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AMD YOUR CRT.

AMD’s CRT controller family wrings every
last drop of performance out of your video screen.

You get a dazzling, attractive display your
customers will find irresistible.

The Am8052.You'll wonder where
the flicker went.

Thanks to on-board DMA and triple row buf-
fers, you get vertical and horizontal split screens,
with smooth-scrolling windows. All flicker-free.

You even get double-height and double-
width characters, superscripts and subscripts.

The Am8152A /53A. Make your display

look its sparkling best.

You get cleaner, crispier characters with the
100MHz video system controller. And propor-
tional spacing down to two pixels.

No other VLSI chip set gives you as much.

And to top it off, the chips even take over
many of the functions of the CPU. Like linked
list manipulation for easier editing. Your CPU
has better things to do.

We'll put you as far ahead of the
competition as we are.

Controllers. Bipolar and MOS micro-
processors. Communication circuits. Signal proc-
essors. Nobody makes as many peripherals for
as many microprocessors as AMD.

And every single chip meets or exceeds the
International Standard of Quality.

If you want the
The International Standard of o e
Quality guarantees a 0.1% AQL on all most out of your
electrical parameters, AC and DC, tube, put the

over the entire operating&ange. squeeze on
ﬁi ST AMD. We'll show

you several ways to put the sparkle in your
customer’s smile.

Advanced Micro Devices .\

901 Thompson Place, P.O. Box 3453 Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll-free (800) 538-8450, Ext.5000.
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Squeeze more out of the tube.
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They're walking in our footprints
but they can't fill our shoes

Kennedy's Model 73160 Winchester Disk Drive walks tall * Model 73160 may be obtained with SMD, ANSI or Pico
with specifications the competition can’t match. interface.
Specifications such as: » And all this comes in a package the same size as an 8’

* Full SMD compatability (including media format and floppy disk drive.
signal timing) Call or write for complete details

* 20 msec average seek times. \(
* Only two DC voltages are required (+5V and +24V) e AllegKheﬁlnmmECoDmpany

* Only 96 W average power dissipation 1600 Shamrock Ave., Monrovia, CA 91016
(818) 357-8831 « ITT TELEX 472-0116 KENNEDY

KENNEDY e+ QUALITY* COUNT ON IT
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GOMPUTER DESIGN

This month’s cover was designed

at Coddbarrett Associates, Inc, 97
by Mary Codd and Steve

Branch. It was illustrated by

Mary Codd, using a DICOMED

D-38 design station and D-48 high

resolution film recorder.

SPECIAL REPORT ON
MASS STORAGE

69 Mass memory systems continue to proliferate. providing a match for
every system storage need. Disks pack gigabytes of data, tapes promise
compact storage for these masses of data, and optical techniques offer
still untapped potential. Meanwhile, standards groups hope to gain
agreement on compatibility issues to ensure that no matter what
price/performance equation a system presents, a storage system will
provide a plug-in solution.

71 Mass storage devices keep pace with system needs
Storage peripherals stretch and shrink to serve recognized system
demands. Renewed standards efforts open the way for technological
advances to come and allow designers to mix or match at will.

85 Optical memory research pays off
Delivering on promises to provide gigabit capacities, optical memories
are coming into their own. At the same time, the pieces needed for the
next generation of products are falling into place.

Secondary storage devices look to the long term

Secondary storage is now a primary concern—and a dilemma—for
designers and users of computer systems. The problem can be solved for
both the short and long term with intelligent tape drives.

SYSTEM TECHNOLOGY SYSTEM DESIGN
27 Microprocessors/microcomputers: 171 Choosing the best operating system
Multi-user AT computer creates standards A number of trade-offs must be considered
overnight when selecting an operating system. The best
38 Interface: choice depends on the intended use.
Silicon handles arbitration and message 183 Thirty-two bit micro tailored for high level
interrupts on Multibus 11 languages
A symmetrical architecture, multiple addressing
modes, and slave processors support efficient
high level language compilers in a 32-bit
MiCroprocessor.
197 Nonvolatile memory gives new life to old designs
Terminals and other equipment can be made
more flexible, and product life can be extended
by upgrading and customizing with NOVRAMs
and EEPROMS.
213 Simulator drives digital designs
44 Peripherals: Designing complex circuitry requires :
Low cost magnetic printing technology uses sophisticated design aids at all levels. Logic
thin-film heads simulation, from functional specs to fault
analysis, manages and automates the process,
freeing the designer for more creative tasks.
POSTMASTER: CHANGE OF ADDRESS FORM 3579 to be sent to COMPUTER DESIGN, Circulation Department. P.O. Box 593, Littleton, MA 01460 (USPS 127-340)
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113 Cartridge disk meets needs of portable systems
Fast access, large capacity, and removability are key data storage
criteria. Cartridge disks combine all these in a single low power device.

123 Two-chip set tackles disk control problems
Handling data separation functions before passing data to the disk
controller lets a two-chip disk controller supply high data transfer rates,
while ensuring design flexibility.

141 Designing hard disk drives to take abuse
The bangs and bumps of an office environment can affect the
performance of hard disk drives. Some economical designs can provide
the shock and vibration protection necessary to ensure reliable
operation.

157 Efficient 170 unleashes benefits of open bus concept
Innate advantages of the open bus can free CPU-, bus-, and 1/0-bound
systems. Peripheral controllers are the key to overcoming the devices’
inherent limitations and lead to efficient bus use.

SYSTEM COMPONENTS DEPARTMENTS
S

225 Computers: : i Up front
Personal computer benefits from 80286, networking, and software 13 Editorial
226 Computers: 20 Letters to the editor

Dual-processor design soups up supermicro system

256 Literatu
226 Test & development: 5

Workstations unite 32-bit processing with graphics 257 Calendar
227 Software: 258 Designer’s bookcase
Graphics software makes dynamic data stream display possible 259 System showcase

261 Advertisers’ index

263 Recruitment

265 Reader inquiry card
265 Change of address card

WESCON/84

51 Geopolitics of the 80s—and
its effect on the entire electronics
227 Integrated circuits: industry—will be stressed at

Ease of system installation highlights system clock chip WESCON/84, from the keynote
) address through the entire
professional program. Special
events will also be included to
228 Test & development: complete ILEE’s year-long

Support package allows benchmarking and debugging centennial celebration.

228 Data communications:
Seven 1S0/0SI layers covered by powerful LAN boards
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ONLY ONE
COMPANY CAN IMPROVE
THE TELEVIDEQ 925.

It's TeleVideo. Introducing the new 925E.

Every 925 imitation on the market today lacks
something only we could give the 925E: total 925
compatibility. Since TeleVideo created the 925 stan-
dard, no imitation has truly emulated it. At any price.

One glance at the 925E instantly reveals our
latest ergonomic thinking. A new DIN keyboard
delivers the unmistakable feel of quality. A full tilt
and swivel non-glare CRT cuts eye strain. But its
most attractive feature is a price/performance ad-
vantage. Unmatched by any competitor.

After we enhanced its appearance, we improved
its performance with a buffered printer port, five
additional function keys and optional graphics up-
grade. It's all neatly packed in a smaller, lighter case
to take up less workspace but put out more work.

So if you want total 925 compatibility, the best
service, best availability and best price, don't settle
for less than the original. TeleVideo’s new 925E.

Call toll free for a TeleVideo Sales Office near
you: 800-538-8725. In California, call 408-745-7760.

TeleVideo Terminals

@ Televideo Systems, Inc.
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UP FRONT

Data General finally enters portable market

According to several industry sources, Data General Corp
(Westborough, Mass) will announce its long-expected portable
computer just after this issue of Computer Design goes to press.
NccC scuttlebutt (see Computer Design, ‘‘Up front,”” Aug 1984,

p 8) now seems to have been only minimally accurate, but the
new system will have an LCD and built-in disk drives as reported.
However, that display will be one of the largest yet offered with
a portable computer—twenty-five 80-char lines. Software
compatible with the IBM PC, the battery-powered briefcase-size
Data General unit will be available with a choice of either one or
two diskette drives and will weigh less than 10 1b.—S.F.S.

IBM blesses three graphics standards

The graphics industry took a big step toward standardization
when IBM announced its PC Professional Graphics Series. IBM has
thrown its weight behind three proposed standards—the Virtual
Device Interface, the Graphical Kernel System, and the Virtual
Device Metafile. All three are either proposed or under
consideration by ANSI. The VDI standard defines a device-
independent interface between application software and 1/0
devices; the GKS, already adopted by the 1SO, provides
applications programmers with a standard interface to graphics
utilities and tools; and the VDM is for storage of graphics or text
data. 1BM’s Professional Graphics Series was developed by
Graphic Software Systems (Wilsonville, Ore). The latter company
is actively involved in the ANSI standards committee—a good
indication that 1BM will be in line with ANSI standards once they
are adopted.—R.G.

CAE test and verification made cost effective

Integrating test and verification into computer aided engineering
could, until recently, only be achieved in automatic test
equipment costing upwards of $100,000. Now, for almost a
quarter of that price, designers can have all the hardware
required to simulate a prototype IC and to compare the resulting
output with a known good simulator output at realtime device
operating speeds. Design Master, from Integrated Measurement
Systems, costs $29,200 and fits into the design environment by
interfacing with any computer system via either RS-232 or IEEE 488
interfaces, or with a terminal through vT100 terminal emulation.
It will receive and execute test commands and report the results
of the test procedures. The host computer system can be most
mainframes, mini or microcomputers, or any of the powerful CAE
workstations. By integrating Design Master into the CAE
environment, the designer can reduce the time required to test the
prototype IC by 45 to 80 percent, according to the Beaverton, Ore
company—N. M.
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UP FRONT

Full ANSI Fortran on the IBM PC

Computer system designers running their numerical computations
on the IBM PC have found that many engineering programs
require an IBM PC Fortran compiler that is more sophisticated
than those from Microsoft, Inc and other firms. Many
Fortran-based engineering programs are made to run, for
example, on DEC’s PDP-11/70 and VAX machines and their Fortran
IV compilers. Now, Small System Services, Inc offers its
Computer 2000 Fortran compiler that runs full Fortran IV (to ANSI
X3.9-1966 standards, including double precision and complex
variables) on the IBM PC. Fortran programs for the PDP-11/70 and
VAX can run on the PC with this compiler. The compiler has
features beyond those specified in the 1966 ANSI standard.—H. H.

Factory automation vendors must talk or flop

No matter how much is predicted for ‘‘the factory of the
future,’’ that facility will never exist unless its various computers
and computer-controlled units function with a standard interface.
They must talk to one another. General Motors still leads the
movement to select standard protocols for multivendor data
communications in the automated factory. Backed by the
National Bureau of Standards as well as the International
Organization for Standardization and the American National
Standards Institute, GM began the studies in 1980 that have now
resulted in its Manufacturing Automation Protocol (MAP). MAP is
a seven-layer communication model that uses existing or emerging
protocols. A number of major potential suppliers of system
components—including 1BM, DEC, Gould, HP, Motorola, and
Concord Data Systems—have joined the program, making
cooperation mandatory for other companies hoping to remain in
the market. In addition, Intel Corp just announced its
commitment to support MAP. According to Ed Gelbach, executive
vice president, ‘‘Intel’s support of MAP reflects its continuing
commitment to meeting the needs of factory automation at the
silicon, board, systems, and software levels.””—S.F.S.

Professional 350 goes multi-user with new operating system

Digital Equipment Corp’s Professional 350 personal computer has
two limitations—it can accommodate only one user, and its
operating system is not compatible with the PDP-11. S&H
Computer Systems (Nashville, Tenn) wants to change all that with
its new PRO/TSX-Plus operating system. This multitasking
operating system allows the Professional 350 to support three
users. It also provides access to applications and utilities under
RT-11, DEC’s most popular operating system for the PDP-11. User-
defined priority, data and directory caching, and user-friendly
interface are said to be the selling points of the new operating
system. PRO/TSX-Plus is a logical step for S&«H Computer
Systems; it is an enhancement of the company’s TSX-Plus
operating system, a multi-user, RT-11-compatible operating system
for the PDP-11.—R.G.
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If youre a major league VAR,
we want you on our team.

IBM is scouting for the most valuable of
VARs: those with outstanding new ideas and a
great batting average.

If you're one of them, you could become a
Value Added Remarketer of IBM products. And
what could that mean to you?

First, IBM can add clout to your marketing
efforts. For example, we can help with product
literature, direct mail and business show sup-
port. To add to your skills, IBM offers a wide
range of professional classes for VARs.

Furthermore, thanks to the online referenc-
ing system used by our own sales force, we can
direct prospects with special needs right to
VARs with appropriate solutions.

And, as one of the finest of VARs, you'll be
selling the finest equipment: some of IBM’s most
competitive products. Our VARs can apply for
the ?BM 4300 systems, System/36, Series/l.
System/38, the IBM Personal Computer and
the System 9000 family.

To find out more about the advantages of
becoming an IBM VAR, simply send in the cou-
pon below or call 1 800 IBM-VARS, Ext. 562.

If you think your company ==
can-qualify, now’s the time = = ===
to touch base. =

Larry Humphreys

IBM Distribution Channels
P.O. Box 76477

Atlanta, GA 30358

Please send me your free booklet. “Looking for Leaders.”

Company.

Address

City State Zip

_—— e —————

_I
|
|
|
|
|
|

Name Title '
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|
|
|
|
|
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UP FRONT

Chip version of Lisp machine is on the way

Texas Instruments has been awarded a contract by the U.S. Navy
to develop a Lisp VLSI chip with 2 to 10 times the processing
power of available symbolic processors. The chip will operate at
up to 40-MHz speeds and execute a superset of Common Lisp,
recently adopted as the generic Lisp language by the Department
of Defense. Worth $6 million over 27 months, this project is part
of DARPA’s Strategic Computing Program, backbone of the U.S.
effort to stay in the lead in computer technology. TI expects to
use sub 2-micron CMOS technology while developing the chip at
the company’s Central Research Laboratories in Dallas, Tex. The
vLSI IC will effectively replace several hundred I1Cs that currently
execute Lisp instructions in commercial machines.—N. M.

Little things mean a lot—another step in submicron development

Motorola, Inc (Phoenix, Ariz) has announced a major milestone
in its submicron CMOS development and very high speed
integrated circuit program. That company has fabricated fully
functional | k static RAMs with half micrometer geometries. The
circuits feature fully scaled cMOS devices and have been
successfully operated with both 3-V and 5-V power supplies. The
SRAMSs are believed to be the highest functional level of
integration achieved to date with half-micron CMOS technology.
Motorola has teamed with primary contractor TRW, Inc in a
VHSIC Phase 1 program sponsored by the U.S. Navy’s Naval
Electronic Systems Command.—J. H.

Pascal environment covers DEC

A uniform Pascal-based software line, developed for all Digital
Equipment Corp micro, mini and supermini computers, has been
completed by Oregon Software (Portland, Ore). The recent
addition of the company’s Pascal-2 compiler for the VMS
operating system means that a programmer can develop source
code on any DEC computer and transport it to any or all other
DEC machines. Also, all source-code debugging procedures are
identical across all DEC computers.—7. W.

Chip and controller boost disk capacity

A new chip and controller board from Adaptek (Milpitas, Calif)
use run-length limited encoding to increase disk capacity by 50
percent. These products, the AIC-270 encoder/decoder chip and
the ACB-4070 controller board, are the first to bring RLL encoding
to the microcomputer industry. The AIC-270 can be purchased
separately or as part of the ACB-4070, which provides an interface
between a SCSI bus and an ST506 disk. Two other new products
place Adaptek in the secondary storage market for the first time.
The ACB-4010 controller board supports ST506 removable disks and
the ACB-3530 controller board supports QIC-36 quarter-inch
streaming tape drives.—R.G.
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ALTERNATIVE!

Instead of a high priced development system . . . let T3 i8085
ZAX turn your IBM PC into a PROFESSIONAL | = — . s
DEVELOPMENT SYSTEM! == !:gg:: 1
For more information call ZAX at 800-421-0982 or :8085A:2

714-474-1170. See us at Wescon, Booth #1325
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2572 White Road, Irvine, California 92714
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WHEN IT COMES
TO WINCHESTERS
WE RUN CIRCLES ARO

UND

THE COMPETITION.

~ Tandon’s
- : made so many
mt improvements
S in Winchesters

that the rest of
the drive industry is dizzy just trying to keep up.

We build a wide range of drives. Open-loop
and high performance closed-loop models. In
both full and half-height versions ranging from
12.8 to 36.2MB unformatted capacities.

All are available in high quantities now,
because Tandon’s been ramping up capacities at a
pace like never before. And we've kept up the pace
of improving Winchester performance as well, so
the most advanced technology is ready when
you need it.

As far as our current line is concerned, the
low-cost TM500 line has become the most reliable
full-height 12.8 and 191MB drives you can get. The

new TM252 half-height 12.8VIB surpasses the indus-
try’s most critical specifications. And our TM703
has been increased to 36.2MB to make it the ideal
high capacity drive for desktop business systems.

Another part of our success revolves around
our highly automated plated media plant in
Northern California. Its buttoned-down efficiency
and technological sophistication guarantee higher
quality and higher volume production than ever.

What's more, our proprietary plated media is
used in all our Winchesters, no matter what the
capacity. It's more durable, more reliable. And it
has six times more storage capacity than oxide
media. At less than half the cost.

In fact, it’s so good, other drive manufac-
turers are buying their plated media from us.

So all around, Tandon Winchesters have
more capacity in less space at less cost.

And that’s a pretty good circle to run around in.

landon

THE DRIVING FORCE BEHIND THE SMALL COMPUTER INDUSTRY.

Tandon Corporation, 20320 Prairie, Chatsworth, CA 91311. (818) 993-6644, TWX: 910-494-1721, Telex: 194794. Regional Sales Offices: Boston (603) 888-8612 e
New York (201)851-2322 » Atlanta (404) 934-0620 « Chicago (312) 530-7401  Dallas (214) 423-6260  [rvine (714) 669-9622 e Santa Clara (408) 727-4545 « Kelsterback /
Frankfurt, West Germany 6107-2091, Telex: 411547 ¢ Reading/London, England (0734) 664-676, Telex: 848411. Distributors: Hall-Mark, Kierulff, Schweber.
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@ HITACHI

m 1280 < 1024
Resolution

m 60Hz, Non-
interlace

= 100 MHz
Bandwidth

® Compact, modular
design

HM 4619

m 1280 < 1024
Resolution

® 30Hz, interlaced

® 45MHz Bandwidth

m (.1/0.3 mm
convergence

HM 3619A

@ HITACHI
m 1024 ~ 1024
€ Resolution
~ g ® 40 MHz Bandwidth
e (L ® (ompact

HM 3719

@ HITACHI

m 640 < 512
Resolution
& 25 MHz Bandwidth

HM 2719

Hitachi Americay Ltd.

(201) 825-8000 (415) 783-8400

Hitachi America; Ltd.
59 Route 175, Allendale, NJ 07401 3540 Arden Road,"Hayward, CA 94545

Hitachi Europe, Ltd:; Lee House 'TOfﬁ"Félbor;
London Wall"London EC245AS

@ HITACHI

Bridges The Gap
In OEM

Aputergraphicsis moving at
Seftware advances dictate
ew applications demand
neweng fications. 'Limited stand-

ards” don’tah sﬂﬁ‘ﬂze"néed

Hitachi |5’Mﬁ0¢ouym}egrcted OEMsource.
Our comple&brcngeﬂ*'RGB Color Monitors pro-
vide a very.wide selection of power, resolution,
size and. price. Morelmportont we can and do
modify specificationsto meet highly specialized
individual OEMreg

incfedible: Srfﬂ ed:
hardware adv

standdard’ monitors and our
"notso standardémonitors all reflect clearly the
world renowned Hitachi technology and our
dedication to designexcellence.

HITACHI.....the imageSpeaks foritself.

@HITACH!

The Image Speaks For Itself.

(01},606-7831 (416) 299-5900
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EDITORIAL

AN AWARD WINNING TEAM

Last December, I mentioned that several of our editors had
submitted entries for achievement awards in journalism and
technical writing. I am proud to announce that we just about swept
the board. This year, 16 of our entries received awards, compared
to four last year. To place this in perspective, I should point out
that none of our major competitors received any awards—unless
they have been too modest to mention them.

I hesitated before writing this admittedly self-congratulatory
editorial. I know how sickening it can be to watch, say, a TV news
program and to hear the anchor people bragging about their
Emmy awards instead of doing the job they are paid to do.
Similarly, I believe that computer journalists should talk about
the technology and the industry—not about themselves. But, like
the TV networks, we compete for audience preference against several formidable rivals.
Although one of our major competitors lists its recent achievements on the editorial
page of every issue, our editors tend to be more modest. To give our editors and artists
the credit they deserve, however, I feel I should salute the editorial team that produces
Computer Design.

The American Society of Business Press Editors honored Computer Design with a
total of six awards—one in the National Competition, and five from the New England
Chapter. Current and former Computer Design editors receiving ASBPE awards included:
Chris Brown, Michael Elphick, Peg Killmon, Nicolas Mokhoff, and Sydney F. Shapiro.

In the International Competition of the Society for Technical Communication, two of
our editors received an Award of Achievement for an article published in Computer
Design. Editors also received awards from the Boston Chapter of the STC for nine of
their entries. (The actual number of awards for these nine entries was 22 because many
of the entries involved more than one editor.) Editors and artists receiving one or more
awards in the STC contests were: Suki Adams, Chris Brown, Michael Elphick,

Alan Green, Debra Highberger, Peg Killmon, Mark Lindquist, Jocelyn Melanson,
Nicolas Mokhoff, Sydney F. Shapiro, Ken Silvia, Lauren Stickler, Leslie Ann Wheeler,
and Tom Williams.

Finally, while I am praising our editors, I would like to introduce three people who
recently joined our staff: John Miklosz, Bill Furlow, and Richard Goering.

John Miklosz, our new Executive Editor, came to us from Electronic Engineering
Times where he was Technical Managing Editor. Earlier, he was an editor at High
Technology magazine. With a PhD and MS in physics from Yale University and a BS
from City College of New York, John has also worked as a researcher at GTE
Laboratories.

Bill Furlow, our newest Senior Editor, joined us from Electronic Products magazine
and will work out of our Sunnyvale, Calif office. He has also worked as an editor for
EDN and Electronic Business (where he won a Jesse H. Neal Certificate of Merit from
the American Business Press for a series of articles that he wrote). With a BSEE from
Heald Engineering College in San Francisco, Bill has worked in industry for GTE, Ball
Brothers Research, and Tektronix.

Our third new editor, Richard Goering, will also work out of our Sunnyvale office as
Field Editor. He has a BA in Journalism from the University of California at Berkeley,
and has studied computer programming at the University of Missouri. Before joining us,
he headed a technical writing group at DIT-MCO International, a manufacturer of
automatic test systems.

I am sure that these three highly qualified editors will help Computer Design serve
you even better in providing the information you need, organized for your convenience.
And, perhaps they will help us win a few more awards as well.

N Lol

—

Michael Elphick
Editor in Chief
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R-"7.THE DEFINITION OF RELIABILITY IS QUALITY OVER TIME.
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1983. National redefines quality. And then redefines it again. 1984. Now, National defines reliability.
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Everyone is talking about quality
But at National, we give you
quality you can rely on

year

after year.

That’s reliability.

In the last two years, National
has twice redefined the industry’s
standards for quality.

By 1983, after only four years,
we dropped from 8,000 ppm to a
mere 174 ppm.Then we went even
further. To 119 ppm.

And now were doing the same
in a different, but no less critical
area. Reliability.

Quality is important because
it measures how well a product
will perform. But you also need to
know how long it will perform.

Because the more reliable our com-

ponents, the more reliable your
product. And, of course, the less
you spend on warranty claims.

The chart on the left illustrates
what we've done. It measures
reliability as a Linear IC failure rate
tested under severe conditions.
The 1,000-hour test is equivalent
to 20 years of operation under
normal usage. Ours has plummeted
from 2.0% to just 0.15%. That's an
exceptional 92.5% reduction in
our failure rate.

Results like these don't happen
overnight.They happen over time.
And at National it started with
our people.

CIRCLE 8

They're responsible for the
quality and reliability of our prod-
ucts at every stage of development
—from the very start to final
shipment.

We've developed a Fast Reac-
tion Program that catches latent
defects before they ever leave a
National plant. More importantly,
feedback for corrective action
solves the problem once and for all.

We've developed corrosion pre-
vention techniques. Automated
manufacturing lines to all but stop
unit defects. Statistical quality
control. The list goes on.

And so does our commitment
to the most important service
we can provide: delivering you
exceptionally superior products,
time after time.

Remember, National gives you
the quality you've come to expect.
And the reliability you'll come
to depend on.

National
Semiconductor
Were doing it.



Rent aghrVersal |
develOpm...nt system

You ‘can rent Hewlett Packard’s 64000 Logic
Development System . . . including logic state
aralysis plus timing analysis .°, . off-the-shelf
throughout North America! You can develop -
products based on virtually any 8-bit or 16-
bit microprocessor in existence. Quickly.
Inexpensively. Renta) periods as short as 30
days. Or as long as you want. Call now.

GENSTAR

Rental Electronics, Inc.
(800)227-8409

In California (213) 887-4000 - (415) 968-8845 « (714) 879-0561

r The HP 64000 is out of this world! Tell me more lmmedlately'-|
l O It sounds great. Tell me more! Call O I'm particulary interested in the

I meat——— - = — following equipment: |
O Send me your new Rental Catalog. ko' ok ETOme L5y - & I

| O I'd like a copy of your “like new” L

| equipment for sale catalog, too. o B LS -

I NAME_ =gl I 0 R R i 1 [ =5 I

| orGgAaNIiZATION ISP i T

| ADDRESS - e _ mAawLstor__ |

I CITY/STATE/ZIP ___ el L ey SR ol A et l

I TELEPHONE L e = e ______ CDG-1084 I
Please complete coupon and mail to: Genstar Rental Electronics, Inc., 6307

| De Soto Avenue, Suite J, Woodland Hills, CA 91367

© Genstar Rental Electronics, Inc. 1982
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THE COGITO
HALF-HEIGHTS.

Thousands of Cogito half-height 5% inch
Winchester disk drives have already been
delivered. All of them have one charac-
teristic in common: unmatched high
quality. This quality results from
Cogito’s philosophy that our mature
technology will pay off for Cogito’s
customers-and for our custom- ;
ers’ customers.

The Cogito half-heights’
iron oxide recording media
provides the long term
reliability that protects
our customers’ data

power of regular disk drives. This is an
achievement that has repeatedly been
confirmed by the field.

Cogito’s management has trans-
formed its wide experience in the
mass production of Winchester disk
drives into a product line where

the quality is repeated in every
disk drive that comes from
Cogito’s high volume
manufacturing facility.

For more information,
call or write Cogito
Systems Corporation,

integrity in the Sales Department,
marketplace. And 2355 Zanker Road,
Cogito half-height San Jose, CA 95131,
Winchesters use N gy | . g Telex 171023,
only half the v y i 5 -~ R " B (408) 942-8262.

COGITO
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An open-and-shut case
for making MiniFrame’
our first choice in
ow-cost OEM e

Megabytes of integral mass storage:
5'" Winchester fixed disks of 13,

systems. -

IMPRESSIVE CPU SPEED. Running
the AIM™ Benchmark, MiniFrame is
as fast as a VAX-11/750. The Mini-
Frame’s MC68010 microprocessor
operates at 10MHz, with no wait
states.

VIRTUAL MEMORY MANAGEMENT.
MiniFrame’s custom MMU provides
unique demand-paged implementa-
tion of UNIX™ System V... with 3.5
Mbytes of address space per process.

COMMUNICATIONS EXPANSION.
LAN capability via optional high-
speed Ethernet interface module,

RUNS AS MANY AS 8 TERMINALS. and/or 8 additional RS-232 ports.

Convergent PT and/or GT, or stan-
dard ASCII. Multidrop RS-422
communications line operates at
et ECONOMICAL MEMORY EXPANSION.
MiniFrame provides '» Megabyte of
RAM standard; up to three boards can

FOR HIGH-SPEED PRINTERS, a e acdevt for systerm expansion 10 2 Mb.

Centronics-compatible parallel
Copyright, 1984, printer port is standard in the
Convergent Technologies, Inc. MiniFrame processor.



MiniFrame: another first from Convergent
Technologies. Super-minicomputer power at
PC prices.

OEMs can now meet the needs of small to
medium-sized organizations for low-cost,
high-performance systems capable of handling
large UNIX-based applications.

The MiniFrame system—which effectively
opens a whole new market for you—is unique
not just for its price/performance advantages.
It also provides complete flexibility in meeting
requirements ranging from single-user
“personal UNIX systems” to eight-terminal

ata-processing installations.

BACKUP STORAGE with
integral 54", 640 Kbyte

floppy disk. Optional high-
capacity backup available.

WE'VE CLOSED OUR CASE...now send
for a complete information package.
Write to Convergent Technologies, Data
Systems Division, 3055 Patrick Henry
Drive, Santa Clara, CA 95050. Phone:
408/980-0850. Telex: 176-825.

Convergent
Technologies

Where great ideas come together

Convergent Technologies achieved this
breakthrough by adapting the innovative hard-
ware and software developed for its MegaFrame
multiprocessor.

The result is a powerful, compact and ex-
pandable unit priced to give you the maximum
opportunity of capitalizing on a rapidly growing
UNIX market.

There are, of course, many other unique
benefits of the MiniFrame system.

Convergent provides foundation software
for office applications—including a powerful,
Wang keystroke-compatible word processor,
an advanced financial spreadsheet and com-
plete electronic mail facility.

The Window Manager permits viewing and
manipulating of up to four applications running
simultaneously on Convergent’s PT or GT
terminal screens.

Major performance increases result from
utilizing these terminals with the MiniFrame. At
only slightly higher cost than standard “dumb
tubes”, our PT or GT terminals offer high-speed
communications plus built-in processor with
enough memory to execute key portions of the
system code.

Pro(§ramming languages include industry-
standard High Level COBOL and BASIC, full
FORTRAN-77 Pascal and C.

OEM prices for the MiniFrame start at less than
$5,000; an eight-user MiniFrame can be configured
for under $10,000. Prices like these make it an
open-and-shut case for choosing the MiniFrame.

Graceful upgrade path to
the MegaFrame”'

The MegaFrame, Convergent Technologies’
revolutionary super-minicomputer system, utilizes
multiple processors; has expansion potential to
128 users, 8 MIPS and gigabytes of disk storage. It
enables OEMs to handle today’s growing demand
for computin% services withoutdis- .
carding a single piece of hardware
...or being forced into expensive
CPU upgrades.

Applications software can be
transported —unchanged—from
the MiniFrame to the MegaFrame
whenever the workload requires it.
The two systems are object-code
compatible, allowing OEMs to pro-
vide a complete family of systems.

MegaFrame: proof that if any-
one can build a UNIX system the
way it should be built—it’s Conver-
gent Technologies.

MiniFrame and Me%aFrame are trademarks of Convergent Technologies, Inc. UNIX is a

trademark of Bell Te

ephone Laboratories, Inc., VAX is a trademark of Digital Equipment

Corp., Ethernet is a trademark of Xerox Corp.
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LETTERS TO THE EDITOR

Conflicting reports and confusing data

I was puzzled by three points in ‘‘Chips
Support Two Local Area Networks’’ by
Bob Dahlberg (May 1984, p 107). First,
the article refers to Intel Ethernet chips
as ‘‘available,” but in Up front in the
same issue, availability of these chips is
predicted for 1985. Second, it implies that
HDLC is suitable only for short distances.
Hasn’t Dahlberg heard of international
X.25 networking? Third, like several
recent articles, it implies that the Ethernet
2.0 specification from the Digital/Intel/
Xerox consortium is compatible with the
IEEE 802.3 draft standard. In reality, the
first word in an Ethernet packet follow-
ing the source address is a type code. In
IEEE 802.3, this word is a byte count.
There is no way these two protocols can
interwork; the most they can do is share
a cable.

