isa tradt•mark ot t\T&T PDOS is a trademark lifEyring Research lns!itutc. Inc. VxWorks is a trademark of Wi nd River Systems. Inc. 05-9 is a trademark of 
Mimiwave Systems Cl'rf'll.lration. pSOS is a trademark of Software Components Group. Inc. \IRTX32 1s a tr<1dcmarl- l1f Ready Systems. Inc. C EXECUTIVE is a trademark of fMI Software Consultams. Inc. MS DOS is a registered trademark of Microsoft Corporation. 
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WHY RISK YOUR PROJECT 
OVER ONE MISPROGRAMMED PART? 
298 RELIABILITY: PROGRAMMING 
YOU CAN TRUST EVERY TIME. 
Misprogrammed parts- caused by 
unapproved algorithms, inaccurate 
wave form generation, or undetected 
RAM errors-can take 
weeks to identify, 
throwing your project 
off schedule and off 
budget. Worse still, 
unreliable, poorly 
programmed parts 
could cost you a for­
tune in product re­
calls, if left undetected. 

You can eliminate 
these risks and guarantee that devices 
are programmed correctly every time 
when YOlJ own a 298 Programming 
System. All device algorithms support­
ed by the 298 are tested, and approv­
als from each device manufacturer 

have been obtained (or applied for}, to 
guarantee accuracy and high-yields. 

And the 298 keeps up this depend­
able performance year after year. It 
has a track record unmatched in the 

industry: an esti­
mated 40,000 

hours mean 
time be­
tween failures. 
That's more 
than 13 con­

tinuous work­
ing years. 

IT'S TIME YOU 
OWNEDA29B. 

Now you can save 19% off the price 
of system components when you buy 
either a 298 Memory, Gang or Logic 
Programming System. And you can 
earn trade-in credits up to an addi­
tional 10% off the system component 

Data 1/ 0 Corporation 10525Wtllows Road N E , P 0 Box 97046, Redmond, WA 98073 9746, U S A 1206) 867 6899/Telex 15-2167 
Data 1/0 Canada 6725 Airport Road, Swte 302, Mississauga, Ontario L4V 1V21416) 678-0761 
Data 1/0 Europe World Trade Center, Straw1nskylaan 633, 1077 XX Amsterdam. The Netherlands + 31 (0)20 6622866/Telex 16616 DATIO NL 
Data 1/ 0 Japan Sum1tomose1me1 H1gash1sh1nbash1 Bldg, SF, 2-1-7. H1gash1 -Shnbash1, Mmato-ku , Tokyo 105. Japan 

W3l 432-6991 / Telex 2522685 DATAIO J 

©1988 Data 1/ 0 Corporation CIRCLE NO 32 

prices when you trade in a competitive 
programmer* for any new 298 Pro­
gramming System. That can add up to 
29%- or nearly $2,000 in savings. 

• Trade-in credits offered 
only for competitive programmers 
from spec1f1ed manufacturers. Call us for details. 

Valid 1n the U.S. only. 

Corporation 



with new UniLab 8620 analyzer-emulator. 
• 64Kbytes from hard disk in 5 seconds. 
That's moving. But today you've got to be fast 
just to stay in the race for better micro­
processor designs. 
• The secret is a new, high-speed parallel 
interface: the Orion bus. Which zips data 
between your PC /AT and the 8620 analyzer­
emulator, breaking the RS-232 bottleneck. 
• The 8620 with 0-bus gives you complete 
program diagnosis - and solutions - in real 
time. For more than 150 different micro­
processors. Using the same command set 
environment. 
• A generous 2730 trace-cycle buffer with 
selective filtering lets you cut through the 
clutter and display just the traces you wish. 
And you get lµsec resolution in program 
time measurement. Plus continuous InSight 
monitoring of your 
program's key 
functions as they 
are performed. 
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lnSight Display. lnSight blends analyzer­
emulator techniques to give you continuous, 
real time monitoring of key processor functions. 
And still services user interrupts. It displays 
changing register contents, 1/0 lines, ports, 
user-defined memory windows. With your 
own labels. 

• On top of that, you get UniLab 's trade-
mark ability to debug by symptom, not just by 
breakpoint and single step. And, to help 
you complete the job on time, on the spot, a 
stimulus generator and EPROM programmer 
are included. 
• Ease of use, another Orion trademark, 
is also built in. So you have all the familiar 
features and formats you're used to working 
with. It doesn't matter if your project is a 
single chip controller or complex 16-bit 

CIRCLE NO 37 

Analyzer Triggers. Commonly used triggers 
can be selected quickly from a list of standard 
and user-defined triggers. 

microprocessor, the 8620 is the top price/ 
performance analyzer-emulator that does it 
all. At just $4380. With processor Personality 
Paks typically $550 each. 
• UniLab 8620. Fast-lane debugging that 
gets you to market quicker. 

Call toll-free: 800 I 245-8500. 
In CA: 415 I 361-8883 

==;; ~ ==~! 
INSTRUMENTS 

See us at Electro 
Booth 2741-45 

702 Marshall St. , Redwood City, CA 94063 
TLX 530942 FAX 415/ 361-8970 
Computer Integrated Instrumentation 
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TOSHIBA. THE POWER 

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc .. (617) 272-4352; NORTH WESTERN AREA, Toshiba America, Inc., (408) 737-9844, (503) 629-0818; 
SOUTHWESTERN REGION, Toshiba America, Inc., (714! 455-2000; SOUTH CENTRAL REGION, Toshiba America, Inc., 1214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT 
OFFICE, Fishkill , New York, Toshiba America, Inc., (914 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc .. (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Mon1gomery Marketing , Inc., (205) 830-0498; 
ARIZONA, Summit Sales, (602)998-4850; ARKANSAS, MIL-REP Associates, (512) 346-6331 ; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA IL.A. & Orange County) 8ager Electronics, Inc., 1818) 712-0011 , 
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IN MOS ICs. 
Toshiba has held the power in MOS ICs for 

years. The power of technological leadership in 
Static RAMs, lMB DRAMs, ROMs and gate arrays. 
The power of production leadership in logic, 
MPUs and custom products. So who do you look 
to for the experience, the technology and the 
production capacity to lead the way into tomor­
row? The people with the power. Toshiba. The 
# 1 CMOS manufacturer in the world. 

TOSHIBA IS MEMORY POWER 
lMB Dynamic RAMs 

If you are thinking powerful 
memory talk to TOSHIBA. 
We were the first to market with 
lMB DRAMs, and we are world 
leaders in volume production. 

High-density and High-speed Static RAMs 

Looking for high-density CMOS Static RAMs 
or high-speed Static RAMs? Look to Toshiba. 
We offer a full line of both. In byte-wide standard 
Static RAMs, we're leading the way with 64KB, 
256KB and lMB products. We have x1, X4, xs and 
X9 high-speed Static RAMs in 16KB through 256KB 
products. Our plans for future products will 
continue to emphasize leading-edge speeds in 
all densities. We already offer state-of-the-art 
15ns devices at the 64KB density! 

ROMsin CMOS 

Toshiba is currently producing and deliver­
ing lMB and 4MB CMOS mask RO Ms in volume. 

EPROMs in NMOS and CMOS 
Toshiba introduced the world's first 256K 

CMOS EPROM. We're now producing 512K and lMB 
EPROMs in quantity to meet your needs. And 
we've recently introduced a flash EEPROM and a 
new line of high-speed 32K x s EPROMs that can 
accommodate an entire utility program. 

OTPs 

Toshiba has the broadest line of OTPs in the 
industry- 64K, 128K, 256K, 512K and lMB devices. 
They're available in DIP or Surface Mount pack­
aging, and they're all available in volume. Now. 
'"'Z80 is a Lrademark of Zilog. Jnc. 

ADV~NCELL '" is a trademark owned by 'foshiba or licensed from Siemens or General Electric Co .. U.S.A. in 
certain countries. 

TOSHIBA IS MPU POWER 
When you're thinking system 
solutions, think Toshiba. We 
are the recognized leader in 

CMOS Micros and Peripherals. Our lOMHz ZSO® 
MPU, 8-bit Intel type micros, 68000 family, and 
proprietary 4-bit family offer you a broad range of 
solutions. And for more specialized system solu­
tions, check our VLSI products like Speech, Disk 
Controllers, Graphics Chips and Telecom devices. 

TOSHIBA IS LOGIC POWER 
Toshiba has been a leader in CMOS logic 

production for over 18 years. We 
introduced the first high-speed 
CMOS logic series. Today we are 
the acknowledged world leader in 

the manufacture of CMOS logic. And 
all our CMOS logic meets applicable JEDEC Specs. 

Our new 74AC series, for instance, has typi­
cal prop delay times of 3. 5ns, and maximum 
clock frequencies of 150MHz. That's twice as 
fast as the original 74HC series! 

TOSHIBA IS ASIC POWER 
Toshiba design centers have been set up, 

equipped and staffed to help you with your own 
ASIC designs. With the assistance 

of our capable applications staff 
and our new, proprietary 
VL-CAD II software, you can 

develop your own advanced gate 
arrays up to 50, 000 gates at gate delays of only 
0.4ns. Or develop your own cell-based design 
of up to 70, 000 equivalent gates using Toshiba's 
internationally established Advancell ™ cell library. 

Toshiba's semi-custom families use 1.5µ 
and 1. 0 µ CMOS processes to give you the 
competitive edge. And our cell-based Super 
Integration technique combines zso, szcxx and 
specialty megacells with logic for true "system­
on-a-chip" ASIC solutions. 

Toshiba. The power in design, development 
and production. In DRAMs, SRAMs, Non-Volatile 
Memory, Logic, Custom and Semi-Custom. 

TOSHIBA AMERICA, INC. 
NEVADA, Elrepco, Inc., (415) 962-0660; NEBRASKA, DU. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology, 
(201J947-0151 ; 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 & 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 & 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., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; WEST VIRGINIA, 
Steffen & 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) 592-3214; QUEBEC, Electro Source, Inc .. 
(514) 630-7486. 
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System3000 
.1 3000 Unwersal p,ograrnine1 

ULAlOl System 

To be the best UNIVERSAL 
PROGRAMMER, you've got to set 
some pretty high standards. 

Stag's Systems 3000 gives you 
standard features found in no .A,.. 
other Universal Programmer. .... 

Single Programming Station 
The System 3000 is designed to pro­
gram PROMS, PLD's and Microcom­
puters in every known technology. The 
technology includes NMOS, CMOS, 
ECL, Fuse Link, AIM, DEAP and 
lsoplanar-Z. Surface mount devices 
can be programmed on an op~ 
SMD chip-station . ~ 

Users can easily install the innovative 
'Smart' Card to update new Device 
Support Libraries in seconds. 

WORK WITH 
THE BEST 

Built-In CRT ' Stand-Alone or Computer 
The System 3000 incorporates its -. Operation 
own ~RT display and keyboard -- All stand-alone functions are 
allowing 1t to be used as a powerful operational under remote 
stand-alone programmer. On-screen control using either a mainframe 
'"!1enus and prompts allow device selec- or a personal computer. 
t1on and all system operation functions 
to be easily executed. Instant Update Using a Memory 
The System 3000 also gives you full- Car~ . 
screen editing of both memory and A unique f~atur~ of _the System 3000 1s 
logic data including test vectors . Light th'.lt all de~1ce libraries an? program-
pen operation and custom Z-packs for ming algorithms are contained on a 
life cycle testing and other specialized ~emory Card that can be chang~d 
functions set the System 3000 apart instantly by ~he user as new de~1ces 
from any other Universal Programmer. b~come available. Data access 1s con-

siderably faster than floppy disk-based 
Interface Flexlblllty systems. 
Four separate user interface ports, in- Approved by Chip 
eluding two RS232C's .• an IEEE 488 Manufacturers 
and a Handler Port, give the System S · • 
3000 unrivaled flexibilit for c _ em1conductor ~anufactu_rers approval 

. . . . Y 0~ of our programming algorithms assures 
municat1ng with peripheral equipment. the user of the highest yield and 
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Stag Microsystems Inc. 
1600 Wyatt Drive, Santa Clara, CA 95054 
Tel: (408) 988-1118 FAX#: (408) 988-1232 

Stag Microsystems Inc. 
3 Northern Boulevard, Amherst, NH 03031 
Tel: (603) 673-4380 FAX#: (603) 673-1915 

device reliability. 
Call us today for more information or a 
demonstration and find out how easy 
Universal Programming can be. 

s~ag 
Soph1st1cated systems for the discerning engineer 



Our new 256Kxl and 64Kx4 Mighty Memory 
CMOS SRAMs are ready to take on your heavy­
weight advanced architecture design projects. 

Perfect for high performance applications 
such as 
Military 1750, 
DSP,AW, and 
other 32 bit 
micro designs, 

our Mighty Memories are available now in DIP and 
LCC. Both devices feature speeds to 35ns in 
standard and low power versions, MIL-STD-883 
Class B screened. 

EDI is also listed as an approved source on 
256Kxl and 64Kx4 DESC-SMD drawings. 

High density. High speed. Low power. The new 
Mighty Memory 256K Static RAMs from EDI, the 
high performance military Static RAM leader. 

~EDI EDl's last new 256K CMOS Static RAMs, 
available now In 256Kx1 and 64Kx4 wtth 
JEDEC standard pinouts, DIP and LCC. CIRCLE N040 The future . .. today. 

ELECTRONIC DESIGNS INC. 42 South Street, Hopkinton, MA 01748, USA, (508) e2341, TFX: (508) ~ TELEX 948004 
ELECTRONIC DESIGNS EUROPE, Shelley House, The Avenue, Lightwater, Surrey GU18 5RF, United Kingdom. Phone: 0276 72637 TELEX 858325 
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SUCCESS 

3930 Freedom Circl 
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Microtec Research has done a little genetic engineering on the 
cross-software development industry. Sure, our quality and 

customer support have become the industry cross-development 
standard. And what other company has the confidence to 

actually publish all fixes and ECOs for all products, for 
everyone to see? But our real legacy to you, our customer, is 

our commitment to providing the same cross-development 
software from more host processors to more target 

systems. From pSOS to VRIX to MS-DOS to UNIX to 
VMS. From assembler to C to Pascal to Fortran. From 

Motorola to Intel to Hitachi to AMD to Zilog. From IBM 
to DEC to HP to Apollo to Sun. From crossassemblers 
to cross compilers. From source debuggers running on 

hosts that are simulating target systems to the advanced 
in-circuit emulators from HP, TEK, Atron, Applied 
Microsystems, Sophia, ZAX and Taiwan's Microtek. 

All of which means you can spend your valuable 
time creating new silicon wizardry, rather than 

learning new cross-development user interfaces. 
Call Microtec at 800-551-5554 today 

( 408-733-2919 in California). So you can do 
some genetic engineering on a competitor's 

physiology tomorrow. 
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n.NDUIT Packs Labeling 
Productivity into Your PC! 
Use your PC and PANDUIT® labels and software for fast, 
economical identification. 
Whether you need 10 labels or 10,000 ... it's 
a snap to identify your products with PANDUIT 
computer-printable labels and label printing 
software. With your PC and printer you avoid 
the expense and inconvenience of special 
dedicated hardware. With your equipment 
you can create the exact label you need, 
when you need it-just in time. 

FREE LABEL SAMPLES 
Call Toll-Free: 
1-800-777-3300 
Ask for Telemarketing Dept. 

(in Chicago: 312-532-1800) 

• Most complete line of "industrial" pin-fed 
labels and data plates ... more styles, 
sizes and materials to meet a variety of 
demanding applications. 

• 'i\1 U.L. Recognized, @Certified 

•Experienced technical support staff 
to assist you with any identification 
problems. 

---
Software Program 
for Fast Label Design 

..... PAN-MARK 'M menu driven software produces 
~ the legend you see on your PC screen­

including BAR CODING. The library contains 
all PANDUIT label specifications, as well 
as room for your custom designs. Call for 
FREE demo diskette. 

[g AmDUIT CORP I 
ELECTRICAL GROUP 

Tinley Park, IL 60477-0981 
In Canada: Panduit (Canada) Ltd . 

CIRCLE· NO 42 



{) p-L R. f2'k. 

((; \j 

Ml ~~~~~~f I~~~ --
T

here is more to life than 
making inferences. While 
much attention has focused 
on the efforts of computer 
designers to emulate human 

intelligence, it is automotive elec­
tronics that has most closely 
tracked human system functions. 
From the start, the objective of mi­
croprocessor-based vehicle controls 
was to make the car a more efficient 
organism. 

Like living things, cars consume 
and process fuel and expel waste. 
They are, by definition, mobile. 

The spark timing module on the 1977 Oldsmobile 
Toronado was the first application of the microprocessor 
to engine control. The MISAR {Microprocessed Sensing 
and Automatic Regulation) system used a two-chip set 
from Rockwell Semiconductor. 

vehicle electronics is bringing the 
car closer to a central nervous sys­
tem and an ever more sophisticated 
sensory apparatus. 

