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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 6% 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-CIIL 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

WAVETEK
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¢ The
- Microprocessor:

Nucleus for Change

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, increasingly, 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 reason that there are seemingly
infinite applications and only a limited number of pages in which to
/ e describe them. Nor can we describe, in the pages of one magazine,
the literally thousands of not-so-glitzy applications: the gas pumps,
] 98 4 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- i
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.

EDN Microprocessor Issue October 27, 1988



“At LTX we evaluated a lot
hefore we chose Vicor.”

“As the leading manufacturer of automatic test They delivered a power system that’s modular,
equipment for linear integrated circuits, we had flexible and reliable. We can add new features to
unique power supply requirements for Hi.T, our our testers without having to redesign the power
new linear test system. Given its advanced distribution system. And high reliability is
resource per pin architecture, we needed new especially important to us since we offer a limited
solutions. So we went to the experts. And Vicor lifetime warranty on our test systems.

delivered. At LTX, our test systems are designed to be

They delivered a DC power module which lets flexible. To stay competitive, we're prepared to
us achieve low system noise, thus allowing our test semiconductors that are not yet designed.
test equipment to measure signals down to The flexibility of Vicor’s power supply is an
microvolts. important ingredient in LTX’s role in meeting

The high power density of Vicor’s modules tomorrow’s test challenges.
provides us more space for instrumentation. Our — Phil Perkins, Staff Scientist,
systems are smaller, and we can more easily Co-Founder, LTX Corporation
distribute power supplies throughout the
system.
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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 onboard power
conversion at the
sub-assembly
level.

Rear panel of the Hi.T system

The Component

The building block for distributed power is
the Vicor VI-200 series of “zero-current-
switching”, component
The Benefits: S

converters.

B Maximum cost effectiveness
® Minimum time to market \
® Minimum inventory ’
m Reduced size

m Efficient power busing
® Modularity _
m Flexibility in system configuration To discuss
[

Enhanced reliability your power system
X requirements, call Vicor today

at (508) 470-2900, 23 Frontage Road,
Andover, MA 01810.




FOUR NEW
1P SUPERVISORY ICs!

o Micropower Supply Current (160..A) — ideal for battery applications
e Adjustable Reset Voltage — down to 3.0V for CMOS .P’s
e 200ms Reset Pulse — for Motorola P compatibility

Watchdog Timer

A watchdog circuit built into every
MAX690-697 constantly monitors all uP

Power-On/Low Line E
Reset | =

25 s ; RAW
Maxim's supervisory ICs each have a | xciir activity. It detects both hardware and
precise factory trimmed or user gEouT > cmos

; software malfunctions and automaticall
adjustable threshold detector and timer it RAM 4

. CEIN issues a Reset command to the uP —
that generates an accurate, reliable MAX691 effectively eliminating ‘lock up’ conditions.

Reset signal for any power-on, brown- = RO
g 3\/ -
out or low battery condition. | swtem), s fe]io p Memorv Protect — cmp
- . T POWER FAILL_od -
Power-Fail Detection | = |owe o Enable Gating
An uncommitted 1.3V threshold R SR MAX690-697s prevent uPs from writing

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

L

GND

erroneous data into RAM during power-
up, power-down, brown-outs, and

momentary power interruptions.

monitoring the back-up battery voltage.

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
1pA and ensures that the datain CMOS RAM or EEPROM remains intact until power is restored.

. Reset Isupply  Reset Battery Memory Low Line
Part # Pins  (Volts) (mA) (ms) Switchover  Protect (CE) In Out
MAX690 8 4.65 4 50 Yes No No No
MAX691 16 4.65 4 50" Yes Yes No Yes
MAX692 8 4.40 4 50 Yes No No No
MAX693 16 4.40 4 50* Yes Yes No Yes
MAX694 8 4.65 4 200 Yes No No No
MAX695 16 4.65 4 200* Yes Yes No Yes
MAX696 16 Adj 4 50* Yes No Yes Yes
MAX697 16 Adj 160pA 50* 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.

/VIA X1V

Distributed by Anthem/Lionex, Bell/Graham, Hall-Mark, Nu Horizons, and Pioneer. Authorized Maxim Representatives: Alabama, (205) 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; lllinois, (312) 956-8240; Indiana, (317) 849-4260; lowa, (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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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 are
documented in this EDN special issuc.

Fifteen years and counting . . . 13

EDN celebrates its more than 15 years of involvement with the
microprocessor revolution. The magazine has not been merely a spec-
tator; EDN has been an active participant.—Roy Forsbery

On the cover: 1t’s well documented—in -~ 'The microprocessor’s first two decades:
these pages and many others—how the The way it was 18
macroprocessor affécts the way we work in In 1969, a Japanese manufacturer hired a year-old California com-
this industry. But how has it changed . 0 o A

: = pany called Intel to produce a set of custom integrated circuits for use

our lives outside of the work place? The I ; : >
microprocessor adds o new dimension to in a new line of calculators. The result was the microprocessor, and the

our music, makes our toys more fun to rest is history.—James F Donohue
play with, and gives our movies stunning
special effects. 1o this tiny piece of silicon : v

s s L e The world of the microprocessor: 1971-1988 40
we devote our special issue, The u i ] .
Microprocessor: Nucleus for Change. Events of the world at large, and events in the world of the
(Photo courtesy Intel (fm;p) microprocessor, as reported in the pages of EDN.

Microprocessors: What designers want from them 56

Speed, power, and ease of use. According to a recent survey of
EDN’s readers, that’s what designers and design managers want in the
microprocessors they use.—Gary Leqy, Special Projects 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 clectronic toy. Now, the ubiquitous chips

are in everything from talking dogs to bascballs.—Alden M Hayashi

Continued on page 9
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FASTEST REAL-TIME CMOS PROCESSOR

NVIiHZ

Using 0.8 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 4"
square. This real-time, 40 MHz chip
performs integer processing at
5 MIPS and features:

0 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.