Brian Carpenter

CERN

European Organization for
Nuclear Research

Geneva, Switzerland

Making it clear

Intel’s 82586 LAN coprocessor is available.
The 82586 went into production in
December 1983. We are presently ahead
of schedule and expect to ship over
300,000 825865 in 1984. The 82501 Ether-
net Serial Interface is available from two
sources, Intel and SEEQ.

I agree that HDLC has nothing to do
with distance of transmission. The point
of the article was to contrast HDLC
CSMA/CD in LAN applications, not to
imply that HDLC was only appropriate in
LAN applications. I regret the misleading
implication.

92 FAST

ANSWERS.

Got a complex problem? Weve
gota FAST™answer. 92, to be
exact. All to give you awide variety
of complex functions.

FAST (Fairchild Advanced
Schottky TTL) from Fairchild.
Because high-speed
and low-power solutions

run in the family.

See your nearest sales
office  m—
ordis- FAIRCHILD

trlbUtOr A Schlumberger Company

Fairchild Digital Products Division, 333 Western Avenue, South Portland, Maine 04106
FAST (Fairchild Advanced Schottky TTL) is a trademark of Fairchild Camera and Instrument Corporation
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At Intel, we use the terms, Ethernet and
802.3, interchangeably. In fact, Intel is
actively encouraging the standardization
around the 802.3 specification; Intel
products are designed to comply with
802.3. We expect that networks designed
around a “‘Blue Book’’ Ethernet will not
proliferate. On the issue of the type field,
the 802.3 recommendation for byte count
has to do with padding the frame size to
ensure a minimum frame size of 64 bytes.
The problem was not anticipated in the
original Ethernet document.

Bob Dahlberg

Intel Corp

3065 Bowers Ave
Santa Clara, CA 95051

Use English, please
I enjoy Computer Design magazine and
your editorials. At the same time, I
deplore the manner in which engineers
misuse the English language. Accord-
ingly, I am hoping you will try and set a
higher editorial standard and avoid per-
petuating some of the inane jargon and
some of the usage which seems to me to
be destructive to the language. Some
examples are: ‘‘sophisticated’’ applied to
inanimate objects (try substituting ‘‘com-
plicated” or ‘‘complex’’); ‘‘software’’ for
computer program’’; ““model’” applied
to a ‘“‘mathematical description’’; and
“‘algorithm”’ for ‘‘algorism.”’

Dale L. Jensen

Rockwell International Corp
PO Box 1183

Downey, CA 90240

Letters to the Editor
should be addressed to:

Editor in Chief
Computer Design
119 Russell St.
Littleton, MA 01460




The Strategic Supplier
Sells A Product,
But Delivers Growth.

The advanced features and increased functionality
of today’s complex products make a strong
producer/supplier relationship more essential than
at any previous time. When the stakes are high,
both must bring to the table resources that work
together for more effective strategies.

GE Plastics is a partner you can count on for world-
wide availability, continuity and quality with the
industry’s most comprehensive engineering
plastics line. But the added returns are GE Plastics’
all-out application development efforts and
creative approaches that help expand your
resources and grow your business with design,
testing, prototyping and processing assistance.

The strategic supplier is one who delivers added
value. The strategic supplier is General
Electric Plastics.

LEXAN" NORYL VALOX"

sheet/film/foam/resin foam/resin

ULTEM™ XENQOY'

film/foam/resin

foam/resin resin
We bring good things 1o life.
® Registered Trademarks of General Electric Company CIRCLE 13 G E N E R A L @ E LE c T R I c
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You choose from all the best technologies at

KEYBOARD
HEADOUARTERS

DIN compatibility in the most advanced keyboard technologies.

Only from Cherry: Where we are ready today to meet 1985 ergonomic standards.

Only from Cherry: Where we make all the most cost-effective technologies for your application.
Only from Cherry: Your Keyboard Headquarters. Worldwide.

Keycap
Spring

Actuator
Gold Crossbar Contacts

Full Travel Hard Contact

Gold crossbar contact configuration relied on in
millions of applications worldwide. A first from

Cover Plate i Cherry more than a decade ago. Now proven and
HolSing improved to meet the low-profile challenges
PC Board f the 80’
Terminals of the S.
Pus ik Full Travel Capacitive
pih, 3 Pad capacitive in a uniquely simple design
Cover Plate requiring only five parts and a snap-in angled
Angled Pad pad. Another keyboard technology alternative
Halising from Cherry...the folks with the most logical
POBoSS alternatives.
bregial Full Travel Sealed Contact

s Z NEW: A next generation keyboard that combines
Housing full travel with the quality and reliability of sealed

silver contacts for long life, low cost. Conical steel
spring action with linear feel...or elastomeric action
with tactile feel.

Conical Spring
Elastomeric Dome
Sealed Contact Layer:

Flat Panel Membrane

Unlimited design options thanks to our state-of-
the-art production techniques and in-house
fabrication. Thin, lightweight, reliable, low cost. All
this and sealed contacts, too!

Graphics Layer
Moving Contacts Layer
Spacer

Stationary Contact
Layer
Backing

Termination —:‘:_lﬁ

SEND FOR COMPLETE DATA

CHERRY g

creis1s  [K[E[v[8[o[A[R]0] [H[E[A[o[alu]a] nmsl 5]

CHERRY ELECTRICAL PRODUCTS CORP.
3614 Sunset Avenue, Waukegan, IL 60087 - 312/578-3500

See us at WESCON/Anaheim, Oct. 30-Nov. 1, CHERRY BOOTHS 2454-2458



While everyone quita

2K x8 latched

2K x 8 latched timer,
2816A compatible

2K x 8 latched,
full military temp

2K x8 latched timer,
2817A compatible

8K x 8 latched timer

© 1984 Seeq Technology, Inc



It's not that we're gluttons for punishment.

It's just that at Seeq we take the E2ROM
business seriously. So seriously that our
engineers insist our parts fit your designs, not
vice versa.

Maybe they got a little carried away.

At last count, they'd developed 12 different
E2ROMs. Outperforming their counterparts at
other companies two to one.

And theyre responsible for more E2improve-
ments than any other design team.

Most of these innovations quickly became
industry standards. Like 16K densities. Single 5-
volt power. And leadless-chip-carrier packaging.

weworked un

2K x 8 latched

2K x8 latched,

Ims write

2K x 8 latched timer,
2ms write

2K x 8 latched timer,
IM cycle endurance

2K x8 latched,
full military temp

2K x8 latched,
2816A compatible

The rest are still unduplicated. Like our
high-density, high-performance 64Ks. Exclusive
DiTrace™ Our industry-leading 1ms byte-write.
And the world’s first E2 with million cycle
endurance.

Plus there are plenty of ideas still on the draw-
ing board. Because when it comes to designing
new E?s, our engineers just hate to quit.

Especially while they're ahead.

For information on the industry’s most innova-
tive E2ROMs, write or call Seeq Technology,
1849 Fortune Drive, San Jose, California 95131.
Telephone (408) 942-1990. Or circle number
11 on the reader service card.

112,

8K x8 latched

8K x8 latched,
Ims write

8K x8 latched,
full military temp

2K x8 latched timer,
2817A compatible

2K x8 latched timer,
2817A w/1M cycle
endurance

8K x8 latched, Ims write,
full military temp.,
IM cycle endurance




Why buy aVISUAL 102

instead ofa DECVT102?

Tilt/swivel
«— displa
y - L <
non-glare
screen 10x12
character
matrix
Buffered
printer
port

|

Status line

16 -
programmable
functions

foup § eyl
i = .
keygoard - non-volatile ﬁmtiggozey

And vT100 %& .
- Andy

Plus...graphics now or graphics later.

VISUAL
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Multi-user AT computer

IBM’s new ‘‘three-user’” AT computer
establishes several de facto software
and hardware standards for small
business computers. Like its single-
user floppy disk-based pC and hard
disk-based XT predecessors, the latest
product (introduced in August) from
the Boca Raton, Florida Entry Sys-
tems Division, will become an indus-
try model.

The single-user floppy disk-based
pPC and XT are standard in the corpo-
rate environment. The AT has estab-
lished the pattern for networked,
multi-user, small business computers.
With the AT (Model 5170), IBM has set
the industry rules for what operating
systems will be used, what disk sizes
will be standard, how a small busi-
ness network should be configured,
what firms will have an early share
in profits, and more.

IBM has decided that Microsoft
Corp’s (Bellevue, Wash) DO0S-3.0
(soon to be replaced by DOS-3.1) and
Xenix are the operating systems best

creates standards overnight

able to serve the one- to four-user,
small business computer market in
either a standalone or network mode.
An Intel microprocessor will domi-
nate this market according to IBM,
just as it controls the 16-bit market
for single-user machines. Moreover,
IBM has indicated that broadband
carrier sense multiple access/collision
detection (CSMA/CD) is today’s pre-
ferred local network access scheme
for small business computers.

1BM has also determined what size
and operating format should be stan-
dard in a megabyte range, floppy disk
drive, and a 20-Mbyte hard disk.
Standards for a host of lesser hard-
ware components, including VLSI
parts and memory, have also been
decided (see ‘‘Personal Computer
Benefits from 80286, Networking, and
Software,”” on p 225 of this issue).

Like its predecessors, the AT (ad-
vanced technology) personal com-
puter will be used in many capacities:
as a personal productivity tool, as a

A peek

inside

The AT is an Intel Corp (Santa
Clara, Calif) 80286 microcom-
puter-based machine. This
130,000 transistor microproces-
sor, second-sourced by Ad-
vanced Micro Devices, Inc
(Sunnyvale, Calif), sports a
32-bit internal architecture, a
16-bit wide external data bus,
and a 24-bit address bus. The
address bus allows the 6-MHz
MOs device to address and
communicate directly with 224,
or about 16 Mbytes, of RAM. In
addition, the 80286 can address
a 1-Gbyte virtual address space
with management and protec-
tion supported by its hardware.

The 80286 runs many DOS pro-
grams in an 8086 emulation
mode. This will be a major sell-
ing point for the AT in the

future, even when Xenix appli-
cation programs become avail-
able. The AT's low cost and
high power will encourage
buyers to opt for it, even if they
are not ready to run a multi-user
or networked microcomputer.
In fact, the AT will become the
new single-user standard be-
cause of its price/performance
ratio. With no other machine in
its class, purchasers will use it
merely as a high end personal
computer.

The AT offers eight expan-
sion slots (some occupied by
such essential boards as floppy
drivers), a socket for Intel's
80287 mathematics coproces-
sor, an 8ose-compatible real
address mode, as well as a pro-
tected virtual address mode.

manager’s desktop link to a corpo-
rate mainframe, to implement verti-
cal business application software, and
as an engineering design and devel-
opment tool. It will also act as a
networked file server, a software
development station, and a network
link to such expensive remote re-
sources as laser printers.

Computer designers and system
integrators involved in a vast variety
of software or hardware projects will
have to study what IBM has done
with the AT and how it has done it.
Engineers will have to adapt add-on
printed circuit boards to the AT’s
backplane slots in order to increase
its functions. They will also have to
mold value-added packages for com-
puter aided design, manufacturing,
or engineering; backup tape drives
and additional disks; and many other
products to the AT. From now on,
small business computer products
will have to be AT-compatible and
meet that machine’s standards to
remain competitive in the market.

Most important, IBM has con-
tinued the open architecture policy
used to set up third-party software
and hardware vendors for the PC and
the XT. IBM offers detailed documen-
tation to ensure proper software and
hardware connections for memory or
coprocessor boards. For example, a
prototype adapter board comes with
extensive documentation, including
system interface logic diagrams. This
should be of immediate interest to
computer designers hoping to provide
third-party AT devices.

IBM will sell a technical reference
manual geared to programmers and
design engineers who need to know
how the AT works. It includes the
functional specifications of all the AT
hardware and the basic input/output
system (BIOS) software so critical to
interfacing AT equipment. Software
developers need not be content only
with the BIOS. Xenix has a set of

(continued on page 28)
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Multi-user AT
(continued from page 27)

Comparison of Xenix and Unix

Feature
Utilities
Bug Fixes
Shell
SECS
mm
minor utilities
Line printer spooler
Enhanced BSD mail package
Visual shell
Communications

VPM
User-configurable
Machine-machine mail interconnect
UUCP enhancements
Software development
ANSI 77 Fortran
Ratfor
Miscellaneous Fortran utilities
MS-DOS X-development libraries
Software generation system

Common object format

C compiler extensions

Standard library improvement
Hardware independent floating point

Operating system improvements

Process locking

Messages

Semaphores

Shared Memory (data)

Record and file locking

IK file system

File system integrity

System administration utilities
Xaction process improvement
Performance improvement

Compatibility with System IIl:3

Device drivers

C compiler

Object formats
Executable formats
Include files

Source: Microsoft Corp

1 CMERGE refers to a C compiler developed at Microsoft.

Unix C and C Standards Committee.

Xenix

Microsoft and System V
Microsoft and System V
Microsoft and System V
Microsoft and some System V
Xenix 5.0

Xenix 3.0

Xenix 3.x

No

Xenix 3.x

(MicNet)

Microsoft and System V

Optional MS-Fortran

No

No

Xenix 3.x

CMERGE!

x.out

Microsoft and System V
Xenix 5.0

Yes

Microsoft and System V
Microsoft and System V
Microsoft and System V
Microsoft and System V
Xenix 3.0

Xenix 5.0

Xenix 3.0

Xenix 3.0/PC-oriented
Xenix 3.0

Microsoft and System V
PC-oriented

Yes
Yes
Yes
Yes
Yes

2 COFF, as currently defined, will not work for some processors, including the iAPX 286.

3 This refers to upward compatibility between System lll, System V, Xenix 3.0, and Xenix 5.0.

Unix

System V
System V
System V
System V
System V
System V
No

Yes
No

System V

Yes

Yes

Yes

No
System V
COFF2
System V
System V
No

System V

System V

System V

System V

No

System V

System V

System V/data processing-oriented
No

Primarily VAX-oriented

No
No
No
No

It is retargetable and generates optimized code. It is language compatible with

28
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software development tools that
Microsoft has created.

IBM is also selling its own window-
ing program and associated software
toolkit to allow application devel-
opers to include window facilities in
their AT software. Unless it flops, the
1BM Topview windows software will
be the de facto standard—even
though Microsoft and VisiCorp (San
Jose, Calif) also make window

software.

Multiple choices

The AT will come with two operat-
ing systems. Microsoft Corp’s DOS-3.0
is geared mostly to take care of the
single-user’s needs in a local operat-
ing mode. It has some networking
capability, however. Microsoft’s
DOS-3.1, scheduled for the first half
of 1985, promises full networking.
The firm’s Unix-licensed Xenix-286
operating system, given new prestige
by IBM’s endorsement, accommo-
dates the multi-user environment with
AT&T (Short Hills, NJ), Berkeley,
and Microsoft Unix enhancements. It
is also compatible with Unix Systems
111 and will soon be compatible with
System V.

According to Microsoft, Xenix-286
features record and file locks, sema-
phores to help manage multi-user/
multitasking data, automatic disk
recovery for better reliability, and
more. It too will be available next
year. For now, the AT remains a
single-user machine with some net-
work capability.

By using Xenix for its multi-user
operating system, IBM has created an
instant de facto operating system
standard for the two- to five-user mar-
ket. Even though Xenix is a licensed
Unix, IBM does not consider this to
be the same as an endorsement of
AT&T’s product. Moreover, by asso-
ciating itself with Xenix, IBM retains
its relationship with Microsoft. Xenix
is not fundamentally limited to the
three-user market. If IBM dubs it the
multi-user operating system for its
next 5- to 25-user personal computer,
Xenix has a good chance of compet-
ing with Unix System V.

The niche 1BM currently has in
mind for its AT comes clear from a

look at Unix’s background and the
small business computer market.
Unix is a minicomputer-based operat-
ing system. Typically, such machines
serve 5 to 25 users and are served well
by one of the many Unix derivatives.
High end microcomputers will soon
do the 5- to 25-user job, however.
These will need a Unix version—with
enhancements for commercial viabil-
ity—to do the job properly. Because
no one wants to write another operat-
ing system for this niche, Unix Sys-
tem V (or some descendant) will,
however, remain dominant.

AT&T Unix will control this market
segment for high end microcom-
puters for several reasons. The oper-
ating system is heavily promoted. It
communicates with the outside world
by means of AT&T private branch ex-
changes, digital switches, national
and international voice, data and
video networks (all needed by the
more than five-user market). And
most conclusively, there is no strong
alternative. Due to these factors, IBM
is gradually announcing a variety of
Unixes to hook up everything—from
its XT to its mainframes (Computer
Design, Aug 1984, p 44). The AT
already runs IBM’s PC/IX single-
user Unix.

But, IBM is in no hurry to sanction
the works of AT&T directly. AT offers
an opportunity to avoid such an en-
dorsement. Studies show that by far
the largest share of the multi-user
professional personal computer mar-
ket is in the two- to five-user environ-
ment. IBM intends to offer an
alterative to Unix on a machine that
can accommodate Unix System V if
that operating system becomes a
standard.

IBM’s competitors in this area, in-
cluding Fortune Systems Corp (San
Carlos, Calif), Durango Systems, Inc
(San Jose, Calif), and Altos Com-
puter Systems (San Jose, Calif), are
nervous about the AT, even as they
claim that 1BM’s entry will be “‘good
for legitimizing the business.”” Such
firms as Corvus Systems, Inc (San
Jose, Calif) and 3coM Corp (Moun-
tain View, Calif) that have been
hooking personal computers to their
own local networks have expressed

similar feelings since being upstaged
by Big Blue.

The PC-DOS operating system soft-
ware used in the PC and XT has con-
tributed greatly to their success.
Microsoft’s generic MS-DOS—cus-
tomized for IBM as PC-DOS—and its
most recent DOS 2.1 version make it
relatively easy for third-party vendors
to provide a variety of software and
hardware enhancements. But IBM
might end its dependence on the
Microsoft software. Some industry
gurus believe IBM is working on its
own next version of the PC’s PC-DOS
operating system. Moreover, IBM will
introduce a version of its proprietary
VM operating system for the AT. For
the near and intermediate term, how-
ever, IBM will use Microsoft’s own
DOS-3.0 and DOS-3.1, repectively.
And, as IBM itself puts it, many exist-
ing DOS programs (including DOS-2.1)
will run “‘unchanged’” on the AT with
DOS-3.0.

Among its other chores, DOS-3.0
will drive the AT’s 320/360-Kbyte
floppy, 1.2-Mbyte floppy, and 20-
Mbyte hard disk. The AT can be con-
figured for up to 41.2 Mbytes of aux-
iliary memory. For full networking,
however, the industry must wait for
the DOS-3.1. Microsoft has said that
the DOS will provide multitasking and
networking capabilities; in the past,
however, the firm had insisted that
DOS would not handle a multi-user
environment.

Doing windows

The DOS-3.0, using 36 Kbits of
RAM, also allows implementation of
a virtual disk. This enables the AT
user to access RAM above the
640-Kbyte limit allowed by the PC or
XT. Moreover, it will be able to sup-
ply data and programs to 1BM’s Top-
view that currently handles a single-
user, multitasking environment.
Nevertheless, it is likely that Topview
will soon allow both DOS and Xenix
applications to display windows on
the same screen.

That 1BM has taken this route—
ignoring other vendors’ windows—
indicates its willingness to get directly
involved in the personal computer

(continued on page 30)
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Multi-user AT

(continued from page 29)

software business and establish stan-
dards in this domain. Topview will
compete with the Apple (Cupertino,
Calif) Macintosh’s computer pro-
gramming toolkit for the attention of
third-party software developers.
These third-party programmers may
well opt for the IBM route to success
rather than the iffy Macintosh road,
given the latter’s comparatively
closed architecture and operating
system.

As mentioned, Microsoft’s DOS-3.0
or 3.1 could ultimately be upstaged
by an 1BM DOS. For example, the IBM
80286 is quite capable of running
another DOS-like operating system in
its 8086 emulation mode. It can also
run the Berkeley 4.2 BSD Unix version
or the Unix System V. While IBM is
not likely to rush to endorse its arch-
rival’s product, another company
might. For example, Digital Research,
Inc. (Pacific Grove, Calif) is already

porting System V to the 80286 with
AT&T and Intel. Digital is also likely
to make its Concurrent DOS available
for the AT. Clearly, the AT will be as
important to future operating sys-
tems as it is to those it already runs.
IBM has not announced an operat-
ing system that handles single users,
multiple users, and networking simul-
taneously. Such an operating system
could combine the features of both
a DOs-like and Unix-like operating
system, and handle a variety of appli-
cation programs. This kind of oper-
ating system is a logical next step as
the market grows in sophistication,
however. Obviously, an AT user can-
not run two operating systems at the
same time. IBM will have to solve this
problem with a proprietary system,
probably to appear in a machine
geared to more than five users.
There is yet another operating sys-
tem scenario. Suppose either Micro-

soft or IBM, eschewing both Unix
and Xenix, develops a powerful net-
working version of DOS. This new
DOS would have to handle multi-
users, multitasking, file and print
serving, multi-user file management
(lots of bookkeeping), and more.
Such an operating system (to be like
Unix in structure, even as Microsoft
says its DOS is becoming more like
Unix now) would not owe any license
fees to AT&T. It would be palatable
to IBM’s tastes for the two- to five-
user machine’s networks. Microsoft
could then concentrate on Xenix as
a competitor to Unix for the 5- to
25-user market, possibly with encour-
agement from IBM.

Disk madness

IBM has settled the question of how
many megabytes a small business
computer’s floppy disk should have.
Its choice of half-height, 1.2-Mbyte
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(1.6-Mbyte unformatted), 5%-in.
floppies establishes this size as the
standard, ending a long-standing in-
dustry controversy. Both original
equipment manufacturers and disk
drive manufacturers will grab onto
the new standard size. Adopting this
standard will present few problems
since they will be able to continue
using a well-defined 1BM-originated
standard design.

1BM has settled several other dilem-
mas. For example, it chose 360 rpm
for drive speed and 96 for the num-
ber of tracks/in. (the AT reads and
writes on the PC and XT’s
48-track/in. media, however). By set-
ting up the AT to support 300 and
500 Kbit/s, it established the data
transfer rate. 1BM will not say who

makes its drives (it has a variety of

suppliers), but inside two machines
are drives were ‘‘Made in Japan’’
labels.

A variety of other hardware stan-
dards have been set by IBM’s AT. For
example, it uses 128-Kbit x 1 dynamic
RAMS. One opened AT showed
Mostek, Inc. (Carrollton, Tex) RAMSs.
In the chip domain, 1BM offers the
Intel 80287 mathematics coprocessor,
which complies with the IEEE pro-
posed standard for floating point
arithmetic. This 4-MHz clock speed
chip has an 8087 mode for copro-
cessing with the 808¢ mode of the
80286 and a coprocessing mode for
the 80286. The chip will speed nu-
meric calculations for 8086 or 80286
application programs. Finally, 1BM
has defined the attributes of a half-
height 20-Mbyte hard disk drive such
as a transfer rate of 5-Mbit/s and a
speed of 3573 rpm.

Hook them up
IBM has put Sytek, Inc (Mountain
View, Calif) on the map overnight.

The small networking company
offers a version of the International
Standards Organization’s (ISO) seven
layer model for computer communi-
cations that is adaptable to such per-
sonal computer networks as IBM’s.
Layers one through five (from the
physical through the session layer) are
included in Sytek’s implementation
of a 2-Mbit/s (CSMA/CD) network. In
effect, IBM has opted for the ISO
model as a standard for personal
computer networks—even though
IBM is nowhere near giving up its
Systems Network Architecture model
for large scale computers.

The 1SO model-based network
hooks up all of 1BM’s personal com-
puters with a 75-Q coaxial cable that
handles data other than personal
computer data. For example, it will
accommodate voice and video. The
small capacity version of the network

(continued on page 33)
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Multi-user AT
(continued from page 31)
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Sytek, Inc’s broadband local network for all 1BM personal computers, except the
Jr, is served by a carrier sense multiple access/collision detection access scheme.
The expandable network handles a variety of signals on its 250-Kbyte/s

transmissions.

can be installed by users. Large
networks need professional channel
tuning and installation for their
frequency divison multiplexing,
broadband radio frequency modems.
Frequency division multiplexing and
broadband are the technology stan-
dards with which designers will have
to comply when interfacing with the
IBM personal computer network.

A printed circuit board that con-
nects any IBM personal computer to
the network contains a ROM-based
network BIOS. To keep the hookup
price low, the board also has an Intel
82586 coprocessor VLSI-based CSMA/
CD interface chip. This chip imple-
ments the I1SO layer two (data link)
network connections. It replaces a
fistful of SSI and MSI parts and estab-
lishes yet another hardware com-
ponent standard. 1BM did not opt
for Intel’s INA 960 Transport/Net-
work Manager software; instead it
took the Sytek version of this soft-
ware for layers three through five.
Intel’s 82501 Manchester encoder/
decoder is not used because it is
geared to 10-Mbyte network opera-
tions—the personal computer net-
work features 250-Kbyte (2-Mbit)
transmissions.

IBM has said that it will make a
token-passing network available for
its backbone, high capacity link in the
wired building, campus, and other
areas. It will have subnetworks that
attach to its main networks. The 1SO
standards token-passing factory net-
work, shown at the recent National
Computer Conference in Las Vegas,
i1s one such subnetwork (see Com-
puter Design, June 15, 1984, p 64).
Although the Sytek network for per-
sonal computers does not perform

token-passing, it can interface with
token-passing networks by means of
bridges and gateways. IBM says it
plans to take this approach to link
disparate local networks to its net-
work backbone (when the main net-
work becomes available) in two to
three years.

The personal computer network’s
broadband capabilities allow it to
handle a variety of voice, video, and
certain other services that baseband
Ethernet CSMA/CD cannot. This is

the secret to another of IBM’s clever
uses of the Sytek network. It is true
that in its personal computer local
network IBM has given nominal sup-
port to the 1SO. Now, however, IBM
offers a standards-based alternative
to Ethernet, backed by its office
equipment competitor—Xerox (Dal-
las, Tex). Moreover, IBM has the
potential to offer a voice alternative
to AT&T’s private branch exchange,
as well as another option in the un-
developed market for such video con-
ferencing services as AT&T sells.
Whether 1BM will offer an alterna-
tive to the Sytek approach—one that
allows other vendor’s equipment to be
hooked up—remains to be seen. Cer-
tainly, Sytek stands ready to do it. In
any case, IBM will not come up with
a direct token-passing network for
personal computers since it feels the
Sytek network does the job just fine.
—Harvey J. Hindin,
Special Features Editor
SYSTEM TECHNOLOGY
(continued on page 38)
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® Error Detecting and Correcting (EDC)
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National’s Series 32000™ (formerly known as NS16000)
provides the most complete family of 32-bit CPUs,

slave processors, systems peripherals, development
systems and software.Today!

In today's fast paced high-technology marketplace, time
equals money. And chances for product success often depend upon
narrow windows of opportumty So time-to-market becomes a
critical ingredient in microprocessor
selection.

When you thoroughly eval-
uate and compare available 32-bit
options, we think you'll find that
National's Series 32000 is the undis-
puted choice.

Full 32-bit Architecture.

In a world of over-stretched,
band-aided microprocessor architectures, National provides a true
32-bit solution. The Series 32000 is the world’s first commercially-
available 32-bit microprocessor family that was designed as 32-bit.
We've taken a systems solution approach to give you what you
| need: An innovative microprocessor family with the right per-

formance. Current availability. And alternate sourcing by major
manufacturers.

+ Advanced 32-bit architecture is the bas15 of
the Series 32000. This same 32-bit archi-
tecture is implemented in all Series 32.000
CPls, TheseCPU salso

compatibility in 16 and 8-bit external data bus versions.

* Fast floating point support is available now with National's NS
32081, the only viable floating point unit to support your system’s
needs for floating point operations.

+ A powerful MMU, National’s NS 32082, provides Demand Paged
Virtual Memory support and it’s available today. This industry
‘first’ provides fast on-chip address translation and advanced
operating systems support, making it the ideal choice for a UNIX™
environment.

The best UNIX Micro.

If your system design calls for UNIX, industry
experts have called the Series 32000 “the best
for UNIX”

National’s GENIX ;" featuring optimized
Demand Paged Virtual Memory support, is

available today in source form for OEM adap-
tion. The next generation of GENIX, with
Ethernet™support, is in test now. We have
also delivered the Series 32000 version
of UNIX System V (release 2.0) to AT&T
for validation. National is your source
for UNIX.

Our Series 32000 software
catalog gives OEMs an opportunity
to select from a wide variety of
software, including offerings from
independent software vendors.
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The 32-bit solgtion.
Weve gotit!

Series 32000 is the only 32-bit solution today. to fully support high-level languages; a full 32-bit data bus to

If your market window falls within the next twenty-four memory that increases memory bus bandwidth and thus the speed
months, the Series 32000 provides you with product for your de- at which data can be transferred; a range of CPUs with total
signs today. National is the only manufacturer that offers a complete compatibility to 16 and 8-bit; a full range of peripherals; powerful
32-bit microprocessor family now. With an architecture designed evaluation tools; a multi-user, multi-tasking development system;

a growing list of available third-party software; and the hardware,
software, service and customer training that spell real long-range
commitment.

All to assure you of the products and support you need today
and into the future.

Truly a generation ahead.

Ask us for complete information.

Wed like to send you a copy of our brochure entitled: “The Specifics ‘
of 32-Bit Architecture and Implementation” And to answer any
questions you might have about Series 32000. Write to National
Semiconductor, Series 32000, 2900 Semiconductor Drive, |
MS23-200, Santa Clara, California 95051.

Series 32000.
Elegance is everything.
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Silicon handles arbitration and message interrupts on Multibus i

The recently introduced Multibus II
architecture incorporates a total of
five bus specifications—two of them
carried over from the earlier Multi-
bus I definition. In addition to the
multichannel DMA 170 bus and the
ISBX 170 expansion bus from Multi-
bus 1, Multibus II includes a local bus
extension for connecting multiple
physical boards that appear to the
system as a single ‘‘virtual”’ board.
It also has a serial system bus for low
cost interprocessor communication.
The fifth bus in Multibus II is the
parallel system bus (iPSB). This bus
supports four address spaces: a 32-bit
memory address space, an 8-bit mes-
sage address range, 16 bits of inter-
connect addressing, and 16 bits of
memory-mapped 170 address. It is
most useful for high performance sys-
tems that take advantage of its burst
transfer capability, which yields a sus-
tained bandwidth of 40 Mbytes/s.
The Multibus 11 specification sup-
ports a bus arbitration protocol and
message passing. Message passing
allows block transfers between two
boards on the system having local
CPUs (bus agents) without worrying
about memory management. The bus
arbitration protocol allows bus agents

to arbitrate among themselves for
ownership of the bus without going
through a central arbitrator. Intel
Corp has now introduced two ICs to
implement message handling and bus
arbitration. Thus, the ICs reduce
component count and speed develop-
ment of systems using Multibus II.

The 84110 bus arbiter controller
(BAC) and the 84120 message interrupt
controller (MIC) work together or
separately to off-load tasks from the
local cpu. They monitor the address
stream for messages, generate the
needed interrupts, and arbitrate re-
quests for control of the parallel bus.
When initiating a message, the local
CPU and the MIC both go through the
BAC to get to the iPSB.