It was environmental crisis that 
hastened the pace of automotive 
evolution. In response to air pollu­
tion and energy shortages, the U.S. 
government required auto makers 
to reduce exhaust emissions and im­
prove fuel economy. Each of these 
goals was independently daunting, 
and the task was complicated by the 
fact that improvements in control-

They react to external conditions. Microprocessors 
have allowed vehicles to master the mechanics of nutri­
tion, metabolism, and motion. Now, little more than 
ten years after the first automotive microprocessor, 

ling emissions generally came at the 
expense of fuel economy. Only precision microproces­
sor-based control of engine functions allowed simulta­
neous progress toward both goals. 

The spark timing module on the 1977 Oldsmobile 

Microprocessors: The brains 
in cars' central nervous systems 
Norman Alster 



Little more than ten years after the first automotive 
microprocessor, electronics is bringing the car closer 

to a central nervous system and an ever more sophisti­
cated sensory apparatus. 

Toronado was the first application of the microproces­
sor to engine control. The MISAR system (Micropro­
cessed Sensing and Automatic Regulation) was based 
on a two-chip set from Rockwell Semiconductor. The 
10-bit microprocessor housed 1/0 ports, scratchpad reg­
isters, 1/0 registers and analog-to-digital conversion 
circuitry. A second chip contained 10,240 bits of read­
only memory. The PMOS (for its high immunity to 
noise) processor gathered information from sensors on 
engine vacuum, engine speed, coolant temperature, 
and crankshaft position. The Rockwell processor com­
pared the gathered data with 350 preprogrammed data 
points to specify the optimal moment for the distributor 
to fire each cylinder. With MISAR, the auto industry 
had tak~n its first step towards fuel efficiency-coaxing 
the Toronado from a neolithic 13.8 to a slightly less 
barbaric 15 miles per gallon. 

Exhaust emissions mandated for reduction by the 
federal government were of three different types: car­
bon monoxide, hydrocarbons, and nitrogen oxides. The 
best way to reduce them, it turned out, was by hewing 
to a balanced diet-more precisely, by achieving an 
optimal air-fuel ratio of 14.6 to 1. This stoichiometric 
ideal became the Holy Grail of microprocessor-based 
fuel injection. 

The evolution of Ford's electronic fuel injection 
shows how auto makers learned to achieve ever finer 
control through ever more powerful microprocessors. 

Ford's first engine controls, based on a Toshiba micro­
processor, governed spark timing and firing, along with 
exhaust gas recirculation, but did not have the process­
ing power to also handle carburetion. By 1980, how­
ever, a customized version of Motorola's 6800 was able 
to provide central fuel injection: all cylinders were 
nourished through the engine manifold by a single mi­
croprocessor-controlled fuel mist. 

In 1984, Ford went to a 16-bit microcontroller that 
was custom designed by Intel. With the speed and 
precision of 16-bit multiply and divide capabilities, the 
new microprocessor-based controls (known as EEC IV) 
were able to deliver fuel independently to each cylin­
der. Instead of hosing imprecise blasts into the engine 
manifold, EEC IV calculated air volume in each cylin­
der before directing the ·appropriate portion of fuel. 
An eight-cylinder engine operating at 6000 RPM re­
quired a decision cycle-including input, calculation, 
and actuation-of just 2.5 milliseconds, notes Frederick 
Phail, Intel's automotive strategic marketing manager. 
"That was the rule of thumb. We had to get everything 
done within that time period." 

Microcontrollers-consisting of processor, memory, 
and 110-are the devices normally used for engine con-

The 1988 Lotus Esprit Turbo features some of the most advanced electronic 
suspension technology. Performance and luxury vehicles ore generally test beds far 
new electronics. 



Braking, suspension, and transmis­
sion have all begun to come under 

microprocessor control. 

trol. The 68HC11, designed jointly by Motorola and 
Delco, was the first single-chip microcontroller for 
automotive use. The first 16-bit automotive microcon­
troller was, as noted, the Intel-designed device at the 
heart of Ford's EEC IV module. A 32-bit microcontrol­
ler, developed jointly by Motorola and GM's Delco 
Electronics, will be introduced late next year. The first 
CMOS microcontroller was RCA's 1802, the brains of 
Chrysler's early controls. Unlike Ford and GM, Chrys­
ler wanted its engine controls under the hood. Operat­
ing temperatures exceeding l00°C eliminated both bi­
polar and NMOS as viable options. 

Handling improves 
As auto makers learned to bring the basic alimen­

tary, or fuel-related, functions under control, they be­
gan to examine the potential of microprocessors for 
mastering the mechanics of motion. Now, braking, sus­
pension, and transmission have all begun to come under 
microprocessor control. 

Anti-skid brakes, for example, use microprocessors 
to sift through sensor inputs on wheel speed. If the 
processor detects rapid deceleration, it orders solenoid 
switches to modulate hydraulic pressure to the wheels. 

Newer systems can pump and release the brakes 12 
or more times per second in order to slow down a 
skidding vehicle and at the same time prevent the 
brakes from locking up. The processing power required 
by anti-skid brakes is comparable to that required by 
engine controls, notes Jack Morgan, vice president and 
director of the auto segment of Motorola's Semiconduc­
tor Products division. But the algorithms are much 
less complex, adds Morgan, and the program memories 
are accordingly smaller. 

As has fuel injection, anti-skid systems have grown 
ever more sophisticated with advances in processing 
power. Whereas the simplest systems use 4-bit proces­
sors to control only the two rear wheels, advanced 
systems use 16-bit microcontrollers for independent 
control of all four. High-end systems, such as Bosch 
modules built around Intel's 16-bit 8096, even prevent 
wheel spin during rapid acceleration on slippery sur­
faces. 

Electronically controlled suspension is also evolving 
rapidly. Britain's Group Lotus Plc (acquired by GM in 
1986) has been a leader in this technology, which is 
now inching down the luxury ladder. The 1988 Lincoln 
Continental uses an Intel 8096 controller for automati­
cally adjusting air springs at each wheel to provide 
optimum handling, leveling, and stability. Sensors 

The 1988 Lincoln Continental uses on Intel 8096 controller for automatically adjusting 
air springs at each wheel to provide optimum handling, leveling, and stability. 



monitor the turning rate and angle of the steering 
wheel, the car's height-at front and rear-from the 
road surface, and other parameters. Sensed data goes 
to the processor, which varies the amount of air in the 
springs. 

Microprocessor-controlled transmissions have lagged 
behind other advances in vehicle control, but soon, 
according to Mark Grant, director of advanced automo­
tive products at National Semiconductor, they will of­
fer the handling advantages of manual transmissions. 
Grant says such systems, which feature automatic 
shifting of electronically controlled gears, will be less 
prone to wear and will offer clutch-avoiding drivers 
better acceleration and a sporty ride. 

No nagging, please 
But despite auto electronics' successes, its evolution 

has not been without some fits and starts. Along the 
way, drivers gave auto designers some valuable lessons 
on what they didn't want from microprocessors. No 
nagging, please: That was the clear message recorded 
at Chrysler when its voice warning systems (based on 
TI chips) bombed. Chrysler dealers were flooded with 
complaints, and within months Chrysler offered a 
switch for silencing the maddening intruders. 

The disappointing performance of digital speedome­
ters has also provided a marketing lesson to car mak­
ers: Motorists are not impressed with virtuoso elec­
tronics that provide no practical benefit. Most drivers 
now opt for read-at-a-glance analog displays. 

Less frivolous new electronics applications extend 
the sensory capabilities of cars. For example, infrared 
systems being tested by General Motors cut through 
darkness, fog, and rain. GM is also experimenting with 
several types of RF signals, hoping to produce an effec­
tive warning system for drivers as they back up or 
park (a major source of pedestrian accidents). Such 
systems would signal parkers of objects in their paths. 
The infrared vision and back-up features represent 
practical improvements that make the car more respon­
sive to its environment, but they're still too expensive 
to implement. 

Cars need a bus 
Microprocessor-based systems have developed a re­

productive life of their own within vehicles. Cars today 
may contain five or more processors, each monitoring 
sensors and controlling actuators. If there is a factor 
inhibiting the further application of the microprocessor 
in cars, it is the wiring required to tie all those chips, 
motors, and sensors together. 
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This concept car from Cadillac, the Voyage, would allow computer-controlled switching 
between rear-wheel and four-wheel drive. Other features on the drawing board 
include electronic-controlled transmission, anti-skid brakes, and a navigation system 
with color display. 

Wiring harnesses are increasingly heavy, unwieldy, 
and difficult to service. Some car doors are stuffed 
with fifty or more cables-hence the incentive for auto 
makers to implement multiplexing, a kind of centraliza­
tion of the automotive nervous system. Multiplexing 
would allow proliferating electronic subsystems to com­
municate and share sensors along a single electronic 
bus. 

First-generation networking chips such as Intel's 
82526, which implements a multiplexing protocol co­
developed with Robert Bosch GmbH, have established 
the feasibility of this automotive central nervous sys-

Microprocessor-contro1led transmis­
sions will be Jess prone to wear and 

wi]] offer clutch-avoiding drivers bet­
ter acceleration and a sporty ride. 

tern. Elements of multiplexing have already been im­
plemented on gadget-stuffed luxury vehicles like the 
Cadillac Allante and the Chrysler New Yorker. On 
sticker-shock specials like these, the benefits of multi­
plexing are the greatest, as is the potential for passing 
along added costs to the buyer. The costliness of smart­
power integrated circuits is perhaps the key factor 
inhibiting wider implementation of multiplexing. If the 
cost per node can be substantially reduced, the evolu­
tionary logic of a centralized nervous system will be 
abetted by economic logic. EDN 

Norman Alster, a freelance writer living in Cambridge, 
Massachusetts, is a former senior editor of Electronic 
Business. 
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MicroCASE supports the 68030 
with 25 MHZ emulation. 

Step right 
up to the 

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

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

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

68020 PROBE and 68030 PROBE are trademarks 
or the Atron Division or MicroCASE. VAX is a 
registered trademark or Digital Equipment 
Corporation. IBM is a registered trademark or 
International Business Machines. 
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instructions actually execute, and 
which bus cycles relate to those 
instructions. 

And by merely changing the 
probe tip, the 68030 PROBE also 
supports the 68020. 
1hle source-level debugging 

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

PROBE uti­
lizes an IBM® 
PC AT as 

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

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

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

Mr•rm Saratoga Office Center 

CAS
l'-rEJ==-i 12950 Saratoga Avenue 

~r, ~ Saratoga, CA 95070 
r...(I 408-253-5933 

ATRON DIVISION 
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STEP 
Am29000 

RISC 
Tools 

Thinking RISC? STEP Engineering Gives You The Winning Edge. 
We can help you win the RISC sweepstakes with high per­
formance, yet very affordable , Am29000™ development 
tools. For less than what others charge for just an in-c ir­
cuit emulator, STEP Engineering can provide a complete 
Am29000 Development System including: 

D The STEP ADAPT29K™ Hardware/Software 
Integration Station 

D The STEP 29K ANSI C Compiler 

D The STEP XRA Y29K™ Source-Level Debugger 

o The STEP 29K Assembler/Linker/Loader 

o The STEP SAEV Stand Alone Execution Vehicle 

These deve lopment tools let you quickly deve lop a target 
hardware system, write code in e ither assembly language 
o r "C" and then quickly debug it using a source leve l 
debugger. For fas t code check-out, the SA EV execution 
vehicle provides a fas t execution test bed. For more 

serious integration tasks, the STEP ADAPT29K is the 
idea l way to perform rea l-time hard ware/software integra­
tion . It operates at speeds to 40 MH z and prov ides a full 
range of debug features incl uding rea l-ti me trace memory. 

STEP Eng ineering has been committed to high perfor­
mance custom processor deve lopment too ls for over a 
decade. Now we are ex tending that commitment to 32-bit 
RISC processors. Our completely integrated hardware/ 
software tools package, bac ked by experi enced fie ld ser­
vice and technica l support , can g ive you the advantage 
you need for successful Am29000-based system des ign . 

So if yo u have dec ided to get seri ous about RI SC-based 
des ign, request our Am29000 Development Solut ions 
Literature Package. It will g ive you the facts yo u need on 
RISC deve lopment tool s. Write us at P.O. Box 3 166, Sun­
nyvale, CA 94088 or ca ll (800) 538- 1750, in Californi a, 
call (408) 733-7837. Our FAX# is (408) 773- 1073. 
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SIMPSON UNIVERSAL FREQUENCY COUNTERS. 

COUNT ON US FOR 
ACCURACY. 

Simpson's new high precision, 
eight digit frequency counters 
give you an eye into the world 
of critical clock signals, RF oscil­
lators and data communications. 
Readings of frequency (to 1.3 
GHz), frequency ratio (A/B), 
period, time inteNal (A to BJ and 
totalized count combined with 
multi-channel triggering let you 
find circuit problems that might 
otherwise go unnoticed. 
Simpson's Professional Series 
frequency counters allow for 
accurate measurements to be 

Srmpson Professronal Serres 
products are made rn USA 

taken on complex and noisy 
wave-forms by using the variable 
trigger controls and built-in, low 
pass filter. One model even offers 
you selectable attenuation and 

~ii= -~~~~ 
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AC/DC coupling, allowing the 
inputs to accommodate a range 
of signal characteristics. For more 
complex measurement situations 
involving two interdependent 
frequencies, an external clock can 
be substituted for the internal 
oscillator. This feature enables you 
to investigate a wide spectrum of 
frequencies-from computer cir­
cuitry to satellite communications. 
Try the new lineup of Profes­
sional Series frequency counters 
from Simpson. It all adds up to 
accuracy and reliability. 

Simpson Electric Company 853 Dundee Ave . Elgin. Illinois 60120-3090 312/697-2260 FAX 312/697-2272 
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The speed and flexibility 
available from microcode architec­
tures carry a price which must be 
paid by designers-complexity. But 
even complexity can be moderated 
with the right tools, and HILEVEL 
has them. · 

We've designed an array of 
microcode development systems 
and software to suit projects 
ranging from simple device con­
trollers to complex real -time radar 
processors. 

Write your programs in C using 
our new, reconfigurable cross­
compiler, or use our meta-assembler 

©Copyright 1988, HILEVEL Technology, Inc. 

to write time-critical programs in 
assembly code. Modules from either 
can be linked together, and there is 
a comprehensive source code 
editor and disassembler to simplify 
integration and debugging. 

To support your hardware, we 
offer the only control-store 
emulator with memory in its pods. 
This dramatically improves access 
times. But more important, the 
memory configuration is deter­
mined in software. Now you can 
use this system for a variety of 
projects, with control stores up to 
512 bits x 64K, without replacing 
pods or other hardware. 

You can monitor all critical 
activity up to 256 bits at full speed, 
using the logic state analyzer in the 
development system. And, our per­
formance measurement features 

will even help you find ways of 
improving your design . 

Don't make your project more 
difficult than it has to be. Call 
HILEVEL today and let us show 
you how writing microcode just 
became easier! 

DIAL 10LL FREE: 
1-800-HI LEVEL 
In California, 1-800-541-ASIC 

HI= ==== ===== - -.--------- ----------------TECH N 0 L 0 G Y, I NC . 

At The Leading Edge 
Of Microcode Development 

31 Technology Drive 
Irvine, CA 92718 
(714) 727-2100 
Circle No. 20 for Demonstration 
Circle No. 21 for Literature Only 
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The microprocessor 

chips out a new industry 
Tim Scannell 

T
he microprocessor has had a tremendous impact 
on everyone from grade school children to su­
permarket checkout clerks to corporate CEOs. 
However, when Intel Corp. released its first 
influential little chip in 1971, computers and 

data processing were not exactly what the company 
had in mind for its future. 

Robert Noyce, Intel's head, and engineers Ted Hoff, 
Stan Mazur, and Federico Faggin, who developed the 
4004 microprocessor, initially thought applications for 
the chip would be limited to hand-held calculators and 
some other, rather mundane, items. 

That first chip, in fact, came out of a project initiated 
by Busicom, a Japanese calculator manufacturer. The 
company had asked Intel-a spin-off of Fairchild Semi­
conductor-to develop an integrated circuit for a new 
generation of small calculators. Busicom used the re­
sulting chip, but later-seeking a price break-granted 
Intel the right to market it to other manufacturers. 
Thus, an industry was born. 

Auspicious beginnings 
Advertisements for the 4004 first appeared in the 

fall of 1971. Handling the initial ad campaign was Regis 
McKenna, who had just established a public relations 
firm and would go on to play a major role in promoting 
such companies as Apple Computer. To write the 
manuals for the 4004, Intel called upon a young engi­
neer it had on the payroll at the time-Adam 
Osborne-who would later build one of the first lugga­
ble personal computers and thereby launch the port­
able computing industry. 