0 20 Mbytes/sec. I/0 bandwidth

O Industry’s lowest power dissipa-
tion: less than 1 watt at 40 MHz

0 Memory Management Unit (MMU)
that provides a protected memory
expansion to 2 MBytes at 40 MHz
with no wait states

Supported by ultra-fast 64K CMOS
Static RAMs:

O

Commts, Mil tas

P4C188 16Kx4 20ns 25ns
P4C187 64K x 1 15ns 20ns
P4C164 8Kx8 20ns 25ns

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

Tom Longo, President: “This chip will be the fastest, p
smallest, single-chip implementation of the 1750A l:”m ”/’M/V 62—
instruction set—with the lowest power dissipation.” SEMICONDUCTOR CORPORATION

Anditis. .
610 E. Weddell Drive, Sunnyvale, CA 94089
© 1986 Performance Semiconductor Corporation. PACE Technology is a trademark of Performance Semiconductor Corporation Te|eph0ne: 408‘734'9000 Telex: 650271 5784
CIRCLE NO 6
NAME Send me information on:
TITEE — PACE 1750A and Component Support
COMPANY ___ PACEBus Interfa(?e Octals
ADDRESS — PACE CMOS Static RAMs
CITY/ST/ZIP Ny e

PHONE ____ — Immediate __ 6Months ___ Longer
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If not for the microprocessor, the dramatic
special movie effécts we now take for
granted would probably not exist (py 78).

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 virtually unlimited.—Dennis Livingston

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 110

The microprocessor’s impact on computing has been tremendous,
but when Intel released the first microprocessor in 1971, computers
and data processing were not exactly what the company had in
mind.—Tm Scannell

Microprocessors move slowly,

but confidently, into space 122
On-board spacecraft-control systems are heavy and costly, so most

control is directed from the ground. Microprocessors are making

lighter systems ever possible, however, and eventually they will be ubi-

quitous in automated satellites and spacecraft.—Paul Kinnucan

Future microprocessors: Fast and fantastic 134
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.—Robert E Peterson Jr

Business/Corporate Staff 145
Advertisers Index 147

Cahners Publishing Company, A Division of Reed Publishing USA [ Specialized Business
Magazines for Building & Construction [] Manufacturing [] Foodservice & Lodging

[l Electronics & Computers [] Interior Design [ Printing [[] Publishing [ Industrial Research
& Technology [] Health Care [ ] and Entertainment. Specialized Consumer Magazines:

['] American Baby [ | and Modern Bride.
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SINGLE PRECISION WHETSTONE LEAGUE

INMOS.
IMS T800 TRANSPUTER.
4.6 MEGAWHETSTONES.

INTEL.
386/387 16 MHz
& 1.8 MEGAWHETSTONES.

MOTOROLA.
68020/68881 20 MHz
1.5 MEGAWHETSTONES.

DEC.
VAX 11/780/FPA
11 MEGAWHETSTONES.

DOUBLE PRECISION WHETSTONE LEAGUE

ONE T800 TRANSPUTER GIVES

2.5 DOUBLE PRECISION
MEGAWHETSTONES...

SO WHEN [T COMES TO
PROCESSING POWER SEVEN
INMOS T800 CHIPS COULD

GIVE THE MIGHTY CRAY 15,

RATED AT 161 MEGAWHETSTONES
A REAL RUN FOR ITS MONEY!



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 T800 Transputer from INMOS.

The T800 is the fastest 32-bit, single chip, floating-point
microprocessor available today. Aquick glance at ts 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...Four 20 MBits/sec
interprocessor communication links...Eight independent DMA
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 links allow
multiprocessor systems to be constructed quickly and easily — giving
you 6 MFLOPS with four T800s...30 MFLOPS with 20..150 MFLOPS with
100...In fact, there’s no limit to the number of Transputers you can use!

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

Want to turbocharge 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 T414 Transputer,
offering lower cost, 10 MIP performance and 0.75M Whetstones.
Lined-up to provide all the I/O 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 an extra point.

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

Transputers are manufactured using an advanced 1.5 micron
CMOS process which keeps the power consumption under one watt.
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 ball in play by
contacting your local INMOS sales office today. And get ready to score.

DESCRIPTION PERFORMANCE AVAILABILITY PACKAGE
Word Clock Integer Floating Point
Part No. Length MHz Drystones Whetstones Commercial Military
IMST800-20 | 32-Bit 20 9500 4.6 Million Now Q288 84 PGA
IMS T414-20 32-Bit 20 9500 0.75 Million Now Q288 84 PGA
IMS T212-17 16-Bit 17 8000 = Now Q288 68 PGA
IMST212-20 16-Bit 20 9500 - Now Q288 68PGA
IMSM212-17 | 16-Bit 17 8000 - Now - 68 PGA
NETWORK SUPPORT PRODUCTS AVAILABILITY PACKAGE
Part No. Description Communication Speed Commercial Military
IMS C004 Software configurable 10 + 20 MBits/sec Now Q288 84 PGA
32 way link switch !
IMS COn Link to system bus 10 +20 MBits/sec Now - 24 PinDIP
IMS C012 Link to system bus 10 + 20 MBits/Sec Now Q288 24 Pin DIP

THE TRANSPUTER TEAM

R
Ll

2 NMOS

INMOS, PO Box 16000, Colorado Springs, Colorado 80935. Tel. (719) 630-4000.

Denver —303-252-4100

Orange County —714-957-6018
Minneapolis —612-932-7121

Santa Clara—408-727-7771

Baltimore —301-995-6952
Atlanta —404-242-7444

Dallas —214-490-9522
Boston —617-366-4020

o —————— e — e ————————

[1Send me information on the Transputer Team.
| of third-party manufacturers’ transputer-based products and services.
[IPlease have a Field Applications Engineer call. [JPlease have a salesman call.

[[1Send me the Transputer White Pages, a listing i

| Name Title
I Company Address
Zip Tel

I
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Until we acquired Sealectro,
this was the strongest group of companies
in the electronics industry.

Cannon Connectors

My

U
i

TTT Jeanvenaud

Jeanrenaud Switches

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

TTTcannon

ITTES

Pomona Electronics
Test Accessories

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

ITTvm

MTI Relays

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 Headquanrters
10550 Talbert Avenue
Fountain Valley, CA 92708
Or call (714) 964-7400

T T conponents workwice

Discover our strengths.
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EDITORIAL

Fifteen vears
and counting . . .

ith this special issue, EDN celebrates its more than
W15 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.

before Intel’s 4004 4-bit
microprocessor actually
came to market, an EDN
news story announced
that the single-chip CPU,
which was developed for
the calculator manufac-
turer Busicom, would be-
come available to all com-
ers. The article propheti-
cally declared, “the pack-
age might well induce de-
signers to develop 4-bit
applications outside the
confines of the calculator
market.”