To control arbitration

The 84110 BAC has three basic inter-
faces. One interface is to the iPSB,
the second is to the local environment
on the host board. This interface con-
sists of two ports: one to the local
CPU and one to the MIC. A third
interface is a register interface to
three 5-bit registers: the arbitration
ID register, the slot ID register, and
the error status register. The slot ID
tells the system what kind of board

iSBX BUS

MULTICHANNEL DMA BUS

In the Multibus 11
architecture, the
40-Mbyte/s parallel

CPU MEMORY

170 CONTROLLER

system bus (iPSB) is
the main system bus.

iLBX I BUS

The bus arbiter
controller and the
message interrupt
controller provide
standard arbitration
and message

iPSB BUS

iSSB BUS

A

> support.
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is in a given slot, while the arbitra-
tion ID determines that board’s rela-
tive priority in arbitrating for bus
control.

The error status register uses 1 bit
to signal a bus error and 1 bit for a
time-out error. Its remaining 3 bits
represent various types of agent
errors. The local CPU can monitor
this register and decide what to do in
different error conditions.

The slot ID and the arbitration 1D
are loaded into the registers of each
BAC in the system from a backplane
board known as the central services
module. This is done on power-up or
system reset. After that, all arbitra-
tion takes place only among those
BACs that have requested the bus at
the same time.

On the other side, the components
on each board (CPuU, MIC, memory,
etc) are decoupled from the arbitra-
tion process. When the processor
wants the bus, it merely toggles the
BAC with a request. The BAC then
either occupies the bus (if it is not
currently owned by another agent) or
arbitrates for it. When it has control
of the bus, it signals the CPU via its
GRANT line. The transfer cycle can
then take place. Likewise, the bus re-
quest could have come from the MIC.
In this case, the GRANT line would
have signaled the cpu that the trans-
fer cycle could begin.

The BAC supports two forms of
priority—normal and high. Normal
priority is based on the arbitration
IDs assigned by the central services
module at system initialization. High
priority is asserted when a bus agent
needs to override arbitration and gain
immediate access to the bus. Of the
six arbitration lines from the BAC to
the iPSB, ARB 0 to ARB 4 represent the
arbitration ID stored in the 5-bit arbi-
tration ID register. When ARB 5 (an
additional signal) is asserted, it
invokes high priority.

(continued on page 40)
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Silicon and Multibus Il
(continued from page 38)
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SYSTEM
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FUNCTIONS

iPSB BUS
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In this typical arrangement of a bus arbiter controller (BAC) and a message

interrupt controller (MIC) on a bus agent,

both the cpu and the MIC share the

priority and the grant line to the BAC. The arbitration lines to the iPSB (ARB 0 to
5) signal the agent’s priority in the arbitration protocol. Assertion of ARB 5

almost guarantees instant bus ownership.

To gain control of the bus, new bus
agents must first sense that the bus
request line, BREQ", is inactive and
that other agents are not currently
arbitrating for control of the bus. If
they are, the requesting agent must
wait until all those currently contend-
ing have had their turn before
another set can vie for control. As
each agent is serviced, it stops driving
BREQ", which is an OR-tied signal.
When the last agent begins to be ser-
viced, the signal becomes inactive.

When the BAC senses an inactive
BREQ®, it drives its arbitration ID
onto the bus. It then compares the ID
on the bus with its own ID. If a
higher priority ID has been driven
onto the bus at the same time, the
high order bit will not match and the
higher priority will get control. When

40 COMPUTER DESIGN/October 1, 1984

that is done, a new comparison is
made. Assertion of ARB 5 overrides
arbitration, except in rare cases where
two agents have asserted priority at
the same time and must then arbitrate
among themselves.

Since every board can potentially
signal high priority, application pro-
grams can be flexible. For the same
reason, any given bus agent can
potentially be used for critical func-
tions. In addition, it is possible for
software—either the application pro-
gram or the operating system—to
alter the arbitration IDs dynamically.
Thus, it is possible to globally recon-
figure the system for a different
application set without resetting it. It
is also possible to introduce a new
board to a running system. Note that
arbitration IDs can be altered dynam-

ically, but slot IDs cannot. This
enables such errors as duplicate arbi-
tration IDs to be introduced, so cau-
tion is advised.

To control interruptions

Like the BAC, the MIC has three
interfaces: to the iPSB, to the local
CPU, and to the 84110 BAC. Via its
local cpu interface, the MIC behaves
like a slave 1/0 port. The CPU can set
its control and output message com-
mands, as well as receive source and
status information on incoming inter-
rupts. The MIC contains both trans-
mit and receive first in, first out
registers, which contain addresses for
queued message packets.

The MIC’s interface to the parallel
bus allows it to act as both a request-
ing and a replying agent on the bus.
As a replying agent, it monitors the
iPSB’s 16-bit message space. If it
finds a destination address in the
space that maps to its host CPU, it
replies and handshakes with the bus
via the BAC. It then stores the mes-
sage information and signals its CPU
via an interrupt line. It may do this
directly or via an interrupt controller
suitable to whatever CPU is involved.

The MIC can also be a requesting
agent. To transfer messages gener-
ated by the CPU, it activates its own
request line to the BAC. When the
BAC returns a GRANT signal, it per-
forms the Multibus 11 unsolicited
message protocol by driving its ad-
dress onto the message address space
of the ipsB. The interface to the BAC
includes a priority line so the CPU can
tell the MIC it has a priority message.
The MIC, in turn, can request the
BAC to assert high priority for imme-
diate bus ownership. Unsolicited
messages can be up to 32 bytes long.
Since both the 84110 BAC and the 84120
MIC are processor independent like
Multibus 11 itself, they interface to
the normal address, data, and control
lines of popular microprocessors.

—Tom Williams,

West Coast Managing Editor
SYSTEM TECHNOLOGY
(continued on page 44)



Once in a generation:

introducing the

32-bit microprocessor
performance standard.
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new system with the MC68020:
MiCroprocessor.

The new performance standard.

Motorola's new MC68020 performs
at speeds typically 400% of the estab-
lished standard of comparison, the
MC68000. It's up to ten times fasterin
dedicated 32-bit applications.

No other 32-bit MPU makes this ex-
tensive a leap in performance improve-
ment. At 16.67 MHz the MC68020 typ-
ically runs at 2.5 MIPS for integer pro-
cessing. MIPS rates several times typ-
ical are achievable in dedicated 32-bit
applications.

The advanced two-micron HCMOS
manufacturing technology which
allows this unparalleled performance
also results in very low power dissipa-
tion. In fact, the MC68020 consumes
less power in a system than the
original MC68000.

The MC68020 creates opportunities
you've never had before--opportuni-
ties to unleash the full potential in
your 32-bit MPU-based systems be-
cause it sets the standard for 32-bit
microprocessors. And, because it's the
first complete 32-bit microprocessor
available, more than just a 16-bit design
on a data bus stretched to 32 bits. A
detailed look at the architecture re-
veals this totality.

A fully compatible M68000 Family
member.

Yes, the MC68020 has features new
to the M68000 Family to maximize its
true 32-bit capabilities.

Yes, it's an all new design built with
advanced, highly manufacturable
HCMOS technology.

And, yes, it's a fully-compatible
member of the M68000 Family of
MPUs and peripherals. All user object
code written for previous M68000
Family MPUs executes without re-
vision. In fact, MC68020 enhance-
ments allow it to run more than three
times faster.

Family compatibility is further en-
hanced by dynamic bus sizing, which
supports the use of 8-, 16- and 32-bit
ports in 68020-based systems. In fact,
the MC68020 can be used in existing
8- or 16-bit systems.

New features enhance 32-bit
architecture.

The MC68020 design is new, how-
ever its architecture is based on the
proven M68000 Family 32-bit register
set. And, the MC68020 is highly en-
hanced.

On-board instruction cache speeds
operation and provides increased
multiprocessing efficiency. The copro-
cessor interface allows direct expan-
sion of the architecture off the MC68020
chip to coprocessors or customer-spec-
ified processing systems.

New addressing modes, new instruc-
tions and a 32-bit barrel shifter support

new capabilities. Operating system ef-
ficiency is improved with a 32-bit pro-
gram counter.

These enhancements and more op-
timize the MC68020 for 32-bit opera-
tions.

Design support brings projects
together, fast.

Making the most of your new 32-bit
design opportunities with the MC68020
is simple and effective with the
backing of powerful new hardware
and software support from Motorola.

The Benchmark 20™ evaluation sys-
tem has been developed as a maxi-
mum environment testbed for result-
ant software. For initial software de-
velopment, cross-support packages
under both the UNIX™-derived System
V/68™ and the real-time VERSAdos™
operating systems run on standard
Motorola VME/10™ and EXORmacs®
hosts.

You'll find MC68020 designs a
breeze with Motorola's advanced
development tools--real time emula-
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tion and bus-state analysis with the
HDS400 development system.

Move up to the MC68020.

The opportunity to design new-gen-
eration systems around the MC68020
and the M68000 Family is yours today.
Marketplace attention will be focused
directly on the growth-oriented com-
panies that take advantage of this
opportunity. Motorola’'s sales engineers
and field applications specialists are
available and equipped to assist you in
moving up to the new 32-bit micropro-
cessor performance standard. Contact
one of them today.

Additional technical information is
available by writing or sending the
completed coupon to Motorola Semi-
conductor Products Inc., P.O.Box20912,
Phoenix. AZ 85036.

Benchmark 20, SYSTEM V/68, VME/10and VERSAdos are
trademarks of Motorola

EXORmacs is a registered trademark of Motorola
UNIX is a trademark of AT&T Bell Laboratories.
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TO: Motorola Semiconductor Products Sector
P.0. Box 20912, Phoenix, AZ 85036 |

Please send me more information on MC68020. |

Title

Company.
Address

Call Me. Phone:
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Low cost

magnetic printing technology uses thin-film heads

In a magnetic head element, the
top pole structure (a) covers
magnetic material (b), which
surrounds the coil structure (c).
The flux lines pass through the
substrate (d) onto the drum
instead of off the edge, as in
traditional techniques.

A new magnetic printing technology
uses standard copier toner, a low
cost, compliant rotating drum, and
thin-film magnetic heads to record
latent images. Reproductions can
also be made offline. The technology

centers around a newly developed
thin-film magnetic head.

The head, developed by Ferix Corp
(Fremont, Calif), has a 16 x 8 array
of magnetic head elements. These
elements produce 240 dots/in. The

This arrangement of
the head and drum
system allows ASCII
text to be placed on
the magnetic drum
in one pass of the
head and
bit-mapped graphics
information on
another. Since the
flexible head
complies with the
shape of the drum,
costly alignment is
unnecessary.

44  CcOMPUTER DESIGN/October 1, 1984

elements transfer their magnetic flux
through the head substrate onto an
oxide-coated drum. A crucial part of
the head design is that the dot ele-
ments do not interfere with one
another.

An ‘““inside out’’ head architecture
eliminates interference. It replaces the
traditional ring core magnetic head
with a design that has an internal coil
structure surrounded by magnetic
material. This half toroid shape has
a circular gap near the center of the
element. The lines of magnetic flux
group around that gap and penetrate
the underlying substrate. The sub-
strate itself is in contact with the
oxide coating on the surface of the
rotating drum.

Lightweight and flexible

The head is a piece of flexible
material and the array of dot ele-
ments is staggered for increased den-
sity. The drum is also a lightweight
cardboard material with an oxide
coating much like that used in floppy
disks. Since both drum and head are
compliant, neither needs to be as pre-
cisely machined as laser printers, for
example, which require very exact-
ing optics.

The heads are manufactured using
a wet chemistry process that takes six
days to complete. The design, with

(continued on page 47)
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The IOMEGA Alpha 10H Half High:
More Performance, Reliability, Versatility—
And Virtually Unlimited Capacity.

Take the measure of IOMEGA’s
new Alpha 10H. Not just the
low-profile, half-high physical
dimensions, but its true OEM
height—a height measured

in performance, versatility,
convenience, cost-efficiency, dependability and deliverability.

New Heights In The Measure Of

Reliability And Performance.

Thanks to [OMEGAS revolutionary cartridge technology, OEMs
can integrate a mass storage solution into their systems that
easily surpasses traditional Winchester or even Winchester
cartridge alternatives. In access time (35 ms average). In transfer
rates (1.13 Mb/sec). In day-in/day-out dependability.

Capacity, Convenience, And Low Cost-Per-
Megabyte: Taking The Measure Even Higher.
One of the best measures of the Alpha 10H’s true OEM height is
in the versatility it allows you to design into your system. Our
highly reliable, easily transportable and absolutely interchange-
able 10-megabyte cartridges mean the sky’s the limit on system
capacity in applications as diverse as system control and
monitoring, office information and word processing, and
industrial instrumentation, among others. So is convenience. Be
it loading large and complex data bases, or the rapid, reliable
backup of system data, the Alpha 10H simply cannot be topped.
Lastly, in low cost per megabyte, no storage device, fixed or
floppy, stacks up.

Do Your Own Measuring. Call Today.

The IOMEGA Alpha 10H half high is available, right now. For
more information on how this superb new IOMEGA offering
measures up to the competition, give us a call. -

IOMEGA Corporation
1815 West 4000 South
Roy, Utah 84067
(801) 776-7330
CIRCLE 22




Make your dumb terminal
run circles around
more expensive equipment

T jumb terminal into a 9600 bps, full-duplex asynchron
genius, using the dial-up telephone network and two new products
from UDS.

Start with a UDS 9600 A/B, the modem that makes dial-up 9600 bps
communication a reality. Then add an EC100 — a remarkable new
UDS product that converts the synchronous, half-duplex line
signal to asynchronous full-duplex for presentation to your
terminal. As a bonus, the EC100 also performs error _ :
correction for any synchronous modem, limiting " ge0ons
message errors to one every several years. 8 siw e e

Save on equipment investment and line charges : e oo Pty
by putting your terminals on a faster track. For
details, phone 800/633-2252, ext. 356. Universal Data

Systems, 5000 Bradford Drive, Huntsville, AL 35805. Universal Data Systems
Telephone 205/837-8100; TWX 810-726-2100.

M) MOTOROLA INC.
Information Systems Group

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area.
DISTRICT OFFICES: Atlanta, GA, 404/998-2715 » Bellevue, WA 206/455-4429 * Blue Bell, PA 215/643-2336 * Boston, MA, 617/875-8868 » Columbus, OH,
614/895-3025 « Englewood, CO, 303/694-6043 « Glenview, IL, 312/998-8180 » Houston, TX, 713/988-5506 * Huntsville, AL, 205/837-8100 » Mountain View, CA,
415/969-3323  Old Bridge, NJ, 201/251-9090 * Richardson, TX, 214/680-0002 « Silver Spring, MD, 301/587-0166 * Tampa, FL, 813/684-0615  Tustin, CA, 714/669-8001

CIRCLE 23 Created by Dayner/Hall, Inc., Winter Park, FL
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Magnetic printing technology
(continued from page 44)

coils and circuit paths on the flexible
strip, will, according to Ferix, lend
itself to future integration with cus-
tom LSI circuits. Since the heads are
produced using a mask process, new
masks can be generated to provide
different pixel density and size com-
binations. Another property of the
head material is that the substrate is
extremely hard. Thus, it can be used
in contract recording without concern
for the tolerance associated with
flying heads.

The magnetic printing technique
has another inherent property. The
heads transfer a magnetic image that
remains on the drum until it is erased
or changed by another pass of the
head. Thus, an image, once put on
the head, can be used to print any
number of copies of a page offline.
Copies are made much faster than if
actual data were transferred for each
copy—even from an internal offline
buffer. In addition, images can be
overlayed. One pass can be used to
deposit ASCII text, and another for
bit-mapped graphics.

Multiple images

Ferix is introducing its new tech-
nology in the form of an office page
printer that can print 10 pages/min
as duplicates. In the Model 800 page
printer, the head moves on a shuttle
across the drum via a stepper motor.
Up to three lines can be imaged
on each revolution. The head array
is then stepped during a built-in
dead time.

When the image is complete, the
drum receives dry toner. Paper is
then passed against the drum and the
electrostatically charged toner is
transferred to the paper. The copy
then passes through a fuser as in
Xerography.

The page printer can store six ROM
font cartridges. Each cartridge holds
one to four fonts—for a total of 24
fonts online. There is also RAM area
for downloading fonts from the host.
Ram storage for bit-mapped graphics
allows the printer to handle images
and such things as signatures up to
its 240- x 240-dot/in. resolution.

Cost of the page printer is expected
to be $2000 to $3000 in original

equipment manufacturer quantities,
with an end-user price of about
$5000. Ferix has also indicated that
the technology will serve as a basis
for a whole family of printer prod-

ucts, and that the company is pre-

pared to license the technology for
specialized areas.

—Tom Williams,

West Coast Managing Editor

14272 Chambers Rd. - Tustin, CA 92680 - (714) 731-9000
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TEST DRIVES.

's PT-350 port-
able floppy drive
tester through its paces
and you'll find that it's
the most thorough and
economical drive tester on
the market today.
Small, but powerful, the
PT-350 offers capabilities comparable
to larger systems with a higher sticker
price. With a single command, up to
30 successive tests can be initiated
and as many as 10 user-defined test
strings can be stored in the
2K-bytes of CMOS static RAM with

a battery back-up.

You'll enjoy the easy handling and high perfor-
mance of the PT-350, which is capable of testing all
drives from 3" to 8" and utilizes Dysan's Digital Diag-
nostics (DDD) for verifying drive alignment.

The P1-350 comes complete with a 40 charac-
ter/2 line display, carrying handle, storage area for 5
cables with options available for built-in printer and 2
serial ports. No other drive tester offers all these features.

Other products available from ADC: Winches-
ter disk drive tester, diskette duplication equipment,
Trans/Media conversion system and media certifier.

Prompt delivery of your new PT-350 if
you order today.
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In 64K DRAMSs, INMOS
high performance and flexible

L]
- 26O
ANWS

8K x8 —The cost and space saver. This newest
member of the INMOS 64K DRAM family, available
in a plastic package, offers access times of 120
and 150ns. The by-8 organization is a natural for
microprocessor designs and other applications that
require word width rather than memory depth...in
process controllers, intelligent terminals, and buffer
memories for example. And its pin 1 refresh makes
it a very attractive alternative to 8K x 8 static
RAMs. Because it combines low power and low cost
with minimal support circuitry.

16K x4 — The performance chip. With 100, 120, and
150ns access times, this organization makes a lot
of sense in high-performance systems, such as high-
resolution graphics, where high data rates are
required. Packaged in plastic DIPs, the IMS2620 also
gives you the right combination of cost, organiza-
tion, and speed for microprocessor systems, terminals,
and even arcade and home games. If you're up-
grading from 16Kx1 chips, it provides a factor of
four reduction in chip count. And its “CAS before
RAS" refresh assist function minimizes required
support circuitry for cost and space savings.

P.0. Box 16000 e Colorado Springs. CO 80935 (3
TWX 910/920-4904 * Burlington, MA (617)

...including 8K x 8.

™ Look to INMOS for a wide selection of 64K DRAMs.
B9 We offer access times from 100ns. By-1, by-4, and
by-8 organizations. Plus features that boost performance
" and simplify design. This is the family that lets you avoid
compromises by giving you the performance and organization
you want...at costs you can afford.

64K x1—The big-system choice. This DRAM also
gives you a choice of 100, 120, and 150ns access
times. What’s more, it includes “Nibble Mode,”
which allows effective cycle times below 85ns.
Available in a variety of packages, including plastic
DIPs, ceramic DIPs, and chip carriers, it's ideal for
systems requiring lots of memory depth.

Check the chart. You'll find the industry’s broades
family of 64K DRAMs...and the right device for .
your requirements. Then call an INMOS distributor fo
all the details.

Organization Access Time (ns)

Cycle Time (ns) Part No.

120 190 IMS2630-1
8Kx8 150 240 IMS2630-1
100 160 IMSZGZO-I
16Kx4 120 190
150 240
100 160
64K x 1 120 190
150 230

INMOS Distributors: Anthem Electronics,
Arrow Electronics, Falcon Electronics,
Future Electronics, Lionex Corp.






NCR 40-column printers...adaptable to any OEM application, by
design. Your system shouldn't have to bend to accommodate a printer. The
printer should conform to your system. NCR’s economical, 40-column printers

are the most accommodating mechanisms and standalone units in the world. mEm
Slip printing. Data logging. Receipt and journal printing. We've designed each
of our configurations to be flexible, compact, rugged and easy to install. Today ORiMomETS

over one million units are in use around the world. To expand the limits of your
design capabilities, call (513) 445-7443.

NCR 40-column printers. . .designed for demanding applications.
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Wescon &4

Electronic Show and Convention

Anaheim Convention Center
October 30 to November 2

The IEEE’s year-long centennial celebration is
about to move west. Wescon/84 will be the
culmination of the year’s major special events
that started with Electro in Boston last May.

Since 1984 is an even year, Wescon/84 will be
held in Anaheim, California, rather than in
San Francisco, with which it alternates.
Because of its size, this year's conference will
be held in the Anaheim Convention Center.
Conference dates are Tuesday, October 30
through Friday, November 2.

This also marks a separation of Wescon from
Mini/Micro for the first time. In past years,
Wescon and Mini/Micro West were held
concurrently. Now, Mini/Micro West has been
rescheduled for February of 1985. (This does not
affect concurrent schedules for East, Southeast,
Midwest, and Northwest Mini/Micro
conferences—at least at this time.)

A particularly strong professional program
has been set up for Wescon/84. Most of the 37
technical sessions are of primary interest to
design engineers. Many are aimed at helping
such persons solve their design problems.
Subjects vary from software trends to local area
networks, from microprocessor development to
electronic packaging, from new concepts in VLS|
design to modular automatic test equipment.
Sessions of the professional program will take
place from Tuesday through Friday from 10:00
am to 4:30 pm. Exhibit hours will be from 9:00
am through 5:00 pm.

As usual for major IEEE conferences,
Wescon/84 will offer a series of paid tutorials.
The range of subjects vary but again several
offer potential value to design engineers. All are
full-day in length (9:30 am to 5:00 pm), with two
on each of the conference days. Some
interesting titles include “Systematic Design of
Microcomputer Software,” on Tuesday; and
“Project Management: For Small to Medium
Projects and Subprojects,” on Wednesday. Of
equal potential are ““Computer Aided Design and
Computer Aided Manufacturing” plus
“Introduction to Robotics,” on Thursday; and
“Flexible Manufacturing Systems’ and

“Grounding and Shielding Electrical
Instrumentation,” on Friday. The fee for each
tutorial is $175.

The program for Executive Day—Thursday—
contains both the keynote luncheon and a
centennial banquet. Keynote luncheon speaker
will be John G. Stoessinger, a Cox
distinguished professor of international affairs
with Trinity University’s Political Science
Department in San Antonio, Texas. His working
title will be “Can Peace Survive the Eighties?”
and the emphasis will be on geopolitics.

In a telephone discussion, Dr Stoessinger
said that the details of his address will likely be
modified, depending on current events at
Wescon time. However, he will cover ‘“‘various
flash points of international affairs as they
pertain to Wescon attendees and the
electronics industry in general.”

The keynote luncheon will be held at the
Marriott Hotel, from 12:00 noon to 2:00 pm. A
fee of $25 will be charged. Advance registration
is recommended.

Ray Bradbury, long known for his unique
presentation of science fiction, will be the
featured speaker at Thursday’s centennial
banquet. Actually a social event, the banquet
will be held from 7:00 pm to 12:00 midnight at
the Doubletree Hotel. It will be a black tie
occasion, with the dinner preceded by a cocktail
hour. A big band style orchestra will play during
cocktails and for dancing after dinner. Tickets
are priced at $45 each and may be ordered in
advance.—S.F.S.

Wescon/84 is sponsored by the Los Angeles and San
Francisco Bay Area Councils of the IEee. For further
information, contact Wescon/84, 8110 Airport Blvd,
Los Angeles, CA 90045. Tel: 213/772-2965.

(conference coverage continued on page 52)
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(continued from page 51)

Professional Program Excerpts*

Session 1: Software Trends for CAD/CAE
Workstations, or How to Prepare
Software Now for the Future of
Workstations

Tues Oct 30, 10 am to 12:30 pm

Chair: M. J. Ashley, American Microsystems, Inc,
Santa Clara, Calif

11  *“Layout Verification and Workstations”
W. S. Goerke, ECAD, Santa Clara, Calif

1/2 “Workstations—A Passing Fad?”
R. Kirk, American Microsystems Inc, Santa Clara,
Calif

1/3 *“Personal Computer Software Increases
Engineering Access to cap Tools”
T. A. Zimmerman, Future Net Corp, Canoga Park,
Calif

1/4 “Software Trends for cCAD/CAE Workstations—
A pc-based cAD/ICAE Workstation”
A. K. Hung, Personal cap Systems, Inc, Los Gatos,
Calif

1/5 “User Extensible and Portable cAE Software for
Ic and pc Design”
S. Sapiro, cAE Systems, Sunnyvale, Calif

Session 2: Towards a Complete Fiber Optic
LAN—Part 1: The System Issues

Tues Oct 30, 10 am to 12:30 pm

Chair: S. P. Joshi, Advanced Micro Devices,
Sunnyvale, Calif

2/0 “Session Overview”
S. Joshi, Advanced Micro Devices, Sunnyvale, Calif

2/1  “An Overview of FDDI”
K. Moulton, Sperry Corp, Blue Bell, Pa

2/2 “Enhancing Local Workstation Capability and
Performance With Mainframe Services Via
High Speed LAN”
B. J. Milander, i1BM, Research Div, San Jose, Calif

2/3 ‘“High Performance LAN Applications”
L. Green, Communication Machinery Corp, Santa
Barbara, Calif

2/4 *“Streamlining Protocol at High Data Rates”
V. lyer and S. Joshi, Advanced Micro Devices,
Sunnyvale, Calif

2/5 ‘“Fourth-Generation PABX Applications Using FDDI”
E. O. Rigsbee lll, cxc Corp, Irvine, Calif

*Based on information available at press time.
Subject to change.
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Session 4: New Technologies Impact High
Speed Digital Signal Processing

Tues Oct 30, 10 am to 12:30 pm

Chair: J. Haight, GigaBit Logic Inc, Newbury Park,
Calif

4/1  “New cmos Multiplier-Accumulator Eliminates 10
Bottleneck”
Dr. J. Eldon, TRw, LsI Products Div,
La Jolla, Calif

4/2 *“Digital Gallium Arsenide: A Laboratory
Technology Comes of Age”
R. M. Hickling, GigaBit Logic Inc, Newbury Park,
Calif

4/3 “Bipolar & cmos Technologies Become Partners
in Digital Signal Processing”
R. M. Perlman, Advanced Micro Devices, Sunnyvale,
Calif

4/4 *‘cmos psp with Muscle”
G. Ramachandran, Fujitsu Microelectronics, Inc,
Santa Clara, Calif

4/5 *‘cmos Word Slice Architectures Speed Signal
Processing”
P. Toldalagi, bsp Div, Analog Devices, Inc,
Norwood, Mass

4/6 “A Data Flow Architecture For Digital Image
Processing”
Y. Chong, NEC, Natick, Mass

Session 5: Thirty-two-bit Microprocessor
Product Development

Tues Oct 30, 10 am to 12:30 pm

Chair: S. K. Skoog, NCR Microelectronics, Colorado
Springs, Colo

511 “Product Development for the mc68020”
B. Beims, Motorola Inc, Austin, Tex

5/2 “The Impact of External Microprogrammability
on Firmware Development”
J. S. Beekley, NCR Microelectronics, Colorado
Springs, Colo

5/3 *‘Ns32032 Family Support Tools”
R. Mateosian, National Semiconductor, Santa Clara,
Calif

5/4 ‘“Hardware and Software Development System
for 32-bit cru and Mmu with Internal Cache”
W. A. Stubblebine and R. A. Rango, Bell
Laboratories, Holmdel, NJ

5/5 *Z80,000 Product Development Support”
R. G. Andrews, Zilog, Campbell, Calif

5/6 “Thirty-two-bit Development Systems: A
One-Board Approach”
K. Peterson and C. Delise, Digital Equipment Corp,
Hudson, Mass

(continued on page 54)
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LOW COST HOUSING DEVELOPMENT

HOSTYREN™ VO Polystyrenes can help you
build important savings and high perfor-
mance properties into your enclosures.

It’s easy to see why more and more designers and
processors are switching to American Hoechst’s versatile
line of HOSTYREN VO polystyrenes for many kinds of
electronic enclosures.

Unlike competitive materials, these easy-to-process
VO resins give you all the high performance characteris-
tics you need—without costly over-engineering!

As a cost-effective alternative to traditional materials,

"they have a lot to offer: proven color stability, excellent
eat and impact resistance, good finish properties and
dépendable product consistency, resulting from total
~£in-house” production control.

“Ihie complete HOSTYREN polystyrene family
is also the only line of polystyrenes that offers a choice
of custom and standard colors on less-than-truckload
orders. “ ¥ ¥

,.AAdd the fact that American Hoechst’s experienced

»

and fast-growing technical sales and service team
offers prompt, hands-on solutions to on-site problems
and you can see why HOSTYREN polystyrene resins
are such a popular choice. Mail the coupon now for
technical details and cost comparison data. We’re the
Plastics Fanatics.

I—E] Please send technical information and cost comparison—I
| data sheets on your HOSTYREN VO polystyrene resins.

CD-10

Name Title

| Address

State Zip

| City

|
|
|
Company l
|
|
|

| Telephone

Send to: Ms. Jenny Hammond

American Hoechst Corporation

5100 Bainbridge Boulevard

lglcsapeake, VA 23320 Phone (804) 494-2582

*The name and logo HOECHST are registered trademarks of Hoechst AG.
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(continued from page 52)

Session 6: Turning Personal Computers Into
Professional CAE/ICAD/ICAM Tools

Tues Oct 30, 2 pm to 4:30 pm

Chair: D. M. Laughlin, Personal cap Systems, Inc, Los
Gatos, Calif

6/1 “The pc-Personal Computer, or Design Tool?”
D. M. Laughlin, and C.-S. Horng, Electronic Design
Automation Div, Personal cab Systems, Inc,

Los Gatos, Calif

6/2 “Integrating Personal Computer Tools Into a
Systems Environment”

J. Willner, Hughes Aircraft, Fullerton, Calif

6/3 ‘“Microcomputer-based Solid Modeling Systems”
S. Crane, Cubicomp, Berkeley, Calif

6/4 ‘‘pc-based Instrumentation Merges With cae”

J. E. Fischer, Northwest Instrument Systems,
Beaverton, Ore

Session 7: Towards a Complete Fiber Optic
LAN—Part Il: The Hardware Issues

Tues Oct 30, 2 pm to 4:30 pm

Chair: S. P. Joshi, Backend Networks, Advanced
Micro Devices, Sunnyvale, Calif

RPM custom-designed
clutches and brakes...
The cost-effective
alternative for your
rotary motion problems

ELECTRIC
BRAKE

SLIP

EL
CLUTCH CLUTCH

RPM clutches and brakes have solved many
rotary motion problems for OEMs. That is
our specialty. We design and manufac-
ture our products to meet your special
performance needs. Of course, we
also offer standard units.