It wasn't until mid-1972, however, that the micro­
processor took off as the heart and soul of an infant 
computer industry. That's when Gary Kildall , a young 
computer science professor at the U.S. Naval Post­
graduate School in Monterey, California, took an inter­
est in the 4004 after seeing one offered for $25 in an 
ad pinned to the school bulletin board. 
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In July 1974, Kodio·Eledronks told 
how to build on Intel 8008:bosed computer called the Mork-8, 
designed by electronics hobbyist Jonathon Titus, now editor of EON. 

Kildall didn't have a plan for the cut-rate chip, but 
he liked to play with computers, and here he had an 
honest-to-goodness computer-on-a-chip. It wasn't long 
before he was collaborating with Intel-first as a one­
day-per-week free consultant, and then as one of the 
first software developers for Intel's new 8-bit 8008. 
Eventually, he produced Control Program/Monitor 
(CP/M), the operating system for 8080- and Z80-based 
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computers that was his ticket to fame and fortune. 
CPIM became the first serious operating system for 
the early microcomputers, and it managed to hold onto 
this lead until Microsoft and IBM unveiled MS-DOS 
and PC-DOS in 1981. 

Without question, the first machine to have a major 
impact on the fledgling microcomputer industry was a 
$397 kit sold by an Albuquerque, New Mexico-based 
company called Micro Instrumentation Telemetry Sys­
tems, or MITS. Called Altair, after a fictional planet 
on the Star Trek television series, the system actually 
got its start because of good, old fashioned competitive 
journalism between two leading electronics magazines 
at the time: Radio-Electronics and Popular Electronics. 

In July, 1974, Radio-Electronics carried an article 
describing how to build an Intel 8008-based computer 
called the Mark-8, designed by electronics hobbyist 
Jonathan Titus, now editor of EDN magazine. The 
Mark-8 was little more than an engineering trainer 
that demonstrated functions of the 8008 microproces­
sor, but it was, nevertheless, a functioning computer. 

Titus' article and others published in Radio-Electron­
ics put the magazine clearly ahead of its closest compe­
tition, Popular Electronics. PE's editorial director, 
Arthur Salsberg, and technical editor Les Solomon 
were furious. Both had been searching for some kind 
of computer story to ride the growing crest of interest 
in microprocessors, and here their publishing rival had 
beat them to the punch. Solomon had received a lot 
of proposals and design ideas, but none had impressed 
him as worthy enough to be a cover story. None, that 
is, until he met Ed Roberts, founder and president of 
MITS. 

Roberts was fascinated with the idea of a computer 
kit. He was also desperate to revive his small, strug­
gling company with a new product. With encourage­
ment from Solomon, he and the two engineers on his 
staff immediately set about designing a computer based 
on Intel's new 8080. Another MITS employee, technical 
writer David Bunnell-who went on to found Popular 
Computing and is presently editor-in-chief of PC 
World-helped with the documentation. Roberts even­
tually delivered a system to Popular Electronics, but 
the machine on the magazine's January, 1975, cover 
was only a mock-up, an empty box with a few flashing 
lights, since the original system had been lost in the 
mail. 

The MITS Altair was priced at $650 fully assembled 
or $397 in kit form-an impossible price considering 
that Intel charged a little less than that for an individ­
ual 8080 chip which Roberts had bought in quantity 
at a discount. It also offered 256 bytes of memory, a 
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mere blip on today's memory scale but state-of-the-art 
by those early standards. Roberts hoped to sell at least 
200 of his computer kits to help pay off his company's 
debts; in fact, he sold many more than he could supply, 
building up a backlog of about 4000 orders within the 
first two months. 

The tiny Altair was a spark that ignited a flame, 
attracting the attention of the Homebrew Computer 
Club, a group of early micro enthusiasts in Menlo Park, 
California, that included Apple Computer founders 
Steve Wozniak and Steve Jobs. It also piqued the inter­
est of a young Harvard University freshman , William 
Gates, who was then dabbling in micro software and 
who would later establish the DOS computing stan­
dard. Gates and a friend, Paul Allen, wrote a form of 
BASIC for the Altair, which they sold to MITS. Allen 
stayed on as MITS' first software director, and Gates 
changed the name of the company he and Allen had 
formed--ealled Traf-0-Data-to Microsoft. Today, Mi­
crosoft is one of the largest micro software companies 
in the world. 

Over the next few years, the number of small com­
puter companies grew by leaps and bounds. The inno­
vative Altair was followed by a computer from South­
west Technical Products that used Motorola's 8-bit 
6800 processor. A friend of Gary Kildall, John Torode, 
formed Digital Systems, which later became known 
as Digital Microsystems. Other early companies in­
cluded Vector Graphics, Sphere, Loving Grace Cyber­
netics, Kentucky Fried Computers, and even the Itty 
Bitty Machine Co., which based its name on the initials 
of another, somewhat larger, computer firm. IMSAI 
Manufacturing, of San Leandro, California, under the 
marketing direction of head William Millard, was the 
first of the new companies to target businesses, not 
hobbyists, as customers, eventually racking up sales 
of over $1 million. 

A lot of people took note of IMSAI's success, among 
them Charles Tandy, then president and CEO of Tandy 
Corp., the company behind the chain of Radio Shack 
stores. Apparently, Tandy was "forced" to become a 
computer maker when Millard refused to let Tandy 
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invest in IMSAI. Radio Shack buyer and engineer Don 
French had carefully examined the MITS Altair when 
it was introduced and had been campaigning to launch 
a development project of his own. Eventually, he 
caught the attention of a young vice president of mar­
keting, John Roach, who is now Tandy's president and 
CEO. 

The TRS-80 Model I-Tandy's first microcomputer­
was officially unveiled in New York in August 1977. 
The system was priced at $399, and offered a basic 
4k bytes of memory, a Z80 processor, Basic, and slow 
and awkward cassette tape storage. Radio Shack ex­
pected to sell 3000 TRS-80s a year, but after a month 
it had already pushed 10,000 units through its retail 
outlets-the same number MITS had managed to sell 
in a year. 

The floodgates open 
By 1980, personal computers accounted for 12. 7 per­

cent of Radio Shack's total North American sales, a 
fact that did not go unnoticed in the electronics market. 
Other companies soon came out of the woodwork, in­
cluding Nolan Bushnell's Atari and Commodore, with 
its PET system. Many companies chose to appeal to 
the non-computing consumer rather than the knowl­
edgeable computer hobbyist. Among these were Texas 
Instruments, which unveiled its TI-99/4 computer, and 
Great Britain's Clive Sinclair and his innovative and 
inexpensive ($99) ZX-80 computer (later marketed by 
U.S. watchmaker Timex Corp. for $50 under the name 
ZX-81.) 

Tandy itself launched a series of other products­
including a pocket computer (a fancy pocket calculator, 
actually), a color computer, and the TRS-80 Model II. 
Tandy also unveiled a laptop computer, the Model 100, 
that was assembled in Japan and featured a liquid crys­
tal display, built-in software, a built-in modem, and a 
CMOS processor. The system operated on four penlight 
batteries. 

Tinkering with success 
In the meantime, a new competitor had suddenly 

risen in the form of two college classmates who had 
decided to capitalize on each other's talents and start 
a computer company. Steve Wozniak ("Woz" to his 
friends) was the electronics tinkerer, forever working 
out problems on scraps of paper and devouring circuit 
diagrams and minicomputer manuals like someone else 
might eat popcorn. Steve Jobs, on the other hand, was 
the marketing genius. He had a hobbyist's love for 
electronics and the early computers, but he also knew 
how to sell them to the public. 

Wozniak had first ventured into computer design 
when in high school. He and a friend, William Fernan-
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dez, constructed a small system out of the discarded 
and rejected electronics parts that seemed to fill and 
overflow the trash bins of Silicon Valley. The computer 
resembled an Altair, replete with blinking lights and 
switches. They called it the Cream Soda Computer, 
because that is what they mostly consumed as they 
worked many a late night building their machine. When 
it was completed, Wozniak and Fernandez immediately 
called the local newspapers to tell their story. Both 
had dreams of riches and fame in their head. However, 
when the system was plugged in, it ran for a few 
moments and then began to billow smoke. Wozniak's 
first computer had failed. 

In 1973, having just finished his junior year at col­
lege, Wozniak landed a summer job at Hewlett­
Packard Co., where Fernandez was already working. 
Wozniak liked HP so much, he decided to put off college 
and continue working there. He was assigned to the 
company's calculator division, and while there, he con­
tinued to pursue his greatest love-video games. 
Wozniak eventually wrote his own game, Breakout, 
which he and marketer Jobs sold to Atari's Nolan Bush­
nell for the unprincely sum of $700 (Jobs had spent 
some time working at Atari and was a friend of Bush­
nell). 

Woz the wiz designs an Apple 
Like many electronics aficionados of the time, 

Wozniak was an avid member of the Homebrew Com­
puter Club, and it was there that he and Jobs intro­
duced their first Apple computer, the Apple I. MOS 
Technology had just come out with its own processor, 
the 6502, which it was selling for the then-revolution­
ary low price of $20. Wozniak bought the chip and 
designed a board and processor around it, painstak­
ingly installing connections for both keyboard and 
monitor. The finished Apple I didn't have a power 
supply, a case, or even a keyboard, but its debut at 
the Homebrew club was an immediate success. The 
members went wild; they not only liked the design 
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(which Wozniak freely circulated), but they wanted to 
buy a finished product. This was a tall order consider­
ing Wozniak had hand-wired the prototype. To raise 
the $1300 needed to design and manufacture a printed 
circuit board, Jobs sold his Volkswagen microbus and 
Wozniak sacrificed his HP programmable calculator. 

Wozniak was content to sell the Apple I to Home­
brew club members and other hobbyists, but Jobs had 
been bitten by the entrepreneurial bug. He convinced 
Paul Terrell, founder of the Byte shops and one of the 
first retailers of computer products, to place an order 
for fifty computers. There was a hitch, though-Terrell 
wanted them completely assembled, not a box of parts 
or a kit. 

With purchase order in hand, Jobs and Wozniak man­
aged to get a 30-day credit from vendors to buy parts. 
They worked out of Jobs' garage, spending late nights 
with hot soldering irons. Jobs paid his sister a dollar 
a board to plug in chips, and, like a high-tech Tom 
Sawyer, even convinced friends to pitch in. Just one 
day before deadline, Jobs delivered the fifty fully as­
sembled machines. 

The fifty Apples sold almost immediately, and 
Wozniak and Jobs continued to build and sell more (for 
$666 each) through local computer storefronts. They 
only sold about 200 completed computers-not because 
demand dwindled, but because Woz had already 
mapped out plans for the next-generation Apple ma­
chine-the Apple II. Unlike the Apple I, the II was a 
fully integrated personal computer that offered the 
processor, keyboard and connectors all in the same 
box. You simply plugged it in and it ran. Its official 
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debut took place in early 1977 at Jim Warren's West 
Coast Computer Faire and sold for $1200. It was a 
huge success. 

Growth and growing pains 
Apple was clearly on a roll. In late 1976, Jobs had 

convinced A.C. (Mike) Markulla-a former executive 
with Intel and Fairchild who had "retired" at the geri­
atric age of 34 to do absolutely nothing-to not only 
join Apple, but invest more than $90,000 in the young 
company. Jobs had also talked public relations wizard 
Regis McKenna into representing the young company 
and had convinced Wozniak to give up his full-time job 
at HP to devote all his energy to Apple. (As the story 
goes, Wozniak had originally approached HP with the 
design for the Apple I and was rejected because HP 
brass thought his design could not be easily mass pro­
duced. HP's own personal computer, the HP-85, was 
introduced in January 1980.) 

Apple's history is not, however, without a few 
worms; the company did have a few failures. One of 
these was the Lisa, said to be named after a girlfriend 
of Steve Jobs. The Lisa was to be a totally different 
type of computer, using a bit-slice architecture for 
speed and offering a mouse pointing device-first de­
veloped at Xerox's Palo Alto Research Center-as well 
as built-in integrated software. 

Unfortunately, the Lisa project drifted on for many 
years. Jobs was in charge of the project at first, but 
later gave up the role to work on another computer 
he had envisioned after visiting Xerox's PARC. In 
keeping with the Apple motif, Jobs code-named his 

The original TRS-80 microcomputer was unveiled in August 
1977. The system cost $399 and offered a basic 4k bytes 
of memory, a Z80 processor, Basic, and cassette tape storage. 
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new project Macintosh. 
One other project that failed, but provided some 

worthwhile education, was that involving the Apple 
III. Unfortunately, the project was doomed from the 
start: The system was developed by a committee of 
engineers, not a single person, and it was the first 
Apple project that did not involve Steve Wozniak. 
Early models of the system would suddenly crash and 
fail. Soon, what had been dreaded the most began to 
happen: Apple III systems began returning in droves 
from the dealerships. 

A little help from friends 
The Apple II probably would have achieved success 

on its own, but other products had a lot to do with 
propelling it to the top. One of these was VisiCalc, a 
spreadsheet and financial analysis program developed 
by a thin, bearded Harvard MBA student named Dan 
Bricklin. VisiCalc was an immediate success, selling 
at the rate of 500 programs per month at first and 
quickly rising to 12,000 programs per month in 1981. 
In its wake, it took the Apple II. Whereas the hard­
ware had established the vehicle, Bricklin's software 
had mapped out the route. 

The success of VisiCalc was like a shiny lure to others 
who had been carefully watching the rapid growth of 
the microcomputer. One of these was a young program­
ming consultant, part-time disc jockey, and teacher of 
transcendental meditation. It was while watching a 
football game on television on New year's Day, 1979, 
that Mitchell Kapor supposedly made the decision not 
to go back to college to pursue his doctorate, and to 
devote all his time to a relatively new te.chnology called 
the personal computer. As it turns out, it was a decision 
that would have a major impact on the microcomputer 
industry. 

The computer community in Boston, where Kapor 
lived and worked, was relatively small at that time, 
keeping in touch through such organizations as the 
then-tiny Boston Computer Society. So, it was not 
surprising that Kapor was a good friend of both Brick­
lin and VisiCalc co-developer Robert Frankston. How­
ever, Kapor saw some deficiencies in VisiCalc: While 
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it could easily manipulate words and numbers, it had 
no graphing or plotting capabilities. 

Kapor immediately started working on add-on prod­
ucts to VisiCalc, becoming one of the first independent 
third-party software developers. He spent the entire 
summer of 1981 working on graphics and plotting soft­
ware for VisiCalc, and in October of that year he un­
veiled VisiTrend and VisiPlot. In November, he sold 
the rights to the programs to Bricklin for the then 
unprecedented amount of $1.8 million. In April, 1982, 
he founded Lotus Development Corp. and went on to 
develop the best-selling 1-2-3. 

The first "luggable" 
By the summer of 1980 there were more than a dozen 

hardware and software companies in existence that 
were all doing fairly well. Apple had the biggest slice 
of pie, of course, but there was plenty of room for the 
smaller computer makers. There was also enough room 
for at least one more-at least that's what popular 
computer columnist, technical author, and outspoken 
industry pundit Adam Osborne thought. 

Back then, Osborne was the Cary Grant of the indus­
try. While others traveled to computer shows and clubs 
with their boards and disk drives slung under one arm 
and their knapsacks under the other, Osborne wore 
suits and ties to even the most basic affairs. Such was 
his nature, proper and professional. 

As a prolific writer, Osborne recognized the role of 
the computer as a tool. However, he was unhappy 
with the fact that someone with such a mobile lifestyle 
should be tied down to a desktop-bound personal com­
puter. Why couldn't these machines be a little lighter, 
a little more compact, and durable? Why couldn't they 
be portable? Thus was borne the idea for the Osborne 
I. It wasn't the first portable computer; IBM had devel­
oped a prototype portable computer in one of its labora­
tories some years before. However, it was the first 
commercially available and luggable computer. 

In designing the system, Osborne insisted on one 
thing: It had to fit under a standard airplane seat. 
This later became the linchpin of his ad campaign for 
the Osborne I. He also wanted to build a system that 
offered just enough technology to make it work, but 
not too much to make it a burden. 

Osborne unveiled his machine in April, 1981, at what 
had quickly become the electronics maternity ward of 

· Silicon Valley, Jim Warren's West Coast Computer 
Faire. It was based on a Z80 microprocessor, and it 
had 64k bytes of memory and all the standard inter­
faces. It also came equipped with software: CP/M de­
veloped by Gary Kildall, CBASIC from Gordon 
Eubanks, Basic from Bill Gates and Microsoft, and 
WordStar from Seymour Rubinstein's MicroPro. Eve-
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ryone except Kildall agreed to take stock swaps and 
options in lieu of money. Osborne also offered various 
officer positions to his software SWAT team. Rubin­
stein was the only one who accepted, becoming chair­
man of the board. 