November 5, 1973. An
editorial titled “The race
belongs to the prepared”
stated our belief that
new markets would grow
around the microproces-
sor, that engineers were
not prepared to use this
new design tool, and that
EDN was dedicating it-
self to educating engi-
neers to use microproces-

Let’s recap some of EDN’s pioneering efforts.
e May 1, 1971. Six months

sors. Bob Cushman’s
hands-on pP design in
the same issue, the first
article of a series that
continued for more than
10 years, first coined the
P acronym.

June 5, 1984. The first
multipart Software De-
sign Series published.
August, 1974. The first
comprehensive wP Mar-
ket Study, conducted
among users/potential us-
ers. Followed up again in
October, 1975, these
EDN studies were mar-
keting’s bible for many
years.

November 20, 1974. The
First Annual EDN pP
Chip Directory. 1988
marks the 15th consecu-
tive year that EDN has
compiled and published
this directory.

June 5, 1975. EDN spon-
sored the World’s First
P Design Contest.

EDN Microprocessor Issue October 27, 1988
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EDITORIAL

November 20, 1975.
EDN’s First Annual pC
Systems (board-level
products) Directory.

® November 20, 1976. An
11-Chapter “pC 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 pC
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 wC 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 EDN’s first of six

Designer’s Guides to
DSP.

® March 20, 1980. A 4-
Chapter Designer’s
Guide to Testing and

Troubleshooting nP-
Based Products pub-
lished all in one issue.

® November 5, 1980.

EDN’s First nC Operat-
ing Systems Directory
and a 5-Chapter Operat-
ing Systems tutorial.

® April 1, 1981. EDN’s

landmark 16-bit P
benchmarks.
® May 27, 1981. 3-Part De-
signer’s Guide to pC
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
pwP-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 pPs and pCs
based on his own experiences.

So you can see why EDN has
cause for celebrating its 15
years with the microprocessor.
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 EDN.

Roy Forsberg
Vice President, Editorial Director and
Associate Publisher

14

EDN Microprocessor Issue October 27, 1988




MVMEI47 SINGLE-BOARD COMPUTER

“Their new 030 board
isnt really a single-
board computer.

It’s a single-board

OEMs weren't prepared for the — jpsme
level of functionality our new
MVMEI147 processor module
delivers. On one standard VME
card, it packs virtually all the
functions you need to build

a small, multi-user system. e

Qtﬂ—%. >
How? Mainly through ASICs gé/

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 147 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,

2

CIIN.

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 single 32-bit RISC
chip. Sustained. 42,000 dhrystones. In CMOS.
Complete hardware and software development
support. Optimizing compilers. Assemblers.
Debuggers Industry standard operating systems.

. Hardware development tools.
Documentation, training
~and customer support.
- Now:
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Advanced Micro Devices’' 29K.
The next platform.

Call 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

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-sixth of an inch
long. It contained 2300
transistors 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
Hoff’s 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 offer 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
kilebit 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
Hoff’s idea? Get real. Hoff remem-
bers that the reaction of the Japa-
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 came to

Japanese manufacturer Busicom asked Intel to build
12 hardwired logic chips for use in its calculators,
and Intel responded by proposing fo 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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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.
“T 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.

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

Federico Faggin,

the 4004’s designer,
had been on the job
only two days when
Masatoshi1 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.

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

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.”

Noyce and Gelbach flew to Japan

logic design and
only some circuit
design and chip

Good times in the pear orchard

in 1971 intending
to do no more
than negotiate a
new contract with

layout were left
to do. But that is

not what I
found.” What he
found, Faggin

says, were a lot
of unresolved
chip architec-
tural issues and
nobody around to
solve them.

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

20

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.

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
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
to break off its circuit board.

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.

Noyce hired Ted Hoff as Intel’s twelfth employee.

Does anything stand out in Noyce’s mind about Hoff?

AA!

“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
was very bright,” Noyce remembers. “About the brightest
kid they’d had in their courses.”

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.”

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.

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 1k-
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-
ies 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.

TI'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-

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

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-
tronies.” 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.”

Ted Hoff: Architect of the concept

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 Networks 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,

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
vears, 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
write a more power-
ful mstruction set
and design a gen-
eral-purpose logic
chip that could use
those instructions to
do muluple jobs.
Why not, he asked,
create a microproc-
2Ss0r?

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 1/0; 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 1t would have
the 6502 at Wescon
in September. The
chip would be plug-
compatible with the
6800, and 1t would
sell for $25. At the
time, Intel’s 8030

and Motorola’s
6300 were selling

for $1709.

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
I1, 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
780, 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/0 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

called it CP/M (Control Program/

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.

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

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.
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

Microcomputers).

CP/M 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 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.”

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

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

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-

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

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

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 a 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.

P Now the ROM could be as flexible as the

y » 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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No restraint.
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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
in the second year of a slump in
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The 68000 was a
mighty 16-bit chip
mdeed. Motorola de-
signed the mstruc-
tion set so that there
could be as many as
64,000 instructions.
And its 16-bit regis-
ters permitted the
63000, 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-

EDN Microprocessor Issue October 27, 1988



N

Great code compatibility.
Terrific performance. Superintegration.

Zilog's Z80180™ is the CMOS general purpose controller
with the high performance and the on-board peripherals
that make it clearly the cost-effective, space-saving choice.
Whether you're upgrading a Z80 application or designing a
totally new system.

13 Su mntegmtion

of today's

b{j;(;)gr levels
o approh.

ASIC anim That new appmacb is S‘upeﬂnlegmhon
V on, Zilog bas developed a

ti
nng,:;[;plzcatwn specific. Standard

1, ASSPs are working cores
bmed pu nced for specific z;gl[’lshca
musm not custon parls In fact, the A:

i tecture and thed iy
ith. Compare:
u:s': ‘annn -recurring engmeer-
Jiminated. Plus, ngh(lj on stlg& 5.
board red
ance. ‘
%mwedo;b”;nk what all this can mean
‘ ¢bg:ft this. Nobody has a more complete

stem cells,
workinggeneric COreS WL iy

‘ Noboyis better qualif
o mﬂrz_&‘lgg perintegration parts.

use the same archi

Full software compatibility.