-

REELL PRECISION MANUFACTURING
CORPORATION

1259 Wolters Boulevard
St. Paul, Minnesota 55110
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7/0 ‘““Session Overview”
S. P. Joshi, Backend Networks, Advanced Micro
Devices, Sunnyvale, Calif

71 “Fiber Optic Transceiver Design for High Speed
Local Area Networks”
I. Ohel, Optical Communication Div, Hewlett-
Packard, Palo Alto, Calif

712 ‘“Media Trade-offs for FDDI Applications”
D. Charlton and K. Murphy, Telecommunications
Products Div, Corning Glass Works, Corning, NY

713 *“Fiber Optic Cable Design for LANS”
T. P. Huegerich, Siecor Corp, Hickory, NC

7/4 ““Optical Bypass Issues in Fiber LANS”
T. Odderstol, Frequency Control Products,
Woodside, NY

7/5 *“Power Budget Considerations for Ring
Networks”
J. McDonnell, Motorola, Inc, Phoenix, Ariz

Session 9: vLsI Alternatives in Digital Signal
Processing: Building Blocks to
Full Systems

Tues Oct 30, 2 pm to 4:30 pm

Chair: F. Toth, psp Div, Integrated Device Technology,
Santa Clara, Calif
9/1 “Signal Processing Gate Array Macrofunction
Yields Customizable Standard Products”
A. Tregida, International Microcircuits, Inc,
Santa Clara, Calif
9/2 “Trade-offs in the Use of the TMsS320 as a Digital
Signal Processing Element”
J. Bradley, Texas Instruments, Inc, Houston, Tex
9/3 ‘“‘cmos Word-Slice: A Compact Solution for
psp Design”
R. M. Lopes, Synertek, Inc, Santa Clara, Calif
9/4 *‘High Performance cmos pDsp Building Blocks
Allow Low Power System Optimization”
F. Toth, psp Div, Integrated Device Technology,
Santa Clara, Calif
9/5 ‘“Highest Performance System Uses a New cmo0s
Mult/Accumulator”
F. Williams, TRw, LsI Products, La Jolla, Calif

Session 10: Using High Performance
Multiprocessing and
Coprocessor Architectures

Tues Oct 30, 2 pm to 4:30 pm
Chair: H. Look, Zilog, Campbell, Calif
10/1  “Multiprocessing with T™Ms 32010”
D. G. Garcia, Texas Instruments, Inc, Houston, Tex
10/2 “Implementing Multiprocessor and
Coprocessor Architectures with the zso0,000 crPu”
H. Look, Zilog, Campbell, Calif
10/3 *“*Multiprocessing Features of the mMce68020”
B. Beims, Motorola, Inc, Austin, Tex

(continued on page 56)



To get both economical EMI compliance
and economical functional integrity,
simply learn our phone number.

We’'re Spectrum Control. And our business Our new geodesic structure FCC open field
is controlling electromagnetic test site is the only diagnostic and testing facility
interference. We've spent the last like it in the world.

15 years doing the basic research We’'re a research company.
and developing the practical e  We're a design company. We're a
methodology that has made us g diagnostic company. We're
an industry leader in designing  a manufacturing company.
and manufacturing filters, ) Each part interfacing with
shields, gaskets and filtered .\ the others to increase our
connectors. practical knowledge and

We developed the techno- functional capabilities

logy before you developed

almost daily.
the need. Y
D subminiature \

: If you're looking for solu-
Our filtered tions to EMI pollution, please
connectors, for example,
make your computer

call. We can deliver the answers
you're looking for faster and less

comply with FCC Part 15

while protecting your equip-

expensively than anyone else
in the business.

ment against both radiatedand 4 .
conducted interference, without (814) 455.0966
interfering with the way it works. «

And an automated pro- Ask for John Lane or write
cess we pioneered and per- for full line catalog.
fected delivers them to you
with quality control
second to none.

SPECTRUM CONTROL INC.

2185 West Eighth Street.
Erie, PA 16505
CIRCLE 29

Since 1968. .. Making technology compatible with technology.
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10/4 *“Distributed Processing with the Ns32032”
R. Mateosian, National Semiconductor, Santa Clara,
Calif

10/5 “Increasing System Performance Using
Coprocessors”
D. Krelle, Intel Corp, Santa Clara, Calif

Session 11: Access Paths to Memory:
Processors and Peripherals

Wed Oct 31, 10 am to 12:30 pm

Chair: C. H. Kaplinsky, Signetics Corp, Sunnyvale,
Calif

11/1  “Access Paths: Memory Hierarchies and
Protection”
C. H. Kaplinsky, Signetics Corp, Sunnyvale, Calif

11/2 “The Signetics Memory Access Controller”
Dr. M. Freeman, Signetics Corp, Sunnyvale, Calif

11/3  ““Ns32032 Memory Bus Usage”
D. Gurley and M. Baron, Architecture Group,
National Semiconductor, Sunnyvale, Calif

11/4 “The z80,000: Memory Management and Cache
Aspects”
A. Patil, Zilog, Campbell, Calif

11/5 “A Dual-Port Memory Interface via a DRAM
Controller”
J. W. Sleezer, Peripheral Components, Intel Corp,
Santa Clara, Calif

14/3 *“Measuring the Level of Linear Integration”
P. Brown, Micro Linear Corp, San Jose, Calif

14/4 ‘“‘Advanced Design Automation Techniques for
Analog vLs!”
G. Kelson, Silicon Systems, Inc, Tustin, Calif

14/5 “Analog Digital System cmMos Semi-Custom ic”
A. Kadis and Dr. G. Sheu, Telmos, Sunnyvale, Calif,
Dr. H. Voss, Lockheed Missile & Space, Inc,
Palo Alto, Calif

Session 15: Futures in Electronic Packaging

Wed Oct 31, 10 am to 12:30 pm

Chair: C. L. Hutchins, Texas Instruments, Inc,
Houston, Tex

15/1 “Tape Automated Bonding”
C. E. Huwen, International Micro Industries,
Scottsdale, Ariz

15/2 *“Advanced Concepts in Ceramic Packaging”
R. Sigliano, Kyocera, Irvine, Calif

15/3 “Key Issues of Surface Mounted Integrated
Circuits”
H. Test and C. L. Hutchins, Texas Instruments, Inc,
Dallas, Tex 4

15/4 “Tomorrow’s Package—More 1/0s?”
A. Russo, M. Hagen and M. Cusak, United
Technologies Microelectronics, Colorado Springs,
Colo

Session 12: Microprocessor-based System
Software

Wed Oct 31, 10 am to 12:30 pm
Chair: C. Hunter, Hunter & Ready, Inc, Palo Alto, Calif
12/1  “Microprocessor-based Software Integration”
P. Zappacosta, Logitech, Inc, Redwood City, Calif
12/2  “Improving User Productivity with Database
Management Systems”
M. Stonebraker, Relational Technologies, Berkeley,
Calif
12/3 ‘“Software Component Calling Conventions”
L. Froisland, Hunter & Ready, Inc, Palo Alto, Calif
12/4 “‘Satellite Applications for Microprocessor
Software”
W. lvey, Equatorial Communications Co, Mountain
View, Calif
12/5 “Transparency in Communication Software”
T. R. Firman, Action Technologies, Inc,
San Francisco, Calif

Session 14: Customizable Linear VLSI

Wed Oct 31, 10 am to 12:30 pm
Chair: N. J. Miller, Micro Linear Corp, San Jose, Calif

14/1  “Customization Through Programmable Digital
Signal Processing”
R. Apfel, Advanced Micro Devices, Sunnyvale, Calif
14/2 ‘“Mask Programmable Analog Array Complexity
Considerations”
D. Bray, Interdesign, Inc, Scotts Valley, Calif
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Session 16: 10 Handling Techniques in
Microprocessor-based Systems

Wed Oct 31, 2 pm to 4:30 pm
Chair: J. Miller, Adaptec, Inc, Milpitas, Calif
16/1 ‘“Realtime 110: Nobody Ever Said It Was Going

to be Easy”
J. Ready, Hunter & Ready, Inc, Palo Alto, Calif

16/2 ‘“no Bottleneck For Microcomputers is Real and
Solutions are Here”
S. Bal, Adaptec, Inc, Milpitas, Calif

16/3 . “A Standard Protocol for Host Computer/
Peripheral Interface Allows Upgrading to the Latest
Mass Storage Devices”
S. DeHart, Hewlett-Packard, Greeley Div, Greeley,

Colo
16/4 “Intelligence and Disc Drives”
I. D. Allan, Priam Corp, San Jose, Calif

Session 17: Unix for Microprocessors

Wed Oct 31, 2 pm to 4:30 pm

Chair: R. Mateosian, National Semiconductor,
Santa Clara, Calif

1711 “The mce8020 and Unix System v/es”
B. Beims, Motorola, Inc, Austin, Tex

17/12  “Unix for the Ns32032—The Best Unix Micro You
Can Buy”
K. Wallace, National Semiconductor, Santa Clara,
Calif

(continued on page 58)



The Ultimate In

IEEE-488 Data Storage

So It’s Always There When You Need It

Dylon, the world leader in magnetic tape systems
and controllers for GPIB (IEEE-488) users, offers the
ultimate in data recording and storage. Whether your bus
controller system is Hewlett Packard, Tektronix, Fluke,
DEC or the IBM Personal Computer, you keep the data
you need at a cost you can afford.

Built for reliability. Dylon magnetic tape controllers
and systems give you field-proven dependability in such
demanding applications as military aircraft, shipboard or
other mobile installations throughout the world.

And our product range fits your data collection
needs. Not the other way around; all products provide
industry standard formats for information interchange,
with 2" tape speeds from 12.5 to 75 inches per second
andrecording densities of 800 cpi, 1600 cpiand 6250 cpi.
One quarter inch cartridge systems at 1600 or 6400 cpi
are also available.

EEREAEN .
H NN

Data

)
..'A.'A.. Corporation

9561 Ridgehaven Court San Diego, CA 92123
CIRCLE 30

All that capability plus total support. Dylon applica-
tion engineers are available to assist you, and our products
carry a 12-month warranty. For extra security a low-cost
annual fee extends your warranty indefinitely, saving you
money and keeping your network running. Whatever tasks
your IEEE-488 instruments perform, Dylon makes it possible
for you to store the data safely, conveniently and in the
most cost effective manner possible.

Discover Dylon -
the PERFORMANCE ALTERNATIVE

Call (619) 292-5584 or return this coupon for more
information.

Name
Company

Address

City/State/Zip
IEEE-488 System Type
Application
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17/3 “The z8000 and 280,000 for Maximum Unix
Performance”
B. Andrews, Zilog, Inc, Campbell, Calif

17/4 “Unix and Western Electric’s Computer
Systems”
P. Lu, AT&T Bell Laboratories, Holmdel, NJ

Session 19: Instant Turnaround Custom
Ics—New Concepts in VLSI
Design”

Wed Oct 31, 2 pm to 4:30 pm

Chair: R. F. Hartmann, Altera Semiconductor Corp,
Santa Clara, Calif

19/0 “Session Overview: Instant Turnaround Custom
iIcs—New Concepts in vLsI Design
R. F. Hartmann, Altera Semiconductor Corp, Santa
Clara, Calif

19/1 “Second-Generation Programmable Logic
Devices Extend Design Capabilities”
J. Yee, Advanced Micro Devices, Inc, Sunnyvale,
Calif

19/2 “Programmable Logic Replaces Gate Arrays”
U. F. Chan, Altera Semiconductor Corp, San Jose,
Calif

19/3 ‘““An Easier Way to Design with Programmable
Logic”

R. Osann, Assisted Technology, Inc, San Jose,
Calif

19/4 “Next-Generation Programmable Logic”

V. J. Coli and J. Grenier, Monolithic Memories, Inc,
Santa Clara, Calif

19/5 “Personal Computer-based Programmable
Logic Design Support System”

S. M. Walters, Valley Data Sciences, Mountain
View, Calif

Session 20: Advances in Automated Circuit
Board Assembly

Wed Oct 31, 2 pm to 4:30 pm

Chair: B. Kaufman, Augat/Alcoswitch, North Andover,
Mass

20/1 “Auto-insertable Passive Devices—Integrating
Circuits in Dip Switches”
R. Deziel, Augat/Alcoswitch, North Andover, Mass

20/2 ‘“‘Payback on Auto-insertion—A Look at the
Dollar Savings”
D. Brault, Northeastern Tool Company, Laguna
Hills, Calif

20/3 “A User Reports on Auto-insertion Benefits”
D. Shoquist, Hewlett-Packard Co, Santa Clara, Calif

20/4 “The Benefits of Surface Mount Technology”
P. Marcoux, Awi, Santa Clara, Calif

20/5 “Using Auto-insertable Dip Switches in the
Manufacture of Computers”
G. Samii, mal, Basic Four, Tustin, Calif
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Session 21: Ada-Multiple Points of View

Thurs Nov 1, 10 am to 12:30 pm

Chair: Dr. T. M. VandenHeede, Ziiog, Inc, Campbell,
Calif

21/1  ““Ada From the User’s Point of View”

Dr. T. M. VandenHeede, Zilog, Inc, Campbell, Calif
21/2 ‘““Ada From the Implementor’s Point of View”
D. Eilers, Irvine Computer Sciences Corp, Irvine,

Calif

21/3 “Ada From the Validator’s Point of View”
Dr. T. H. Probert, Institute of Defense Analysis,
Alexandria, Via

21/4 ‘“Ada From the DoD Point of View”
T. A. Oberndorf, Naval Ocean Systems Center,
San Diego Calif

21/5 ‘“Ada From the Vendor’'s Point of View”
D. Morris, SofTech, Inc, San Diego, Calif

Session 22: EMI/RFI Regulations and
Compliance

Thurs Nov 1, 10 am to 12:30 pm
Chair: R. M. Simon, Transmet Corp, Columbus, Ohio
22/1 *“Plastics That Shield Against EMIRFI”
S. R. Gerteisen, Wilson-Fiberfil International,
Evansville, Ind
22/2 ‘“Plastics for esD”
J. Travis, LNP Corp, Malvern, Pa
22/3 *‘Ast™ Testing for EMIRFI Shielding”
R. M. Simon, Transmet Corp, Columbus, Ohio
22/4 *“‘emi Shielding Enclosures”
L. Tracewell, Tracewell Enclosures, Inc, Columbus,
Ohio
22/5 *“Testing for Fcc Compliance”
G. Dash, Dash, Straus, and Goodhue, Inc,
Boxborough, Mass

Session 23: Graphic Video Interfaces:
A System Design Perspective

Thurs Nov 1, 10 am to 12:30 pm

Chair: P. Madan, exeL Microelectronics, Inc, San Jose,
Calif

23/1 “The New Graphics Standards—An Overview”
S. Stash, Precision Visuals, Boulder, Colo

23/2 ‘“‘Design Considerations for Implementation of
NAPLPS Videotex Terminals”
J. Lopinto, Communication Specialties, Inc,
Commack, NY

23/3 ‘“‘Hcmos Graphics Processors Provide Extensive
Support for Wide Range of Bit-mapped Displays”
P. Madan, exeL Microelectronics, Inc, San Jose,
Calif

(continued on page 60)
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Compare these Key Features:

INTEL iSBC' 254 - 2A DTI CBC 256/24
BUBBLE MEMORY BOARD CMOS STATIC RAM BOARD
Bus Multibus* Multibus*
Memory Size 256K bytes 256K bytes
Operating Voltages 5V, 12V 5V
Operating Currents 3.0A, 14A (max.) TOOmMA (max.)
Cycle Time 48 milliseconds avg. 300 nanoseconds typ.
Card Slots Required 2 1
Operating Temperature 0°-55°C 0O°-70°C
ADDITIONAL FEATURES OF ¢ On-board automatic For more information regarding
DTI’S CBC 256 INCLUDE: memory protect, the CBC CMOS RAM boards,
¢ All - CMOS technology. ¢ 8 or 16 bit data words. or any of our other all-CMOS
¢ Flexible addressing options: ¢ 3-year cumulative data MULTIBUS* boards, call or
16 bit with on-board bank retention time. write Bill Long, CBC Product
selec;f or 20/24 bit e 512K, 256K, 128K, ()AK 48K, 32K Moncger at (60]) 856-4121.
contiguous. and 16K byte versions. ¢ &=t
CMOS RAM NOW AVAILABLE FOR VME AND LSI-11 SYSTEMS, TOO! E. Diversified
CALL US FOR QUOTES ON CUSTOM RAM FOR YOUR MICROCOMPUTER BUS EE;QE?'OQY
*Multibus and iSBC are trademarks of Intel Corp. Above specifications taken from P. O. Box 748, Ridgeland, MS 39157
manufacturers current published data. Telex 585326.
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23/4 “‘Graphics Display Processor Integrates
Drawing Algorithms and Display Control in cmos”
H. Maejima, Hitachi America, San Jose, Calif and
K. Katsura, K. Minorikawa, and H. Yonezawa,
Mutashi Works

23/5 *‘Lsi Bit-mapped Video Memory Control”
R. Palm, Synertek, Santa Clara, Calif

Session 24: System Oriented vLsI for Mass
Storage Control

Thurs Nov 1, 10 am to 12:30 pm

Chair: D. Horton, Advanced Micro Devices, Sunnyvale,
Calif

24/1 ‘“Advanced viLsI Disk Controller Solves System
Interface Problems”
M. S. Young, Advanced Micro Devices, Sunnyvale,
Calif

24/2 “System-oriented Ic Chip Set to Support High
Speed Bit Stream in Hard Disk Control”
N. Siddique, Signetics Corp, Sunnyvale, Calif

24/3 “Two-Micron cmos visl Hard Disk Controller
Integrates Data Buffer and Error Correction”
T. Funabashi, K. Minorikawa, H. Yonezawa, T.
Cantrell, and K. Iwasaki, Hitachi American Ltd, San
Jose, Calif

24/4 ‘“vLsI Disk Controllers”
R. Chung, Western Digital Corp, Irvine, Calif

24/5 ‘“‘Power Adaptec Chip Set Simplifies Disc
Controller Design”
G. Venkatesh, Adaptec, Inc, Milpitas, Calif

24/6 “‘Programmable Winchester/Floppy Disk
Controller With Dual 10 Mbyte/sbmA Channels”
M. Evans, National Semiconductor Corp, Santa
Clara, Calif

Session 25: Applications of Networks Using
Standard Personal Computer
Interfaces

Thurs Nov 1, 10 am to 12:30 pm

Chair: Dr. J. MacCalla, Advanced Systems Concepts,
Inc, Pasadena, Calif

25/1 “Interface Consideration in Computer
Networks”
Dr. M. Schneidewind, Naval Postgraduate School,
Monterey, Calif

25/2 “Distributed Networking of Peripherals in
Industry”
Dr. E. MacCalla, Advanced Systems Concepts, Inc,
Pasadena, Calif

25/3 “Interconnecting Distributed Computers and
Instruments”
D. J. Nadon, National Instruments, Austin, Tex

25/4 ‘““Remote Networking Over Telco Lines”
D. Buck, Com Design, Inc, Goleta, Calif

25/5 “Methods of Merging Asynchronous and
Synchronous Networks”
R. D. Guthrie, Local Data, Inc, Torrance, Calif

25/6 “Small Area Networks for Personal Computers”
A. Kingsbury, Signetics Corp, Sunnyvale, Calif
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Session 26: Uses of Modula-2

Thurs Nov 1, 2 pm to 4:30 pm

Chair: A. W. Brown, Volition Systems, Del Mar, Calif

26/1  “A Unix-like Shell in Modula-2, a Systems
Implementation Language”
D. R. Cohen, Jet Propulsion Laboratory, Pasadena,
Calif

26/2 C. T. Helmers Jr, North American Technology,
Inc, Peterborough, NH

26/3 ‘“‘Low Level Machine Access in Modula-2”
M. Hofkin, Journal of Pascal, Ada, and Modula-2, La
Jolla, Calif

26/4 *Object-oriented Construction Systems in
Modula-2"
Dr. A. Munro, Univ of Southern California, Redondo
Beach, Calif

26/5 ‘“Modula-2’s Masterful Implementation of
Interrupts™
J. P. Shaver, Allergan Pharmaceuticals, Irvine, Calif

Session 27: Modular Automatic Test
Equipment (MATE)

Thurs Nov 1, 2 pm to 4:30 pm

Chair: S. Levine, Litton Guidance & Control,
Woodland Hills, Calif

27/11  “The Impact of MATE on the Commercial
Electronics Manufacturing Industry”
P. W. Shelton, Sperry Corp, Great Neck, NY

2712 “MATE Systems Software—the Contractor’s
Perception”
Dr L. L. Lane, General Dynamics/Electronics, San
Diego, Calif

2713 “MATE User Group—Its Activities to Date”
J. S. Martins, John Fluke Mfg. Co, Inc, Everett,
Wash

2714 *“The Effect of MATE on the Military Equipment
Manufacturer”
C. Smith and S. Levine, Litton Guidance & Control,
Woodland Hills, Calif

Session 28: Bit-mapped System Design—
ECL Solutions

Thurs Nov 1, 2 pm to 4:30 pm

Chair: A. Sfarti, Advanced Micro Devices, Sunnyvale,
Calif

28/1 “EecLTTL Partitioning in Bit-mapped System
Design”
0. Garbe and P. Reilly, Advanced Micro Devices,
Sunnyvale, Calif

28/2 *“Frame Buffer Memory Organization”
R. Lawrence, Digital Equipment Corp, Marlboro,
Mass

28/3 ‘““Semicustom Gate Array Chip to Handle 60-Hz
Non-interlaced Video”
R. Pineau, Lexidata, Billerica, Mass

(continued on page 62)
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HIGHLIGHTS

The World’s First 4th Generation Operating System.

The S1™ Operating System is an OEM’s answer to product differentiation, a System House’s answer to
continuity and a programmer’s dream come true. No other operating system in the world even comes
close to the features and functionality of S1™. Some of the highlights are:

PORTABLE:The S1™ Operating System, All Languages supported, and All Applications running on S1™ can be
ported to a newly announced chip architecture (even 32 bit) and running at full compiled speed within five (5)
months. This is possible since the system and language compilers are written in a single common language called
SL™.S1™ and All Languages supported are machine independent.

FILE SYSTEM COMPATIBILITY:S1™ can read and write files to and from: CP/M®, MP/M [I™ MS-DOS™, UNIX®,
XENIX®, p-System®, FLEX™, IBM 3741, DEC™ Files 11 and others.

MULTIUSER —MULTITASKING:Complete support: even multitasking per user.
MULTIPROCESSING:Up to 256 processors simultaneously supported with any task running on any CPU.

NETWORKING:Complete support: extensive networking with single or multiuser nodes usable from any program.
EXTENSIVE GRAPHIC SUPPORT —FULL SCREEN MANAGEMENT —WINDOWING —BIT MAPPED DISPLAYS

FULL BIT MAPPED PRINTER & PLOTTER & TERMINAL SUPPORT —FULL SCREEN EDITING

EXTENSIVE UTILITIES:Assembler—relocating loader— linkage editor— high level assembly & language debuggers —
sort—extensive O.S. managed error recovery —operating system debugging tools —desk calculator.

SUPPORTS ALL FORMS OF MEMORY MANAGEMENT, INCLUDING VIRTUAL MEMORY —BUT NOT REQUIRED

MODULAR:Unneeded system components can be omitted saving memory and load time such that the system can be
configured for: REAL TIME— DATA ENTRY —PROFESSIONAL WORK STATION —PERSONAL —BUSINESS —
MULTIUSER/MULTITASKING —DISTRIBUTED NETWORK —DEVELOPMENT.

UNIX® USER PROGRAM SOURCE COMPATIBILITY —RECORD LOCKING —EVEN BYTE LEVEL LOCKING

USER COMPATIBILITY:All configured versions of S1™ “Look’ and “Respond” the same to all users, regardless of
which chip or configuration is used.

VERY USER FRIENDLY:Menu driven, command driven, or prompting command processors.

PRESENTLY RUNNING ON:68000, Z80®, 8080 and 8085. By July 84: 8086/88—Aug. 84: 80186—
Sept. 84: 80286—Oct. 84: 16032

LANGUAGES AVAILABLE:Pascal (ISO compatible) + Extensions, FORTRAN 77 + Extensions, C (Kernighan +
Ritchie) + Extensions, BASIC (ANSI) + Extensions; by Dec. 84: COBOL 74 + Extensions, Modula2 +
Extensions; by Feb. 85: PL/I + Extensions, Ada + Extensions, LISP + Extensions, SNOBOL + Extensions. All
our languages are extended to provide many of the advantages of the S1™ Operating System (i.e.; 64 character
file names) and are supersets of most popular language compilers, and can be made compatible with these
languages using our available converters.

HIERARCHICAL DIRECTORIES & KEYED FILES (ISAM & VSAM & B-Tree) COMDEX—FALL 84

BOOTH #0739
ELECTRONIC MAIL & FILE TRANSFER
SEMAPHORES AND LOCKS — REAL TIME SUPPORT
SOFT FONTS & SOFTKEYS (up to 64,000)
PLEASE SEND FOR ADDITIONAL INFORMATION :ﬂ-U-L:"
D oiaystom ol Rogents o U araly oF G urmia XENTE of Mormrtes: SOLUTIONS
Inc.: Z80 of Zilog, Inc. » INC.
éo:?jiflfe}i.?gzﬂ?'#d;LA":gc'",s"LﬁélJ ant PASCALMT + Suite 207, 123 Franklin Corner Rd.
rcn; n 4 A H
HP of Hewlett Packard . DEG™ of Digital € E‘g&?s:nelngmporation; Lawrenceville, N.J. 08648
BASIC PLUS of Digital Equipment Corporation 609-896-4100 Telex 821073

S1-The only operating system that does it all
CIRCLE 32
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28/4 ‘“High Performance Display Controller Operates
From Single 5-V Power Supply”
J. G. Torborg, Raster Technologies, North Billerica,
Mass

Session 29: Leading Edge Semiconductor
Memories

Thurs Nov 1, 2 pm to 4:30 pm

Chair: S. Grossman, EXeL Microelectronics, Inc, San
Jose, Calif
29/1 **High Density EPROMS”
K. Pope, Advanced Micro Devices, Inc, Sunnyvale,
Calif
29/2 ‘“‘eepromM Speed and Power Breakthroughs”
R. G. Huff Ill, EXEL Microelectronics, Inc, San Jose,
Calif
29/3 ‘“‘High Speed cmos Static RAMS”
F. Jones, Inmos Corp, Colorado Springs, Colo
29/4 ‘*High Performance 256 K DRAMS”
H. Sussman, Mostek Corp, Carrollton, Tex

29/5 ‘“Video Memory Technology and Applications”
R. Pinkham, Texas Instruments, Inc, Houston, Tex

Session 30: Talking to ‘Big Blue’—
Alternatives for Data
Communications With IBm
Mainframes

Thurs Nov 1, 2 pm to 4:30 pm

Chair: A. Goldberger, ExeL Microelectronics, Inc, San
Jose, Calif

30/1 ““‘Hi, Big Blue. | Speak All Languages’—The
SCN68562 DUSCC”’
J. Magill, Signetics Corp, Sunnyvale, Calif

30/2 ““Highly Integrated Coprocessor Simplifies sbLc
Implementation”
R. Jigour, EXEL Microelectronics, Inc, San Jose,
Calif

30/3 “Micro to Mainframe Utilizing the 3270 Coaxial
Connection”
R. Rawson, Forte Data Systems, San Jose, Calif

30/4 *“Mainframe Interconnection Via Protocol
Conversion”
R. Penn, Protocol Converters, Inc, Woodland Hills,
Calif

Session 31: Semicustom Alternatives—
An Overview

Fri Nov 2, 2 pm to 4:30 pm

Chair: J. Kamdar, National Semiconductor, Santa
Clara, Calif

31/1  “The Low Cost, Quick Turnaround, High
Performance, Semicustom Solution: Programmable
Logic”
J. Vithayathil, National Semiconductor Corp, Santa
Clara, Calif
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31/2 “An Overview of Bipolar ecL Gate Arrays, The
High Speed Alternative”
R. Allgeyer, Fairchild Camera & Instrument Corp,
Milpitas, Calif

31/3 *“High Speed HcMos Logic Array Design for
Systems/Board Level Engineers”
P. Zaballos, LsI Logic, Milpitas, Calif

31/4 “Standard Cells—The Next Generation of
Semicustom Logic”
D. G. Wick and D. W. Still, Honeywell, Colorado
Springs, Colo

31/5 “Testing Semicustom Logic”
E. J. McCluskey, The Center for Reliable
Computing Science, Stanford Univ, Stanford, Calif

31/6 “Packaging Design Considerations for a New
Generation of Ic Devices”
J. L. Hayward, Advanced Micro Devices, Sunnyvale,
Calif

Session 32: IBM PC Interfaces For Industrial
Control

Fri Nov 2, 10 am to 12:30 pm

Chair: R. Born, High Tech Business Consultant,
Monterey, Calif

32/1 “Extending 1BM Personal Computer to Interface
With Real World Plant”
D. G. Holmes, Monash Univ, Dept of Electrical
Engineering, Melbourne, Australia

32/2 *1-Bus 18M Pc Compatible Single-board
Computers for Board Level oEm Systems
J. P. Choisser, I-Bus Systems, San Diego, Calif

32/3 *“The pcisTD Connection”
R. L. Mack, Ultra Link, Inc, Capitola, Calif

32/4 A simple sTD BUS Control System for the
IBM PC"’
A. Allard, ProLog Corp, Monterey, Calif

32/5 “The 1BM PC as a Process Controller”
R. Floyd and R. C. Stanley, iBM-Manufacturing
System Production, Boca Raton, Fla

32/6 ‘1BM pCc Goes Multibus”
P. Vukovic, Bit 3, Minneapolis, Minn

Session 33: Speech Technology in the 80s

Fri Nov 2, 10 am to 12:30 pm

Chair: J. A. Binneboese, Motorola, Inc, Austin, Tex

33/1 “A Total Speech Synthesis System”
K. S. Padda, L. Bonet, A. A. Shaheen-Gouda, and
T. Williams, Motorola Inc, Austin, Tex

33/2 *“Operational Evaluation of Automatic Speaker
Verification Systems”
D. E. Crabbs, Interstate Voice Products, Orange,
Calif

33/3 ‘“Speech Recognition Using Interactive
Laboratory System (iLs)”
S. Davis, sT1, Goleta, Calif

(continued on page 64)
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How Four Innovative Des}gn Engineer
Using The New DASH-1* S

chematic Design

Happiness
Syg?em

BOB: “DASH-1 keeps me under
budget and ahead of schedule..”
“DASH-1 has freed my designers
from the drudgery of manual schematic
design and documentation. Now, we
can knock out complex designs in a
fraction of the time it used to take.
Using the huge DASH-1 parts library
(on disk) we can instantly call up any
symbols we need — all with pinouts
and pin functions. With DASH-1's
amazing options, we can generate Net
Lists, Lists of Materials, Design Check
Reports and other critical documents.
I'm a hero in my company now, with
productivity at an all-time high’”

CAROL:“DASH-1 helped save
our CAD Systems..!

“My company has a big investmentin
large CAD systems. Butforalongtime |
noticed our engineers were frustrated.
Theyd send in schematic sketches
FutureNet, DASH-1and STRIDES are trademarks of FutureNet
Corporation. IBM is a registered trademark of the IBM
Corporation. CADAT is a trademark of HHB Softron, Inc
DASH-1 CAD Translators (Partial List): APPLICON, CADAM,

CADAT, CALAY, CALMA, CBDS, COMPUTERVISION
GERBER, RACAL-REDAC, SCICARDS, TEGAS

only to get back drawings and docu-
ments that were completely different.
The poor engineers would spend hours
checking, changing and red-lining.
DASH-1's family of CAD translators,

to front-end all of our large systems,
has changed all this. And back annota-
tion is easy. DASH-1 has provided our
engineers easy access to those previ-
ously difficult-to-use and inaccessible
CAD tools”

TED: “Imagine! Simulation right
at my desk..”