The small and somewhat militaristic looking system 
was priced at $1795. It was the star of the computer 
show, prompting other computer makers to follow with 
similar products. Kaypro Corp. came out with a system 
that looked identical to the Osborne, as did Cromemco 
but at five dollars less. The future seemed bright that 
summer for the CP/M world. 

The winds of change 
The strong and steady winds that were blowing for 

such companies as Apple, Tandy, and a host of others 
suddenly changed direction on August 12, 1981. That 
is when mainframe-maker IBM Corp. decided· to take 
a stab at the young but interesting personal computer 
industry. 

IBM had assembled a team of 14 people in its Boca 
Raton, Florida, facility to totally devote their time to 
developing a personal computer. The team was headed 
by Philip (Don) Estridge, an engineer and IBM execu­
tive who had been transferred to Boca Raton in the 
l~te 1960s. Overseeing the entire operation was Wil­
liam C. Lowe, now an IBM vice president. They were 
given roughly a year to complete the project, from 
concept to finished product. · 

The group functioned as an independent business 
unit, working outside the normal business restrictions 
and red tape of IBM. To save time, they decided to 
acquire computer parts from other vendors-a first for 
Big Blue, which normally designed and constructed 
everything itself. 

To supply software for the system, IBM turned first 
to Gary Kildall of Digital Research and then to Bill 
Gates of Microsoft. Kildall reportedly wasn't interested 
because he didn't want to get locked into IBM's tough 
non-disclosure rules that surrounded the new product. 
Gates didn't mind and quietly worked with a prototype 
of the PC in the back room of a bank building in down­
town Seattle. 

The IBM PC--0fficially dubbed the Model 5150--­
made its debut on schedule on August 12, 1981. First 
shipments were scheduled for September. The system 
featured an Intel 8088 processor running at 4 MHz, 
two 160k-byte floppy disk drives, 16k bytes of RAM 
(expandable to 64k bytes), and four expansion slots. 
It sold for $1,565-a little more than the Apple IL 

The IBM PC was an immediate success, not only 
because it was backed by the formidable marketing 
muscle of IBM, but because it opened the industry to 
a variety of players involved in both hardware and 
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software. Before the end of that year, IBM would ship 
13,000 PCs from its Boca Raton manufacturing facili­
ties. The small task force has grown from its 14-
member beginnings to more than 10,000 employees 
worldwide, pumping $5 billion annually into IBM's cof­
fers. Almost immediately, companies like Apple Com­
puter took a back seat to IBM in the business computer 
world. 

The microcomputer industry has come a long way 
since IBM decided to jump with both feet into the 
pool. There have been a number of advances in micro­
processor technology, with chips getting faster and 
more flexible. Today, chips such as Intel's 80286 and 
80386 are the standards for most business applications, 
while Motorola's 68000 series takes aim at graphics­
intensive applications. Apple's Macintosh systems are 
based on the Motorola chips, the most recent entry 
being a Mac that sports a fast 68030 chip that can 
easily be coaxed into operating at a clock speed of up 
to 25 MHz. Workstations also use multiple-processor 
architectures, with individual chips dedicated to spe­
cific functions. 

One recent trend in the industry is toward reduced 
instruction set computing (RISC) chip architectures. 
Basically, RISC speeds up processor functions by re­
ducing the number of instructions built into a chip and 
relying on much simpler steps that are repeated at 
faster speeds. RISC research was originally conducted 
in the mid-1970s by IBM computer scientist John 
Cocke. In fact, IBM developed a prototype RISC proc­
essor as early as 1980, and it holds many of the patents 
on RISC architectures. 

Today, nearly every major computer manufacturer 
is either experimenting with RISC designs or has un­
veiled a RISC processor. Among these are IBM with 
its RT PC, Sun Microsystems, Inc. and its Scalable 
Processor Architecture (SPARC) systems, and Mips 
Computer Systems, Inc. While most RISC chips are 
proprietary in nature, Motorola has developed and re­
leased a RISC chip, the 88000, that is being used by 
workstation builders as a platform for the UNIX oper­
ating environment. In fact, a consortium of vendors 
has even banded together to promote the chip as a 
standard. Called 880pen, the group includes such mem­
bers as IBM, Data General Corp., and Apollo Com­
puter, Inc. EDN 
Tim Scannell is editor of Mini-Micro Systems. 
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The 20MHz 80186 processor supplies the ~ 
but solid common sense design accounts for the 
performance of Central Data's Multibus•I CD21/8386. 

For spectacular memory throughput, our board 
offers four interleaved banks of 32-bit-wide fast page 
RAM to achieve zero-wait-states for most accesses and 
eliminate the need for caching. 

To get the data in and out, we provide 2 SBX 
connectors. Intel's board has one. 

To get it to memory, our board supports OMA. 
Intel's doesn't. 

Our board lets you use both Weitek WTL ll67 and 
80387 floating point co-processors. Intel makes you 
choose between them. 

Like all our Multibus SBCs, the CD2I/8386 is fully 
hardware and software compatible with corresponding 
Intel boards ... in this case with the SBC 386/ 3X 
series. But our board is not just loaded with features, 
it's got the right features to capitalize fully on the 
80386's extra power and wide data path in any 
application . That 's common sense design. 

And Central Data backs it up by our industry­
leading performance in the areas of manufacturing 
standards, user support, and on-time delivery. 

Give Mike Heins, SBC product manager, a call 
today and he'll be happy to tell you all about it. 

9mrl 
CIRCLE NO 49 

1602 Newton Drive, Champaign, IL 61821-1098 

1-800-482-0315 
(In Illinois 217-359-8010) FAX 217·359-6904 

• M ult ibus is a lradcmark of Intel Corporat ion. 
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First of all, bett e r 

pe rformance. In high 

speed op-amp applica­

tions you need high slew 

rate, but not without 

good phase margin, low 

overshoot, and fast set-

tling time. Sipex cov­

Time 

OUR2510 

ers you on all counts. Look at our SP2510 op-amp. It 

achieves its 65 VI µsec slew rate with better phase mar­

gin , less than 5%overshoot,and a settling time of under 

2.50 nSec. Our other high speed op-amps, such as 

th e SP2500/02/05, SP2520/22/25, SP2600/02/05, 

and the SP2620/22/25, offer you an equivalent edge. 

And the re's more. We'll deliver these high 

pe rformance products without the usual hassles. 

Time 

THEIR 2510 

Our op-amps come in 

the package you need , 

when you need the m, 

and are specified to 

yo ur co mm e rcia l or 

military requirements, 

including MIL-STD-

883 screening. That's 

second sourcing that puts you first every time. 

For a free copy of our 382-page 1988 cata­

log, call our Sipex lite rature hot line : 1-800-272-

1772. In Massachuse tts call (508) 663-7811. For 

product samples, write on letterhead to 

Sipex, DataLinear Division , 

491 Fairview Way, 

Milpitas, CA 95035 

SIGNAL PROCESSING EXCELLENCE 
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Vos COMPENSATOR 

IMPROVE OP AMP 
ADJUSTMENI' Wll'HOUI' 

Jill l'HE 1'111 fNGS. 

Bourns Trimpot simplifies the 
whole process of trimming op amp 
circuits. The new OTl offset 
trimming potentiometer improves 
op amp circuit performance. It cuts 
component count. It saves board 
space. There's nothing else like it , 
anywhere! 

Better Circuit Performance 
This op amp offset voltage 

adjustment component isolates both 
op amp power supplies to reduce 
the negative effects of drift . By 
using a center tap design , the OTl 
effectively separates the two power 
supplies, resulting in up to a lOX 
improvement in voltage offset error 
caused by power supply drift. 

FREE SAMPLES 
Try the new OT 1 in 
your own design at 
no cost. Send for 
this application 
synopsis and 
product guide 
today, which 
includes a 
FREE sample 
offer. Just 
circle the reader 
service number below. 

Parts/Space Reduction 
The OTl cuts component count , 

too. Until now, you needed a 
trimming potentiometer, various 
fixed resistors and diodes to adjust 
most op amp offset voltages 
accurately. Now with the OTl, most 

diodes can be eliminated and 
fixed resistor count can be 

reduced. Circuits can be simplified, 
and board space can be reduced 
while improving the operating 

accuracy of the op amp circuit. 

Application Specific 
The new OTl is the most recent 

example of this Bourns commitment 
to offer products that satisfy real life 
design problems, like yours. 
Application specific products require 
an unending search for ways in 
which to serve you better. We call it 
''Customerized Technology ,'' and 
you' ll see the advantages. 

Contact us today for all 
the details . 

BOURNS TRIMPOT 

After 40 years, there's still no equivalent. 
Bourns, Inc., 1200 Columbia Avenue , Riverside, California 92507; (714) 781 -5050; TLX : 676-423; TWX: 910-332-1252; FAX: 714-781-5700. European Headquarters: Zugerstrasse 
74, 6340 Baar, Switzerland: 042-333333; TLX : 868722; FAX: 042-319017 . Benelux: 070-874400; TLX : 32023. France: 01-40033604 ; FAX: 01-40033614 . Germany: 0711-22930; 
FAX: 0711-291568 . Ireland: 021-357001 ; FAX: 021-357443 . United Kingdom: 0276-692392; FAX: 0276-691037 Asia Pacific Headquarters: 1401 Citicorp Centre, 14th Floor, 
18 Whitfield Road . Hong Kong: (852) 5-702171 : TLX : 82953 BAPHK HX; FAX: 852-5-664341 ; CBL: BOURNSASPA HONGKONG. Singapore: (65) 339-3331 ; FAX: (65) 339-1116. 
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\ 
nter the Ey -~ 
of the StoI\· 

It's easy for companies to see what's going on around them. SOFTWARE ENGINEERS 
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Market trends. New product developments. Competitive activities. 
What sets Motorola 's Semiconductor Products Sector apart 

is focus on our internal force. The power of a strong partnership 
with our people. People who are the source of innovation. 

It is this 
unwavering belief in employee participation and recognition that 
is the foundation of our technical achievement. That invites our 
continued growth and success. 

When you enter Motorola 's 
Semiconductor Products Sector. you enter a storm of activity that 
excites the imagination of the designing and discriminating mind. 

Specific needs for development and support of our 88000. 
68000 and 56000 product lines has created a world of 
opportunities in Motorola's High-End Microprocessor design 
organization in Austin. Texas for: 

MASK LAYOUT DESIGNER 
Work with schematics. logic diagrams and engineering notes to plan and 
execute topological design of VLSI MPU circuits. Support revisions of 
existing design and direct design staff. Requires Associate Degree and 
2-5 years related experience. 

CIRCUIT DESIGN ENGINEERS 
Perform design and analysis of high speed CMOS circuits related to micro­
processors and peripherals. and assist test/product engineers. Requires 
BSEE and 2 + years experience with knowledge of microprocessor 
functionality and characteristics. 

32-BIT PRODUCT MANAGER 
Responsible for the success of the 32-bit Product Line. Duties include 
forecasts. price strategy, competitive analysis. cost analysis. new product 
introduction. first level technical contact with customers and intra company 
representation. Requires BSEE and 3+ years experience in computer 
systems; MBA helpful. 

PRODUCT ENGINEERS 
Responsible for yield/cost management and improvement. characterization 
of products to support design. manufacturing and quality improvements. 
and customer interface. Requires BSEE and 1-5 years experience with 
knowledge of microprocessor functions and characteristics. 
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Design. implement and maintain operating 
systems. compilers. assemblers. simulators 
and run-time support packages for the 
M68000. M88000 and DSP 56000 product 
families. Requires BSCS. BSEE or equiva­
lent and programming experience in a 
UNIX C environment and/or Graphics. 

CAD/CAE ENGINEERS 
Design. develop and maintain the 
CAD/CAE tools for integration to design 
engineering system. Requires strong 
knowledge of related tools and standards. 

SYSTEMS DESIGN ENGINEERS 
Responsible for definition/development of 
16/32 bit microprocessor and peripheral 
elements/various combinations and 
development of design methodology for 
ASIC based design. Requires BSEE/BSCS 
and 3-5 years experience or MSEE/MSCS 
and 1-3 years experience including strong 
background in computer architecture and 
High Level Language. Experience in ASIC 
software tool development is a plus. 

In addition to the highly competitive 
salaries and benefits of Motorola. our 
desirable Austin location offers rolling 
hills. clear blue lakes. affordable housing 
and warm 'lexas hospitality. Explore one 
of these opportunities now. Send your 
resume to the attention of Brett Rodgers. 
Motorola Semiconductor Products 
Sector. 1112 W. Ben White Blvd .. Suite 
200, Austin. TX 78704. 

@ 
MOTOROLA 
Semiconductor Products Sector 
An Equal Opportunity/Affirmative Action Employer 



First power-saving 
16-bit rad-hard CMOS µP ... _... ..... _ 
You should see what happens to our 80C86RH µP when ex­
posed to 1 OOK rads total dose. That's right. Absolute ly nothing! 

With its built-in hardness, the 80C86RH is designed to thrive 
in harsh environments. Guaranteed, in fact, to meet data sheet 
specs after exposure. 

Our new CPU makes bulky shielding obsolete. New specialized 
peripherals replace many discretes and pare chip count and costs 
even further. 

All are 100% pin- and software-compatible with 8086 NMOS 
systems, and with Harris' standard 80C86. And you avoid the 
expense of developing software: it's already available. 

You can prototype with standard 80C86 parts then retrofit with 
our new rad-hard compatibles - after systems are tested and 
working. 

Want to outshine the competition? Then give your systems 
a flare for the dramatic ... design-in our rad-hard 80C86 fami ly. 

Contact Harris Semiconductor for details and a data book. Call 
1-800-4-HARRIS, Ext. 1902 (in Canada, 1-800-344-2444, 
Ext. 1902). 

New rad -hard 16 -bit CMOS peripherals 

82C85RH Static Clock Controller/Generator 
82C37ARH OMA Controller 
82C54RH Interval Timer 
82C55ARH Programmable Peripheral Interface 
82C52RH Serial Controller Interface (01 , '89) 
82C59ARH Programmable Interrupt Controller (01 , '89) 
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© 1988, Harris Corporation 
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MICROPROCESSORS 

On-board space­
craft systems 
mean weight 

and intolerable 
launch costs, so 
most spacecraft 
control is from 

the ground. 
Microprocessors 

are making 
lighter systems 

ever possible, 
however. 

move slowly, 
but confidently, 

into space 

Paul Kinnucan 

F
or years pundits have been predicting that 
microprocessors will revolutionize space appli­
cations by enabling development of a new breed 
of automated satellites and spacecraft. Such 
automated space systems can be far less expen­

sive to operate than current satellites, which require 
elaborate and costly ground-based monitoring and con­
trol facilities. Automated satellites can also reduce the 
vulnerability of space-based military intelligence and 
communications systems, which can be rendered inop­
erable by attacks on ground control facilities. 

Microprocessors can benefit space systems in an­
other way, many experts say. They can speed the flow 
of weather and earth resource satellite imagery to us­
ers by processing images in space, at the time of collec­
tion, rather than on the ground as now. In this way, 
microprocessors eliminate the time-consuming inter­
mediate steps of transmitting raw images to the ground 
for processing and then relaying them to end users, 
such as TV stations, via satellite communications links. 

Such benefits are still in the future, however. The 
reason? Automated control and data processing sys­
tems, even those based on microprocessors, exact a 
significant weight penalty. With launch costs running 
$5000 to $30,000 a pound, space-systems designers pre­
fer to put into space only those components of a sys­
tem-radio transponders, antennas, and TV cameras, 
for example-that are absolutely necessary there. 

Moreover, putting automated control and data­
processing systems into space increases the complexity 
of on-board electronics and hence the risk of a mission-

NASA's Orbital Maneuvering Vehicle, built 
by TRW and appearing here as a hovering 
disk-shaped croft near a docked Space 
Shuttle, con aid in the construction of the 
future Space Station by moving large 
structures into place. Microprocessors will 
ploy on extensive role in the OMV be­
cause of their low weight and power 
consumption. 
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endangering component failure. Since even in the 
Space Shuttle era, most satellites cannot be recov­
ered-or, if they can, only at extreme cost and risk 
to astronauts-satellite designers again prefer to avoid 
the additional complexity and chances of failure that 
on-board data processing and automated control sys­
tems can entail. 

Recent developments, however, could change this 
bias against on-board data processing and mission con­
trol. NASA intends to deploy, beginning in the next 
decade, remotely piloted space tugs that will enable 
the retrieval of satellites from orbits beyond the Shut­
tle's reach and without risk to human pilots. The satel-

EDN Microprocessor Issue October 27, 1988 

lites could then be repaired on the Shuttle or the Space 
Station or on the ground and reboosted into orbit by 
a space tug. Space tugs will greatly expand the number 
of satellites that can be repaired and hence reduce the 
design penalty entailed in moving mission-control and 
data-processing functions into space. 