You'll be up and running with the Z180 immediately.
Because it's 100% object code compatible with Z80/8080. You
probably already know the code, so you can port right onto
the Z180. Not only that, since Zilog originally developed the
part jointly with Hitachi, the Z180 is directly compatible with
Hitachi’s version, the HD64180Z.

Enhanced performance.

Of course, the Z180’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 Z180s 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 UART channels,
and 2 16-bit programmable counter-timers. Plus wait-state
generators, an interrupt controller, a clock oscillator/generator,
and a clocked serial 170 port. All integrated on the Z180 chip.

If this isn’t enough to convince you to take a look at what
the Z180 can do for your design project, here’s a little more to
consider. The full complement of development support tools are
readily available from industry leaders. And the Z180 comes to
you off-the-shelf, backed by Zilog's proven quality and relia-
bility. Find out more about the Z180 or any of Zilog’s growing
family of Superintegration products. Contact your local Zilog
sales office or your authorized distributor today. Zilog, Inc.,

210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000.

nght product. Right price. Right away. Zilog

ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611,

NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 67.

34, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046.

JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (880) (2) 741-3125, SINGAPORE 05-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec

JAN De
Profesionales (5) 536-1312

EDN Microprocessor Issue October 27, 1988

es, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel -(1) 46-2211, Brazil—=Digibyte (011) 241- 3611, Mexico—Semiconductores

CIRCLE NO 13



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
78000. The Z80000, like its little
brother, the Z8000, targets military
applications.

With the Z8000/Z80000, Zilog
moved into a distant third in the
microprocessor race behind Intel
and Motorola, but ahead of National

Chuck Peddle:

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

at first—didn’t know what to do with the

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

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.”

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.

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.

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.”

1980 and currently is president of Tandon Computer Corp.
in Chatsworth, California.

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

Wind of what he was up to got back to the brass at

How did the MOS Technology design team get the price

Peddle also drew on the work done at Carnegie-Mellon

Peddle cofounded Sirius Systems Technology Inc. in
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If your
Samtec catalog

DIP Sockets, capac-
itor sockets, adaptor

Square post socket

strips, board spacers.

Shrouded IDC term-
inal strips, matching
cable strips.

Machined sockets,
terminal strips.

.025" sq. terminal
strips, single/double
row shrouded.

——




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 83000

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
Has Innovative Breakpoint Features

Nohau Corporation’s 8051 emulator,
the EMULSI-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 EMULSI-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). f
Execution will then break as soon as
the program goes outside of legal
program blocks. By looking back in

ADVERTISEMENT

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

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

FPat. Pend. by Logical Services.
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" KILL 8051 ~-
BUGS FAST. -

90
&
&

.#21: counter = first;
422: valve = Bxd4E;
.823: last_value = 8;

.424: value = read_bit(P3_2 bit);

426; if (counter == 1888) [N
427: counter = 8;
428 else

429: counter++;
438: last_value = value;

831: /* now restart process */

BB Brsek on internal bit

Bt bredk on internal byte—]
825: if ((value == 1) !} (last_value|CEh Clear hreakpoints

Internal Break on pattern
BIC Break on Internal Contents

* sys connand
Systen=COMMAND
CALL TODAY
FOR YOUR FREE
VIDEO AND
'MO.

Nohau's EMUL51-PC m Source Level Debug- Sog,gg)%g% 252 0 9
emulator and trace board  ging for PL/M-51 and C-51 E
make a sophisticated bug-  m 48 bits wide 16K deep
hunting pair for your trace buffer \:'Ofllljﬂ\\’llJE (‘Ao]~3l-‘>:-> -

() = . y ¢ sl Austria 222 38 76 38-
8031/8051 projects. Plug m20 MHZ real-time i (3 EEA 1873
the EMUL51-PC into your  emulation Benelux +31-1858-16133
PC, XT, AT or compa- m Complete 8051 Family Denmark 0265 .;'11)1}1; :

i P ’ 3 ine i France 0169 412 80
tible and find bugs that support inc ludlpg G Do 4647508
other emulators can't. proliferation chips fstail 03499034
Our powerful software m Available in either Korea 04784 7841

akes it 2 sne “ in” or® " Portugal 01835670
makes it a snap to use. Plug-in or Box. ' Sk ol P i
configurations Spain 032172340
Switzerland 017404105
West Germany 0813116 87

The EMUL51-PC comes with a 5-ft. cable, software and 1 year hard-

NnoHau

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

ware warranty with free software updates. Trace board optional.
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Our ASICs wont leave
out in the woods.

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.

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.

CIRCLE NO 11

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

(408) 922-0200.

SYSTEM

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?



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 famlly, 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
S 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-

offers assistance ranging from technical consultation to the
design of entire systems.

options you need today and the migration path you must have
to plan for tomorrow. Call 800-323-4477 for information.

CHir,

chip sets or CHIPSets. The difference is the difference.

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

CIRCLE NO 3

cations,too. And our unique Design Services Organization

Only CHIPSets offer the high-performance compatible
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V¥4 National

Semiconductor
NS32CG16
- 32-bit Printer/ Display
HPC Processor

16-bit CMOS
Microcontroller
. RS232, Centronics
AppleTalk
Laser Engine
interface

18 specialized
graphics instructions
16-Mbyte linear
address range
1015 MHz

SCX6218
Gate array
! System logic
R i R e ol i , | DMA support

DP8421
DRAM Controller |
Direct interface

..........

NS32081/NS32381
Floating Point Unit
(optional )
High-speed outline-
font calculations,
scaling, rotation,

translation

- (e L SR S
¢ ‘T

I 5 Sl

I |

s EEPRO
Printer set-up
Page-volume data

NMC27C1023
EPROM
Font and program
storage
Printer diagnostics

DP8510/11
BitBLT 74ACT245PC
Processing Unit FACT™ family ’
(Accelerator) of hjgh-speed, “
(optional) low-power '
Very fast bit-aligned advanced CMOS

block transfers logic devices
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When it comes 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.