“I'm even more sold on my DASH-1
with its new simulator. After | complete
my schematic, | have a closely coupled
logic and fault simulator that | can run
at my desk. | can analyze my designs
much faster — and put them into pro-
duction without delay. FutureNet calls it
the DASH-1 CADAT.™ | call it a miracle
because | can handle designs as large

FutureNel

[ qates right at my
desk, and up to 100,000 gates using
a FutureNet CAD translator. Thanks
to DASH-1, simulating is stimulating!”

ALICE: “DASH-1 keeps growing —
aswedo..”

“Ours was a start-up company —
but it's growing fast. One of our first
investments was a DASH-1 (about
the price of an IBM PC or XT system)
to speed up schematic design and
documentation. Since then, FutureNet
has added all kinds of low-cost en-
hancements. Things like CAD trans-
lators; direct-connections to most
computers; the STRIDES hierarchical
package with 99 levels of structured
design nesting; the powerful CADAT
simulator, pen plotter options, and
hot new features, like Rubber Banding,
Tag and Drag, and Snap. We're with
FutureNet... for now and the future”

FutureNet Corporation e 6709 Independence Avenue
Canoga Park, CA 91303-2997 e TWX: 910-494-2681

Authorized = Value-Added Dealer

(818) 700-0691
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Productivity of the Future...today.




[EUS SUB-LITE-WALL
HEATSHRINK TUBING

OF TEFLON" TFE

GAT WHISKER
THINWITH A
HOLEINT!

THE WORLD’S SMALLEST TUBING
FOR ADVANCED MICRO-TECHNOLOGY!

Inert! Highly dielectric. Slippery. Abrasion-proof. Permanent.
Stands temps to 500°F. Uniform ID’s down to .001"; thin-walls to
1.5 mils. Heat-shrinkable or permanently extruded around wires
to AWG 44. Available expanded to heat-shrink ratios of 4 to 1
around irregular shapes, delicate equipment, to encapsulate
against damage or corrosion. Special requirements welcome. IF
YOU CAN USE IT, ZEUS MAKES IT!

SEND FOR FREE SAMPLES & BROCHURE

&= IEUS INDUSTRIAL PRODUCTS, INC.

P.0. BOX 298, Raritan, NJ 08869
800-526-3842 + 201-526-0800 « TWX 710-480-9346

* DuPont's registered trademark for its fluoropolymer resins
CIRCLE 34
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EAGLE MICROSHIELDS - MAKE CENTS

Why risk high error rate in your quality designed disc drive system
because of Magnetic H and Electrostatic E fields. As many of you

already know, you can rely on Eagle Magnetic for cost effective pre-
cision engineered “Microshields” to protect your read/write heads.

Noise from close proximity drive motors,
CRT or Flat Panel Displays and other in-
terferring power or high frequency
signals can practically be eliminated T 5
with EAGLE’S custom designed emitting !
source shields coupled with high quality ¥
“Microshields.” £

Only EAGLE MAGNETIC offers the pat- :
ented Eagle-Multiclad Alloy composites *
for combined H & E field shielding.
Eagle’'s experienced engineering staff
offers prototype design through hard
production for the low cost, high quality solution to all EMI problems
facing your disc drive systems. Eagle Microshields — make sense!

TREND CHART — FLOPPY DISCS HEADS

For more information write or call:
P.O. Box 24283 e Indianapolis, Ind. 46224
Phone (317) 297-1030
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(continued from page 62)

33/4 “A Single Chip cmos Speech System”
J. Reimer, Texas Instruments Inc, Houston Tex
33/5 ‘‘Voice Processing Services for Office
Automation and Telecommunications: The DSC2000
Voiceserver”
D. Wong, Digital Sound Corp, Santa Barbara, Calif

Session 34: Software Development
Techniques

Fri Nov 2, 2 pm to 4:30 pm

Chair: J. Bates, Motorola Inc, Austin, Tex

34/1 ‘““‘Assembly Language Techniques”
V. Wintriss, Computer System Assoc, San Diego,
Calif

34/2 ‘“Realtime Multitasking on a Single-Chip
Microcomputer”
D. Weiss, Motorola Inc, Austin, Tex

34/3 *“‘Cross-Support Tools for Microcomputer
Product Development”
Dr. J. Kelley, Relational Memory Systems,
San Jose, Calif

34/4 ‘““Using Personal Computers for Single-Chip
Software Development”
H. Gordan, Network Research Corp, Santa Monica,
Calif

34/5 “Innovative Programming Techniques”
J. Zurkow, Avocet Corp, Rockport, Me

Session 37: Local Area Network Solutions
on Silicon

Fri Nov 2, 10 am to 12:30 pm

Chair: R. C. Brand, National Semiconductor, Santa
Clara, Calif

37/1  ‘‘visi for Standard & Nonstandard Networks”
V. Coleman, Advanced Micro Devices, Sunnyvale,
Calif

37/2 *“Generalized Data Engine for csMA and Token
Local Area Networks”
G. Moseley, Seeq Technology, San Jose, Calif

37/3 “LAN Controller Design Approaches”
C. Yeager, Intel Corp, Santa Clara, Calif

37/4 “Open System Interfaces Provided by Token
Ring LAN Adaptor”
J. Hughes, Texas Instruments Inc, Houstin, Tex

37/5 ‘“Focused Design Teamwork Produces IEEE 802.3
Chip Set”
R. V. Balakrishnan, National Semiconductor Corp,
Santa Clara, Calif

37/6 “Network Concepts Simplify Microcontroller
Interfacing”
R. Mitchell and B. Houghton, Signetics Corp,
Sunnyvale, Calif ]
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OURVMEbus HAS A
SIGNIFICANT EDGE.

First, it has Signetics and Philips behind it. That puts our
leading-edge VMEbus in a world class by itself.

Philips is a $17 billion multinational electronics corpo-
ration with vast R & D resources and broad applications
experience. Engineers and programmers from both com-
panies are working on VMEDbus systems around the world.
This gives us an edge in refining and expanding our VMEbus
board family.

Second, we give you a really competitive edge with our
Eurocard connection, one of many quality features we have
on board.

It’s much more reliable than the standard edge card, because
it self-seals to keep out dirt. As you know, a dirty edge
connector can shut down an entire assembly line.

Old world money. New world family.

Our VMEbus boards are built around Signetics-developed
VLSI products in the 68000 family. These include 15 VLSI

communications and control peripheral chips in addition
to three CPUs.

So you have a clear advantage in architecture and perform-
ance. As well as a migration path from 8 to 16 to 32 bits.

The VMEbDbus line starts here.

We have nine different boards to choose from, with more to come.The pre-
sent line-up includes:

SVME 2000 Series
SVME 3000 Series
SVME 4000 Series
SVME 5100 Series

8 and 10 MHz CPU boards
RAM/ROM/EPROM boards
Disk Controller boards

Data Communications boards

Later this year, you’ll see new products in our highly com-
patible family. All of them will reflect our commitment to
increasingly sophisticated VLSI.

With every introduction, we’re packing more and more
performance and functions onto fewer boards. And they
all run the same software.

Support is another plus. It’s designed to get
you up and running fast.
(Which seems



appropriate for a bus system that runs two to five times
faster than the competition.)

We offer the pSOS-68K Real-Time Executive, together

with a pROBE-68K debugger. Cross compilers and macro
assembler. And our User Work Station, which interacts with
existing computers for hardware/software integration and
software debugging. If you need more help, our Field Appli-
cation Engineers are on call.

An Evaluation Kit that tells all.
This is the quick, easy, low-cost way to assess the benefits
of the VMEbus and our compatible VMEbus products. Our
Evaluation Kit comes fully assembled and ready to go.You
plug it in, hook up a terminal and power it up.

It includes all the hardware, soft-
ware and support
you need

o

3 3

.,.,
P}

for a thorough evaluation. Afterwards, you can expand it
into an economical resident development system.

With a full line of VMEbus boards at your local Signetics
distributors, you can get a jump on the rest of the world right
now. Contact them for details, including information on

the Evaluation Kit. Or call us toll free for literature and the
phone number of your nearest Signetics representative.

You'll soon see why our VMEbus gives you such a clear edge.

800-227-1817, Ext. 902D




Ramtape-PC.

Because backups
should do more

than just
take,

The trouble with conventional hard
disk backups is that backing up is all
they do. They take and store informa-
fion—and can take a lot of time and
effort doing it—but they don't help you
use that information.

RamTape-PC is a complete data
storage peripheral that does more
than just take data from your PC; it
gives you new and advanced
capabilities.

It gives you: Electronic disk—a Ram-
Tape-PC exclusive, Load data into its
360 Kbyte RAM, without reducing user’s
memory. Breeze through file editing
and spread sheets. With an access

ke, take.

time measured in nano-seconds, the
electronic disk speeds every function.

It gives you: A floppy library capa-
bility—another RamTape exclusive.
Store the contents of 32 double-sided
floppies on one cartridge: it's more
manageable, less expensive. And you
access files up fo 50 times faster.

It gives you: A choice of hard disk
backup, either file orimage oriented. A
complete 10MB file by file backup
requires less than 15 minutes, with no
user intervention. Image backup is
even faster. The file mode of backup
allows great flexibility providing for
backup and restoration of specific files

CIRCLE 36

NORTH ATLANTIC / QANTEX
PRESENTS

RAMTAPE PC - FEATURES

1. FILE OR IMAGE BACKUP
2. FAST ACCESS RAM DISK
3. 32 DISKETTES ON TAPE

which meet selected criteria.

Even with its exclusive features, Ram-
Tape-PC costs no more than ordinary
backups. So why settle for a system
that only takes, when the RamTape-PC
gives, gives, gives?

For details contact Qantex,

60 Plant Ave, Hauppauge, NY 11788. Call
toll-free 800-645-5292; in NY State
516-582-6060.

S north atlantic
Qantex



SPECIAL REPORT ON

MASS STORAGE

Bigger, better, faster, smaller, cheaper, and more flexible. . .these features are at the top
of every system designer’s wish list. CPU designers focus on smaller, faster, and cheaper,
hoping to produce the next generation’s supermachine.

Occupying a critical position in the systems to come are mass storage devices. Their
charter is to supply both the massive amounts of data storage capacity and the rapid
access to data that these systems will require. Since systems to come span the gamut
from super to micro, storage systems offer size and capacity choices to match.

Data storage capacities in the gigabyte per device range are well within sight before
the end of the decade. Emerging optical storage devices will serve to put multiple
gigabytes online. Rigid disk drives using thin-film media and low flying thin-film heads
will bring capacities up into the gigabyte range. Trickle down effects promise smaller
form factors with expanded capabilities. The smallest of these, just coming into quantity
production, continues to focus on shock resistance and power consumption.

The need to maintain duplicate copies of stores of information is resurfacing with a
vengeance. Propelled by the increasingly realtime nature of systems and by the
magnitude of damage that even momentary downtime can cause, backup devices are
occupying an increasingly important position in the storage hierarchy.

These secondary stores are based on magnetic tape. Here, as in disk devices, thin-film
media and heads play a part in putting more data into increasingly more compact
packages. Optical and removable disk drives are also destined to play a part in serving
the secondary storage needs of future systems.

In the background, standards activities continue. Standardization served as the driving
force behind the widespread acceptance of 5%-in. Winchester drives and the
quarter-inch tape cartridges that serve as their backup. As the product mix becomes
more complex and the product life cycle grows shorter, the issue of standardization at
both the system and the device level becomes even more important.

Peg Killmon
Senior Editor

COMPUTER DESIGN/October 1, 1984
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Solid-state magnetic-bubble memory from Bubbl-tec”

Mass storage that works
where disks don’t

Q-Bus™ Bubble Systems
emulate DEC RLO2]* RXO2™
RXO1™ TUS8™
e Once upon a time, computing was done only in
b nice, clean places, and a spinning disk could
handle the mass storage job quite nicely.

But, no more. Now computers are down on the
factory floor, up in airplanes and out in the field.
For this new world of applications, you need solid-
state mass storage, , :
like Bubbl-tec
magnetic-bubble
memory systems.
They can stand up to the dirt, dust, temperature extremes,
shock and vibration that knock out disks.

Bubbl-tec systems provide battery-free,
non-volatile mass storage from 32 Kbytes to
8 Mbytes, with extremely fast access to every
data block. And our systems plug directly into .
your microcomputer bus — no need for another R N 1
chassis or power supply. B =

Since 1979, we've been shipping solid-state
mass storage systems for every popular
microcomputer bus, including
— Q, MULTI, STD, S-100, ) ==
~ VERSA and VME. In fact, \ VMEbus™ Bubible Systerms
we have more systems in the field than any e e
other bubble-system supplier.

So, if you don’t want to contend with disk
deterioration, head crashes, and mechanical
breakdowns, contact Bubbl-tec. Our mass storage
solutions have a solid foundation.

) 3ubbltec’

Division of PC/M Inc.

6800 Siera Court, Dublin, California 94568
Telephone: 415/829-8700 « TWX/Telex: 910/389-6890

STDbus Bubble Systems are available for 8088, 8085, Z80, 6809

BUBBL-TEC INTERNATIONAL DISTRIBUTORS: West Germany: Scantec GmbH 089-859-8021 - Italy: Telcom 02-4047648 « France: Microel S.A. 6-9070824 + Switzerland:
Micro-System-Technik, AG 01-520355 « Norway: HCA Melbye 02-106050 « Sweden: TH Elektronik AB 08-362970 « South Africa: Electronic Building Elements PTY, Ltd 12-46-9221/7

Bubbl-tec is a registered trademark of PC/M, Inc.

DEC is a registered trademark of Digital Equipment Corp.

Q-Bus, RLO2, RX0O2, RXO1, TU58 are trademarks of Digital Equipment Corp.

VERSAbus and VMEbus are trademarks of Motorola, Inc. CIRCLE 37
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s 2 SPECIAL REPORT ON MASS STORAGE
/.

VAN

MASS STORAGE
DEVICES KEEP PACE
WITH SYSTEM NEEDS

Storage peripherals stretch and shrink to serve recognized
system demands. Renewed standards efforts open the way for
technological advances to come and allow designers to mix or

match at will.

by Peg Killmon, Senior Editor

Driven by rapidly expanding data bases, storage
devices continue to grow in speed and capacity. With
this demand for greater capacity has come a call for
a smaller form factor to match the scaled down size
of the most recent central processors.
Concurrently, the distributed concept of comput-
ing power and the enhanced processing speed of pri-
mary computer systems has called for faster transfer
of data between storage and the processor itself.
And, while storage devices work to meet these needs,
they must simultaneously respond to concerns of reli-
ability, availability, and cost of ownership.

A primary consideration

Data storage devices must serve two different
types of data bases. One is volatile; data resides on-
line continuously and are subject to constant up-
dates. These data bases require storage systems that
facilitate the update process. The storage device must
supply fast access to data, the ability to readily mod-
ify data, and rapid transfer of data to the processing
unit. These are characteristics of rotating magnetic
memories, disks and drums, and are driven by cost/
drive factors.

The other type of data base is archival; data is

stored, rarely changed, and only a small fraction of

the data base is online at any one time. Archival
storage demands nonvolatility as well as removability
and easy storage. The removability factor makes
media cost an important consideration. The nonreal-
time nature of the applications as well as the cost
factor, puts archival applications into the realm of
magnetic tape. Here, the ability to store quantities
of data on a low cost reel of tape that is compact
and easy to handle has resulted in the formation of
vast libraries of tape. Advances in disk technology—
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14-IN. WINCHESTER DRIVES
400

MBYTES

300+
8-IN. WINCHESTER DRIVES

200—

100+

5%- AND 3'z-IN. WINCHESTER DRIVES

I I ) I T
1982 1983 1984 1985 1986

Winchester disk drives serve primary online storage
needs that range from 5 Mbytes to | Gbyte. Three basic
form factors compete on two levels—between 100 and
300 Mbytes.

first the floppy disk, then the storage module drive,
and, more recently, the removable disk cartridge—
have allowed disk devices to participate as archival
devices also.

Have it your way

Magnetic recording technology provides the vast
information stores that led us to become the ‘‘infor-
mation society’” described in John Naisbitt’s book,
Megatrends. It supplies the computer industry with
disk drives that store anywhere from 256 Kbytes to
more than 1 Gbyte—more than 4000 times as much.
It is also responsible for the massive amounts of data
available on magnetic tape in installations across the
world. Still, continued growth in pure processing

Cyber 400 Series thin-film heads are direct plug-compatible
replacements for minicomposite and minimonolithic ferrite
heads. Cybernex Corp designed the heads to fly at 12 pin.
with a 15-g load force.
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power provided by the infiux ot raster CPUs has not
stopped, posing the problem of satisfying future data
storage needs. This dilemma has spurred researchers
to make devices able to store data at higher densities
and supply it to processors faster.

Contenders in this race take many forms—optical
data storage technology shows increasing promise;
research in vertical recording techniques shows signs
of appearing in commercial devices soon; and longi-
tudinal magnetic recording technology has not yet
reached its limits.

However, storing the most bits per square inch
of media remains the concern primarily of those in
the research and development labs. Leading edge
products are being developed that match the process-
ing neceds of supercomputers and other special appli-
cations. A far larger number of system designers can
take ‘‘hand-me-down’’ technology pioneered by
these leading edge products and adapt it to the needs
of the many mini and microcomputer systems that
are begging for storage. Thus, the cost/performance
equation is juggled to fulfill system demands across
the spectrum.

Among the state-of-the-art disk systems intended
to feed the rapacious appetites of mainframe class
computers, IBM’s 3380 has served as a standard since
its introduction. Storage systems from StorageTek
(Louisville, Colo) and Control Data Corp (Minne-
apolis, Minn) are in the same league. These systems,
which introduced the use of thin-film media and thin-
film heads, are capable of storing more than 1 Gbyte
of data on a single spindle disk drive.

Those supplying the less rigorous demands of
minicomputers and other high performance systems
have adopted these technologies as they became
more readily available. This led to the development
of higher capacity disk drives of the now familiar
14-in. Winchester variety. Among these are a 1.4-
Gbyte drive from Ibis Systems (Westlake Village,
Calif) and an 825-Mbyte drive produced by Ampex
Corp (Redwood City, Calif) that aims to supply the
best price/performance ratio yet.

The 160-Mbyte Atlas series drive from Alpha Data
Inc (Chatsworth, Calif) tackles the problem of sag-
ging response times encountered when multitasking
systems are heavily loaded. The 50 heads in this drive
provide a virtually constant response time, no matter
how heavy the load. Under a light load, the unit sup-
plies a 20-ms access time. Response remains in the
40-ms range under strenuous conditions.

Capacities of 8-in. drives continue to grow as
multi-user system requirements climb. Filling needs
of both mini and microcomputer systems, these units
must compete with both 14-in. and 5%-in. drives.
In this form factor, Micropolis (Chatsworth, Calif)
has designed its 1450 series to store 330 Mbytes with
access times of 20 ms. Using 20 heads on six plat-
ters, this unit writes data at 12,899 bits/in. on 1160



MegaVault’s 8-in. parallel
transfer disk Mmvp212
Winchester drive dedicates
an amplifier to each head
to minimize noise. The
drive’s eight data surfaces
are divided into two sets
of four parallel read/write
channels to allow
38.6-MHz transfers.

tracks/in. Northern Telecom Inc (Ann Arbor, Mich)
extended its Mercury family to 378 Mbytes. These
8300 series drives use thin-film heads to attain the
density necessary to accomplish this.

NEC Information Systems (Boxborough, Mass)
pushes its D2300 drive to 520 Mbytes. This drive uses
20 read/write heads to record at a density of 18,600
bits/in. Problems of spindle tilt, encountered with
the stack of six platters, are dealt with by support-
ing the spindle on both ends.

To speed storage and retrieval, the 212-Mbyte
MVP212 from MegaVault (Woodland Hills, Calif)
breaks its eight data surfaces into two sets of parallel
read/write channels. Allowing any read/write com-
bination to occur on four surfaces guarantees a
38-MHz data transfer rate using four channels.

In the 5 %-in. size that has caused 8-in. drives so
much consternation, the pace has not slowed. Intro-
ductions continue in both full- and half-height units.
Capacities continue to grow as thin-film media and
thin-film heads are put to work.

A recent introduction from startup Tulin Corp
(San Jose, Calif) uses three thin-film plated disks
with 3370-type ferrite heads to put 26 Mbytes in a
half-height drive. The design puts the read/write
preamplifier inside the head/disk assembly to guar-
antee a clean signal. Plans for the future include
reducing the access time from its current 100 ms by
supplying an encoder to the stepper motor and using
a voice coil motor to increase track density.

Thin-film heads are combined with thin-film
metallic media in drives from Advanced Storage
Technology (San Jose, Calif). Writing 103 Mbytes
on three platters at 20,880 bits/in., the AST 96203

uses a voice coil linear positioner and a closed loop
dedicated servo to achieve accurate positioning.

Applied Information Memories (Milpitas, Calif)
puts 250 Mbytes on five platters in its Dart 250.
Using thin-film heads and sputtered media, the
drives record at 700 tracks/in. Average positioning
times is 18 ms and data transfers occur using a
storage module drive (SMD) interface.

Destined to capture as much attention as 5%-in.
drives, the rapidly growing 32-in. Winchester world
faces demands for low power, ruggedness, as well

Storing 103 Mbytes, the half-height 5%-in. 96203 from
Advanced Storage Technology uses thin-film heads and
three thin-film platters. Thin-film heads contribute
aerodynamic stability to improve signal-to-noise ratio.
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as reliability. These units typically store 5 Mbytes
on one platter, with two platters raising capacities
to 10 Mbytes. Average access times are about 90 ms.

Because these units are widely used in portable
computers, shock mounting and other protection
features are important. Mechanical brakes are added
to prevent head movement during transit. One new-
comer, LaPine Technology (Santa Clara, Calif) has
designed units to withstand a 40-G shock load.
Called the Ranger family, these drives use a 4-point
internal suspension system. With additional external
shock absorbers on two sides, they can withstand
a 100-G shock load. Head and media damage are
avoided using a proprietary head lifter and arm lock.
Rodime PLC (Glenrothes, Fife, Scotland) protects
its drives through a 30-G shock. A mechanical fail-
safe brake acts as a transit lock for the dc motor.
A similar brake for the stepper motor locks the
actuator arm.

!
|
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Microscience International’s half-height 312-in. Winchester
drive, the HH-312, uses a proprietary closed-loop servo and
linear actuator to achieve 70-ms access to 10 Mbytes.

With the 5-Mbyte capacities well in hand, faster,
higher capacity units are beginning to appear. Micro-
science International (Mountain View, Calif) sup-
plies a 10-Mbyte drive that uses two platters and has
an access time of 70 ms. Plated media, in conjunc-
tion with closed-loop servo and embedded servo
information, contribute to the 9680 bits/in. density
achieved in this drive. Another high capacity drive,
the M-125 from Microcomputer Memories, Inc (Van
Nuys, Calif), can store 25 Mbytes with an average
access time of 85 ms.

Seeing the light

Raising the limits of recording density, optical
memory storage systems are beginning to come to
light. Using lasers to read and write from optically
sensitive media, these units can store gigabits of data
on 14-in. disks. Once written, information can be
deleted, but cannot be rewritten in the same place.

Optical disk storage units provide online storage
costs comparable to those of magnetic disks. Offline
storage costs are one third those of magnetic tape.
Storage capacities of optical disks combine with their
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access times to fit between magnetic disks and mag-
netic tape. Optical recording devices supply a lower
cost per byte of data stored than disk, and faster
access than tape devices.

Theoretical limits for optical media are 100 times
greater than those of magnetic media—30 Gbits/in2
versus 300 Mbits/in2. Today’s magnetic technology
has reached 12 Mbits/in2; available optical units
supply 600 Mbits/in2.

In the first high performance system, the 7600
Optical Storage System from StorageTek, 4 Gbytes
of data are packed on one side of a 14-in. disk. A
more recent drive from Hitachi America Ltd (San
Bruno, Calif) uses a 12-in. disk to store 2.6 Gbytes.
The model 301, however, uses both sides of the plat-
ter and writes at 19,500 bits/in.

Shugart Corp’s Optimem Div (Sunnyvale, Calif)
records 1 Gbyte on its Optimem 1000. Designed for
use as a low cost storage device, this drive records
at 14,500 bits/in. on 14,500 tracks/in. It supplies
a 130-ms average access to data and transfers at rates
between 3.8 and 8 Mbits/s. Similarly, Gigadisc, from
the Alcatel Thompson Gigadisc Div of Thompson-
CSF (Redondo Beach, Calif) writes 1 Gbyte on either
surface of its 12-in. platter. LaserDrive 1200 from
Optical Storage International (Santa Clara, Calif)
also has a 1-Gbyte capacity on a single-sided 12-in.
platter. In addition to matching the current storage
needs of mini and microcomputers with their
1-Gbyte capacities, these units also ease integration
into systems by supplying an SCSI interface.

3M Co’s, Optical Recording Project (St Paul,
Minn) supplies optical memories for both write-once
drives such as these and for read-only devices. While
write-once drives use laser beams to form reflective
microfeatures in the media’s surface, read-only sys-
tems use focused laser beams to access prerecorded
and microreplicated data on the media’s surface. The
reflective microfeatures can be read using the same
lower power beam focused on the laser spot.

Like video disks, read-only disks are becoming
common in the digital world. An example of this
is the Compact Disc Read-Only Memory (CD-ROM)
from Nippon Columbia (Tokyo, Japan). This drive
uses pulse code modulation digital recording tech-
niques first applied to high quality audio recording.
Hitachi’s CD-ROM uses a 4.7-in. prerecorded disk
with a 552-Mbyte capacity. Incorporating error cor-
rection and built-in interface, the drive supplies a
176-kbit/s transfer rate and accesses data between
0.5 and I s. Optical Information Systems Inc (Color-
ado Springs, Colo) plans to make devices similar to
the CD-ROM using 4.7-in. compact disks. Current
plans are to supply 550-Mbyte prerecorded systems
for use by microcomputers.

Because of their write-once or read-only nature,
commercial optical storage devices are limited to
filling needs for archival storage. While commercial
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procurement involves a substantial
commitment of your company’s re-
sources. You should choose a supplier
who is able to make an equivalent
commitment in return.

Fujitsu America is one of the
few disk drive suppliers with both the
experience and the resources to stand
behind such a commitment.

Fujitsu offers a complete
family of disk drives, from 5% to 14
inch, with capacities ranging from 7 to
671 megabytes. Fujitsu drives provide
access speeds among the fastest avail-
able today.

Of even more importance to
you is Fujitsu’s absolute dedication to
product quality and customer support.

For more information on
Fujitsu’s complete family of quality disk
drives, contact the Fujitsu America
sales office nearest you. Northwest:
(408) 946-8777, Central: (612) 835-7025,
East Coast: (617) 229-6310, Southwest:
(714) 176-0852, Europe: 441/493-1138.
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units are not yet available, prototypes of erasable
optical drives have been shown by Sony and Canon
in Japan. When they become available, the benefits
and potential of optical media storage will become
obvious.

More interest in tape drives

Magnetic tape is enjoying a revival. The rotating
magnetic recording devices of the 1960s replaced
magnetic tape as the primary means of mass storage
for computer systems. Now, however, interest has
been spurred in tape drives by the Winchester disk
drive that revolutionized disk drives. This, coupled
with the move toward nonremovable media that oc-
curred in the 1970s, has renewed interest in tape
drives. While the disk drive offers fast direct access
to data, there is a finite limit to how much data it
can hold. Thus, any data not directly associated with
the problem at hand must be stored elsewhere.

Removable disk storage modules and magnetic
tape are two solutions to this dilemma. Tape is usu-
ally chosen as the secondary storage medium because
it is relatively inexpensive and compact enough to
make storage easy. Thus, magnetic tape drives
occupy a secure position, albeit, a secondary one.

Tape systems come in two varieties—start/stop
and streaming. Some provide both methods of
recording. They also come in reel-to-reel or cartridge
form, compliance arm, and vacuum column ver-
sions. All have specific general parameters and char-
acteristics, and all are supported for a range of
applications.

Start/stop drives record data in blocks. Each
block is bounded by a gap between records. This gap
acts as a reference point for starting and stopping

and is part of the American National Standards
Institute (ANSI) recording format standard. Unlike
start-stop drives, streaming drives write record gaps
while the tape is in motion. Thus, they eliminate the
electromechanical parts necessary to generate the
gaps in start/stop devices and speed the recording
process. However, to record efficiently, they must
have a continuous data stream supplied to them.
Repositioning the tape while the drives are stopped
results in significant speed loss.

Typically, half-inch, reel-to-reel, start/stop tape
drives are used in mainframes and minicomputers.
Half-inch streaming drives provide low cost backup
for 8- and 14-in. Winchester disk drives, handling
capacities between 40 and 100 Mbytes. Units are
available which span all mid to high level perfor-
mance and capacity needs. Cipher Data, Control
Data, Kennedy, and Pertec are the giants in half-
inch, high performance tape drives.

To overcome the limitations on streaming tape
drives—basic mismatch in data transfer rates that
forces the tape drive to wait—a high speed buffer
is used. In Cipher Data’s (San Diego, Calif) Cache-
Tape, for instance, the integral controller has a
cache memory (more properly termed a buffer). This
improves performance by compensating for varia-
tions in the system’s ability to maintain a constant
data rate. '

The system can use the drive for transactional
backup in the same way it uses vacuum column or
tension arm drives. The function is software trans-
parent—no special software is necessary to support
streaming performance. A compact, IBM compatible,
nine-track streamer, the PCT-1000 stores 138 Mbytes.
In the unit, Ibex Computer Corp (Chatsworth, Calif)
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The Zenith LAND Hybrid (Local Area Network Driver) is a cost-effective, highly reliable interface for baseband LAN’s
including Datapoint's ARCNET ™, and other compatible systems.

LAND FEATURES
e Space savings economy in a 20 pin SIP configuration o Noise immunity and filtering for interference free data
* Functional with most baseband protocals travel through up to 2000 ft. of coaxial cable
¢ Designed for flexibility—uses -5V or -12V diive ¢ A physical layer implementation for interface with most
LAN topologies

Zenith offers design and production capabilities to tailor or customize this hybrid driver, and other types of hybrid
microcircuits for your own LAN System, to your individual specifications. For more details or information, contact Zenith’s
Systems & Components Group.

Zenith Electronics Corporation Zenith Electronics (Ireland) Ltd. Zenith International, Inc.

1000 Milwaukee Ave. Virginia Road No. 16 Chin Chang First Road
Glenview, IL 60025 Kells, County Meath, ireland Chung-Li Industrial District
(312)391-7733 046-40260 Chung-Li Shin Toa-Yuan Hsien
Telex 254396 Telex 31931 Taiwan, ROC (322)
034-522-801
Telex 35176
®
The quality goes in before the name goes on.” © 1984 Zenith Electronics Corp.
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The MT-2210 cartridge tape drive from MegaTape can
backup or restore 500 Mbytes in 36 min. Data are written
on 1500 ft of half-inch tape using a 24-track serpentine
format at a packing density of 9600 bits/in.

uses two microprocessors and a realtime operating
system to handle tape motion and tension control.
Thus, they eliminate the need for traditional swing
arms and capstan motors, and cut costs. Measuring
19 x 5.25 in., the unit handles 7-, 8.5-, or 10.5-in.
tape reels, allowing access to archival data banks and
data interchange between all types of systems.