Interestingly, space tugs themselves illustrate a 
benefit of moving automated systems into space. Be­
cause they will be remotely piloted from ground loca­
tions or from the Space Station or Space Shuttle, they 
will put a heavy load on NASA's already overburdened 
spacecraft-to-spacecraft and spacecraft-to-ground com­
munications system. This is especially so since space 
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tugs will carry on-board TV 
cameras to enable remotely located 

pilots to perform close-in inspection 
and docking maneuvers. The high 
data rates required to transmit video 
signals from the tugs to the distant 
pilots will consume valuable band­
width on NASA's spacecraft-track­
ing-and-control communications sys­

tem, which will also have to support the Space Station, 
Shuttle, and other NASA spacecraft. 

To reduce this load, NASA's first space tug, the 
Orbital Maneuvering Vehicle (OMV), now being devel­
oped by TRW Inc., will be equipped with a sophisti­
cated autopilot that will enable it to find and rendez­
vous with satellites and other spacecraft without the 
need for human piloting. This, in turn, will eliminate 
the need for spacecraft-to-pilot communications for all 
phases of the mission except the final and critical in­
spection and docking maneuvers. 

Not surprisingly, microprocessors will play an exten­
sive role in the OMV because of their low weight and 
power consumption. For example, a Harris Corp. 
80C86 microprocessor will perform signal processing 
and control functions in the OMV's rendezvous radar 
being developed by Motorola Inc. The radar will enable 
the tug to acquire and track spacecraft located up to 
35 miles away. 

Similarly, an AAMP microprocessor made by Rock­
well International Corp. will be used in an on-board 
navigation system being developed for the OMV by 
Rockwell. The Rockwell microprocessor will compute 
the OMV's position, using information from radio navi­
gation satellites to be launched in the next few years 
as part of the U.S. Navy's Global Positioning System 
(GPS). In addition to supplying position updates once 
a second to the OMV's autopilot and remote human 
pilots, the AAMP processor will also be responsible 
for locating navigation satellites as they rise over the 
OMV's horizon. At least four such satellites must al­
ways be in view for the navigation system to obtain 
an accurate radio fix. 

Texas Instruments 9080 microprocessors in the GPS 
satellites themselves will also play a critical role in 
OMV navigation. The TI microprocessors will transmit 
ephemeris data (predicted satellite position) stored in 
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NASA's Galileo Jupiter mission spacecraft (developed by 
the Jet Propulsion Laboratory), was one of the first 

spacecraft to employ a microprocessor-based 
data-management system. Galileo was 

developed in the late 1970s by the 
Jet Propulsion Laboratory and origi­
nally scheduled to be launched in the 
early 1980s by the Space Shuttle. 
A series of problems with the Shuttle, 
most recently the Challenger disaster, 
has delayed the scheduled launch until 
late next year. 

their memories to the AAMP processor on board the 
OMV, enabling the processor to determine a navigation 
satellite's position accurately and hence its own posi­
tion relative to the satellite. 

Microprocessors will show up in the OMV in yet 
other ways. For example, a processor will be used to 
compress the video signal from the OMV's on-board 
TV cameras, thereby reducing communications traffic 
during the final inspection and docking manuevers to 
be handled by remote pilots. 

In all these applications, the OMV's microprocessors 
are replacing functions once handled by dedicated logic 
or computers. The resulting weight savings-signifi­
cant because each of the OMV's systems are replicated 
to assure reliable operation-translate into greater on­
board fuel capacity and hence range. The OMV will 
be able to retrieve satellites orbiting some 1300 miles 
above the Earth's surface-more than 1000 miles above 
the Shuttle's maximum altitude. 

When the OMVs, two of which are being developed, 
are deployed early in the next decade, they will not 
be the first spacecraft to use on-board microprocessors. 
Indeed, because of their low weight and power con­
sumption, microprocessors have been replacing dedi­
cated logic and computers in a variety of spacecraft 
systems since the late 1970s. 

An application where microprocessors have become 
especially popular is spacecraft attitude-control sys­
tems (ACSs). Here, the microprocessor computes the 
spacecraft's current orientation vis-a-vis some celestial 
object, typically the sun, stars, or earth, using on­
board sensors. If the orientation differs from one as­
signed by mission controllers, the microprocessor com­
putes the degree and direction of force required to 
re-orient the spacecraft. This information is then com­
municated to on-board thrusters or momentum wheels 
that supply the required forces. 

One of the first spacecra~ to employ a microproces­
sor-based ACS was the Indian government's Insat-1 
multimission satellite developed by Ford Aerospace 
in the late 1970s and launched into orbit in 1983. (Such 
long lead times between satellite development and 
launch are typical because of the scarcity of launch 
facilities). The Insat-l's ACS employed an 8-bit micro­
processor built out of 4-bit 2901 slices. The Insat-1 
satellite was notable in another way. It was the first 

EDN Microprocessor Issue October 27, 1988 



I , 
f 

from Harris Corp. satellite to simultaneously support 
voice communications, direct 
broadcast TV, and weather-data 
collection functions. 

Other spacecraft that have, or 
will, deploy microprocessor-based 
ACSs include the Arabsat and 
Superbird multimission satellites 
and the U.S.'s GOES V geostation­
ary weather satellite (all developed 

The National Oceanic and Atmospheric Administration's 
Geostationary Operational Environmental Satelites 
{GOES), under construction by Ford Aerospace & Com­
munications Corporation, will provide improved capa­
bilities for weather forecasting. GOES will have a 
microprocessor-based altitude-control system. 

On-board data-management sys­
tems are another area where mi­
croprocessors have come to the 
fore in space applications. Here, 
microprocessors perform two func­
tions. On the one hand, they un­
pack commands and data uplinked 
from the ground via telemetry sys-

by Ford Aerospace), NASA's Galileo Jupiter mission 
spacecraft (developed by the Jet Propulsion Labora­
tory), NASA's Tracking and Data Relay Satellite Sys­
tem and its Gamma Ray Observatory (both built by 
TRW), and the Space Shuttle. The Space Shuttle will 
soon carry a so-called Two-Axis Pointing System 
(TAPS) that is being developed by NASA to enable 
the Shuttle to serve as a space platform for telescopes 
and other scientific instruments. According to John 
Azzolino , who heads the development of TAPS at 
NASA's Goddard Space Flight Center in Greenbelt, 
Maryland, TAPS will increase the Shuttle's pointing 
accuracy from 15 arc minutes to 4 arc minutes. 

In all of these spacecraft, microprocessors are replac­
ing a function once handled largely by discrete-circuit­
based dedicated control logic. The resulting weight 
savings enable more fuel to be carried on the satellite, 
resulting in longer on-orbit lifetimes. 

In some instances, the use of microprocessors in ACS 
systems to replace dedicated logic has resulted in de­
creased design costs. For example, Ford Aerospace 
has used the ACS developed for the INSAT 1 satellite 
in many follow-on satellites, adapting the system to 
varying mission requirements via software modifica­
tions. By reusing the same basic hardware, the com­
pany has been able to cut ACS design time-and hence 
costs-from 18 months to six months. 

Such benefits will increase with the growing power 
of microprocessors. For example, most ACSs to date 
have used power-hungry TTL-based bit slice proces­
sors. The reason? The ACSs in these spacecraft are 
used to stabilize the spacecraft by counteracting the 
minute disturbances caused by solar winds, the Earth's 
magnetic field, and other environmental forces that 
buffet satellites in space. Initially, only TTL-based de­
vices were fast enough to react to these disturbances 
and keep a spacecraft steady for clear images. With 
the advent of fast CMOS devices, it is now possible 
to reduce the power consumption of microprocessor­
based ACSs-a significant benefit in spacecraft where 
on-board power systems typically generate no more 
than a kilowatt of power. As a result, current ACSs 
are turning to these devices. For example, NASA's 
TAPS system will employ an 80C86 CMOS processor 
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tems and distribute them to other 
on-board systems such as communications repeaters 
or scientific instruments. On the other hand, the micro­
processor takes data such as status information or sen­
sor data from on-board systems and packs this informa­
tion into a serial telemetry data stream for transmis­
sion to ground-based mission control facilities. 

One of the first spacecraft to employ a microproces­
sor-based data-management system was the Galileo Ju­
piter mission spacecraft, developed in the late 1970s 
by JPL and originally scheduled to be launched in the 
early 1980s by the Space Shuttle. A series of problems 
with the Shuttle, most recently the Challenger disas­
ter, has delayed the scheduled launch until late next 
year. 

Spacecraft data-management systems typically re­
quire significant processing power because of the high 
data rates involved, especially in imaging missions such 
as Galileo. For this reason, spacecraft designers have 
resorted to distributed processing to overcome the lim­
ited processing power of microprocessors. For exam­
ple, the Galileo spacecraft will employ four 1802 8-bit 
processors built by Sandia Laboratories. (Sandia li­
censed the 1802 technology from RCA and built radia­
tion-hardened versions.) Two 1802s will handle com­
mand processing and distribution, and two others will 
control on-board data storage and transmission. 

The U.S. Space Station, to be built, if all goes accord­
ing to plan, in the mid-1990s, will take this distributed 
processing approach a step further. According to Clar­
ence Pitman, Space Station Data Management System 
project manager at NASA's Langley Research Center, 
it will employ a high-speed fiber-optic local-area net­
work, instead of serial point-to-point 1/0 links, to dis­
tribute the data-management load among multiple 32-
bit microprocessors. Such a powerful system is needed, 
because the Space Station will play host to a far larger 
number of on-board systems than any previous space­
craft and will be constantly updated, creating a need 
for the expandability and flexibility only a local net­
work can efficiently provide. 

Although still in the preliminary design stages and 
subject to change, the Space Station's DMS will prob­
ably employ Intel 80386 microprocessors, according to 
Pitman, in order to take advantage of the huge body 
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of applications software and powerful development 
tools available for Intel's popular microprocessor fam­
ily. In addition, the fiber-optic network will probably 
be based on the Fiber Optic Distributed Data Interface 
(FDDI) standard to reduce interface costs for on-board 
instruments and systems. This will enable such devices 
to take advantage of the commercial interfaces ex­
pected to emerge around FDDI. 

The growing use of microprocessors in space has not 
escaped the atten~ion of semiconductor vendors. Until 
recently, most semiconductor makers have steered 
clear of space applications, in part because the market 
was minuscule compared to terrestrial applications. 
Also, space applications demand elaborate inspection 
techniques to assure reliability, plus special circuit de­
sign and manufacturing techniques to assure reliable 
operation in the face of the intense radiation encoun­
tered in space. Few vendors were willing to make the 
investment required to produce and inspect radiation­
hardened microprocessors for such a small market. 

Now, however, with the growth of the space mar­
ket-and the military market, which always requires 
radiation-hardened parts-more microprocessor mak­
ers are entering the fray. Among those currently pur­
suing this market are Intel, Texas Instruments, TRW 
Inc., and Inmos Corp. This is in addition to Harris 
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Corp. and General Electric (formerly RCA and now, 
recently acquired by Harris), traditionally the leaders 
in this field'. 

Such competition will foster the use of microproces­
sors in space not only by reducing parts prices but also 
by making available leading edge processors, such as 
the Intel 80386, in radiation-hardened versions. 

Although microprocessors to date have played a 
fairly minor role in space applications, this will cer­
tainly change in the future. As the cost of launching 
and maintaining space systems decreases, as it is ex­
pected to do with the growing competition in launch 
services, users will be more willing to move mission­
control and data-processing functions from the ground 
into space. Microprocessors will accelerate this trend 
by reducing the weight and power consumption penal­
ties associated with adding on-board automatic control 
and data processing. Ultimately, users of weather, 
communications, earth resource, and scientific satel­
lites will benefit by the reduction in operating costs 
and the speeding of information flow that will result 
from the migration of microprocessors into space. 

EDN 

Paul Kinnucan, a freelance writer, lives in Milton, 
Massachusetts. 
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ARE YOU USING ... 

• Mentor Graphics' IDEA Series™? Meta's Mentor 
Server version of HSPICE interfaces directly into the 
IDEA MSPICE environment. 

• Cadence EDGEr" Design Framework'" System? Meta's HSPICE 
accepts full hierarchical netlisting and generates WAVES 
output. 

• EDA's Electronic Design Management System? EDMS provides an 
open framework for electronic design activity incorporating HSPICE. 

• CAECO Schematic™? HSPICE interfaces directly with CAECO's 
full-function hierarchical schematic editor. 

• Teradyne/Case Stellar Schematic Capture System? Teradyne/Case 
supplies a fully functional CAE package interfacing with HSPICE on 
standard system configurations. 

• Perfonnance CAD's Circuit PathFinder? CPF extracts HSPICE netlists 
of critical paths from large circuits. 

• Analog Design Tools' Analog Workbench? The Workbench version of HSPICE 
runs in ANALOG's design and simulation environment, providing access to 
advanced analysis tools. 

• Interactive Solutions Limited's MINNIE? Meta's HSPICE interfaces with 
ISL's interactive graphical circuit design system. 

• IBM ~CMS? Meta-Software's HSPLOT high-resolution interactive 
graphics post-processor drives all devices supported by IBM's GDDM. 

• VIEWlogic® Workview'"? Workview covers the IC, ASIC and PCB 
engineer's total workday needs, including integrated circuit simulation 
using HSPICE. 

• HSPICE accepts a standard SPICE netlist, making it compatible with 
most electronic design tools. 

• Interfaces currently under development include the IBM Circuit Board 
Design System (CBDS), mixed-mode analog/digital simulation and more. 

NO MA TIER HOW COMPLEX THE PROBLEM, 
META OFFERS THE CIRCUIT SIMULATiON SOLUTION! 

Software evaluations are available at no charge. For detailed information on Meta-Software 
products, please contact us! 

META-SOFT\.v'A~E 

Meta-Software, Inc. • 50 Curtner Avenue, Suite 16 •Campbell, CA 95008 
Phone (408) 371-5100 •FAX (408) 371-5638 • TLX 910-350-4928 

Toll Free (800) 346-5953 
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FLUKE AND PHILIPS - THE GLOBA L ALLIA NCE I N T E ST & M E AS U REMENT 

FLUKE PHILIPS 

No documentation? No problem. 
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The Fluke 90 Series can help you 
solve your biggest service headache: 
troubleshooting undocumented 
boards. 
There's no faster, easier way to troubleshoot 
undocumented microprocessor-based 
boards than with the Fluke 90 Series. 
Combined with a personal computer, the 90 
Series can help you generate critical code 
listings and memory maps. The 90 Series 
can then perform its preprogrammed bus, 
memory and 1/0 tests. Quick Trace™ probe 
test automatically identifies bus lines 
throughout the board-a big help if you 
don 't have documentation. 

The Philips PM 3655 from Fluke is a 24 to 96 
channel logic analyzer and a fully functional PC. You 
can write batch tests, communicate with the 90 
Series over RS-232, and read results as the 90 
Series triggers events. 

Increase the power of your present 
test equipment. 
With our Quick Tools™ software, control-
ling the 90 Series from an IBM PC® or com­
patible is as easy as using the tester's front 
panel. Plus you'll have access to additional, 
powerful features. Stop the test on a specific 
event (breakpoint), or capture all relevant 
information at a point in time while the UUT 
continues to run (framepoint). 

With Quick Tools you can write batch tests to 
stimulate each part on the board, and use 
the timing capabilities of your logic analyzer 
to view the results. The 90 Series' external 
trigger function sends a pulse from its SYNC 
interface to the logic analyzer when a pre­
determined event occurs. Quick Tools also 
captures and records all results. 

Real-time testing of popular 
processors. 
Each 90 Series unit supports one of the three 
most popular 8-bit processors (Z80, 6809 
or 8085). The tester clips directly onto the 
microprocessor. Power is supplied by the 
unit under test, which continues to run 
during testing. 

With all this capability the 90 Series still has 
a suggested U.S. list price of just $1595. 
Quick Tools software adds only $300. 
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For more information and one of our in-depth 
series of application notes, "Troubleshooting 
Undocumented Boards," see your local 
authorized Fluke distributor. Or call today at 
1-800-44-FLUKE, ext. 33. 
We can fix your number one repair problem. 

The 90 Series 
µP Board Tester 

John Fluke Mfg. Co .. Inc. 
P. 0. Box C9090, M/S 250C, Everett, WA 98206. U.S. 206-356-5400 
CANADA: 416-890-7600 OTHER COUNTRIES: 206-356-5500. 

c Copyright 1988 John Fluke Mfg. Co .. Inc. All rights reserved. 
Ad No. OBBH90 IBM PC is a trademark of International Business 
Machines Incorporated. 
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Arium introduces The Tool for your bench. 
The 400 MHz logic analyzer at a price you can 
handle as easily as the ML4400 handles m ultiple 
pods simultaneously . .. starting at $5495. 