And the heart of the most
cost-effective systems solu-

30MHZ

NS32CG 16-15
PRINTER/DISPLAY
PROCESSOR

1MEGABYTE

EPROM
NMC27C1023
HOST /0

RS-232/ g9
P42 g D842 - MEGABYTES
1 e 5 DRAM . DRAM
CENTRONICS._ £ popmeic 2 16 BITS DATA CONTROLLER |+ 4
=% { CONTROL 24 BITS ADDRESS | VIDEQ
| BUFFER

| S

NS32081 FPU
FLOATING
POINT UNIT

STATUS DR VIDEO TO ENGINE

INDICATORS

FRONT PANEL
CONTROLS

BITBLT
PROCESSING UNIT

ENGINE STATUS/CONTROL

The NS32CG16 is the beart of a bigh-performance, cost-effective
systems solution for applications like this page-printer controller:

tools, available now:
* add-in cards to turn your
PC/AT* or compatible into
a powerful, multiuser devel-
opment host
» a full set of language tools,
including
—assemblers, linkers,
debuggers

—optimizing compilers
for C, Pascal, FORTRAN
77,and Ada®

* MicroCASE (formerly

tion for a full range of imag-
ing designs.

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 (1X, 2X, 3X, 4X)

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

* supports CCITT Group III and IV
protocols for facsimile transmission

* on-chip clock generator

LaserJet and PCL are trademarks of Hewlett-Packard Corporation
PostScript 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, ISE, FAST (Fairchild Advanced Schottky TTL), and FACT (Fairchild
Advanced CMOS Technology) are trademarks of National Semiconductor
Corporation

©1988 National Semiconductor Corporation
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* programmable power-down
modes
* on-chip DMA support circuitry:
A true 2-address machine (for
direct memory-to-memory graph-
ics operations), the NS32CG16 has
a16-Mbyte linear address space to
support large font storages, high-
dpi (dots-per-inch) page buffers,
and memory-intensive page-
description languages ( PDLSs).

ALL TOGETHER:
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,/O 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/O 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

CIRCLE NO 17

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 TOGETHER: 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: 1971-1980

Events of the world at lavge, as we remem-

ber them, and events in the world of the
micvoprocessor, as veported in the pages of

EDN.

1971

harles 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

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
100k, 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

he 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 Award for best
picture; Marlon Brando
wins, but refuses, an Os-
car for best actor.
Milwaukee’s Kareem Ab-
dul-Jabbar 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.
P e

1973

ixon aides H R 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 % the speed.

Good stuff cheap

The Rockwell PPS pP 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

resident 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 P pricing if it
decided to be as aggres-
sive in the wP market
place as it has been in the
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Industry: Dealing with the 2'4-genera-
tion machines. If we can do 1t . . .
Elsewhere: Resignations galore, jail in
store.

P T

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.

42

A champ . ..

[The Intel 8080] is serv-
ing as the point of com-
parison for all the other
mainstream single-chip 8-
bit wPs that other semi-
conductor manufacturers
are scheduling for intro-
duction during 1974 and
1975.

. .. and a challenger

The 6800 is the first 8-bit
wP to challenge Intel’s
very visible position in
the pP field.

So, we got a

little carried away
Within the next few
months the 16-bit MOS
wPs 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

ohn 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 wP
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 w.P
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.

e

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 2%-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
pnPs 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
TI’s own minicomputer
department.

DIODE PLUG-INS

PROGRAM
ROM

mmﬁa-srsp LOGIC |
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1976

he 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 wPs was Intel’s 8080. This
year it’s the more refined 8080A, but the story is the
same: This 8-bit NMOS machine has captured more
pP-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 sophisti-
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 environ-
mental constraints—this wP finds a loyal and growing
following.

Dark horse

EDN'’s nomination for the “Dark Horse wP of 1976
Award” goes to the [Fairchild] F'8. Because this ma-
chine handles many admittedly unglamorous but never-
theless very high volume applications with only two
chips, it’s now undergoing shipment in large quantities.
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immy Carter becomes president and immediately
pardons some 10,000 Vietnam War draft evaders.
Convicted killer Gary Gilmore is executed by a
tah 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 Rumours.

Two for the price of one

Suppliers of midrange wPs 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
780, ete. 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 nC family. Perhaps just too
many good pnCs are available for any semiconductor
supplier to hope at this late date to launch any totally
new pC family.

And none too soon

Steady progress in CMOS technology could see CMOS
pCs 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

iscos 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
pP 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 uPs
have indeed impressively
enhanced almost every
aspect of the standard
Von Neumann machine.
Their instruction sets tell
the story: These uwPs can,
in varying degrees, ma-
nipulate all sorts of
data—the 8086 even per-
forms arithmetic on AS-
ClII-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 [eertain microproces-
sors] really be available
in volume in 19797 [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.

P e e

vestments by offering
more $5000 to $25,000 de-
velopment computers,
some wP 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

nuclear 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 pCs,
the older 8048 family

* In the mainstream 8-bit
multichip-wP 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 w.Ps,
RCA’s 1802.

Project Aloha, Part 1

Intel’s answer to the Mo-
torola 68000 and Zilog
78000 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
78000 but with more of
the latest bells and whis-
tles.

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.

Mount St Helens, an “extinet” voleano in Washing-

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 wP 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 wPs 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

he 52 American hos-

tages are released by

Iran. President Re-
agan and Pope John Paul
IT 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
Chariots of Fire.
Edmonton’s Wayne
Gretzky is the NHL’s
leading scorer.

At the source

Our directory now promi-
nently lists large Japa-
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
pCs. Most significant is

46

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 pnCs: 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
78000, and such newcom-
ers as the National 16000
and TT 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.

20000 ELHIVRLOOLPROOGCLR200050000600000000
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

rgentina 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
7380 will be available in CMOS versions this year, and
at least three of the leading 16-bit wPs have or soon
will have CMOS counterparts.
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Making a PROM Burner

1S Easy...

GANGPRO-S ki ...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.

B Extensive error checking operations.

@ Minimal operator skill required.

&
2

This function will simlate
your PLD design using the
wectors from your .81 File

3CNOUPLABMPLES\GATES . PLY
SCNQIPLASIMGATES. 51
>

CUPL ™ _the first high level, universal

language for PLDs.

B Schematic entry, state machine or boolean
equation design formats.

@ Comprehensive data base support library.

@ Compatible with MS-DOS, UNIX and VMS.