The compactness of drives based on tape cartridges
virtually guarantees their success as the tape storage
systems of the future. To date, however, there is no
agreement on what size the cartridge will be. For
example, MegaTape Corp’s (Duarte, Calif) MT-2000
drives record 500 Mbytes on a book-sized (9% x
6 % in.) tape cartridge. These drives use a 24-track
serpentine format and pack data encoded in a 4/5
GCR format at 9.6 kbits/in. The 24-track serpentine
format is achieved by stepping a 2-track read/write
head 12 times. This technique allows any record on
the cartridge to be accessed in an average of 30 s.

Using an industry standard Pertec microformatter
interface, the drives can read 300-Mbyte cartridges
written on their predecessors. The drives sense which
cartridge has been inserted and electronically adjust
for it. Operation can be at 200 or 50 in./s streaming
or 50 in./s start/stop, allowing use either as Win-
chester backup or for archival storage.

In an 8-in. form factor, Rosscomp Corp (Cerritos,
Calif) offers the D160 with what is claimed to be the
industry’s simplest drive mechanism. Media is
wound on a self-protecting reel that eliminates ten-
sion problems associated with cartridges. Tapes are
kept on course by spring loaded and ball bearing
guides. A single capstan motor drives both supply
and take up reels with one belt. Self-threading 4-in.
reels of tape are recorded using a 24-track serpentine
format at 8000 bits/in., and can store 160 Mbytes
in 20 min. A 5%-in. version, the D5160, supports
QIC-02 and Small Computer System Interface (SCSI)
standards.

Designed to fit a smaller footprint, the model 1110
from Memorex Corp, OEM Products Group (San
Jose, Calif) meets the more modest needs of 5%-
in. Winchester drives. This drive records 130 Mbytes
in start/stop or streaming modes. The unit uses an
Enhanced Standard Device Interface (ESDI) inter-
face to transfer data at 225 kbytes/s. Tandon Corp
(Chatsworth, Calif) entered the half-inch streaming
tape field using a design based on technology derived
from earlier tape and flexible disk efforts. The
TM951 records 20 tracks on a single reel of self-
threading tape using a serpentine format. Dual
recording heads similar to those used in floppy disks
provide read after write for data verification. The
data transfer rate matches that of the 5%-in. floppy
standard to simplify integration efforts.

IBM’s (Rye Brook, NY) recent announcement of
its 3480 tape subsystem confirms tape’s position as
a key element in the mass storage hierarchy. By stat-
ing its intention to extend tape technology into the
1990s, 1BM provides a rallying point around which
a standard for high performance tabe cartridge sys-
tems can be built. The 3480 replaces the 10-year-old
3420, raises the storage capacity on a reel of tape,
and changes the form factor of the tape subsystem.
It also reduces the size of a reel of tape from 102
to 4 in. in diameter. The system is based on a reel-
to-reel servo control drive rather than the vacuum
columns used in the older drive. This cuts the over-
all size of the subsystem. Recording density is raised
to around 38,000 bits/in. by using thin-film heads
and a half-inch chromium dioxide coated tape. This
permits 200 Mbytes to be stored on an 18-track tape
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Tape drives commonly use one of several types of recording heads. Serpentine and nonserpentine recording heads
show distinct differences. A two track head is frequently used to record 16 or 32 tracks in moving head systems.
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BLOCK KEY BLOCK KEY

0.25 IN. 16 TRACKS

Preformatted tape in 3M’s DC600HC cartridge without
inter-record gaps establishes block locations with forward
and reverse reading block keys. This allows data to be
stored more compactly.

that is packaged in a 4- x 5- x 1-in. cartridge. The
data transfer rate is raised from 1.24 to 3 Mbytes/s.

Quarter-inch tape drives better serve small micro-
computer-based systems. Intended primarily to
supply secondary storage to 5- and 10-Mbyte Win-
chesters, units from Cipher Data, Archive, Wangtek,
Control Data, Data Electronics, and Tandberg pro-
vide a cost, size, and performance match for single-
user systems.

Built to supply 134 Mbytes of formatted storage
to compete with half-inch cartridges, 3M’s HCD-134
Data Cartridge Drive records 32 tracks in a serpen-
tine format and transfers data at 70 kbytes/s. Ad-
dress markers are prerecorded on the cartridge’s tape
every 1024 bytes. This contributes to fast access,
allowing any file to be located within 45 s.

Most units in the 5%-in. form factor using
quarter-inch tape as a media are designed to handle
cartridges (eg, 3M’s DCI100). However, Memtec
(Salem, NH) uses cassette concepts. This company’s
units replace mechanical components with elec-
tronics. Whereas a cartridge requires pulleys and ten-
sioning belts, the cassette approach controls the tape
with a servo. This allows Companion series drives
to store 40 Mbytes on a nine-track tape; 10 or 20
Mbytes on a four-track tape.

Offering capacities of up to 32 Mbytes, Cipher
Data’s 525 CT FloppyTape uses standard floppy disk
drive interfaces and formats. Each tape has six
streams, each having 255 segments. Each segment
stores 20.8 Kbytes of data. Each tape track appears
to the system as a separate logical floppy disk drive.
Operating at 78 in./s with a 500 kbit/s transfer rate,
26.6 Mbytes can be read or written in about 9 min.

A 64-Kbyte cache memory in the Sponge T100
from Bering Industries, Inc (Fremont, Calif) com-
bines with disk emulation to allow the tape to run
like a disk (a 20-Mbyte, quarter-inch tape cartridge
subsystem). To provide backup, the tape drive tem-
porarily becomes the active controller on the bus.
In backup mode, the subsystem functions like a com-
puter, thus eliminating the need for a software
driver. In normal use, it remains connected to the
bus and emulates a disk drive.

Focusing on 3%2-in. Winchester drives and their
backup needs, Irwin Magnetics’s (Ann Arbor, Mich)

48105 puts 10 Mbytes in a minicartridge. Using
closed-loop servo technology, the Irwin 210 writes
eight tracks at 6400 bits/in. on 0.15-in. wide tape
in a DC100A cartridge. Supporting streaming, start/
stop, and random access operation, the drive uses
a standard minifloppy controller.

Designed to store 80 Mbytes of data on a DC300XL
data cartridge, the Jetstream 16 from North Atlantic
Industries, Inc’s Qantex Div (Hauppauge, NY) sim-
plifies system upgrades by reading current 4- and
nine-track tapes adhering to the QIC-24 recording
format. A two-channel, bidirectional tape head con-
trolled by a microprocessor allows either 9- or
16-track tapes to be read or written. A directory block
written at the logical end of tape allows any file to
be located without streaming through each track.

Claiming that the single record per tape aspects
of QIc-24 hinder record update functions, the
TG-4060 subsystem from Tallgrass Technologies
(Overland, Kan) records in the PC/T-11 format.
Storing 60 Mbytes of formatted data on a DC600A
cartridge, the quarter-inch tape drive writes data on
11 tracks and can transfer at 720 kbits/s. This format
serves personal computer needs by allowing access
to tape through DOS commands. ID records within
the format serve as landmarks to aid file location
and ease the update process.

Decisions, decisions, decisions

The secondary storage backup function is also
served by products based on technologies other than
tape. Floppy disk drives offer removable media suit-
able for archiving as well as software and data inter-
change. Removable hard cartridge disk drives are
also cost-effective in certain applications.

Floppy disks are not new but are proving hard to
replace. Although there were rumors that flexible
disks in the 8-in. form factor would soon become
dinosaurs, Hitachi recently announced an 8-in. drive

Closed-loop servo technology allows the Irwin 210 to pack
10 Mbytes of data onto a DC100A size cartridge. In a
3V2-in. form factor, the drive uses an industry standard
minifloppy interface to ease integration.
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that can store 9.6 Mbytes. The FDD-441 combines
custom LSI and servo technology with an ultrahigh
density media. The unit’s 1.5-Mbit/s transfer rate
is handled by a modified ST506 interface.

The media (Maxell FD2-HD) is coated with a co-
epitaxial formulation that is less than half as thick
as conventional coatings. Narrow gap Mn-Zn read/
write heads produce a stronger magnetic field than
conventional Ni-Zn ferrite heads. This achieves the
precise high resolution recording necessary to write
data at 20,560 bits/in. on 96 tracks/in.

Advances in head technology will
provide 10 Mbytes on a floppy by
1985, 40 Mbytes by 1989.

In the 5%-in. form factor, 3.3-Mbyte units from
Amlyn (San Jose, Calif) and Drivetec (San Jose,
Calif) rely on closed-loop servos and preformatted
high density diskettes to extend their capacity. Even
higher capacities should soon begin appearing.
Advancements in head technology will provide the
possibility of 10 Mbytes on a floppy by 1985; 40
Mbytes by 1989.

The majority of recent entries, however, show
capacities of 1 Mbyte in one-third, two-third, one-
half, and full-height drives. A 1.6-Mbyte drive from
Canon USA, Inc (Lake Success, NY), the MDD516A,
uses high resolution media to extend its capacity.
NEC Information Systems, Inc supplies the FD1155
with a 1.6-Mbyte capacity. These units cut overhead
costs by dropping power requirements to 4.5 W.
IBM used drives such as these in its recently an-
nounced PC AT. This virtually ensures that 1.6
Mbytes will become the standard floppy capacity.
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Scaled down versions of these drives, those in the
3'2-in. form factor show just as much promise. Most
have capacity for 0.5 to 1 Mbyte with higher capacity
units appearing. All are compatible with the larger
units in logical interface, transfer rate, number of
tracks, and bytes per track. Power requirements have
been cut to 3.9 W to accommodate their use in port-
able systems.

While initial products in the 3-in. (Hitachi) form
factor survive, the industry seems to be taking the
3%-in. units seriously. Major contracts between
Apple and Sony, Sony and Hewlett-Packard, and
Shugart and Gavilan appear to have forced the issue.

Hewlett-Packard Co (Greeley, Colo) has an-
nounced plans to build a double-sided product with
600-Mbyte capacity by late 1984. By 1988 it expects
to pack 4 to 6 Mbytes into that form factor when
vertical recording technology emerges.

Yet another way to save

Disk cartridge drives also serve a secondary
storage function. These come in sizes that match the
form factors of hard disk drives and in capacities
between those of floppy disks and tape cartridges.
Another bonus is that cartridge disks match the
access times of Winchester disks for speed sensitive
applications. Many companies feel that cartridge
disks do the job better and faster. These include Cen-
tury Data, Cynthia Peripherals, Amcodyne, Con-
trol Data, DMA Systems, Vermont Research, and
New World Computer.

The removable cartridge, characterized by a hard
disk enclosed in a sealed envelope, benefits by shar-
ing mechanical assembly, electronics, and interface
controller with the primary fixed disk drive. It can
match access times and transfer rates as well. How-
ever, since the cartridge must open to admit the read/



write heads before it can operate, contamination can
be a problem.

The Century Data Systems (Anaheim, Calif) 8-in.
2048 pumps double filtered air through a ventilated
spindle and moves the air uniformly over each disk.
Contaminants on the media are removed by the air
flow and exhausted from the drive. The drive has
the capacity for 34 Mbytes on three fixed disks and
records another 7 Mbytes on the cartridge.

An embedded servo positioning system addresses
the problem of accurate head positioning. Cartridges
compound this problem by adding another set of
track positioning variables. Prerecorded servo data
correct tolerance differences between the cartridge
and the drive.

Another company, Cynthia Peripherals (Palo Alto,
Calif), uses a patented embedded servo technique
to ensure cartridge interchangeability. The D140
drives supply a 12-Mbyte capacity on a removable
cartridge and match that on the companion 10%2-in.
fixed disk. Combined with a linear voice coil actua-
tor, the embedded servo ensures accurate head
location. Ramp load heads are loaded only when the
disk comes up to speed.

The Whitney head suspension used in Amcodyne’s
(Longmont, Colo) 8-in. Arapahoe 7110 avoids
head/disk contact. A 53.2-Mbyte fixed/removable
combination, this drive positively pressurizes and
purges as the spindle comes up to speed. Then, the
heads are loaded onto an established air bearing.

Syquest’s (Fremont, Calif) 3.9-in. removable car-
tridge uses a graphite lubricated plated disk in a
sealed cartridge to avoid contamination. These drives
use a combination of embedded servo with micro-
stepping stepper motor to achieve precise position-
ing. Servo information is stored in a single wedge
per track. This permits servo positioning to be done
within a single disk revolution. New World (Irvine,
Calif) solves these problems in its 5'%-in. TurboDisc
by building the heads into the cartridge. TurboDisc
is a 5-Mbyte fixed/5-Mbyte removable combination.
The cartridge sells for $695. The drive itself uses 12
heads mounted on a patented parallelogram-shaped
slider assembly to gain 8-ms access to any of the 12
tracks under the heads.

Storing 6.5 Mbytes on an ANSI standard cartridge
and 19.5 Mbytes on a fixed disk, Micro/Magnum
5/15 drives from DMA Systems (Goleta, Calif) use
a closed loop tracking and positioning scheme. A
half-height, removable-only drive, the model 360,
stores 7.5 Mbytes and has a 98-ms access time. On-
board firmware allows cartridges to be formatted
in the drive. This eliminates the need for the pre-
written servo while retaining interchangeability.

A newcomer, Cardiff Technology Inc (San Diego,
Calif) may soon produce a 40-Mbyte fixed/removable
drive. The design may use a linear actuator with an
embedded servo to achieve a 25-ms access time.

Plated media and thin-film heads should allow the
unit to store 11,000 bits/in. at 980 tracks/in. on each
platter.

Sporting a similar package but different media,
Iomega’s (Ogden, Utah) 8- and 5%-in. drives use
Bernoulli technology to float the read/write head
above flexible media. This media is encased in a rigid
cartridge. The technique allows high density and fast
transfer.

By 1986, vertical recording will be
feasible in half-height, 5Yi-in. drives
with 330 Mbytes.

Stretched surface recording from 3M is another
approach. The recording media is formed by stretch-
ing a flexible magnetic recording material over both
sides of a rigid substrate made from a plastic-like
material. The resulting magnetic surface retains suf-
ficient resilience to allow contact recording at very
high density. Tests have shown that the media can
be used in Winchester drives with a slightly modified
head design.

Commercial disk drive magnetic technology has
attained 1-Gbyte levels on 14-in. platters with access
times in the 16-ms range. A look to the future shows
the possibility of 6 Gbytes and more than 700 Mbytes
on 8-in. media with similar access times. By 1986,
vertical recording is expected to appear and bring
with it the possibility of half-height, 5%-in. drives
recording 330 Mbytes. Optical disks in the 12-in. size
range will stretch to 8 Gbytes per surface.

Magnetic tape also holds much potential. There,
thin-film heads and vertical recording techniques
should put half-inch cartridge capacities in the giga-
byte range before 1990. Although we can only pro-
ject the future, we do know that storage capacities
will grow, speed of access will improve, and the
needs of all types of future processing systems will
continue to be met.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.
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“I work for Otari, but my
ultimate responsibility is to the
Otari customer, period”

— Louis Wolheim, Technical Support Manager, Otari Data Inc.

“Providing technical assistance and ensuring the customer
is given the attention and satisfaction they deserve—
whatever it takes—that’s what I'm all about.

And that means being 100% accessible. I'm not here
to play dodgeball with the customer. We don’t avoid the
issues, and if we don’t have the answer to a specific
problem, we’ll take the time to solve it, now. As a matter
of fact, we’re so adamant about customer satisfaction,
we’ll deliver immediate, off-the-shelf warranty replacement.
And I mean immediate.

I'll see that our customers receive the technical
assistance they need and that our drives are running
smoothly in their systems. I’ll help provide implementation
on a systems level so that our customers have a system
operating at its maximum capability.

Because when that system is technically correct, our
customers are getting the best out of our drives, and the
best out of me. I wouldn’t have it any other way.”

For immediate information call (408) 738-4808, or
write 271 N. Mathilda Ave., Sunnyvale, CA 94086.

0/TAR/1|

OTARI DATA INC.

Subsidiary of Otari Electric Co., Ltd., Japan

Disk Drive Confidence. Guaranteed.
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Why Buy Peripheral Test Equipment?

As Production Test Manager, are you tired of
test room bottlenecks? Intermittent test results?
Excessive field returns? Having your Develop-
ment Engineers building test equipment instead
of designing products that produce revenue?

Applied Circuit Technology can provide you
with solutions to these and other testing and
manpower problems! Our family of easy-to-
operate Floppy and Winchester disk drive test
equipment can test from 1to 50 devices
simultaneously. And, with our user friendly
software, you can be assured of consistent
product verification.

If you are ready now to break your testroom
bottleneck and improve production throughput,
call Applied Circuit Technology today!

WHY WAIT?

Applied
Circuit
Technology

2931 La Jolla Street, Anaheim, CA 92806
714/632-9230
Telex 683466 | 1-800-433-9648

Regional sales offices: San Jose, CA; Boulder, CO; Boston, MA
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SPECIAL REPORT ON MASS STORAGE

OPTICAL MEMORY
RESEARCH PAYS OFF

Delivering on promises to provide gigabit capacities, optical
memories are coming into their own. At the same time, the
pieces needed for the next generation of products are falling

into place.

by Maarten de Haan,
Chris Steenbergen, and
Di Chen

Optical recording and reading techniques have been
under intense development for the past 20 years.
Today, data storage devices using these techniques
are finally reaching maturity. For example, optical
memory features are being incorporated into prod-
ucts developed by the video, audio, image, and digi-
tal data recording industries. The characteristics and
performance of key components now in development
will contribute to the optical data storage devices of
the future.

Read only video disks, introduced in 1978, store
45,000 picture frames on one side of a 12-in. diam-
eter disk. Because these frames can be randomly
Maarten de Haan is director of development at
Optical Storage International, 1050 S Academy Blvd,
Suite 138, Colorado Springs, CO 80910. He holds a
BS in mathematics, physics, and chemistry and an MS
in physics, mathematics, and electronics, both from
the University of Amsterdam, Amsterdam, The
Netherlands.

Chris Steenbergen is manager of the media and
systems evaluation group at Optical Storage
International. He holds an Ms in technical physics
and a PhD in technical sciences, both from the
University of Technology, Delft, The Netherlands.

Di Chen was director of technology at Optical
Storage International. He holds a BS from National
Taiwan University, Taipei, Taiwan, an MS from the
University of Minnesota, and a PhD from Stanford
University. He is now executive vice president at
Optotech, Inc, Colorado Springs, Colo.

accessed, the disks have served as the basis for inter-
active video development. As a follow-up to this
development, documentation storage devices have
appeared. Toshiba, Philips, and Hitachi are among
the first to announce such products. In this case,
10,000 pages of information can be written on one
side of a 12-in. disk, and read at 0.5-s access time.
Since the documents are stored as high resolution
images (about 2500 x 1700 pixels), the required bit
error rate (BER) is only 10~8. This type of device
is urgently needed in Japan since the written lan-
guage includes Chinese characters that cannot be
readily coded, and therefore, must be recorded as
high resolution images.

Major electronics companies such as Matsushita,
Sony, Sharp, and Canon have all responded to this
need and joined in the development effort. Besides
a single-disk write once/read only recorder,
““Jukebox’’-type systems containing up to 100 disks
are also being developed. Documentation filing sys-
tems using this type of recorder and software with
a page reader, hardcopy printer, and high resolution
CRT or other display devices, are available for less
than $100,000.

Because coded digital data storage requires a BER
of 10~ 11 to 10~ 12, efficient coding and error cor-
rection schemes must be developed. A more rapid
access time (about 250 ms) also calls for refinements
in the servo and actuator design. After years of
development, efforts in this area are finally bearing
fruit. In 1983, announcements of devices by Hitachi,
Optimem, Thomson CSF, STC, NEC, and OPL were
made. These products fall into two categories: low
end and high end.

On the low end, storage capacity is about 1 Gbyte/
disk surface with 200-ms access time and a 2-Mbit/s
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TABLE 1
Optical Disk Drive Systems
Capacity Size (in.),
Disk  Gbytes/ Bit-error height,
diameter or page/ Access  Transfer rate Direct-Read- rate width, Revolutions/
Company (in.) surface time (ms) Mbits/s After-Write 10 X and depth min Media
0osl 12 1.0 150 2.4 yes 12 B¥a x 19:% 25 480 Te alloy
Optimem L2 1.0 125 3 no 12 — - Bubble
forming
metal film
STC 14 4.0 62 24 - 12 B5 5232 2000 —
Thomson CSF 12 1.0 100 3.8 - 12 - — Bubble
forming
FOA* 12 0.6 350 2.4 modified 9 (28 x 18 x 25) 600 —
Hitachi 12 153 250 2.3 no Tato 120 (7 % 14 x 23§ 600 Te alloy
Matsushita 8 0.7 300 5 - 7 80 x 20 x 20 900 TeO,
Mitsubishi 12 37,400 3000 — no — - 1800 Metal film
frames
NEC 12 1.3 250 6.5 — 1.2 10618 x 24 900 3 M media
15,000
pixels
Sanyo 12 18,000 300 4 no (5) (28 % 18 x 25) 345 Te alloy
pixels
Sony 8 9000 = 1'to) .6 burst error — — 900 Sb,Se;
pixels detection +Bi,Tes
Toshiba L 1.2 500 1.43 no 8 25 x 16 x 201 300ita 600 TeC
Sharp 5% 0.14 - — no 8 — — magneto-
1000 optic
pixels erasable
*FOA?FL;jitsu, Olympus, Asahi joint venture
() =estimate

data rate. Most of the products announced belong
in this category. On the high end (developed by STC,
and demonstrated by RCA), the memory device
capacity is 4 Gbytes/disk surface at a 120-ms access
time, and a 3-Mbyte/s data rate. The performance
characteristics of some representative systems are
summarized in Table 1. Figs 1 and 2 show the capa-
city/access time relationship and capacity/data rate
relationship, respectively, of the various optical
recording drives from several companies.

The read only and write once/read only systems
fall into the following categories with computer
applications: archival storage, disk backup, journal-
ing, information distribution, reference store, and
online hierarchical storage. In consumer applications,
the categories include video player and recorder; and
compact disk sound system. Industrial and educa-
tional applications include interactive and intelli-
gent video disk; sales, service, and cataloging video
disk; and publishing business. When erasable optical
memory becomes available, its applications will be
the same as today’s for the magnetic recording
devices.

Applying optical techniques to data storage
Research and development efforts have been
underway to apply the controllable energy source
of lasers to data storage applications since its dis-
covery. Early efforts concentrated on the investiga-
tion of the physical phenomena associated with the
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interaction between the material medium and the
laser beam. These phenomena are useful for writing,
reading, and erasure operations. Special attention
has been focused on the development of erasable
media, since researchers have believed that the laser
beam addressable memory technology will replace
magnetic recording technology.

Interest in inertialess electrooptic and acousto-
optic beam modulation and deflection technology
was directed toward addressing applications. The
high areal density offered by the laser memory ap-
proach, coupled with the promise of inertialess ad-
dressing, raised worldwide interest. By the end of
the 1960s, most major computer companies were
engaged in optical memory work.

The realization that, technically, it is extremely
difficult to make an inertialess beam deflection sys-
tem that will address more than a 1000 x 1000 dif-
fraction-limited beam locations, placed a limitation
on the size of bit-oriented inertialess optical memory.
A holographic recording approach based on a ‘‘one
page per spot’’ operation was introduced to counter
this limitation. This, however, required development
of a block input device (or page composer), and
highly sensitive media.

At the same time, the magnetic recording industry
was steadily improving. Areal density of magnetic
storage peripherals improved by a factor of two,
every two to three years. Also, the technical
problems associated with optical erasable inertialess



or holographic recording held back many research
and development efforts in digital optical memory.
Steady progress was made, however, in attempts to
apply optical technique for write once/read only
memory and video disk players. Laser video disk
players were fully developed and produced, and an
image/documentation file based on an optical direct-
read-after-write (DRAW) disk was introduced in the
late 1970s.

Current efforts in optical recording reflect the
advantages and limitations of optical memory, and
the need for mechanical motion in addressing. To-
day’s systems combine a rotating optical disk with
an optical head that is driven by a linear motor for
addressing. Media are almost exclusively made in
disk form. The large head to media distance in the
optical approach makes it possible to use removable
media while maintaining extremely high areal density.
Besides video disk, digital audio disk players have
also been recently introduced. Alterable optical disks
and double density DRAW disks are currently under
development.

Status of optical recording media

Today, write once/read only media of various
forms are well developed. The writing process used
with these media is based on the laser heating effect
that causes ablation, deformation, bubble forming,
or melting.

The media’s writing sensitivity and read out signal
are enhanced by the use of multilayer structures that
take the form of bilayer, trilayer, and quadrilayer
media. These media use antireflective and reflective
coatings. The sensitive recording material is pro-
tected by air sandwich lamination (Fig 3). In this
case, the transparent substrate forms the protective
barrier for the information layer. It also places the
outside surface out of focus for the focusing laser
beam. This barrier makes the media insensitive to
dust and other contamination.

The header, tracking, and clock information must
be provided by the unrecorded media to facilitate
the storage operation. A pregroove technique meets
this requirement. Media are pregrooved using a
mastering machine that exposes a photo resistant
layer on a polished glass plate. This creates a spiral
or concentric groove, one-eighth of a wavelength
deep over the entire disk. In the header region, header
information is created by forming one-quarter wave-
length deep depressions (Fig 4). In-track clock infor-
mation can also be provided by varying the depth
of the track in a sinusoidal manner. The resulting
master disk is replicated through a galvanic process
to produce a number of stampers. Pregrooved infor-
mation on the stamper is replicated on a photo-
polymer layer coated on the substrate. Finally, the
sensitive information layer is deposited on the disk,
and an air sandwich is formed from two such disks.
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Fig 1

Optimal recording devices vary in both capacity and

access time. The relationship between capacity and access
time of various devices is plotted on the graph.
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Fig 2 Announced optical storage devices exhibit various
data transfer rates. The graph shows the capacity to data
rate relationships of various devices.
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Fig 3 An air sandwich lamination technique protects the
sensitive layer of recording material in optical disk media.
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Fig 4 Cross section of pregrooved track in optical
recording media cut along track direction (a) shows depth
of grooves holding header and recorded data. Read-out
signals from header and from recorded data dark spots are
shown in (b).

The read only optical disk for video and audio
applications uses the same stamper replication pro-
cess described above, except that all information,
as well as the grooves, is prerecorded. Aluminum
is coated over the stamped disk to provide reflec-
tion for readout, and polymer substrates with an
in-contact cover are used to protect the recorded
information.

The most popular write once/read only material
for the information layer is the ablative monolayer
tellurium alloy. Phenomena such as the bilayer phase
transition of materials such as antimonys,seleniums/

TABLE 2

Characteristics and Performance of Te Alloy Disk

Capacity

(12-in. diameter disk) 10° bytes

Bit-error rate

(with error correction) ~10-12

Bit-error rate

(without error correction) ~10-5

Life writing >5 years

Life reading >10 years

User band 32,000 spiral tracks

Pitch 1.6 um

Track segmentation 32 or 64 sectors with
track ID

Clock information In track

Weight 0.45-k (without cartridge)

Birefringence <10 nm

Substrate transmittance

factor ~0.85

Refractive index 1:5

Reflectance of sensitive

layer 0.40

Signal to noise ratio = 50 dB

Writing sensitivity

(um diameter pit) 10 mW/100 ns pulse/8 rps
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bismuthstelluriums, refractive index change in tel-
lurium oxygeny caused by heating the bubble for-
mation on material such as refractory metal coated
polymer, and the deformation in bilayer dye polymer
have subjected these materials to scrutiny. Gold
island material and trilayer media using Te are also
being considered for practical memory applications.
Table 2 presents typical characteristics and perfor-
mance of a Te alloy disk.1,2,3,4,5,6,7

Erasable media research considers the physical
effects of certain materials. These include thermal
effects such as Curie point or compensation point
recording using magnetooptical material and
amorphous-crystalline phase change recording. Also
being researched are photon-induced effects such as
photochromic and photo refractive effects and pho-
ton activated effects in thermoplastic and ferro-
electric-photoconductive materials.

Some of the physical effects and typical materials
explored for use as alterable media are summarized
in Table 3.8 Currently, major efforts are underway
to develop magnetooptical materials and phase tran-
sition materials, both based on thermal effects. The
most favored magnetooptical materials under inves-
tigation are in the amorphous rare-earth-transition-
metal group. The use of amorphous material instead
of crystalline material marks a distinct departure
from the direction taken by earlier efforts. Crystal-
line material such as manganese/bismuth produces
a high magnetooptical effect and therefore high read-
out signal. However, the fixed pattern medium noise
associated with the grain boundary diffraction dras-
tically reduces the signal to noise value of the
material.

Amorphous material does not have as high a mag-
netooptical effect. However, since there is no grain
boundary, the medium noise is greatly reduced,
resulting in high signal to noise ratio. Development
of media using the magnetooptical effect is underway
at a number of companies. Table 4 summarizes the
optical recording properties of some materials cur-
rently being studied. The highest signal to noise
ratios are obtained by using a quadrilayer structure.

Another material that shows promise as an alter-
able optical memory media is the amorphous-
crystalline phase transition material. The use of a
short laser heating pulse causes the crystalline mate-
rial to convert to amorphous, and a long, less intense
heating pulse causes it to revert to the crystalline
phase. Earlier material developed by Energy Conver-
sion Devices suffers medium fatigue effect, there-
fore the number of erasure operations is limited.
Matsushita, using germanium or arsenic doped tel-
lurium oxide, has demonstrated over one million
cycles of write and erase without degradation.9

To increase the number of tracks that can be writ-
ten on the media, IBM has proposed a two-
wavelength approach where adjacent grooves are of



TABLE 3

Physical Effects Proposed for Alterable Optical Memory Applications

Category

Thermally induced thermo-magnetic

magnetooptic

amorphous-crystalline
semiconductor-metal

Photon induced photochromic

photorefractive

photomagnetic
thermoplastic
elastomer
ferroelectric-
photoconductive
magnetooptic-
photoconductive

Photon Activated

Physical effects

Typical materials

Curie-point
compensation point
coercivity reduction
by heating
thermoreminent
phase transition
phase transition
F-center

Fa-center

M-center

photo dimerization
linear

nonlinear

composite
composite
single layer
two layer

composite

GdTbFe, GdFe, ThFe, HnBi
GdCo
CO'P, F6203

CrO,

TeggGe;Asg TeO,: Ge, TeO,: Sn
Vo,

KBr

KCI with NaCl or LiCl doping
KaF

Acridizimium, Toluene-Sulfonate
LiNbO3, BNN, SBN

LiNbO3, KTN

YIG: Si

TWEF-PVC

Ruticon

Bi;,Si0,q

BiyTiz04,-ZnS

Gd, 5Ybg sFe, gAlg » CdS

different depths. The different depths cause each to
be ‘‘seen’’ by only one of two laser beams of differ-
ent wavelengths. Matsushita has proposed an alter-
native approach where adjacent tracks are tilted
slightly from the norm in opposite directions. This
directs the reflected beam to two detectors, while
each detects the signal from only one of the adja-

cent tracks. Both of these approaches will allow track
density to be doubled because no space is needed
between neighboring tracks.