Arium does it again. 
We just redelined high-end logic analyzers in 

tem1s of low-end cost. With the 8/ 16/32-bit 
ML4400. you can combine up to four independent­
clock cards (user-selectable) to get 16 channels at 
400 MHz, 64 channels at 100 MHz (synchronous), 
or 160 at 50 MHz (synchronous). That means you 
can now handle f ulJ-speed 68030s or 80386s. as well 
as 68020s and 8086s. And, uniquely, up to four dif­
ferent microprocessors, simu ltaneously. That's speed 
our competition can't catch up with. Now for ease 
of use. 

Easy. Redefined. What does ease of use mean 
to you? If it means: Single key menu access to all 

screens. Complex triggering (Boolean, multilevel, 
repeat functions) with cross-triggering between state 
and timing, and between pods. Cross-time stamping. 
Transitional timing. AU software resident ... Then, 
you 11 find them all, and more, in the ML4400. 

Why Arium? How can Arium be the first to put 
this much low-cost power on your bench? Because 
we've always been first, ever since we redefined per­
fomrnnce/price logic analyzers with our MlAlOO. 
When will the competition catch up with the per-
f omrnnce/price of our new MlA400? Don't hold 
your breath. 

For more data on the new ML4400, as well as 
on our family of Arium 8/ 16/32-bit logic analyzers 
at prices as low as $2895, contact ARIUM CORPO­
RATION, 1931 Wright Circle, Anaheim, CA 92806-
6052. Telephone 800/TO-ARIUM /l~Um 
(800/862-7486), (714/978-9531 in CA). 

CORPORATION 

Arium does it again! 
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PllERTllLS 
When you need power. The right tool for the job is Xentek. 

The Xentek catalogs are the only "Power Tools'' you'll need. They offer the 
most extensive line of Power Supplies in the industry. Switching, Linear, 

Tailored and Custom Power Supplies, Xentek has the power for your next job. 

Send for your FREE set of Xentek "Power Tools'' catalogs. 

Or call 619· 727-0940 with your requirements and in most cases, 
Xentek will give you price and delivery information the same day. 

Xentek• 
The Heart of Your System 

760 Shadowridge Drive • Vista, CA 92083 • (619) 727-0940 • FAX: (619) 727-8926 

© 1988 Xentek 
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EDN's Technical Article Database 
Index is Now on Floppy Disk! 

Now you can utilize EDN magazine's Technical 
Article Database Index right on your computer 
screen. When used with your IBM PC or com­
patible computer, this new floppy-based index 
gives you all the benefits of our printed 
index ... and more: 

• Fast computer searches and sorts 
• AND and OR capabilities to precisely specify 

your search criteria 
• Printout of search results 

The index lists articles printed in EDN, EDN 
NEWS, Electronic Design, Electronics, Electronic 
Products, Computer Design, and ESD. Two install­
ments are available-covering articles published 
from May to October, 1987, and from Novem­
ber 1987 to April 1988. 

EDN 'S index is compatible with most popular 
programs, including 1-2-3 from Lotus, MailMerge 
from MicroPro International, and dBASE from 
Ashton.:rate. It also works with Buttonware, lnc.'s 
PC-File+, a "shareware" database manager that 
you can order from us. • 

Our Technical Article Database Index on your 
computer will mean added convenience for you. 
Order your copy today. 

•EON provides fully functional copies of PC-File+ for a nominal 
reproduction fee . Receipt of PC-File+ does not constitute ownership. 
which must be purchased from Buttonware for $69.95 if you continue 
to use the program. but merely the right to evaluate the program's 
capabilities. EON assumes no responsibility for the programs 
operation. 

PC-File+ runs on IBM PCs and compatible computers and requires 
384k bytes of memory. two double-sided floppy disk drives or one 
double-sided floppy drive and a hard disk, an SO-column display. and 
MS-DOS or PC-DOS version 2.0 or later. 

ORDER FORM 

EDN's Technical Article Database Index on IBM PC DSDD floppy disc 

Installment I 
(May 1987- 0ctober 1987) 

Installment 2 
(November 1987-April 1988) 

PC-File+ database software (3 disks) 
(Available only in US, Canada, and England) 

__ copies at $19.95 = ____ _ 
($21.95 for non-US) 

__ copies at $19.95 = ____ _ 
($21.95 for non-US) 

__ copies at $14.95 = ____ _ 
($16.95 for non-US) 

TOTAL ____ _ 

Check or money order made out to EDN Reprints must accompany each check. No COD. 
Massachusetts residents add 5% sales tax. Foreign checks must be drawn on a US Bank, issued 
in US currency. 

Send to: 

Technical Article Database Index 
EDN Magazine 
Cahners Building 
275 Washington Street 
Newton, MA 02158-1630 

Please Print clearly. 
This is your mailing label. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE ZIP 



Any color. Angled or stra'ight. "Click ''-it's connected. 
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The smallest package. 
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Pl~ new sales 
appeal into your system 

with DuPont 
Latch-N-Lok™ Shielded 

Assemblies. 

Improve your system's sales appe,al with DuPont 
Latch-N-Lok modular interconnections. 

Choose from the industry's widest variety 
of compact plugs and receptacles. Straight, 
right-angle or combination designs. Latch 
on top, bottom or side. Panels, chassis or board 
mounted receptacles. And cords-coiled or 
straight-in any length, with any number of 
conductors, and foil, serve or braid shielding. 
What's more, Latch-N-Lok can use a variety of 
wire gauges (22 to 30 AWG) within an assembly. 

All of these combinations can be customized 
and color-coordinated to your system. Yet 
Latch-N-Lok costs no more than standard 
assemblies. 

And Latch-N -Lok is the only quick dis-
connect pin-and-socket ~ystem. With a contact 
design proven over millions of applications. 

For a free sample or our free brochure call 
1-800-237-4357. 
Or write, DuPont Electronics, Room G-51155, 
Wtlmington, DE 19898. 

DuPont Electronics 
Share the power of our resources. 
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Ml l1~~1~~il1~ --
Future 

m1croprocessors: 
Fast & 

fantastic 
Robert E. Peterson Jr. 

I
n case you've ever doubted, be reassured that the 
microprocessors of the next five to ten years will 
be really, really powerful and you'll like them a 
lot. Beyond these platitudes, you won't find much 
agreement about what microprocessors will look 

like. But the disagreements are fascinating, and they 
herald major changes in microprocessors. 

Just how powerful will microprocessors be ten years 
from now? If you talk with industry movers and shak­
ers, the term "Cray" might pass through your mind 

RISC is especially well 
suited to controlling 
specific applications, 
where customized in-

again and again-not as a 
specific prediction, but more 
as an icon that suggests the 
power we can expect from the 
microprocessors of the future. 

But the source of that 
"Cray-power" is elusive. It 
could be RISC , CISC, or 
something else. Both RISC 
and CISC proponents happily 
predict performance levels of 

struction sets can pro­
vide enormous effi-
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ciency advantages. 

hundreds of MIPS, but they get vague when it comes 
time to substantiate the claims. Those who make such 
projections in this industry commonly and implicitly 
work from existing curves, which indicate how fast 
performance has been doubling. Soon, though, we will 
reach a critical juncture in microprocessor develop­
ment at which the rules will change. They are changing 
even now. 

It is difficult to see the long-range effects of the 
changes because microprocessor makers only look into 
the future a maximum of about 21

/ 2 generations. The 



RISC versus CISC: Which will win? Or will both find acceptance for different 
applications? Does Motorola 's new 88DDO RISC processor, shown here, complement 
or compete with the company's established 68000 CISC family? 

current state of microprocessor design at any given 
company involves the specifics of the next generation, 
the architecture of the generation after that, and a 
look at the generation after that in terms of processor 
technology and performance level. This process, there­
fore, extends only about five years into the future at 
best. Forecasting five to ten years out enters un­
charted waters. 

10 million transistors 
Before exploring some differing opinions about the fu­
ture, consider one projection that chip makers agree 
on: the number of transistors that will be available to 
implement a single IC. Both Intel and Motorola project 
10 million transistors within the next ten years for 
high-volume production. For comparison, an 80386 em­
ploys about 275,000 transistors. 

The increase in the number of available transistors 
represents an important trend in microprocessor de­
sign. In the next five to ten years, the increase in the 
number of transistors is going to be more dramatic 
than the increase in clock rate, according to Jeff Nutt, 
technical marketing manager for both RISC and CISC 
microprocessor products at Motorola. 

Faced with the ability to pour 10 million transistors 
into one microprocessor, what recipe should manufac­
turers follow? The biggest argument today centers on 
RISC versus CISC. The RISC backers say they don't 
need millions of transistors to deliver more MIPS than 
do CISC processors. But will anyone turn away the 
coming transistor bonanza? 

For a RISC processor, the goal is simplicity. The 
original idea behind RISC processors was that they 
could implement a small instruction set very well. The 
complexity embodied in a large instruction set was 
transferred from the hardware to the software-a 
change that made the software slightly less efficient 
but made the hardware much more efficient. In the 
end, for a given technology level, a RISC processor 
runs faster than a CISC processor. 

The real story of RISC success is not a story of 
reduced instruction sets, however. Opinions differ as 
to just why RISC is so good. The general picture, 
though, is that at any given technology level, computer 
architects can implement specific features and func­
tions more efficiently in either hardware or software. 
Thus, you design the ideal RISC chip by getting both 
hardware and software designers together and letting 
them make tradeoffs. The process results in both a 
RISC processor and an optimizing compiler. In con­
trast, a CISC processor is typically designed from a 
hardware standpoint only, with the instruction set de-
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riving from traditional sources such as mainframes and 
minicomputers. 

Over their short history, RISC microprocessors have 
exhibited a doubling in performance every 12 to 18 
months, compared with CISC's doubling about every 
two years. The question for the future of RISC is this: 
How long can the hardware/software tradeoff process 
continue to produce superior performance? According 
to Rick Rasmussen, microprocessor group marketing 
manager for LSI Logic Corp., the trend should con­
tinue out to an 80-MIPS performance level. "Beyond 
that," he says, "it gets pretty fuzzy." That means, at 
the current rate of performance gains, the picture gets 
fuzzy at about the five-year mark. 

LSI Logic fabricates both the SPARC and MIPS 
RISC chips. Another chip producer, Advanced Micro 
Devices, has committed to RISC with the 29000 micro­
processor. Paul Chu, AMD's manager of product plan­
ning for processor products, predicts that RISC micro­
processors will achieve the 100-MIPS level in five years 
and is certain that the current pace of performance 
gains will extend over the next ten years. 

Ever higher performance 
Chu explains that processor improvements revolve 

around three factors: instructions per task, cycles per 
instruction, and time per cycle. 

The goal for any processor is to minimize the product 
of these factors. Most planners assume that the number 
of instructions per task will remain relatively constant 
and that chip makers can do nothing to change this 
factor (more on this questionable assumption later). 

RISC's initial goal was to execute every instruction 
in only one cycle. Because of branch latency, RISC 

COMPUTING TRENDS 

MIPS 
1000 

100 

10 
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chips currently average about 1.3 cycles per instruc­
tion-much better than CISC chips. Both RISC and 
CISC architects have realized that there is no inherent 
magic in the 1-cycle-per-instruction level, however. 
Why not perform multiple instructions on each cycle? 
Chu says that a way to overcome branch latency, and 
thus execute more instructions per cycle, is to concur­
rently execute instructions in multiple processors. 

The last factor, time per cycle, is minimized by in­
creasing the microprocessor's clock speed. This, in 
turn, is accomplished by reducing the chip geome­
tries-the traditional speed-up strategy for all types 
of digital devices-and by making the circuitry more 
efficient. An example of the latter is the switch from 
physical to virtual caching. This fairly simple change, 
promoted by SPARC-chip maker Cypress Semiconduc­
tor, eliminates some of the overhead associated with 
translating each physical address into a virutal one. 
The virtual approach allows the processor to avoid go­
ing through the MMU when the necessary data is in 
the large cache. 

CISC impersonates RISC 
As RISC processors improve in these areas, CISC 

chips will not be resting on their laurels. If Intel has 
its way, in fact, CISC microprocessors will be riding 
partially on RISC's laurels. Certainly CISC will benefit 
from shrinking geometries; but, even more important, 
Intel asserts that many RISC techniques apply as well 
to CISC as to RISC. For these reasons, Intel's director 
of marketing, Claude Leglise, makes disparaging com­
ments about RISC. 

For example: "RISC is a big marketing hype," he 
says. RISC consists of a series of design techniques 
that speed up execution of operations, and RISC also 
calls for a new instruction set. However, in Leglise's 
opinion, the speed-up techniques apply to any instruc­
tion set. He drops big names to put dents in RISC: 
"[DEC chairman] Ken Olson was telling me, 'That's 
hype. I can do a VAX that runs like a RISC machine.'" 

To summarize Intel's position, Leglise says, "The 
design techniques of RISC we absolutely endorse: 
large cache, deep pipelining, optimizing compilers, etc. 
The question becomes, do you need a new instruction 
set? And then it really is a market question." For 
Intel, whose market includes IBM-compatible personal 
computers, it's an easy choice to stay with the same 
complex instruction set. 

The design process for the upcoming 80486 illustrates 
Intel's approach to tapping RISC benefits. First, says 

According to AMO, RISC performance improvements will continue to outpace those 
of CISC for at least the next several years. 
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The large amount of memory on this cache controller-Motorola's MC88200, 
which works with the company's MC88 I 00 RISC microprocessor-suggests what 

microprocessors might look like in the future as they incorporate more on-chip 
memory. 

Leglise, designers evaluate an 80386 compiler's output, 
noting the instructions that programs use often. "We 
take those and optimize the heck out of them," he 
continues. "Then we put a lot of transistors behind 
executing those very fast. But we still have enough 
transistors left to do tasks with chaining, memory man­
agement, protection, paging, etc." Intel would be 
pleased if you view the result as having essentially a 
RISC core-where some of the most frequently used 
instructions are extremely fast-yet carrying many ad­
ditional resources around the core for compatibility 
reasons and operating system support. 

Now Leglise springs his trap: "If you have a RISC 
machine and all of a sudden you have 10 million transis­
tors, what do you do to speed it up? Well, you start 
throwing operating system support around it, including 
memory management, task switching, multitasking, 
etc. When you're done, what have you got? You've 
got a RISC core with a whole bunch of other things 
around it. That looks to me surprisingly like a CISC 
machine." He concludes that, although the performance 
curve for RISC machines is steeper than the CISC 
curve for a given · transistor budget, ten years out the 
two curves will converge. 

LSI Logic's Rasmussen wears a patient, faintly 
amused expression when he hears Leglise's argument. 
Rasmussen has heard the argument many times. He 
says that adopting a few techniques that are used in 
RISC chips will not allow CISC to keep up with RISC. 
Intel is misrepresenting RISC, as far as Rasmussen 
is concerned . Even with an enormous transistor 
budget, he expects compact RISC processors to have 
the edge because many more of them will fit on a 
single chip for multiprocessing applications. 

Object-oriented microprocessors 
Alan Kay, an Apple Computer fellow, thinks that 

both the RISC and CISC proponents miss the point, 
although he reserves his greatest derision for the major 
CISC microprocessor makers. He starts from simple 
principles: "Most computers are programmed, although 
this is something that Intel and Motorola haven't got­
ten around to realizing yet." He argues that the fit 
between 86- and 68000-type processors and the tasks 
they perform is poor. 

Long a booster of object-oriented languages, Kay 
observes that languages such as Lisp and Smalltalk 
are much better suited to the types of tasks performed 
on personal computers today. For this reason, he says, 
database management system developers are now be­
coming very involved with object-oriented languages. 
The way to maximize microprocessor efficiency, Kay 
believes, is to design microprocessors that specifically 
support these languages. The instruction set would 
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be simpler and the computer's overall efficiency much 
higher. Such processors have already begun to appear 
on accelerator boards for personal computers. 

The object-oriented microprocessor could be thought 
of as an aspect of the RISC story. Kay notes, however, 
that RISC processors were originally designed to opti­
mize C and Pascal code. That has continued to be the 
goal of subsequent RISC processors, leaving a poor fit 
between hardware and software on these machines in 
terms of the efficiency of the final task-€ven though 
the RISC hardware and software compilers are de­
signed together. The problem, according to Kay, is 
that the compilers are aimed too low. Pascal is only a 
fair high-level language , he says, and C is not a high­
level language at all. These are the lingering legacies 
of the mainframe and minicomputer traditions. 

Market views dominate designs 
The problem of dragging assumptions from one com­

puting context to another arises because of market 
expectations. If you want a microprocessor to run C 
code, you're not likely to consider the advantages of a 
Lisp processor; you won't think to ask whether such 
a processor could improve your application's overall 
efficiency. 

A similar problem revolves around the types of func­
tions that future microprocessors will include. With 
10 million transistors to play with, microprocessor mak­
ers will be able to pack in an entire menu of functions, 
such as enormous caches, floating-point units, LAN 
controllers, modems, disk controllers, graphics control­
lers, and encryption/decryption units. 