B 24 hour/7day dial up bulletin board for
update information.

B Worldwide field support.

LOGICAL

DEVICES, INC.

S

@-—wmm

pimimes
S

\:D““““ R
\y

o

ALLPR()‘M ..the universal device

programming workstation that grows with

your needs.

B Programs over 1800 device types (PLDs,
PROMs, Micros).

@ Continous device support program by
floppies.

vters or plug-in electronics

@ Totally pin/software driven.

B Certified by major PLD manufacturers

@ High performance, menu-driven or macro-
driven user interface software

1201 NW 65th Place. Fort Lauderdale, Florida 33309. (305) 974-0967. Toll Free 800-EE1-PROM. Telex 383142

Come see us at Wescon Booth No. 3587

CIRCLE NO 58

1988 Logical Devices, Inc




Industry: There goes the 4-bit market.
Elsewhere: Politics redefined.

1983

he 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 pP.

Insult to injury

Many 68000 customers are using National’s 16081 float-
ing-point coprocessor (as a peripheral) because of the
unavailability of the Motorola floating-point unit—
much to Motorola’s annoyance.

il 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.
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1984

eraldine 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 pP
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 wPs. 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 for.

Command Line displays
selected function.

Hierarchical Menus eliminate
keyboard commands.

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

Action Button selects
Jfunctions.

Menu Button toggles
between menu and
graphics.

Pan Button Redraws
screen around
cursor location.

4

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

Introducing EE Designer I1I"

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:

EELEK TRONIK AB
Box 1337

S-181 25 LIDINGO, Sweden

Tel: +46 8 7679205

Fax: +46 8 7318118

' EE Designer 1l sets the

= Supports L/ 1/M EN

Ei{fgnnance standard for

Memery or Ex

: Forward and Back—
Annotation of Multi
Schematlcs .

CIRCLE NO 23

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:

[ Ty B W J N ¥V, V] E

VADAUIVA llh)

CLOSR~P OARVA T QN

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
780 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

he space shuttle
Challenger explodes

after launch, killing

At Chernobyl, in the So-
viet Union, a nuclear re-
actor suffers a core melt-

all seven crew members.
US warplanes strike tar-
gets in Libya, including
the residence of Libyan
leader Muammar Qad-
dafi.
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down.

Ferdinand and Imelda
Marcos flee the Philippi-
ness; Corazon Aquino be-
comes the Philippines’
new president.

FEBHOSREIBERREEPPRPOPOFEIHAENOERVENIDOSFEE
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 wPs.

Number crunchers

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

1987

llie 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 wP’s task is to
be a “good Unix engine.”
Among other things, this
task requires that the nP
architecture mate well
with an accompanying
optimizing 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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Its a trap.

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
fined, and detailed commands.

- Quick Change Artistry

~ No more running up and down com-

mand trees to change or modify an
emulator condition. Change com-

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

ailable for Rent through
. Instrument Rentals, Inc.

‘mands without stopping the emulator.

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)

systems.

I)edxcated to MDS/ICE Support

US. & European Headquartets
Sophia Systems

3337 Kifer Road

Santa Clara, CA 95051 (408) 733-1571

Corporate Headquarters:

Sophia Systems Co., Ltd.

NS Bldg. 8F

2-4-1 Nishishinjuku, Shinjuku-ku

Tokyo 160 03-348-7000

©1988 Sophia Systems

Sophia Sy is a regi d tradi k 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/AT 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) pP 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

oviet 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 wP 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 ,comparisons.

Compare Power The choice is now obvious when you
require both power and switching speed in
2000 BPOLAR your power systems. Insulated Gate Bipolar
Transistors (IGBTs) offer both.

Similar to Bipolar, IGBTs have high
conductivity with faster switching speeds
MOSEET (tf=0.5uS typ). And like MOSFETs, IGBTs
have high input impedance/high speed with

:

IGBT

VOLTAGE (V)
(o)
3

:Z lower on-resistance (as low as 8m<2)..
% 5 W N e o So now, for applications like low-noise
CURRENT (A) inverters and servo-motor drives, there really
Compare Speed isn't any reason to compromise. The solution
you've been looking for is available: IGBT.
| BroLAR The performance combination that doesn't
DABUNETON make you give up one thing to get another.
3w laBT Leading the way, again, this time with
e the broadest line of IGBTs anywhere in the
s e world. Toshiba.
10° TOSHIBA AMERICA, INC.
Semiconductor Products Division
10° 10° 10° 10° 10’ 10°

SWITCHING SPEED (Hz)

Compare Selection

IGBT (Insulated Gate Bipolar Transistor) Selection Guide
MAXIMUM RATING

CIRCUIT SYMBOL| Vces(V) COLLECTOR CURRENT Ic (A)
8 15 25 50 100 150 200 300 400
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TOSHIBA AMERICA, INC., Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine, CA 92718 « (714) 455-2000. Regional Sales Offices:
Western Region, (714) 455-2000; Central Region, (312) 945-1500; Northeastern Region, (617) 272-4352; Southeastern Region, (404) 368-0203
Distributed by: Marshall Industries, Cronin Electronics, General Components, Inc., Goold Electronics, ITT/Multicomponents ¢« RAE Electronics (Canada only),
Image Electronics, Ital Electronics, JACO Electronics, Reptron Electronics, Sterling Electronics and Western Microtechnology. SPD-88-003
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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 ICs. 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 u 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 u standard cell family offers density up to
60,000 gates and an average speed of 600 picoseconds,
plus memory capability of 32K 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 Complete ASIC

ar

Needs ; 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.

Please send complete technical data/zpecs on OKki capabilities in:
[J Sea-of-gates [J Channelled arrays
[ Standard cells [ Full customs

[ Please call. We have immediate requirements.
( )

Phone

Name

Title

Company

Attach coupon to business card or letterhead and return to;
ASIC Customer Service, Oki Semiconductor, 785 North Mary
Avenue, Sunnyvale, CA 94086. Phone: (408) 720-1900.

SEMICONDUCTOR
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MICROPROCESSORS:

What designers want from them

Gary Legg, Special Projects Editor, and Nancy Gaygan, Director of Research

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 EDN’s readers who either design with
microprocessors themselves or manage other
designers. We sent
out 2500 detailed
questionnaires and

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.