To improve the bit density along the track, a mul-
tiple bit per spot location has been proposed by IBM,
using the photochemical hole burning effect in halide
crystals.10 In principle, this technique allows up to

TABL

Characteristics of Magnetooptic

E4

Materials Under Investigation

KDO Sharp Matsushita NHK NTT NHK 3M Philips  Xerox
Recording media TbhFe TbDyFe/ MnCuBi/ = MuBi/ — — — -
GdTbFe GdTbFe GdTbFe GdCo MnCuBi Cr, Re to Tm  GoTbFe TbFe
Recording method Te fic e Tt e e bearnn i o Te
Operating temperature
(=€) 140/160 70/150 200/160 70 to —80 360/200 - - 150 140
Kerr-rotation angle
(degree) 0.3/0.4 0.5/0.7 0.43/0.4 0.3 0.7/0.2 RIG to 1 - 0.5 0.3
Disk diameter (mm) 120/200 140 120 150 135 300 300 50 76
Substrate material Glass/PMMA  Glass Glass Glass Glass Sheet Al PMMA PMMA  Glass
Rotation speed (rpm) 450 to 1800 720 400 1800 1000 to 1800 1860 600 600
2000
Light source GaAlAs GaAlAs GaAlAs He to Ne Ar Ar GaAlAs GaAlAs GaAlAs
Recording power (mW) 5to 10 4.5 5 5.6 40 to 70 30 to 60 12 3 5
Reproducing light source  GaAlAs GaAlAs  GaAlAs He to Ne Ar He to Ne GaAlAs GaAlAs GaAlAs
Reproducing power
(mW) 1 tor2-7 to 2 to 2 to 2 10 to 25 to 10 ) 1 0.3
Bit size (um) 1 1 1 1 2 2% {0 i 42) 2% D 1
Track spacing (gpm) 2.5 2 5 3to6 5 15 1/ 10 1.8
1/0 signals Digital Digital Digital FM Digital FM Digital Digital Digital
Read/write speed (MHz) 0.5 f0 2 2 2 1 torH 0.5 10 10 0.25 Fnd
S/W, C/W (dB) C/W-45 C/W-40 C/W-40 C/W-35 — S/W-40 C/W-50 S/W-30 S/W-37
Bit error rate (o=t - - - 6.28 x 106 1051052 10 -2
10 5 —
Capacity/disk (Gbyte) 5.2 2.3 3.0 3.4 — 5.8 25 80 Mbit 1.5
Sensitive layer thickness
() 0.025 0.015 0.02 (044 - 8 - 0.05 0085
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TABLE 5
Some Commercially Available Diode Lasers
Polarization
ratio
Power output Threshold Beam numerical Spatial Axial
Laser  Wave-length Piised current  Efficiency divergence Astigmatism aperture mode mode
structure (nm) Pew(mW) 50ns  ltp(mA) (mW) 0 ot Z(pm) =0.50 (profile)  (spectral)
GSR 820 to 850 20 25 B5: 0:251010.4 1:2° 30.° 55 204 Near Single
Gaussian
1" (CSP 800 to 830 7 10 30 0.36 11° 40° — — Near Single
Gaussian
4SS 800 to 830 15 15 25 04 16 0.5 99 32° 5 40:1 Near Single
(1TmW) Gaussian
(extra peak)
TS 800 to 830 15 15 28 0410 0.5 14° 40° 5 — Near Single
Gaussian
DH 820 to 850 5 5) 65 12° 40° - 30:1 Near Single
(Single-M) (2mW) Gaussian
SML 770 5 55 70 102862 — — Near Single
Gaussian
LOC/CDH 800 to 830 20 40 100 160> 30/° 8 60:1 Near Single
(40mW) Gussian
pulsed
DH 800 to 850 5 50 100 017 {ew) 34° B0° 12 to 35 Bl "’Rabbit ~ Multiple
multi-M 0.4 (pulsed) (1 mW) ears”’
V-groove 780 to 800 20 20 100 0.20 302602 — — “Rabbit ~ Multiple
ears”’

1000 bits of information to be stored in one spot
location. However, the need for a cryogenic environ-
ment, and a precisely tunable laser make this
approach impractical.

In an optical memory system, it is desirable to use
one laser to perform both read and write operations.
If the laser is not properly designed, however, the
temperature and carrier density can change at the
junction due to high power for write and low power
for read. This can result in beam walk-off, wavefront
distortion, wavelength shift, and noise generation.
Low noise is required only during reading; high
beam collection efficiency is needed for writing.

Status of laser sources

High efficiency, ease of modulation, and compact
size make laser diodes the most practical energy
sources for optical memory applications. All lasers
currently in use are of gallium aluminum arsenide
(GaAlAs) p-n junction type. Depending on the longi-
tudinal mode structure, there are currently two types
of lasers: single mode and multimode. Also, based
on the waveguiding approaches, lasers can be divided
into index-guided and gain-guided categories. Typi-
cally, index-guided lasers operate in single mode
while gain-guided operate in multimode. Measured
by wavefront distortion, the optical quality of index-
guided lasers is typically better than that of gain-
guided lasers.

The optical beam emitted by a diode laser is fan
shaped. The far field pattern is broader in the direc-
tion that is perpendicular to the junction than that
parallel to the junction. Furthermore, the beam
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waists for the perpendicular and parallel directions
do not coincide. The distance of these waists—the
astigmatic distance—is typically tens of micrometers
in a gain-guided laser, and only a few micrometers
in the index-guided laser. Therefore, it is easier to
collimate index-guided than gain-guided lasers.

On the other hand, single-mode lasers, although
having very low noise under ideal conditions, exhibit
mode hopping noise when current or temperature
is changed. They also generate excessive noise when
part of the beam is reflected back to the laser. Mul-
timode lasers, although more or less immune to these
noise problems, are inherently noisier.

To combine the best features of both laser types,
noise suppression techniques are introduced. The
noise problem in the single-mode laser can be sup-
pressed either by high frequency modulation or by
intentionally reflecting a substantial amount of light
to the laser. The characteristics of some commer-
cially available lasers are given in Table 5.

In the future, a shorter operating wavelength
(<700 nm) will be needed to improve packing den-
sity. Higher power output (>100 mW) is required
to improve data rate. Also, longer lifetime and
immunity to electrostatic and electric transient
damage are required to improve reliability.

The growth of optical memory technology will de-
pend on technological advances in recording media,
in laser diodes, and in optical transducer heads.
Development of holographic optical elements will
reduce the cost and weight of the transducer head
as well as the access time. Improvement in transducer
head design will be patterned after magnetic recording
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technology. The counterpart of a plated thin-film
magnetic head is an integrated optical head where
the laser, optical components, and detectors are all
integrated on a chip. The size and weight of the head
is drastically reduced making delicate alignment
procedures a thing of the past. Microelectronic tech-
niques will be used for head fabrication, and costs
will be reduced dramatically.

For strategic computing, a large transportable
capacity (around 1012 bits) online memory is re-
quired. The requirement for transportability exerts
volume and weight restrictions. When integrated
optical heads become available, one may envision
a 1012-bit optical memory that will have size and
weight comparable to an IBM 3380 disk drive. This
memory will provide a spindle with 20 optical disks
read and written by 40 integrated optical heads at
a 50-ms access time.

The outlook for technological improvement and
optical memory device performance focuses on sev-
eral areas. Erasable optical media will probably be
available within two to three years. Double density
media with no physical spacing between adjacent
tracks will be developed over the next one or two
years. A long-life laser diode with up to 100-mW
peak power output and acceptable noise characteris-
tics should appear in two to three years. Over the
longer term, the developments in the next five to

PUT SOME REALISM IN YOUR
COMPUTER GRAPHICS

The GraphOver 9500 is a general purpose computer
graphics generator that, in addition to its many other
features, has the ability to overlay graphics on any
videodisc, videotape or TV camera output. This cre-
ates a composite picture with a realistic background,
displayable in either RGB or NTSC modes.

NEW MEDIA GRAPHICS CORPORATION
279 CAMBRIDGE ST.
BURLINGTON, MA 01803
617-272-8844

GraphOver 9500 V1. ———
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eight years may reduce the laser diode operating
wavelength to the 700-nm range. Research efforts
will lead to the development of holographic optical
components within three to five years. Advances will
result in integrated optical recording heads within
8 to 10 years. 1

Performance improvements that seem likely to
result from these technological advances are just as
significant. As media areal density approaches 109
bits/in.2, a double-sided 12-in. disk that can store
5 Gbytes of data should become possible. The im-
proved laser diode output power and reduced wave-
length will permit data rates that will reach 3
Mbytes/s. The use of holographic optical compo-
nents leads to reduced weight and size of the optical
carriage. This will allow access times of below 50 ms.

Erasable optical storage devices will be developed
as erasable media become available. Availability of
integrated optical recording heads will allow the
development of an optical disk pack storage device.
An optical transportable memory with 20 disks on
one spindle at a 50-ms access time will be extremely
attractive for fifth-generation computer applications.
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WE PUT A COMPLETE CHOIGE OF
USER-CONFIGURABLE MICROPROCESSOR
DEVELOPMENT FUNCTIONS AT YOUR
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CHIP CHOICE. Design
flexibility begins with the
chip of your choice. Select
the best processor for your
application without devel-
opment system constraint.
For state-of-the-art pro-
cessors such as the 68010
and over 36 others, Tek's
fully integrated support
tools help you optimize
your product, and dramat-
ically shorten time-to-
market.

‘With one basic learning
curve for numerous pro-
cessors, you also optimize
your investment in en-
gineer training. And you
can freely migrate to other
chips easily and cost
effectively, while preserv-
ing your original system
investment.

COMMON INTERFACE.
Tek’s unique Colorkey +™
is a common user interface
for the complete range of
our development systems,
that further ensures total
flexibility.

With Colorkey +, the
user has a complete color-
coded menu for software
development, hardware
integration, and debug.
Whether you work in Pas-
cal or C, with a Tek 8500 or
a DEC VAX, Unix or VMS—
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Above: Colorkey + user interface gives you complete
control over C. Entry to and exit from all program functions
are pushbutton simple.

Colorkey+ will lead you
systematically through the
development cycle.

An easy, pushbutton
interface gives new users a
step-by-step guide. After
learning through this inter-
face, experienced users
then can enter commands
directly. Best of all, you
can freely mix pushbutton




Above: Tek offers comprehensive development system solutions for more chips
than any other company. From processor to probe, terminal to emulator, stand alone
to mainframe—Tek means user choice.

commands with directly
entered system com-
mands. Total help when
you need it. Speed when
you don't. It's your choice.

LANDS. Our unique
LANDS (Language Devel-
opment System) provides
fully integrated editor,
compiler, and debugger
for Intel's 8086/186 or
68000 family chips with C
or Pascal. The LANDS
powerful parsing editor
catches source code syn-
tax errors as they occur,
notifies the user that a cor-
rection is necessary, and
prevents errors from ever
being compiled. Your team
can save days of compil-
ing time.

INTEGRATION CONTROL
SYSTEM. The LANDS
Integration Control System
(ICS) is a powerful high
level tool that dramatically
reduces the complexity of
hardware/software integra-
tion. Using an editor, the
user simply fills in a brief
list of parameters. ICS
does the rest. It automat-
ically generates the linker
command file and assigns
constants, instructions and
global variables to their
correct locations, based
on your specified memory
parameters. It even gener-
ates assembly code for
interrupt handling and
hardware initialization/
reset. Tasks that could take
days, now take minutes.

HIGH-LEVEL DEBUG.
LANDS High-level Debug
is another time saver that
lets you perform debug
operations entirely at the
compiler source level. Set
breakpoints based on orig-
inal Pascal or C source
code statements, line
numbers, or procedure
function names. Then
obtain the current value of
any variable by entering its
name as used in the origi-
nal source. Eliminating the
language barrier between
original source files and
debug information can
reduce week-long tasks to
a matter of hours.

HIGH SPEED DEBUG.
Tek's overall high speed
approach to debugging
ensures reliability by per-
mitting real-time execution
of code in the prototype
environment. By debug-
ging in the real world, in
the language in which you
wrote your code, C or Pas-
cal program errors need
never be buried in simula-
tion. Corrections are rapid
and precise when you can
watch your code in the
original language while it
executes at full speed on
the target processor.

ENVIRONMENT CHOICE.
Choose single or multi-
user configurations from
any combination of Tek
8560, 8561, or the new
8562 software develop-
ment unit. Alternately,
select the VAX 730, 750,

or 780. You get fully inte-
grated, comprehensive
support for VMS or Unix,
plus fully upgradeabile,
expandable support that
allows even multiple
remote users to access the
system. The full comple-
ment of Tek software pack-
ages is available in all of
these environments. And
user code is transportable.




INTEGRATED EMULATION.

Whether you integrate a
VAX or a Tek 856X software
development unit with our
8540 Integration Unit using
Tek's ICOM-40 commu-
nications package, you
have a state-of-the-art, fully
transparent interface. Any-
one can access host,
emulator, or prototype,
from anywhere, at any
time. Working from a termi-
nal, the user can mix and
match commands for

Above: Tek's Structured Analysis
tools make the production of data flow
diagrams fast and efficient.
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emulator, host or interac-
tive host/emulator opera-
tions. Result: a virtual
turnkey development sta-
tion at the fingertips of
every user.

STRUCTURED ANALYSIS.
For project managers who
prefer a top-down design
approach, Tek also offers
an automated set of
Structured Analysis Tools.
Used in the early stages

of the design cycle, Tek

Structured Analysis Tools
enable graphic on-line
specification of product
requirements, while they
create an environment for
automatically modifying,
drafting, distributing and
checking specifications
and performance data.
Markedly improved team
communications, short-
ened design cycles,
higher product quality, and
effective project manage-
ment are all potential ben-
efits of Structured Analysis.
By automating this meth-
odology, Tek SA Tools
make the benefits a reality.

TOTAL CYCLE SUPPORT.
From chip selection to
prototype debug, from

structured analysis to fast,
on-site service, Tek offers
the most comprehensive,
fully expandable micro-
processor development
solution you can buy.
Whichever chip you
choose, working to speed
your design is Tek's 40
years of experience in test
and measurement, custom
IC design, and software
development. No other
company offers this much
experience and supports
SO many chips in so many
environments, with one
common user interface.
So if you expect more
long-term value from your
microprocessor develop-
ment system supplier than
just today’s hot buttons,
push these buttons first—
1-800-547-1512 (in Oregon
1-800-452-1877). Or con-
tact your local Tek sales
engineer for full details.
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SPECIAL REPORT ON MASS STORAGE

SECONDARY STORAGE
DEVICES LOOK T0
THE LONG TERM

Secondary storage is now a primary concern—and a
dilemma—for designers and users of computer systems. The
problem can be solved for both the short and long term with

intelligent tape drives.

by Larry D. Hemmerich and
Peter Grohmann

How much capacity is needed and how fast it must
be accessed depend on system size and application.
But, the source of the dilemma remains the same—
choosing the right secondary storage device. The
choice is becoming increasingly difficult, however.
Disk storage requirements and per-spindle capaci-
ties are growing at an exponential rate. This is due
to more sophisticated, complex, and user-friendly
software; and the accumulation of data bases. Thus,
with so many factors at stake, computer system
designers and users can no longer give secondary at-
tention to a system’s secondary storage facility. In-
stead, they must quickly select, among many

Larry D. Hemmerich is vice president and general
manager of Cipher Data Products, Inc, OEM
Marketing Div, 10225 Willow Creek Rd, PO Box
85170, San Diego, CA 92138. He is responsible for
overall marketing decisions.

Peter Grohmann is product marketing manager for
Cipher Data’s MicroPeripherals Div, 7301
Orangewood Ave, Garden Grove, CA 92641. He
handles the marketing of major quarter-inch cartridge
tape drive products.

confusing options, the best way to protect, input,
and retrieve their data.

Consider the results of the failure to take such
actions, using the IBM PC/XT as an example. Hard
disk storage has increased its online disk capacity
by a factor of 30. This, in turn, has made it possi-
ble for PC users to join the Unix parade. But, the
PC/XT’s secondary storage remains unchanged. It
is still a low capacity floppy disk. As a result, PC
users find that in order to take advantage of IBM’s
Unix version, they must shuffle through 19 floppies,
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Choosing the Right Secondary Storage Option

Short-range Concerns

Existing storage device
form factors

System software

Applications

Medium-range Concerns

Present and proposed
standards

Current technology

Forecast product
availability and price

Long-range Concerns

Future technology

Future adopted and
ad hoc standards

Future product
availability and price

Product availability
and price

loading each software module in a specific sequence
without error. Mainframe DP managers face a simi-
lar dilemma. Removable disk packs are a principal
medium for secondary storage. But, as primary
storage capacities climb over 1 Gbyte per spindle,
the daily backup with bulky disk packs becomes
extremely costly and chaotic.

Tape to the rescue

This puzzle calls for an across-the-board solution.
Thus, not surprisingly, the answer is usually mag-
netic tape—an old standby coming to the rescue like
an old-fashioned cavalry charge, but in new and dif-
ferent garb. Yet, even this solution introduces
another problem: there are so many new magnetic
tape devices, formats, interfaces, and controllers (see
Computer Design, May 1984, p 29) that the choice
is still a confusing and difficult one.

Magnetic tape devices vary from the very familiar
to the recently developed. Some of the more mature
and tested devices have not been significantly altered
or upgraded in nearly 20 years. New half- and
quarter-inch tape cartridges are just now receiving
widespread acceptance. In addition, there are even
newer units that will accept both quarter- and half-
inch cartridges.

Choosing tape formats and interfaces is even more
confusing and complex. Proven by decades of expe-
rience, tape is still the least expensive and easiest to
handle medium for storing data. Yet, there are sev-
eral older and many newer tape formats and inter-
faces available. Included in this mix are such unique
innovations as tape units that are driven by disk-type
controllers. The only common denominator is the
tape itself.

Order can be made, however, out of this chaos.
Products are not developed and brought to market
unless there is a perceived or real need. These needs
can be organized into three categories: short-range,
medium-range, and long-range. The Table summa-
rizes the principal concerns that narrow the options
and simplify the decision-making process when this
division is made.

Short-range or ‘‘quick-fix’’ concerns center on the
existing investment in hardware, system software,
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and applications. At the lower end of the computer
system spectrum, fixed-disk capabilities have prob-
ably been increased without changing the form fac-
tors of the 5%- or 8-in. drives. Chances are that the
existing secondary storage is a floppy disk drive.
From a hardware point of view, then, the quickest,
least disruptive way to expand online secondary
storage is to replace the floppy with a much higher
capacity tape unit (20, 60, or even many 100 Mbytes,
compared to a floppy’s fraction of 1 Mbyte) with
the same 5%- or 8-in. form factor.

Computer system designers can no
longer give secondary attention to the
system’s secondary storage facility.

Recently announced half-inch cartridge tape units
meet this criterion, but most of them are still at the
introductory stage. They are, therefore, a risk when
marketing considerations demand a fast, safe
upgrade in the system’s storage facilities. By
comparison, quarter-inch cartridge units have been
designed specifically for this application, and are cur-
rently mass produced. These cartridges are available
from multiple suppliers, most of whom have elected
to meet one or more of a set of industry-wide format
and interface standards (QIC-02, QIC-24, or QIC-36).

Tape that looks like a floppy

Protecting an existing investment in software when
expanding secondary storage presents its own prob-
lems, but is not impossible. Applications and sys-
tem software are all based on random access floppy
disk storage. File management utilities assemble
records in floppy-sized sectors, track by track. The
operating system includes a floppy driver, which
assumes a floppy controller. In contrast, quarter-
inch tape is recorded serially in blocks or files.
Although hardware form factors may be compati-
ble when quarter-inch cartridge drives take the place
of floppies, software for the two types of secondary
storage devices is anything but compatible.
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Fig 1 A floppy tape device can greatly increase the online
secondary storage capacity of floppy-based systems,
without any significant changes in system software or
controller hardware.

Fig 1 shows one solution to this dilemma. To the
camera and the eye, the drive looks like a quarter-inch
tape cartridge drive. To the host computer system,
however, the device is a floppy drive. Information
is stored in data structures that match the tracks and
sectors of a floppy disk (Fig 2). The physical
interface—control lines and handshaking proce-
dures—are essentially the same as those dictated by
the SA450 or SA850 floppy device interfaces. Thus,
the same device controller chip or board can be
retained and system designs can be upgraded by
simply removing one device and inserting another.

In this way, software modifications that accom-
modate larger parameters and facilitate the stream-
ing operation complete the conversion. A streaming
tape obviously does not ‘‘step’’ from track to track.
Instead, the tape is formatted by a cartridge-
initialization pass (similar to a floppy-initialization
pass) into programmable-length sectors and ‘‘seg-
ments’’ (floppy tracks). There are up to 255 segments
along each of six ‘‘streams’’ (streaming tape tracks),
representing floppy disk surfaces.

Streams are chosen by interpreting the standard
floppy disk drive-select and side-select interface sig-
nals (jumpers give the user a choice of seven differ-
ent stream-assignment configurations). The tape
drive then “‘steps in’’ or ‘‘steps out’’ a selected num-
ber of “‘tracks’’ by moving the tape forward or back-
ward. Meanwhile, it counts the index marks that
were recorded when the cartridge was initially
formatted.

Streaming that looks like start/stop

Similar cost-effective options are available from
half-inch tape units and larger systems. These sys-
tems need more secondary storage facilities to match
fixed-disk units with hundreds of megabytes of
capacity. - Again, the objective is to obtain an
immediate gain in online secondary storage without
increasing the size of the system components. The
additional secondary storage should have little or
no impact on existing applications, system software,
device drivers, or interface controllers.

Fig 3 illustrates one available option. To the eye,
it is a compact half-inch streaming tape unit that can
store up to 180 Mbytes on a single 10%2-in. reel. To
the host computer, however, it is a start/stop unit
that preserves all of the system software, including
all file management utilities and device drivers that
are written for the start/stop format.

The high online capacity and compact size are
made possible, because the tape has a streaming for-
mat. Interblock gaps are reduced to a small frac-
tion of an inch. This increases the amount of data
that can be stored on the same length of tape by 50
percent or more. In addition, this particular unit
records that data at 6250 bytes/in., using a group
code recording (GCR) format—nearly four times the
figure for conventional recording at 1600 bytes/in.,
or nearly twice that of a double density
3200-bytes/in. recording.

Data transfer rates are also doubled or quadrupled
(at an equivalent tape speed), helping to match the
higher read/write rates of the new-generation higher
capacity, higher performance disk drives. But, this
benefit can only be realized if the tape continuously
streams without falling behind or running too fast
for the flow of data to or from the disk or host
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Fig 2 A streaming quarter-inch
tape cartridge simulates floppy disk
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computer. Several streaming tape units help keep the
disk and tape transfer rates in unison by providing
a large buffer space for overflows and underflows.
The drive in Fig 3 carries this concept an important
step further. Its ‘‘cache’’ electronics not only store
the data, but also convert its structure from start/
stop records to streaming blocks. Thus, the inter-
face to the host is identical to that of a conventional,
start/stop drive. Consequently, no changes need to
be made in any of the system software or even in
the physical connection to the host.

Safety in standards

Standard interfaces and formats play a part in the
evaluation process when short-range objectives are
measured. In the options discussed previously, the
quarter-inch tape cartridge can serve as a substitute
for limited-capacity floppy disks. While the half-inch
GCR tape unit can substitute for lower-capacity
bulky, and expensive start/stop units by matching
industry-wide start/stop standards.

The importance of standards increases as the solu-
tions extend into medium- and long-range commit-
ments. Although standards are not perfect forecasters
(technology is too dynamic for that), they do pro-
vide a valuable guide to future trends and develop-
ments. Medium-range objectives look to currently
available products, new and old, for a graceful tran-
sition to expand storage facilities. Any savings that
might occur from past hardware and software invest-
ments are worth considering, but are not usually
decisive factors.

Fear of product obsolescence is also minimal. It
is assumed that within five years or less, the entire
system, hardware and software, will be revamped.
More important is the assurance that the selected
storage devices will be available (ideally from mul-
tiple sources) during the next several years. This
would encourage product competition and lower
prices.

Naturally, the best way to be sure of device avail-
ability is to stay with well tested and top quality
equipment. Most likely, no matter how large the
market for half-inch tape cartridges becomes, it will

Fig 3 Cache-type GCR half-inch drive combines the
capacity, economy, and size benefits of streaming tape with
the simpler programming and easier implementation of
start/stop tape.

never support six or more incompatible drive form
factors, medium form factors, and data formats.
Except for the marketing benefits that come with
novelty, taking a chance on one of the new tape
devices will be exactly that—a chance. On the other
hand, given the current pace of change in secondary
storage technology, a new device may emerge as a
clear leader within a year or two and set a new de
facto industry standard.

aic standards

Quarter-inch tape products are generally adhering
to one of the three standards summarized in Fig 4.
As shown, QIC-36 is a basic interface that allows the
user to format and record data on streaming tape,
to detect and correct errors as they occur, and to
retrieve data at a later time, using the same or a
different drive. QIC-24, by comparison, establishes
a standard format for the data. It calls for speci-
fied block lengths and a nine-track serpentine path
that takes only moderate advantage of the available
tape width. The QIC-02 defines a parallel data inter-
face between a streaming cartridge controller and

QIC-02 QIC-36

BASIC DRIVE
INTELLIGENT CONTROL
DRIVE AND

STREAMING
CARTRIDGE

Fig 4 Format and interface
standards are now bridging the gap
Qic-24 between quarter-inch and half-inch
i cartridges. QIC-36 and QIC-02 define
quarter-inch cartridge tape device
interfaces; QIC-24 specifies a

STREAMING

CONTROLLER ELECTRONICS READ/WRITE

ELECTRONICS

> TAPE

streaming-tape format that
maximizes quarter-inch cartridge
capacities by minimizing the
distance between data blocks.

DRIVE
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an intelligent drive that can format data along the
general guidelines of the QIC-24 standard.

Standards for higher capacity, quarter-inch car-
tridge subsystems are now being developed. The
standards have also been applied to half-inch car-
tridge interfaces, providing an upwardly compatible
growth route for systems based on the QIC
standards.

New standards for half-inch tape

The same combination of established standards
and soon-to-evolve standards applies to half-inch
tape. If anything, existing half-inch standards have
been even more firmly entrenched, and new develop-
ments on the horizon are even more revolutionary.
Nine-track tape formats are almost as old as the
ASCII code, and equally honored. They include the
800-char/in. nonreturn to zero inverted (NRZI) stan-
dard and the 1600-char/in. phase encoded format.
Even the newer 6250-char/in. GCR has been an
American National Standards Institute standard for
the better part of a decade. The so-called Pertec tape
drive interface, originally developed for the IBM
plug-compatible market, has an equally long history.
One of the few constraints in the computer industry
has been standard magnetic tape on standard reels.

All of this is now subject to change. A variety of
half-inch cartridges are, as mentioned, vying for a
piece of the future. The likely winner is a completely
new and different type of chromium-oxide coated,
half-inch tape developed by IBM. This new tape car-
tridge can perform transfer rates up to 3 Mbytes/s
at a tape speed of nearly 80 in./s. It can also record
data on 18 tracks to produce a linear data density
of approximately 38,000 bytes/in. (three times the
linear bit density of the 6250-char/in. standard).

Of equal importance are the drives designed for
the new format, which feature a very high level of
intelligence and a 512-Kbyte buffer that almost guar-
antees continuous streaming, no matter how the data
is organized by the system software. Stated another
way, with this amout of local intelligence and
memory, any debate over the merits of start/stop
and streaming becomes an academic exercise.

Looking ahead

The amount and type of future drive intelligence
become critically important when evaluating long-
range concerns. In this case, system designers and
users must take a gamble on the specific standard,
adopted or de facto, that is likely to dominate the
industry in 5 to 10 years. This standard will be the
one able to offer the greatest chance of a variety of
products from competitive suppliers.

A moderate step in the direction of increased drive
capabilities is represented by the emerging Enhanced
Small Disk Interface, now broadened to Enhanced
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Small Device Interface (ESDI). The original intent
of the ESDI specification was to double the data rate
of the de facto ST506 standard for 5%-in. Win-
chester disk drives and to move functions such as
data separation from the controller to the drive itself.
A subset of these capabilities is now being applied
to tape devices.

More significant is the Small Computer System
Interface (SCSI) architecture with up to eight peer
level controllers or CPUs sharing a single SCSI bus,
and up to eight disk or tape devices connected to
each controller. SCSI streaming data rates can
extend up to 4 Mbytes/s on a byte-wide bus.

Intelligent SCSI controllers can also relieve the
host computer of such tasks as processing and con-
trolling the transfer of data between primary and
secondary storage devices. Both disks and tapes are
connected through their controllers to a common
bus. A single command—copy—can therefore initi-
ate a disk-to-tape or tape-to-disk transfer without
any further involvement by the host processor.

The proposed Intelligent Peripheral Interface
(1P1) standard goes even further, with an upper limit
of 10 Mbytes/s in data streaming mode on two byte-
wide bidirectional buses. Only eight devices can be
active on the daisy chain IPI buses at the same time.
But, up to 128 disk or tape drives can be addressed
by the IPI protocol.

The 1PI interface allows tape drives to perform
multiple block operations, bursting data in increments
that take only 175 us of bus connect/disconnect time.
IPI Level 3 intelligence also reduces system costs by
eliminating the need for an intermediary tape con-
troller. The drive is attached, instead, directly to the
IP1 bus. Moreover, both disks and tapes can share
a common 1/0 channel, with a single set of high-
level 1IPI commands controlling the transfer of data
to and from both types of devices.

Tape drives meeting these specifications are now
available as off-the-shelf products, although it may
be several years before their full potential is real-
ized. But, if computer system designers and users
need to meet enhanced secondary storage require-
ments for the long-range future, then one of these
intelligent tape drive designs should be a viable
option.

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

High 707

Average 708 Low 709




~ with more to come

|If these are the

=I.= Scientific Micro Systems. Inc.

777 East Middlefield Road
Mountain View, CA 94043
(415)964-5700

TWX: 910-379-6577

SMS SALES OFFICES: Seattle, WA (206)883-8303; Boston, MA (617)246-2540; Atlanta, GA (404)296-2029; Morton Grove, IL (312)966-2711; Melrose Park, IL (312)345-5320;
Arlington, TX (817)429-8527; Laguna Hills, CA (714)643-8046. AUTHORIZED SMS DISTRIBUTORS FOR DEC PRODUCTS: Midwest—First Computer Corporation (312)920-1050;
Western—Pnambic Systems, Inc. (206)282-0199; Quebec Province, Canada—Logicon, Inc. (514)430-5960.

*DEC, RSX and RSTS are trademarks of Digital Equipment Corporation. "TSX-PLUS is a trademark of S&H Computer
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DISPELLING THE MYTH ABOUT
SINGLE CHIP MICROCOMPUTERS.

Single chip microcomputers are marvels of
advanced electronic technology. Going beyond
even the tiny architectures of today’s general-pur-
pose microprocessors, they combine the functions
of multiple chips to form a single-device solution.
Indeed, they are awesome machines.

But after their introduction, myths grew up
around MCU's. Designers believed that they were
difficult to design with; that there wasn't sufficient
hardware and software support for them; that those
who selected them would get a Sisyphus Complex.
Sisyphus, you remember, is the character in ancient
Greek mythology who was condemned forever
to push a rock up a hill. Just as the rock reached
the top, it escaped Sisyphus and rolled back to
the bottom.

Some MCU's, no doubt, deserve the stigma
of this myth. But one definitely does not. Zilog's Z8"
MCU Family. For there is more than enough evi-
dence to prove that the Z8 chip is not only the fastest
MCU around, but it's the easiest to work with, too.

In fact, it should be the chip of choice for any dedi-
cated control applications that must get to market

8/84

This is the first in a series of technical papers from Zilog, designed
to give engineers new insights into Zilog microprocessors—what
advantages they provide for particular products and why they are
the choice among engineers who need optimum performance.

on time —even if you need large quantities of them
to fill your needs. Because the Z8 device is available
now for off-the-shelf delivery.