When these types of functions are committed to sili­
con- especially in a high-volume microprocessor­
manufacturers must be sure that each function oper­
ates in a widely acceptable manner. Industry standards 
are the key to ensuring acceptability, note Michael 
Miller and John Mick, manager and vice president, 
respectively, for product definition at Integrated De-
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vice Technology Inc. (IDT is a partner in developing 
the coming generations of MIPS RISC microproces­
sors.) In order for microprocessors to expand their 
lexicon of features, standards must be in place. 

Miller and Mick also question the desirability of pack­
ing a lot of peripheral functions into microprocessors. 
They can see the need for intensive cache support be­
cause of the bottleneck in communications between the 
microprocessor and other system elements. But they 
do not think the solution is necessarily to bring the 
system elements onto the microprocessor chip. This 
reluctance to add many functions is based on the expec­
tation that many users might not want the functions 
offered. "If a function you don't use takes up 10% of 
the chip and you take it off and get 10% better yield," 
says Mick, "at production volumes of millions of units 
per week, it doesn't take very many weeks to make 
up the nonrecurring costs of redesigning the device." 

Dave Mothersole, design manager 

justify taking advantage of ASICs containing millions 
of transistors. 

Along with a variety of specialized microprocessors, 
we will probably see an even greater assortment of 
microcontrollers. RISC is especially well suited to con­
trolling specific applications, where customized instruc­
tion sets can provide enormous efficiency advantages. 
Even Intel's Leglise endorses the use of RISC for this 
purpose. To illustrate just how specific these microcon­
trollers will get, Weitek Corp. has already introduced 
a RISC chip that specializes in processing PostScript 
page-description code for printing. 

In parallel with such introductions, DSP chips prom­
ise to assume many of the tasks that microprocessors, 
microcontrollers, and dedicated devices currently han­
dle. According to Bryant Wilder, Motorola's DSP op­
erations manager, DSP chips represent "cheap MIPS" 
for applications that do not involve an operating sys-

tem-an area of computing that he 
for VLSI architecture and system de­
sign at Motorola's microprocessor 
products group, agrees that future 
microprocessors must suit specific 
market needs. Formerly, he says, 
"we could only turn out a design 
every two to three years, so you tar­
geted as many markets as you could 
with every general-purpose product. 
Now, though, it's not really feasible 
to do that any more. Somebody will 
go out for one piece of your market 

DSP chips promise to 
assume many of the 

tasks that microproc­
essors, microcontrol­
lers, and dedicated 

devices currently 
handle. 

leaves to microprocessors. In addition 
to extending the realm of conven­
tional signal processing in applica­
tions such as hearing aids, says 
Wilder, future DSP chips will displace 
specialized controllers in applications 
such as compact disk players and gen­
eral-purpose motor control. He as­
serts that the DSP chips will provide 
the mix of high performance, low cost, 
and versatility to suit tomorrow's 

and do a very good job of it. It's much more important 
to identify the market and design the product for that 
market." · 

At the same time, the learning curve that governs 
yields will still be driven by production volume. As 
Motorola's Jeff Nutt says, "If the die size only varies 
by 10%, I'll still come down the learning curve very 
rapidly, based on volume. If I can add something to 
the chip that only increases it by 10% but can double 
my volume, I'll do it in a minute." 

The balance between appealing to a big general­
purpose market or suiting specific requirements will 
thus become more critical. Mothersole does not predict 
the demise of general-purpose microprocessors, but he 
does think they will not be as general purpose as the 
microprocessors of today. His comments are echoed 
at other microprocessor companies. 

It might seem that all microprocessors will become 
ASICs, so that each· application gets just the mix of 
functions it needs. Unfortunately, although ASIC de­
sign is becoming ever easier, the test and support is­
sues will act as barriers for many applications into the 
foreseeable future. Unless these barriers are over­
come, only high-volume applications will be able to 
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products to consumers' needs. 
In addition to the big architectural questions, several 

issues involving microprocessor details deserve consid­
eration. These issues include the number of address 
and data bits, clock frequency, packaging, and stan­
dard voltages. For the first of these, the move from 
32 to 64 bits is not universally agreed upon. AMD's 
Paul Chu doesn't expect 64-bit buses in the next ten 
years, for instance, but others foresee the wider buses 
in that time-perhaps as wide as 128 bits. IDT's Mi­
chael Miller and John Mick point out that 64-bit float­
ing-point standards are in place; it would be nice to 
have integer data at the same width. Further, notes 
Intel's Claude Leglise, a wide address bus would allow 
the microprocessor to do direct addressing across a 
network. Even if microprocessors' external buses re­
main at 32 bits for a while, it would not be unprece­
dented to go to a wider data bus internally. 

This same strategy could help microprocessors con­
tinue their trend of doubling clock frequency annually. 
Clock speeds are already just a few orders of magni­
tude from the infrared region of the spectrum. Dealing 
with increasing J.lock frequencies will become a major 
challenge over the next ten years as rates go to 200 
MHz or higher. One way to minimize the need to deal 
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WRITE INC? 
TllEN YOU SHOULD 
DEBUG INC! 

Supported Processors: 

8051 Family 
68HC11 
zso 
6809 

64180/Zl80 
68000 Family 
8085 

Sun Works1ations 1s reg. TM .• Sun Microsystems, Inc. IBM 
1~ rrg. TM., International Ru.~iness Machines, Inc . Unix is 
r~-g . TM .. Bell Lahora1ones, Inc. 
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IHMll 
CIRCLE NO 60 

The ultimate in time savings is obtained 
when you debug your code in the same 
language it was written. Code development 
is accelerated as constant program print­
outs are no longer necessary. All displays 
of your program, including the real-time 
trace buffer, are in the form you specify, 
with options for Source only, Source and 
assembly or assembly only. Use your favor­
ite C or PL/M compiler with our emula­
tion system and SourceGate '" to enhance 
productivity of your engineering depart­
ment. If you are working with different 
microprocessors, SourceGate provides the 
same interface for each, so learn ing curves 
are almost nonexistent when switching 
between projects or processors. 
SourceGate was written from the begin­
ning to enhance the power of our 200 
Series emulators with an advanced source 
level debugge[ This total integration assures 
that the emulator capability is utilized and 
not masked as in afterthought debuggers. 

HM! enhances this software capability with 
the most advanced line of in-circuit emu­
lators on the market today. Current support 
is avai lable for the 8051 family, 68HC11, 
64180/ZlSO, ZSO, 68000 family, 6809 and 
8085. SourceGate runs on all IBM PC family 
computers, Sun WJrkstations and many Un ix 
systems. For complete details, contact: 
Huntsville Microsystems, Inc. 
PO. Box 12415 
4040 South Memorial Parkway 
Huntsville, AL 35802 
(205) 881-6005 
TWX: 510-600-8258 
FAX: 205-882-6701 
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with transmission line effects is to use an extremely 
high clock rate inside the chip and run the 1/0 at a 
slower rate. Another approach is to use optical 1/0 for 
high-speed signals. 

The next issue, packaging, is crucial because a micro­
processor's package must be able to provide both high 
pin counts and efficient heat dissipation. The former 
is not generally viewed as a problem, but heat removal 
will definitely challenge designers. Motorola's Dave 
Mothersole feels that it will not be uncommon to see 
CMOS processors running at 10 watts in the next five 
years. Even power-efficient CMOS dissipates lots of 
heat when a chip has millions of transistors switching 
at 100 MHz with 200 1/0 contacts. Neither Intel nor 
Motorola can currently envision an easy solution to the 
upcoming heat problem. 

Finally, standard voltages must change over the 
coming years if signal speeds are to continue their 
upward march. TTL's 5-volt swing is simply excessive 
for 100-MHz clock rates. Alternatives include a 3.3-volt 
standard, probably followed by a 1.5-volt standard, 
which would prove useful for battery-powered applica­
tions. ECL-compatible 1/0 signals have also been pro­
posed as an alternative to TTL voltage levels. 

All the evolutionary changes described here will 
revolutionize applications that currently employ micro­
processors and open new applications as well. For ex-
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ample, you would be hard pressed to find anyone who 
doubts that inexpensive personal computers will rou­
tinely provide perfect 3D graphics within the next five 
years. And Cray-power will find its way into just about 
everything short of the kitchen blender. 

One of the most intriguing applications that will wel­
come the Cray-power of individual microprocessors is 
the massively parallel supercomputer. Indeed, Justin 
Rattner, director of technology for Intel Scientific 
Computers, asserts that the ultimate destiny of the 
microprocessor is the supercomputer. As the algo­
rithms for applying massive parallelism to a wide range 
of tasks become available, he says, such machines will 
increasingly replace conventional supercomputers as 
well as many general-purpose computers. Alan Kay 
notes that massively parallel machines mesh well with 
object-oriented languages because each object maps 
neatly to an individual processor. 

To achieve the greatest efficiencies, Rattner would 
like to have microprocessors with on-board floating­
point math support, 64-bit or wider buses, and a large 
amount of on-chip parallelism. This wish list, along 
with many others, is close to fulfillment. EDN 

Robert E . Peterson, Jr. is a freelance writer in Santa 
Cruz, California, and an EDN contributing editor. 
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PROTECT YOUR INVESTM~N~_L' 
Power up with .. . ~NE~ 

I 

AC Power Distribution and Control System 
Model TPC 115-10A MTD~M space saver 
design for clean power up with Multiple, Time 
Delay™ prevents high current inrush by se­
quencing your computers power up. Filters AC 
line voltage and protects your system from 
voltage spikes and surges. Priced from $436 
to $305. 

To order call : 

or write 

(714) 540-4229 
FAX 714-641-9062 

Pulizzi Engineering Inc. 
3260 S. Susan St. 

Santa Ana, CA 92704-6865 

CIRCLE NO 325 

" The Best 8051 Emulator" 

5 II cable 

8051 WESCON/ 88 
booth #3461 

PC based emulators for the 8051 family 
(8051 , 8751 , 8052, 8752, 8031, 8032, 8344, 80C452, 80C152 , 80535, 80C451) 
• PC plug tn boa1ds • fll::Jwerlul Macros with IF-ELSE . REPEAT· 
• Command droven User ln1erl11ce WHILE strudurn 

Wllh 513\IC w1nclow$ • Sou1ce l-' det>ug lor PUM -51 and C.51 

• 16 MHz real hme emula!oon • Symbolic debu.gg1ng w1lh m.i1ne assembler 
• 128K emulatoon m&mOfY al'ld disassembler 
• 48 bit wide, 1&<. cleep trace butte• • No extem•I boJces 

wrth loop c:ounler • E-ecution 11me COUf11e1 
• P1ogram er1o1mance •nelyzflf • TrilCe can be viewed dt.mng emulation' 

PRICES: 32K Emulator tor 8031 $1790, 4K Trace $1495 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO! 

noHau 
CORPORATION 

51 E. Campbell Ave. , Gampbell, CA 95008 (408) 866-1820 

LEADLESS CHIP 
TO WIRE WRAP ADAPTERS 

Save prototyping lime, these LCC, PCC and PGA socket 
adapters provide the designer with a labeled test point for each 
pin and are available for 20, 28, 44, 52, 68 and 84 pin chips. 
WW pin rows are on .3 • centers. Unit pricing for the 68 pin 
version is $49.00 delivered from stock. 

Antona Corporation 
16431/2 Westwood Blvd .• L.A .• CA 90024 

(213) 473-8995 
CIRCLE NO 326 

TODD 

TODD'S NEW SWITCHING POWER SUPPLY CATALOG 
28 page catalog details new switchers. Includes specs per­
formance information. mechanicals. pinout and mounting 
diagrams 1 application information and prices for almost 100 
standard models multi-output for 160W-750 Watts; single 
output from SV ® 20A to 48V ® 20A; single & multi-output 
DC-DC switchers. 
Todd Products Corp. 
50 Emjay Blvd ., Brentwood, NY. 11717 
1·800-223-TODD; 516-231-3366 
FAX 516·231-3473; TWX 510227-4905 

The Best 
Programming Site 
Money Can Buy. 

BYTEK's 135 GANG and SET (E)EPROM Multipro­
grammer™ with optional Universal Device support 
capabilities. makes obsolescence obsolete. It sup­
ports more Devices than any other production pro­
grammer (virtually all (E)EPROMs up to 32-pin). It 
has options to program 40-pin EPROMs, Program­
mable Logic Devices. 40-pin MICROs and Bipolar 
PROMs. On board memory is expandable to 2 Mega­
Byte. The 135 comes with 12 Months FREE updates 
plus an 18 Month Warranty. And, 4 operating modes 
plus Data 110' protocol compatibility mean un­
matched flexibility. 

Prices from $995.00 (U .S.) 

BYTEK, the leader in low cost/high 
performance technology. CALL NOW! 

800-523-1565 
In FL: (4D7) 994-352D 

FAX: (4D7) 994-3615 TELEX: 4998369 BYTEK 

BYTEK Corporation 1 Instruments Systems Division 
508 NorthWest 77th Street 

Boca Raton, FL 33487 

"DATA 110 is a registered Trademark of DATA 110 Corporation. 
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ROM Microsoft-C 
$495 

One integrated package for ROM 
development with Microsoft-Cle'! 
The package has full Source 
level remote debugger (locals, 
register variables), 8086 locator 
that produces Intel hex, Absolute 
OMF (with locals and Basic 
types) , Startup code and a 
ROMable library (print!). 

Call us for complete information. 

Oat.alight 
17505 - 68th Ave. N.E. #304 

Bothell, WA 98011 USA 
(206) 486-8086 

1 (800) 221-6630 

CIRCLE NO 331 

100 MHz Wavefonn 
Digitizer 

STR • B100 

The fastest AID boards for 
your data acquisition needs. 
• transient rates of 25, 32, and 100 MHz at 8 bits 
• time equivalent sampling rates up to BOO MHz 
• bus interface allows 1.5 MHz throughput rates 
• many trigger modes; 64K memory per channel 
• XT, AT & 386 compatible; prices from $1750 
• free drivers and digital oscilloscope software 
• perfect for radar, ultrasound, ATE, robotics . 

S ONOTEK 
8 700 Morrissette Drive, Spring field, Virginia 22152 

703-440-0222 • Telex 910-250-5257 • Fa}( 703-440-9512 

CIRCLE NO 334 

Z80 or HD64180 
With "C " Source Debugging! 

iC-80 In-Circuit Emulator 
• Can be configured for Z80 or HD64 I 80. 
• C source code level debugging wi th our $495 

"C" compiler. 
• Works with IBM-style PC. 
• 64K overlay memory. 
• Base price $995. Complete price of $1340 in­

cluding one probe and symbolic debug soft­
ware. 

Z-World, 1772 Picasso Ave, Davis, CA 95616 

(916) 753-3722 
Fax: (9 16) 753-5141. 

In Germany: iSys1em0813 1/1687 

CIRCLE NO 337 

To advertise in 

Wideband Noise Generator 

Model CNM-2000 
APPLICATIONS FEATURES 
• Precision noise testing • 15 kHz to 430 MHz ±1 dB 
• Wideband communications • New design technique 

system assessments eliminates aging problems 
• RF gain and bandwidth tests • Low deviation from ideal 
• Receiver noise figure gaussian shape 

measurements • son output impedance 
• lntennodulation tests • 24 Pin Hennetic Package 

Module: $149, Evalua tion Kit: $ 169 

CALNET ELECTRONICS INC. 
P.O. Box 13113 
Kanata, Ont. 
K2K 1X3 

Ph: (613) 831-0424 
Fax: (613) 831-1936 

CIRCLE NO 332 

EPROM PROGRAMMER 
$349 

THE EP-1 's A GREAT VALUE & HERE'S WHY: 
• READS. PROGRAMS. COPIES OVER 300 EPROMS AND EEPROMS 

FROM 29 MANUFACTURERS INCLUDING 2716-27513. 2804-28256. 27011 
• READS & WRITES INTEL. MOTOROLA. STRAIGHT HEX ANO BINARY 
• OPTIONAL HEADS PROGRAM INTEL 874X. 8751 . 87C51 . 8755 
• MENU-DRIVEN CHIP SELECTION BY MFG & PIN; NO MODULES 
• FAST. SLOW. QUICK PULSE PROGRAMMING ALGORITHMS 
• SPLITS FILES BY SASE ADDRESS ANO ODO/EVEN (16&32 BIT) 
• ALL INTELLIGENCE IN UNIT; zeo MICROPROCESSOR BASED 
• 5. 12.5. 21 . 25 VOLT PROGRAMMING FOR CMOS AND ·ASUFFIX PARTS 
• FREE PC·OOS SOFTWARE •RS232 TO ANY COMPUTER 
• GOLD TEXTOOL Zif SOCKET • 8 BAUD RATES TO 38.400 
• SAME DAY SHIPMENT • GENERATES. CHECKS CHECKSUMS 
• ONE YEAR WARRANTY •TWO FREE FIRMWARE UPDATES 
• MONEY-BACK GUARANTEE • UV ERASERS FROM $34.95 

CALL TODAY FOR MORE INFORMATION 

BP~ 
800/225-2102 713/461-9430 TELEX 1561477 
10681 HAOOINGTON #190 HOUSTON. TX 77043 

. . 
.··_ ~ -
~ _,, , _ , 

~~-
Pi=\.OM~® 
Programming Instruments 

• Stand-Alone or PC-Based 
• Engineering I Developmenr 
• Production I Field Service 
• E/EE PROM I PAL I EPLO I Bipolar 
• Single-Chip Microcomputers 
• Simulacor I Erasers I Surface-Mount 

adams · macdonald 
EN TE RPRISE S IN C 

800 A1rron ROid Tdex 882141 
Monretty,Calrfomia93940 Fu (4(8) 373-3622 
Td(406) l7J.J(,07 800-777-1202 

25MHz 48 CHANNEL PC-BASED 
LOGIC ANALYZER $1595.00 

D ., 
• 

. 