It certainly is no
surprise that de-
signers are turning

TABLE 1—MICROPROCESSOR WORD-LENGTH REQUIREMENTS

received 637 re- PERCENT 100 WILL START to microprocessors
plies. The survey OF USING NOW USING WITHIN with longer data
respondents repre- RESPONDENTS 8 WO YEA?S words; 32-bit proc-
sent a broad spec- 69% T1% essors have been
trum of companies available for several
and end-user appli- 60 years now. Al-
cations. though 8-bit devices
The fact that de- 40 have been on the
; 32%
signers want speed, 95% market for almost
power, and ease of 17 years, they're
use isn’t surprising, 20 12% just now overtaking
of course, but it 1% 4-bit microproces-
does lend credibility - sors and microcon-
to the notion that 8 BITS 16 BITS 32 BITS trollers in the num-
applications for mi- DATA-WORD LENGTH ber of devices sold.

croprocessors are

Our survey seems

TABLE 2—M|CR0PR0(ESSOR~I:flOCK-RAIE REQUIREMENTS

100

il USING NOW
RESPONDENTS WILL START
80 USING WITHIN
TWO YEARS
60  51%
42%
40
23%
17% 18%
20 14% e 16% 0% 14%
: | R | =
5MHz - 10 MHz 10MHz-15MHz ~ 15MHz-20MHz 20 MHz - 25 MHz OVER 25 MHz

CLOCK RATE
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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 _

PERCENT OF RESPONDENTS
10 20 30 40 50 60

7%~ |sInG Now

8051

w17 ——— WILL START USING
WITHIN TWO YEARS

—36%
8088 o

L

e
780 o

L
N P,

1%

L

6800
5%
2%
-

TABLE 3(B)—USE OF 16-BIT DEVICES

PERCENT OF RESPONDENTS
10 20 30 40 50 60

— 48%
7% ——_ WILL START USING USING NOW

WITHIN TWO YEARS

————

8%

— a2
3%
— i

8%

- %

8%

TABLE 3(C)—USE OF 32-BIT DEVICES

PERCENT OF RESPONDENTS
10 20 30 40 50 60

54%
WILL START USING ™ ysSING NOW

80386 A 22% \WITHIN TWO YEARS
- 5%

5%

.2%

6%

B 2%
6%

HD64180

68000

80286

8086

80186

8096

50%

29000

TRANSPUTER

88000
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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. SOFTWARE TOOLS / EASE — 8.4
OF PROGRAMMING
User preferences are changing SUPPLIER — 8.1
In tracking specific 8-, 16-, and REPUTATION
32-bit devices, we found that sur- DESIGN TOOLS/ — 8.1
vey respondents’ preferences vary EASE OF DESIGN
(Tables 3a, 3b, and 3¢). Eight-bit SPEED — 8.1
and 16-bit microprocessors and
microcontrollers remain extremely ARCHITECTURE — 78
popular with the engineers and
managers who responded to EDN’s AMOUNT gﬁgﬂp%l\g(%}ég 1.1
survey. However, there will be es- 77
sentially no new users (no more SECOND SOURCES '
than 4% of survey respondents) for
BUS WIDTH

any one 8-bit device, and only a few
new users (8% of respondents or
less) for any one 16-bit chip. The

TABLE 4—IMPORTANCE OF MICROPROCESSOR CHARACTERISTICS
VERY IMPORTANT

ON-CHIP FEATURES
(TIMERS, ETC.)

NOT IMPORTANT

o

C o
i

2

S

[=2]

8

-
(=]

powerful 32-bit chips from Motorola PRICE 75
and Intel can expect to see lots of

new devotees, however; half of our ELESSETOTIPPELSST/ 7.5
survey respondents expect to begin

using the 68020/30 and the 80386  POWER CONSUMPTION I 74
within two years. No other devices FAST INTERRUPT 73
come anywhere close to those pro- RESPONSE — :
jections or, for that matter, to the HIGH-LEVEL-LANGUAGE — 79
present popularity of the Motorola COMPATIBILITY

and Intel chips. INSTRUCTION-SET — 7.0
COMPATIBILITY
What designers want SUPPORT CHIPS — 6.9
Clock rates and word lengths (the (E.G., FPU)
specs”) donttell the whale story, (SRkCTSOL: | ©
of course. Designers and design
managers have qualitative, as well OPERA‘LU/\I/SLSAYB?[FT'\G _ 6.1
as quantitative, concerns about the COUNTRY OF 58
microprocessors they use. Table 4 MANUFACTURER _ -
shows how the people who re- 56
sponded to EDN’s survey rank 27 MULTITASKING — '
microprocessor characteristics in FLOATING-POINT _ 5.6
importance. The numbers shown PROCESSING
with the different characteristics in- 0S KERNEL — 5.1
AVAILABILITY

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.”

MULTIPROCESSING /
PARALLEL PROCESSING

MULTIPLE USERS

=
©

=
w

10

AVAILABILITY AS
CELL-BASED ASIC

5
w

“Software tools/ease of program-
ming” is the microprocessor charac-
teristic considered most important CISC
by survey respondents, and “design
tools/ease of design” ties for second

o

RISC

coII
&
w
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Record-Shattering
CPU Performance! |

Sustained 20-MIPS, 7-MFlop 1 2»
throughput in a 32-bit CM:
CPUand 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 proportions
A 32-bit CPU/Floating point processor set that
delivers sustained throughput of 20-MIPS, and
7-MFlop single precision, LINPACK,
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.

PERFORMANCE

SEMICONDUCTOR CORPORATION

Performance Semiconductor Corporation
610 E. Weddell Drive, Sunnyvale, CA 94089
Telephone (408) 734-9000

PACE Technology is a trademark of Performance Semiconductor Corporation
PaceMips is a joint trademark of Performance Semiconductor Corporation and
MIPS Computer Systems, Inc

S
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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-
ferred 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

themselves, important to designers
and managers. These two char-
acteristics ended up at the very bot-
tom of the rankings. EDN’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” ¢s 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.
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Get hardware 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
Before RTX™

Traditional microprocessors sacrifice predict-
ability and external response to achieve high

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™

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.