But what does ease of design mean to you?
What do you look for when you select a chip? What
do you need to make your job easier? Whatever
it is, you'll find Zilog provides everything you need,
and more:

« Hardware and software development tools
» An existing software base

 Factory and field sales support

» Preproduction parts supplies

Z-SCAN™ 8 PROVIDES REAL-TIME
EMULATION CAPABILITIES.

Zilog's Z-SCAN 8 is an in-circuit Emulator with
a combination of hardware and sophisticated
software that gives you efficient, interactive emula-
tion of the entire family of Z8 microcomputers. By
the simple exchange of target devices, the selected
Z8 MCU can be emulated in a real-time mode
that gives you the ability to inspect and control the




tested environment. It also gives you real-time
trace speed up to 12 MHz, two breakpoints, single-
step capability and extensive mappable memory.
All to ensure that you get an accurate simulation of
your Z8 operating environment.

»
, ﬂlll#lllllliflf
The Z-SCAN 8 Emulator is a combination of hardware and firm-
ware that allows efficient, interactive emulation of the Z8 MCU.
When hooked to an IBM PC software host, Z-SCAN 8 provides real-
time, in-circuit development system capabilities. The Z-SCAN
8 will connect easily to other PC's making it a highly versatile unit.

The Z-SCAN 8 operates with both Zilog systems
and other 8-bit development systems running
CP/M* and/or other operating systems. Its standard
RS-232 serial link makes it particularly useful with
the IBM PC and other CRT terminals. Hardware and
software debugging is fast and convenient. Two
screens display the status of the Z-SCAN 8 monitor
and Z8 MCU target resources. Target memory
can be displayed and modified in a scrollable
window. Moreover, the Z-SCAN 8 is interactive and
easy to use. Commands are selected from menus
and command arguments are self-prompting.

The set-up procedure and initialization for
the Z-SCAN 8 is done for you—a unique feature in
itself. The Z-SCAN 8 is designed to reduce design
time. But it's not the only time-saving device Zilog
provides for the Z8 MCU.

THE Z8 MCU DEVELOPMENT
MODULE CUTS HARDWARE
AND SOFTWARE DEVELOPMENT TIME.

The Z8 Development Module (DM) features
two 4K 78 devices on a single-board microcomputer.
It's designed to assist you in the development and
evaluation of hardware and software designs based
on the Z8 MCU. With it, you can easily build a pro-
totype using the Z8 prototyping device, and then
develop code that will eventually be mask-
programmed onto the Z8 on-chip ROM.

The Z8 Development Module allows you to build a prototype
using the Z8 prototyping device, thereby developing code that
will eventually be mask-programmed into the Z8 on-chip ROM.
The Module is a single-board microcomputer system designed
to develop and evaluate hardware and software designs based
on the Z8 family.

The Development Module connects to the CRT
terminal and host system through two on-board
RS-232 serial ports. So the DM fits between the CRT
and host. A simple command makes the DM
transparent in the serial path, which allows software

to be developed on the host-resident assembler
without disconnecting the DM from the CRT and host.
The DM has a range of features to make 78
designs easier than you ever thought possible: « 4096
bytes of static RAM for convenient creation and
debugging of user code; * an on-board socket that
tests user code in a 2716 or 2732 EPROM,; « up to
4096 hardware breakpoints on address compare
that can cover the entire internal ROM space;
* a wire wrapped area for prototyping; and
much more.

28 MCU DEVELOPMENT SOFTWARE
SPEEDS UP DESIGN TIME.

Zilog also provides you with a growing library
of sample programs and convenient assembler
packages to help you get started testing your 28 MCU
designs. In our Subroutine Library, for example,
there’s our arithmetic subroutine, an I/O subroutine
and a general control subroutine. What's more,
there are several versions of the Z8 device: a 2K and
4K ROM version; a ROMless version; and a Protopak
for prototyping. Each offers different memory
addressing structures. Zilog is developing more
all the time. Plus, there’s an existing software
base for all the Z8 MCU's. We can provide you with
samples of designs currently in use.

duction of mask-programmed applications. The Protopack is
a ROMless version of the standard Z8611, housed in a pin-compat-
ible 40-pin package.

SERVICE AND SUPPORT AT EVERY

LEVEL FOR YOUR Z8 MCU DESIGNS

From the factory to the field, Zilog provides
support at every level. A worldwide field sales net-
work stands ready to help you with both hardware
and software support. And you can get all the Z8
MCU's you need right now. Yields for the device are
up 40%, and price reductions reflect our new sup-
plies. What's more the upcoming 78 Super 8" promises
a smooth migration path for today’s Z8 MCU family:

Zilog's Z8 single chip microcomputer. Believe
the myths. Or get the facts. If bringing your pro-
duct to market is important to your business, then
design with the part that does more for success
than any other. The Z8 MCU makes getting over the
design hill and into production a lot easier than
you might think.

For more on the Z8 MCU, send for our complete
overview or call our Literature Hot Line at 800-
272-6560. For seminar dates and locations, or
information on Zilog training, call (408) 370-8091.
Or write: Zilog, Inc., Technical Publications, 1315

Dell Avenue, MS C2-6, Campbell, CA 95008.

CP/M is a registered trademark of Digital Research Inc. All other products
mentioned are either registered trademarks or trademarks of Zilog, Inc

]
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Merlin. The Result of
and a Pinch of

More than 15 centuries ago, Merlin—the world’s greatest sorcerer—took
magic truly beyond state-of-the-art. He not only made the impossible possible
—he made it easy:

The same way Megatek is doing today. In computer graphics.

We've taken tomorrow’s technological magic to produce graphics mir-
acles today. In other words, what Merlin did for his world, Megatek can do
for yours now. The Merlin™ 9200 to be exact.

The most completely interactive, high-performance, high-resolution
graphics rendering system yet created. Advanced graphics capabilities com-
bined with high reliability and the first intelligent approach to graphics database
management and system networking.

The Merlin 9200 offers graphics capabilities that virtually leave the
leading edge of technology behind. Translucents and opaque solids, for exam-
ple. Flat, Gouraud or Phong shading. X, Y and Z axis clipping of objects.
Depth cueing. Perspective. Surface texturing, patterning and meshes. And a
unique, proprietary Pixel Phaser™ that gives ultra-sharp 3056x2304 virtual
screen addressability. Plus, 64 or 256 or 4096 colors from a palette of 16.7 million.

And behold the system-supported miracles Merlin creates.

Communications. A database editor. Local task processing and display.



1500 Years of R&D
Megateknology:

Print, set-up and configuration managers. Peripheral devices including color
hardcopy output, a graphics tablet and full-function keyboard with joystick and
valuator dials.

Plus, Merlin’s hierarchical database allows graphics and non-graphics
information integration in up to 4 megabytes of dedicated memory. You can
create or modify screen graphics while automatically changing the system’s
database. You can even store and recall data from either the host or, thanks to
an optional Ethernet® interface, from other networked Merlins. Sheer wizardry:

Then there’s VI-100™ emulation, hardware diagnostics, status check-
ing, error recovery and a configurable error routing capability.

Merlin 9200 from Megatek. The ultimate high-
performance graphics solution that takes you far
beyond state-of-the-art. Thanks to Megateknology™

Pure and simple graphics magic—1500
years in the making, but well worth the wait.

World Headquarters, 9645 Scranton Road, San Diego, CA 92121 Lk CORPORATION
619/455-5590, In CA, 800/824-4489, In USA, 800/854-1975, TWX: 910-337-1270

... » A UNITED TELECOM COMPANY
Merlin, Megateknology and Pixel Phaser, are trademarks of Megatek Corporation. Ethernet is a registered trademark of

Xerox Corporation. VT100 is a trademark of Digital Equipment Corporation. Mak]ng HIStOTVOUtOf State'Of‘the-Art
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INTRODUCING A
BETTER APPROACH TO
ARMS CONTROL.




It's called the Intel
approach.

Our 286/310 multitasking
supermicro system. Teamed
with our iRMX"86 real time
operating system.

Together they provide
OEMs in the industrial con-
trol and factory automation
market with a system that’s
remarkably fast and flexible.

First, let’s talk fast.

Our iRMX 86 operating
system features priority
driven interrupt manage-
ment with ultra-fast context
switching. And an event
driven nucleus that manages
multiple system tasks. All of
which makes for lightning-
fast real time response.

Then there’s the 286/310
supermicro itself. Based
on the most powerful high
performance microprocessor
in its class, our iAPX 286.
Add to that the turbocharg-
ing talents of our 80287 float-
ing point processor, which
boosts numeric capabilities
by 100x.

And add to all that our
multiprocessing architecture.
Which greatly enhances sys-
tem speed by off-loading the
CPU.

The result is scorching,
minicomputer performance.
Without a scorching, mini-
computer price.

Now; let’s consider
flexibility.

Our iRMX 86 operating
system is flexible because
it's modular. So you only
have to add those capabili-
ties your customer’s
application demands.

It also supports all of the
popular languages (like FOR-
TRAN, Pascal, PL/M, BASIC
and C).

Making it flexible enough
to accommodate the most
diverse applications. A fact
that over 2000 licensed RMX
OEMs can attest to.

But the 286/310 super-
micro is not only flexible, it’s
open. Giving you rapid
access to the latest VLSI

©1984 Intel Corporation

technology. Like our new
BITBUS" interconnect which
provides low-cost, easy to
implement distributed con-
trol in the factory:.

And our open design
allows easy integration
of over 1200 different MULTT-
BUS"boards available from
over 200 suppliers. Letting
you plug in I/O, data collec-
tion, control and communi-
cations capabilities.

So that's what the 286/310
real time supermicro system
is all about.

e

Intel’s 286/310 real time supermicro starts
at under $10,000.

Speed. Flexibility. Sim-
plicity. And the world’s most
advanced VLSI technology:.
Letting you easily combine
chips,boards and systems —
whatever you need. Plus
complete maintenance. Even
for the non-Intel parts of
your system.

Call us toll-free for a copy
of “How to Select a VLSI
Operating System’ and more
information on the 286/310.
(800) 538-1876. In California,
(800) 672-1833. Or write
Intel, Lit. Dept. #S 11, 3065
Bowers Ave., Santa Clara,

CA 95051.

Well be happy to give
you a hand in winning the
arms race.

intal
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The other side
of our CRT story.

GUN-—Advanced design
ensures optimum conver-
gence and resolution.

YOKE—Designed to op
ate at higher scan frequ
cies in the 64 Khz ran
and to provide superi
convergence. Resists
heat even over exten
periods of operation.

From the front, you know us for high-fidelity To get t story, get in touch today. We'll send
color reproduction. complete technical information and the location of

But behind those pretty pictures is an equally your nearest representative. Just contact: Mitsubishi
important part of our story—superior technology. Electronics America, Inc., Industrial Electronics
You see, Mitsubishi Electronics pioneered high- Division, 991 Knox Street, Torrance, CA 90502.
resolution CRTs. We’ve continued to advance the Telephone (213) 515-3993.
state-of-the-art with design refinements. And, in the
process, we've earned a reputation for innovation CRT RESOLUTION RANGE AND SIZE
and leadership. Sos [ Us [ A [ 57 [sA ]

When you get technical, you won't find a better, e [ ]
more reliable CRT. Or a broader product range. Our 27 (v
unsurpassed selection covers all sizes and perform-
ance criteria for applications including CAD/CAM,
computer graphics, imaging, process control, MIS
and more. Check the chart for a brief overview. And
note that we’re very cost competitive, even when
compared to less capable CRTs.

Of course, our story wouldn’t be complete without
mentioning our large network of knowledgeable

sales representatives. There’s a Mitsubishi Electronics
professional near you for fast response to your needs. M lTS U B'SH I
One call is all it takes for pricing and delivery infor- EL
mation, as well as technical and applications assist- ECTRON Ics
ance. ADVANCED AND EVER ADVANCING

See us at
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SPECIAL REPORT ON MASS STORAGE

CARTRIDGE DISK
MEETS NEEDS OF
PORTABLE SYSTEMS

Fast access, large capacity, and removability are key data
storage criteria. Cartridge disks combine all these in a single

low power device.

by Dick Troutte

Space, weight, and power are three critical factors
in portable computer designs. They have kept design-
ers away from hard disk mass storage devices. Floppy
disk drives, on the other hand, lack the performance
and capacity of Winchester hard disk drives. Tradi-
tionally, systems using fixed-disk Winchester storage
devices needed an additional removable media unit—
usually a floppy drive. Thus, additional space,
weight, and power were traded for the speed and
capacity gained when using this storage device com-
bination. Today, by merging the advantages of flop-
pies, cartridge tape, and Winchester disks in a single
mass storage device, the hard disk cartridge drive
eliminates these penalties.

The cartridge drive offers large capacity, high
transfer rates, and removable media, without a
second drive. The current standard configuration
combines a Winchester drive with 10-Mbyte or more
capacity and at least one floppy drive. A Winchester

Dick Troutte is president of bMA Systems Inc, 601
Pine Ave, Goleta CA 93117. Mr Troutte holds a BS
from California State University, Fullerton and has
completed advanced studies at Stanford University.

cartridge drive can emulate the dual-device configu-
ration in a single half-height unit. This smaller unit
supplies the weight and power consumption ideal for
portable computers.

In portable computer design, mass storage options
that fit into the standard half-height, 5%-in. form
factor are the floppy disk, tape cartridge, Winchester
cartridge, and fixed-disk Winchester. Each of these
has a standard width of 5% in. and behind-the-panel
depth of 8 in. The parameters listed in Table 1 are
for typical devices in each category.

Storage alternative to portable systems

Floppy disk drives benefit from a long history of
high volume production and usage. They are the
least expensive and require the least power of the
four mass storage devices listed. In addition, the
floppy drives can offer capacities over 1 Mbyte.
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TABLE 1

Storage Alternatives for Portable Computers

Storage Device Height Weight Power
Floppy disk 1.625 in. 3.6 b 12 W
Tape cartridge 1.625 in. 3.0 b 21 W
Winchester cartridge 1.625 in. 3.3 1b 19 W
Fixed-disk Winchester 1.625 in. 3.0 b 22 W

According to some designers, however, floppy tech-
nology is close to exceeding the potential data track
density of its environmentally sensitive, flexible film
media. In addition, the direct abrasive contact that
occurs between the read/write head and the record-
ing surface limits possible rotational speed and, thus,
the rate at which data can be transferred to and from
the drive.

Streaming tape cartridge drives dramatically in-
crease the amount of data that can be stored without
changing media—up to 60 Mbytes on an extra-length
quarter-inch magnetic tape cartridge. However, the
technology’s sequential access method makes loca-
tion and retrieval of a given record or file slow. Data
is recorded serially, requiring repeated winds and
rewinds to reach a selected track. Data transfer rates
are also limited to about 90 Kbytes/s. The quarter-
inch tape cartridge, therefore, serves a secondary
backup role in a high performance computer system,
while providing an ideal medium for low cost archi-
val storage.

The half-height Winchester cartridge requires
twice as much power as a floppy, but can store up
to 10 Mbytes on a single cartridge disk. That is more
than enough to provide primary storage for a single-
user portable computer. In a Winchester-technology
type device, with coated media and flying heads, the
drive can accept and return data at the standard
5V4-in. Winchester rate of up to 600 Mbytes/s. There
is no reason why these figures cannot increase as the
industry moves to higher performance interfaces
such as the Enhanced Small Disk Interface (ESDI)
now being considered by an American National
Standards Institute (ANSI) committee.

The fixed disk Winchester was the only 5%-in.
device capable of providing the high online capaci-
ties and throughputs required by many personal
computer software packages. These half-height,
fixed-disk, Winchester drives have standard ST506
interfaces and capacities up to 12 Mbytes. Again,
higher capacities and transfer rates can be expected
as Winchester technology evolves.

Various useful combinations of these storage
devices are listed in Table 2. Assuming that the
design objective is a complete storage system with
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the capacity and transfer rate of a Winchester drive,
plus the removable media essential for 170 func-
tions, portable computer designers have four op-
tions. Three of these are to combine a fixed-disk
drive with one of the removable-media devices. The
fourth is to take advantage of the removability built
into a Winchester cartridge drive.

Dual-device systems impose several design prob-
lems. There is a size penalty whether or not the two
drives are placed side by side or the fixed-disk unit
is buried inside the system. The size disadvantage
is greater when one or both of the devices are pack-
aged separately and connected to the computer by
a plug-in cable. Floppy disks and tape cartridge
drives lose their weight and power advantages when
combined with a fixed-disk device. The combinations’
additional controller circuits, device connectors, and
cables add space, weight, and power, even when
using a common set of dual-purpose, device controller
chips. In addition, two device drivers must be in-
cluded in system software.

Single device storage system

The single controller advantage of the Winchester
cartridge drive enters into the fourth option: an all-
Winchester system consisting of two drives—one
fixed and one removable. This system is best for
applications requiring more online storage than is
available in a single cartridge. The same interface
applies to both drives, allowing a multi-unit disk con-
troller to perform the task.

TABLE 2

Alternative Fixed/Removable Storage Combinations

Storage System Total Height Total Weight Total Power

Winchester cartridge  1.625 in. 3.31b 19 W

Fixed-disk Winchester/ , .. 6.6 Ib 34 W
floppy disk

Fixed-disk Win'chester/ 3.25 in. 6.0 Ib 43 W
tape cartridge

Fixed-disk Winchester/ o , . 6.3 Ib 47 W

Winchester cartridge

Winchester-level storage systems have the highest
power requirements possible for a battery-operated
system without needing frequent recharging. The all-
Winchester combination is probably beyond the
practical limit for truly portable systems. But, it is
worth considering for a ‘‘transportable’ computer
system.

A high performance portable computer can be
built with just a single storage device: a Winchester
cartridge drive. The Winchester cartridge drive



What a performance! Seven
new data acquisition and control
boards for your IBM PC.™

Encore! Encore!

Data Translation has done it again. Our
first two analog and digital I/0 boards for IBM «
personal computers received rave reviews. N

So we extended our product line to seven

..starting at $295 for quantity purchasers.

While most of the personal computer world
focused on home and office applications, we lifted
the curtain on two other key areas. Laboratory data
acquisition and industrial control.

Now, no matter what you need for your IBM PC,
we have it. Each board is a complete data acquisition
and control system. With A/D, D/A, digital /O, and a
programmable clock. You simply choose the board offer-
ing the speed and resolution you need most. Just plug it
into your PC’s backplane and it’s showtime.

With on-board intelligence, all seven are software
compatible and supported by Data Translation’s PCLAB
software package.
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1345 High Speed or2e01-A | | | 80V 215 33
21170 High Resolution | DT2801/5716 | 16 | 8DI | 2.5 16
1295 Low Level DT2805 12 137
2210 Low Level, DT2805/5716 | 16 25
High Resolution
1695 Simultaneous S/H | DT2818 12| 4 (215 A5 < i 1 N e

NOTES: 1.PCLAB software supports all models. 2.Programmable gain is standard for all DT2801 and DT2805 models
3. Screw terminal and signal conditioning panels available for connection of all I/0 signals

Data Translation is playing the leading role in personal
computer data acquisition and control. Find out how we
can help your performance today.
VISA and MasterCard accepted.
Call (617 ) 481-3700 -

See our new
192 pg. product
supplement in
Gold Book
1984, Vol. 111,
and our 336 pg. :
catalog/handbook s
in Gold Book 1983.

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 TIx 951 646.
European Headquarters: Data Translation, Ltd., 430 Bath Rd., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849 862
In Canada: (416) 625-1907 IBM PC is a registered trademark of IBM.
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provides all the system’s storage requirements,
including program loading, archival storage, and
backup protection for data.

The Winchester cartridge drive delivers the same
device reliability and low error rate as a fixed-disk
Winchester system. This is an important considera-
tion in a computer system located far from the usual
sources of technical or service support. In addition,
a single Winchester cartridge can contain software
and data sufficient for an effective software environ-
ment. If stored on floppies, 10, 20, or even 40 sepa-
rate disks might be required to assemble the right
combination of system software, application soft-
ware, and source information.

The Winchester cartridge can serve both as primary
storage and as a distribution medium. This elimi-
nates the need to transfer data from one format to
another. The two cartridges can efficiently distribute
and store applications such as word processing or
spreadsheet packages. With 10 Mbytes of storage
available on each cartridge, not only the specific
application, but also the appropriate operating sys-
tem, utilities, device drivers, and tables can be stored
on each disk.

Within the limits of the cartridge’s capacity, no
changes in system software are required to reflect
that only one device is attached to the system. As
illustrated in Fig 1(a), the disk surfaces can be
divided into two or more logical or ‘‘pseudo’’ storage
devices. For the sake of software compatibility, data
or software modules can be copied from ‘‘secondary’’
to “‘primary’’ storage on the same disk for process-
ing or execution.

This concept can be applied to achieve the mini-
mum storage requirements for compatibility with the
IBM Personal Computer/Interactive Executive
(PC/1X) operating system [Fig 1(b)]. For compati-
bility with the Unix-based PC/IX, most of the car-
tridge’s capacity is partitioned off as a logical hard
disk drive. The balance is divided into one or more
logical floppies with standard 1BM capacities of 160
or 180 Kbytes for single-sided diskettes, 320 or 360
Kbytes for doubled-sided diskettes.

Protecting data in portable units

The same primary/secondary storage concept can
be applied to data backup. Copies of the data can
be recorded either as the data is entered [Fig 2(a)]
or as a separate backup operation in which selected
data fields can be copied from one section of the
disk to another [Fig 2(b)]. Either method preserves
the data integrity until the data is transmitted to a
home office for conventional backup, or brought
into the office for transfer to an established backup
medium: tape, disk, or floppy.

The most obvious Achilles heel of Winchester
technology in portable applications is the direct head-
to-media contact when a computer is powered down
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SECONDARY
STORAGE

LOGICAL

PRIMARY FLOPPIES

STORAGE

LOGICAL
HARD DISK

Fig 1 The 10-Mbyte capacity of the Winchester cartridge
can be divided into logical or ‘‘pseudo’’ disks to emulate
primary and secondary storage functions (a). The minimum
storage requirements for the iBM Unix-based pc/1x
operating system can be simulated by dividing the cartridge
into a logical hard disk and one or more floppies (b).

or in transmit. The disk stops rotating and the heads
rest on the recording surface. Some form of protec-
tion must be provided to prevent damage to the
media or the heads. The safest solution is to lift the
heads off the disk surface and to retract them com-
pletely. Only if a cartridge is fully seated in the drive
is it safe to power up the drive, extend the heads,
and dramatically lower them to their flying height
above a disk that is already spinning at full speed.

This is achieved simply by mounting the upper and
lower head assemblies on spring steel arms. Station-
ary wedge-shaped cams force the arms apart, lifting
the heads off the spinning disk as the head carriage
is retracted. Extending the carriage has the opposite

CPU

el .

(b)

Fig 2 On-the-road data integrity can be preserved by
recording data twice on different sections of the high
capacity Winchester disk (a). Conventional backup
functions can be emulated by copying selected records from
one section of the disk to another as a separate computer
operation (b).




effect; this motion lowers the heads to their read/
write positions after a protective air bearing has been
formed between the heads and the revolving surfaces.

A single Winchester cartridge drive
delivers the same device reliability and
low error rate as a fixed-disk
Winchester system.

Using this technique, Winchester cartridge drives
with fully retracted heads have withstood typical
baggage handling shocks up to 50 G without damage
to the drive or the cartridge. The addition of a linear
retraction mechanism, however, extends the length
dimension of the drive beyond the 5%-in. form fac-
tor. Part of the solution is to design the drive as a
pull-out drawer, like the turntable drawer of an old
phonograph console. The drawer design allows the
cartridge to be top-loaded on the disk spindle, fur-
ther reducing the chance of damage to cartridge or
drive. The drive extends in front of the mounting
panel, giving the user a handle to grasp the drawer
and pull it out when loading or unloading a cartridge.

To squeeze a 3/4-in. high Winchester cartridge
into a 1.625-in. high box requires the use of minia-

ture permanent magnet dc servo-drive motor with
roller bearings to stabilize the spinning disk. A PC
board wraps around the drive’s mechanical compo-
nents, and the spinning disk surface generates a flow
of filtered air.

Media costs are reduced by eliminating the process
of prerecording embedded-servo data on each car-
tridge before it leaves the factory. Instead, the drive
itself is directed to record servo data the first time
a cartridge is used. The recorded servo data, includ-
ing a calibration track to correct out-of-round or off-
center conditions, ensures interchangeability when
the cartridge is subsequently reloaded into the same
or a different drive. The drive controller is like that
of any 5%-in. Winchester drive, with the addition
of signal lines to direct the operator to replace the
cartridge, to check that the cartridge has been in-
serted and is fully latched, and to instruct the drive
to write servo data.

Please rate the value of this article to you by
circling the appropriate number in the ‘“‘Editorial
Score Box’’ on the Inquiry Card.
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DC SUBFRACTIONAL HP MOTORS

¢ Low profile - 12 to 199mm depth
e Light weight - 20 to 130 grams

* Powerful - from 14 to 225 g-cm
starting torques

e Smooth running with low
cogging - 5 slot armatures

* Low current consumption -

70 to 175 mA e Rated : Starting No Load

fked cumoals Num(:er Voltage | Torque | Speed | Current Torq:‘e Speed | Current | Diameter | Depth
This new series of “Slim Line” v gcm rpm mA gc rpm mA mm mm
D e ™avst | 15 2500 | 105 | 14 | 3000 | 40 | 22 [ 12
uses where vertical space is
limited, such as headphone TN 22WiM1 35 5 2600 105 17 3600 40 22 133
stereo cassette recorders, TN 38TIN1B 12 30 3800 | 170 225 | 4350 60 38 19
video cassette recorders,
audio tape recorders and TN 38T1IN1B 12 30 4000 | 175 210 4600 60 38 Vi
other places where a TN 54.SIN1B 54 16.2
powerful, efficient and low o 35 2500 210 220 2900 70

profile motor is needed.
Featuring the well known
Canon quality, these motors
are a natural for designing
into your products.

For complete technical information:

Canon

See us at WESCON, Booths 2568 & 2570

Canon U.S.A, Inc.
Components Division

One Canon Plaza

Lake Success, NY 11042
(516) 488-6700 / Telex 96-1333
Cable: CANON USA LAKS

1
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IF YOUR

BUSINESS
IS SHRINKING
SHUGART

CAN HELP.
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These days, computer designers
everywhere face a problem of massive
proportions: How do you cram
a desktop computer into a briefcase?

Sound familiar? If so, theres a family
of 3.5" single and double-sided micro-
floppy disk drives you should meet.
The Shugart 300 and 350, respectively.

The perfect drive solution for a
full-featured portable.

Tiny enough to fit easily into your
smallest design. Yet with a 6 millisecond
average access time, a capacity up
to 1 megabyte and Minifloppy™com-
patibility, your portable computer
could easily run the same software
as someone elses desktop.

And keep it running for quite
some time.

Shugart drives are so reliable, you
can count on an MTBF of 10,000
power on hours. One reason were
projecting delivery of over 100,000
microfloppy drives this year.

At just over a pound apiece, you
could even use two. And still call your
portable computer portable.

Theres just one thing to remember.
You should always check the activity
light on a Shugart microfloppy Theyre
so quiet, theres no other way to tell
if theyre running.

What more could a shrinking

15, CA (408) 263-2600; Cos
X (214) 234-3568; I A
France (3) 946-42-66; Munich, West Germany (089) 786-021: Lonc

business need? A couple of other small
things. Industry standard 3.5" micro-
cartridges, to be exact. Their track
densities offer a more than generous
upgrade path. But more important,
considering where they could end up,
they come equipped with a hard shell
plastic media cartridge. And an auto-
matic head access shutter. Sure pro-
tection from all kinds of catastrophes.
Stick them in your pocket. Throw them
in your purse. Bang them around

in your briefcase. They'll survive.

S EA b EELLPAb bR EITE o
D s Hﬁ'm‘-"‘:

The 3.5" Shugart Microfloppy. Smaller than actual size, but not much.

Sound interesting? Call your local
Shugart sales office. We'll do a private
microfloppy workshop right in your
office. But do it soon. The more your
business shrinks, the more Shugart

can help.
Shugart

Right from the start.

ochester, NY (716) 235-7190, Minneapolis, MN (612) 546-4411;
Smyrna, GA (404) 436-0953; Markham, ONT (416) 475-2655:
; Wanchai, Hong Kong (852) 5-733307. © 1984 Shugart Corporation
ributor
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A CALAY MESSAGE TO ALL PCB DESIGN MANAGERS:
EXAMINE THE LATEST TECHNOLOGICAL CAD BREAKTHROUGH

RECENTLY INTRODUCED FROM EUROPE TO THE USA...




The CAD-Credible Calay VO3
CAD System for PCB Design:

* New and User-Friendly;
Powerful Interactive Features

* The Unequalled Calay Tech-
nology for Surface-Mounted
Devices

 Efficient Automatic Placement
Package

* Simple, User-Definable
Post Processing and
Documentation

* Latest Interfaces to All CAE
Systems

* The AWESOME Calay Auto-
matic ROUTER

Together, they are inte-
grated into a system VO3 which
represents CAD-credibility as
offered only by Calay!

Calay, still a young com-
pany in the USA, has well-
established, sophisticated roots
in Western Europe. In only 4
years, over 200 of our systems

are in use in U.K., Germany,
Scandinavia, Holland, France,

Switzerland, and now in the USA.

The new interactive capa-
bilities of The Calay VO3 will
knock your socks off! The PC
boards are prepared quickly,
utilizing the Calay high resolu-
tion graphics, the on-line design
rule check, and the heretofore
unmatched features allowing easy
creation of new library compo-
nents! And then, instead of fac-
ing the gruesome task of manual
routing, you let the 100% auto-
matic Calay Router do the job:
from start to finish.

PC boards are Calay-
routed day, night, or during
weekends without operator
presence or assistance. In the
morning of the workday, com-
pleted PC layouts are ready
for further processing—even
complex digital and analog
boards, multi-layer boards, chip-
carrier boards, odd-shaped
boards, and those very dense
boards. No more long hours to
find the solution, the Calay VO3
CAD System does it for you.

The Calay VO3 is based
on U.S. hardware. The computer,
terminals, digitizer, and periph-
erals are U.S-made and assembled
in the Calay facility in Califor-
nia. The amazingly efficient soft-
ware comes from Germany. The
resultant combination gives you
the ability to make PC layouts
faster than anyone in your field
including PCB designers who
use our competition’s latest
CAD equipment.

In the short time that we
have been in America, we have
placed systems at facilities of
well-experienced CAD users
major electronics manufacturers,
and many independent PCB
service bureaus. They all swear

by Calay and lend further cred-

ibility to our superb service and
software support. And if you
have never used CAD before,
CALAY is the only way to start!

The price will surprise
you. The Calay VO3 costs sub-
stantially less than most of the
high-ticket CAD systems, yet
beats them all in performance
and productivity.

Since we started deliver-
ing The Calay VO3 CAD System,
it has been evident that the
decision makers in the respec-
tive interested companies have
determined time and time again
that there is no alternative to
the level of performance and
productivity of Calay.

And that's what CAD is all
about! Get your toughest PC
boards designed fast on Calay
and, as a result, get your prod-
uct out on the market ahead
of your competition.

Call for a Calay demon-
stratjon and details or ask
us for a free-of-charge, TRUE
benchmark.

CALAY SYSTEMS INC.
2698 White Road
Irvine, California 92714
714 863-1700

Telex 6711321

In Europe Contact