"1--t _ I · Z ... 

48 Channels @25MHz x 4K word deep 
16 Trigger words/16 trigger sequence 
Automatic set-up and loading of symbol tables 
Storage and recall of trace data to disk 
65K Pass/Delay Counter 
16 Channel Waveform Display 
12 Channels @ 100 MHz Pod Available 
Affordable $1595.00 + Pod Price 
Disassemblers available for: 
8088 68000 8085 6801 8031 
8086 Z80 6502 6303 6809 

NCI 6438 UNIVERSITY DRIVE 
HUNTSVILLE, AL 35806 

(205) 837-6667 

CIRCLE NO 333 

Join Forces 
Combine your 
larger ads with 

EON Product Mart ads 
for a total 

marketing program. 

• EON Product Mart 

CIRCLE NO 336 

8051 , 8096, 68HC11 , 68008 
SINGLE BOARD COMPUTERS 

We feature a series of single board 
computers for process contro l 
applications. Available as bare 
boards or assembled and tested. 
Optional EPROM resident System 
Monitors and BASIC interpreters are 
also available. 

ALLEN SYSTEMS 
2151 Fairfax Road 

Columbus, Ohio 43221 
614-488· 7122 
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JJSPASJJP 
$1,995 
Drive your DSP design to market as fast as possible with 
our 320C25 in-circuit emulator. 
The ICE PAK features real time emulation to 40 MHz, 
16K words (35ns) program overlay memory, user definable 
break handler routine, single step trace, di sassembler, and 
RS-232 communications for fast downloading of 
programs and data. 
Options include 64K word non-volatile 
memory upgrade, cross assembler 
and communications software 
for PC or Macintosh. 
Inquire about our 
320CIO ICE PAK. 
1301 Denton Drive. 
Suite 204 
Carrollton, 
TX 75006 
(214) 446-9906 

CIRCLE NO 340 

87C51 PROGRAMMER $125 
The UPA87C51 converts general purpose program­
mers to 8751 /87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It's very simple and 
VERY cost effective. 
Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701VO, 
63705VO and 8751 and are priced at $65.-$95. 

Logical Systems Corp. 
PO Box 6184 Syracuse NY 13217-6184 USA 

(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 

CIRCLE NO 343 

NEW DC/DC CONVERTER 
1.0mV Noise ... > 100 Years MTTF 

Just 1.0mV max noise p-p with no external parts. The lowest 
general-purpose DC/DC Converter on the market. The new 
low-cost PWR1546A is a 2"x2", 5 Watt dual-output device 
featuring standard pinouts, six-sided shielding , and 
calculated MTIF in excess of 890,000 hours at +25"C. Out­
put is ± 15Vdc for 5Vin and 167mA. Temperature range is 
-25"C to +85"C, and continuous in/out isolation is 750Vdc. 

Burr-Brown Corporation 
P.O. Box 11400, Tucson, AZ 85734 

(602) 746-1111 

CIRCLE NO 346 

EPROM 

PLD 

MICRO 

GANG 

SET 

PC based PROGRAMMER 
$599.00* 

*modules not included. 

From A Name You Can Trust 

LOGICAL DEVICES, INC. 
1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 

1-800-331-7766 
Telex 383142 

(305) 974-0967 
Fax (305) 974-8531 

CIRCLE NO 341 

Menu-driven soffware 
package for your PC 

JUNIOR - $125 
Take, store, retrieve, print data - perfect for Design 
Engineers 
LEVEL 2+ - $549 
Data acquisition plus: experiment control, data analysis. 
The complete package. 
FREE Demo Disk. Money-back guarantee ~ A A A 

Unkel Software inc. 1 I/ V V L 

62 Bridge St. Lexington, MA 02173 (6t7) 861-01 81 
CIRCLE NO 344 

Printed Circuit Boards Catalog 
Eight pages of custom PC 
Board info. Much data, in­
cluding Cherry capabilities 
plus unique wet processing 
capabilities, standard and 
custom finishes. Send for your 
copy today. FREE! 

GB011BRY\l 
CHERRY ELECTRICAL PRODUCTS 

3600 Sunset Avenue, Waukegan. IL 60087•312-360-3502 

SMART CARD EXTENDER 
EASY ON s 19500 

- PC/XT 
Asmartcardextenderfor 

522500 -AT 
PC/XT I AT and compatibles 

• Allows card 
insertion and 
extraction with­
out power on/ 
off cycles 

• Saves time by 
eliminating DOS 
re-boots 

• Reduces wear 
and tear on hard 
disk drives 

• Extends host interface for hardware and soft­
ware development and test 

• A single switch controls the connection of all 
signals to and from the computer bus 

• Patent pending 

DPROM 
RS232 Downloadable PROM 

s175oo 32K x 8 
519500 64K x 8 

RS232 

• Eprom emulator for 2716 - 27512 
• Supports 8, 16, or 32 bit wide busses 
• Non-Volatile memory standard 
• Up to 19200 Baud 
• Accepts Intel Hex and Motorola S 

formats 
• ISOns access time standard 

VectorScan 512/640 s97500 
Graphic Controller with RS-232 Interface 

• Interfaces over RS-232 ports 
• Drives CGA, EGA, and Multiscan 
• Resolution of Sl2x480 to 640x350 
• 4 Bits/Pixel up to 4,096 colors 
• Maintains 4 separate images 
• Internal 512K byte frame buffer 
• PC Version available 

Applied Data Systems can customize 
a produa to your specifications. 

30 DAY NO RISK EVALUATION 

APPLIED DATA SYSTEMS 
409A East Preston Street 

Baltimore. MD USA 21202 

For more information call 800-541·2005 
Outside USA (301) 576-0335 
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IEEE488 CABLE ACCESSORIES 
A complete line of IEEE488 auxiliary products. Including : 
Bulkhead Feed-thru Adaptors , Multi-tap Boxes, Extenders, 
Gender Changers , 90° Adaptors, Rack Panels , 2 & 4 Position 
Switch Boxes , Receptacles for panels & PCBs, Receptacle 
Covers, plus the best GPIB cable . Meets or exceeds IEEE488 
shielding requirements . Ask for premium CIB24 Series. New 
84 page catalog available. 

L-COM, Inc. 
North Andover , MA 01845. 508/682-6936. 

CIRCLE NO 349 

BIOS SOURCE 
~CODE 

The XT BiosKit is a270 page book with a diskette 
containing source code in C, plus utility programs 
to help you create a Bios. Now you can have a 
Bios with documentation for your own applica­
tions: modify boot-up, eliminate the keyboard , 
install security features, etc. Only $99 complete. 
The AT BlosKlt is only$199 , or get both Bioskits 
for $279. 

- XT-AT HANDBOOK -
The XT· AT Handbook is full of hardware and 
software information in a shirt pocket size book. 
Over 70 pages covering 38 subjects, including 
connectors, 1/0 maps, controller programming, 
DOS and DEBUG commands, board dimensions, 
character codes, hard disk drive types, and 
much more. Only $9.95 each qty 1-4 , five or 

A~~:~~~c~s ~ II 
12145 Alta Carmel Ct. 250 , Suite 262 
San Diego, California 92128 
(619) 271-9526 

CIRCLE NO 752 

EASY TO LEARN - EASY TO USE 
• Edit and compile while debugging in the IBM, PC/AT/XT 
• Access, display and modify variables with zero speed 

impact on 8096/196 microcontrollers . 
• Symbolic debugging with ASM96, PUM96 & C96 
• Multiple hardware breakpoints. 

_.Annapolis Mino Systems, Inc. 

612 Third St. , Annapolis, Maryland 21403 

(301) 296-8096 

CIRCLE NO 755 

To advertise in 

SUP/ERCO•® 
Electrical Connectors 

Distinctive, functionally designed plug grip 
allows handling ease and convenience. Sin ­
gle conductor current carrying parts are 
gold plated brass ; Insulating parts are 
molded nylon in a choice of blue, red , 
green , black, yellow or white colors. The 
25, 50 and 1 OOA types are rated 125-250 
VAC or VDC current interrupting, GOOV 
unenergized connect or disconnect only ; 
250A tYpes are rated GOOV unenergized 
connect or disconnect only . Request Bul ­
letin EC779-1. 

.. s~:~!~~!!e~~~~o~~:s 
Call 203/582-8098 

Division of The Superior Elec tric Company 

CIRCLE NO 350 

8051/52 

, Source level debug for PL./M-51 and C-51 
, IBM-PC/XT/AT/386 windowing interface 

with EGA 43-line, color, and mouse support 
• Complex Hardware real-time breakpoints 
• Hardware Trace Buffer with filtering control 
• Program performance analysis 
, 8 level hardware sequencer, Pass Counters 
, NO PC PLUG-IN Boards 

SIGNUM SYSTEMS 
1820 14th St., Santa Monica, CA. 90404 

(213)450-6096 telex: 362439 
CIRCLE NO 753 

SEALEVEL SYSTEMS INC 

5E~LEVEL EA~E~~c1 ~g~ai 
(803) 855-1581 

LOWEST PRICED AND BEST VALUE NETWORK ANALYSIS 
PROGRAM AVAILABLE ANYWHERE 

It has been said that the Etron RF Notes 4 Network Analysis design 
aid computer program for the IBM PC and MS DOS machines is 
the best value in Network Analysis programs available today. 
PRICED AT ONLY $179 00, lhis power packed program allows you 
to design, analyze, save and retrieve circuits wilh up to 30 ele­
ments. Data output is presented in tabular a~d graphical form and 
includes Freq, IL, VSWR, Rho, real and imaginary Zand more. 
Circuits designed with the other Etron RF Notes series of programs 
can be retrieved , analyzed and modified. 
Etron programs are no longer copy protected. Write or call for 
FREE information. CGA is required . 

BJmioN 
P.O. Box 4042, Diamond Bar, CA 91765 

714-594-87 41 

CIRCLE NO 751 

A Lot 
For A Little 

Reach 137,000 
specifiers of electronics 

components, equipment, 
and systems for 

only $780. 

• EON Product Mart 

CIRCLE NO 754 

RUN HUNDREDS of RS-232/RS-422 
DEVICES from 1 COMPUTER 

Use low cost CMCNET II interface products to 
expand your existing RS-232 port or create a 
data acquisition and control network using 
your existing RS-232 or RS-422 devices. 

2 to 6400 devices 
Up to several miles 

Data buffers, opto-isolation , and 
enclosures are available . 

CONNECTICUT MICROCOMPUTER, INC. 
150 Pocono Road , Brookfield , CT 06804 

Call 1-800-426-2872 
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CHARTER 
EDN is written for profes­
sionals in the electronics in­
dustry who design, or man­
age the design of, products 
ranging from circuits to sys­
tems. 

EDN provides accurate, de­
tailed, and useful information 
about new technologies, 
products, and design tech­
niques. 

EDN covers new and devel­
oping technologies to inform 
our readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN provides specific ''how 
to" design information that 
our readers can use immedi­
ately. From time to time, 
EDN 's technical editors un­
dertake special "hands on" 
projects that demonstrate 
our commitment to readers' 
needs for useful information. 

EDN is written by engineers 
for engineering professionals. 

EDN 
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NO SCHOTTKYs NEEDED 
for computer memories using Cad ium or Lithium batteries 
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Gold Bonded 
Germanium Diodes 
FAST DELIVERY 
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Schottky Diodes 

COMPETITIVE PRICE & SERVICE 
If you 're looking for del ivery of small -signal Schottky 

diodes, perhaps it's time to take off the gloves. 

Not Sensitive To Static Discharge 
Operate at Lower Current Level 
Lower Noise 
Higher Reliability 
Lower Power Consumption 

-··~ 

••II BKC International 
We manufacture over 200 different Gold Bonded Diodes with 
inverse current capabilities for 5 to 250 volts . All of our diodes 
meet the requirements of MIL-S-19500. For more information 
or samples , write or call BKC. 

6 Lake Street, P.O. Box 1436, Lawrence, MA 01841 

Telephone (508) 681 -0392 • TeleFax (508) 681 -9135 
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Molex Is Maki~ The Connection Between ... 

DURABILITY 
SIMPLICITY 

With the versatile new Molex SEMCONN11
' shielded 

electromagnetic connector, cable assembly is easy 
in, easy out. 

Only Molex could design a plug and receptacle 
interconnection system so advanced, yet so simple. 
Positive locking plugs with redundant dual point contacts 
make assembly a snap. Fully shielded against EMI/RFI 
for high speed data busing. And available in both flat or 
round cable plugs. The versatile SEMCONN connector 
system speeds production time and saves money. 

Plug into the world's most reliable, 
1/0 connector system. 

SEMCONN plu,gs insert 
faster and more secure(y 
than standard models, 
without the additional 
hardware. 

At 500 cycles, you 
can't find a more 
durable connector. 
All SEMCONN cable 
assemblies are 
100% tested so 
you're assured of 
reliable, quality 
performance when 
you need it most. 
And Molex utilizes 

Statistical Process Controls and Zero Defects 
manufacturing objectives, so reliability is built into 
every product. 

When your cable assembly needs go beyond the 
standanl, there's Molex. 

Whether your application is computers or 
instrumentation, power supplies or business machines, 
Molex has the interconnection 
solution that's right for you. 
Combine 20 years of 
interconnection ingenuity 
and know-how with the proven 
engineering and technical 
support of the Molex trained 
staff, and together, we can 
solve any cable challenge. 

Durable, SEMCONN shielded 
cables/ plug assemblies reduce labor 
costs in a wide range of easy 
in/ out applications. 

~I® mo ex 
Let Molex put their 

knowledge and experience to 
work for you. For more 
information, call or write 
today for our new SEMCONN 
Technical Catalog. 

Molex's /iTBt shielded intercom1emon 
s;)8tenl, SEMCONN, prooide8 protection 
from electrical noise. 

"-._/ 
Seroi.ce To The 

Oustamer ... Worldwide 

Corpomte Headquarters: 2222 ~llington Ct., Lisle, IL 60532 USA, (312) 969-4550 • European Headquarters: Munich, West Germany, 49-89-4960937 
Northern Asia Headquarters: Thkyo, Japan, 03-487-8333 • Southeast Asia Headquarters: Jurvng Thwn, Singapore, 65-2~755 
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Specify P&B relays 
for the 2 amp and under 

switching game. 

New Models Available 
Potter & Brumfield's expanded line of low-signal 
printed circuit board relays provides the features you 
need for your 2A and under switching requirements. 
New products, traditional P&B quality, stock availability 
and service through our broad sales network combine 
to help solve your toughest relay design-in problems 
in telecommunications, alann, lnduslrtal control and 
other applications. 

SPST to 4PDT, Dry Clrault to IA 
Whether your daltgn 
tacls, deperGlbla (If/. 
more dour.­
naeda. Many .. 



100% induced voltage tested for 
shorted turns. 

Epoxy impregnated with 100% 

Deliverie~ on larger orders 
scheduled out as you need them to 
12 months and longer. 

solids to withstand most aqueous 
and solvent printed circuit board 
cleaning systems, thus requiring 

Immediate deli very on small 
quantities. 

no post-wash soldering. \ 

UL Recognition and CSA Cer­
tification at no extra charge. 

Special packing to prevent transit dama\ I 
Pre-tinned to ensure good solder 
contact to the pc board. 

I 

Would you expect to pay 
less for this transformer? 
Even with quality like this , Prem costs you less . Our pc power 
transformer catalog includes cross references to Microtran, Signal, Stan­
cor and Triad part numbers . We invite you to compare . At PREM, we 
give you more than just a great price, we give you a superior product 
and exceptional service. 

Send for our Free Catalog. today! 

For immediate technical data , you can find us in Volume A 
of 1987/88 EEM . Or call us . 

CIRCLE NO 98 

PR[~® 
MAGNETICS, 
INCORPORATED 
3521 North Chapel Hill Road 
McHenry, Illinois 60050 
Tel. 815-385-2700 
TWX 910-642-3763 
FAX 815-385-8578 