RTX 2000™ Performance
Processor Typical Instruction | Power Dissipation | Interrupt | Conditional | 16 x 16 Multiply ASIC Bus™ Subroutine Call/Return
Clock Speed (MHz) Rate (MIPS)* (mw) Latency (us) | Branch (us) (ns) Bandwidth (Mbytes/Sec) Overhead (us)
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 15 40 4.0 1.00 1.00 2 1.00

*Instruction Rate Measured In Millions Of Instructions Per Second.
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h performance

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.

EDN Microprocessor Issue October 27, 1988

RTX 2000/2001™ Features
Feature RTX 2000 RTX 2001
Timer/Counters (on-chip) 3 ea. — 16 bit 3 ea. — 16 bit
Interrupt Controller (on-chip) | NMI and 13 Maskable NMI and 13 Maskable
(Expandable off-chip) (Expandable off-chip)
Memory (on-chip) 256 x 16 Parameter Stack | 64 x 16 Parameter Stack
256 x 21 Return Stack 64 x 21 Return Stack
Wiait State Yes Yes
Controller (on-chip)
ASIC Bus™ 16 bit 16 bit
16 x 16 Multiply Single Cycle 20 Cycle
32/16 Divide 21 Cycle 21 Cycle
32/16 Square Root 25 Cycle 25 Cycle
Address Range 1 Mbyte 1 Mbyte
Data Bus 16 bit 16 bit
Byte Operations Yes Yes
Package 84 pins 84 pins
883C Compliant 10 CY89 Not Planned
Semicustom Migration Path Yes Yes
Rad-Hard Migration Path Yes Not Planned
32 bit Migration Path Yes Yes
Development System Yes Yes
Forth Compiler Now Now
C Compiler 4Q Cvy88 4Q CY88
Prolog Compiler 1Q CYs9 10 CY89




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.

Now you can integrate hardware and software,
and debug without investing in costly, complex In-
Circuit Emulators (ICE).

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

A better hardware-to-software balance can make you 10 times

16-bit RTX 2000™ and RTX 2001™ 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.

Find out more about how you can move more
of your hardware into software — and get them
working together like never before.

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

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

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

Harris Systems Ltd.
Semiconductor Sector
Eskdale Road
Winnersh Triangle
Wokingham RGI1 5TR
Berkshire

United Kingdom

TEL: 0734-698787

EUROPEAN HEADQUARTERS

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 U.S.A.
Anthem Electronics

Falcon Electronics
Hall-Mark Electronics

Schweber Electronics

Hamilton/Avnet Corporation

DISTRIBUTORS IN CANADA
Hamilton/Avnet Corporation
Semad Electronics

IN REALTIME CONTROL,
THE NAME IS

HARRIS

Harris Semiconductor: Analog - CMOS Digital
Gallium Arsenide - Semicustom - Custom

o HARRIS

Reorder Number: 6AD-5030
©Harris Corporation, July 1988
Printed in US.A.
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oose Teledyne First!

Need More
Design Time?

Let us design your RS-232 interface then. Eliminate
1488/1489 chip sets and complex analog power supply
voltage level converter design. RS-232 ports are a snap to
produce with our TSC232 receiver/transmitter pair and
power supply converter integrated circuit. Your 5V logic
power supply is converted to =10 power supply levels.
We've met the standard so you can concentrate on non-
standard designs.

All RS-232 specifications are met and external receiver
input protection components are unnecessary for £30V
inputs. Reduce your RFI levels with the slew rate limited
TSC232 dual output transmitters.

CMOS technology cuts your data transmission errors and
maximizes noise immunity through efficient +5V to =10V
supply conversion. The low power requirements are a
natural for battery applications.

Samples and production volume available now.
Commercial, industrial, military and military/883 devices.
Select from DIP or surface mount package options.

The TSC232 is compatible electrically with the MAX232.
Now you can CHOOSE TELEDYNE FIRST and benefit
from our 25 year history of dependable service and quality
production.

Circle No. 15 for Literature Only
Circle No. 54 for Direct Factory Contact

+5VINPUT

RRE, % 1[>5 14
TTLCMOS 3151'12:31'
INPUTS g
N 10 T2 T
RS-232
OuTPUT
T 13
°<F" RS-232
TTLCMOS INPUT
OUTPUTS ; a 5
- z R2 * .,
< RS-23—2<
INPUT

Call the Marshall Industries distributorship
nearest you or Teledyne Semiconductor for
assistance at 1-800-888-9966.

Marshall

“/WTELEDYNE

SEMICONDUCTOR

The Analog Signal Processing Company ™
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Alden M. Hayashi a t’s Wha t
toys are

made of

young boy dabbles with his
electronic Etch A Sketch.
Using a stylus and
touchpad, he begins draw-

ing a fish, which instanta-
neously appears on the toy’s LCD
screen. The ‘‘erase’ function

helps him redraw
the fish’s

Blasting evil enemy robots on
the telecast ““Captain Power
and the Soldiers of the Fu-
ture” is easy, thanks to mi-
crocontroller-driven ray guns.

~—
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MICROPROCESSORD:

tail, which was too small at first.
After several corrections, he’s sat-
isfied and stores the sketch in the
toy’s memory.

He then starts a fresh screen by
retrieving the fish he just drew.
This time, however, he uses the
“move” function to transfer the
image’s position. He stores
the relocated figure and
then repeats the steps again
and again. After storing sev-
eral such images, he acti-
vates an “animation” func-
tion. The fish pops back up
on the screen and appears
to swim back and forth as
the stored frames are played
and replayed in quick suc-
cession. Inside the toy, un-
known to the young artist,

an 8-bit Hitachi 6301 micro-
controller is busy comput-
ing and recomputing the
thousands of graphics coor-
dinates needed to manipu-
late the 2400-pixel screen.
The electronic Etch A

Sketch—a far cry from the me-
chanical version so familiar to the
boy’s parents—is yet another toy
that owes its existence to a micro-
processor. More than a decade has
passed since microprocessor-
based toys first appeared, and it’s

now difficult to believe that many
of today’s electronic Etch A
Sketch aficionados weren't even
born when high-tech playthings
first began to engage the atten-
tion and imagination of children
and grown-ups alike.

»




Electronic Etch A Sketch, powered

by a Hitachi 6301 microcontroller, allows
young (and young-at-heart) artists fo create animation

Texas Instruments’ Speak & Spell

sequences.

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
780 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-
ju