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Introducing Model 6500 —
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Kennedy's Model 6500 5%4” Cartridge Recorder — it fits in
your hand, but it's more than a handful of new and unique
features, such as:

* 16 KBYTE Buffer — Model 6500 can transfer data at a
burst rate of up to 3 MBYTE/sec., and maintain streaming
longer in systems with little buffering.

* 150 MS Ramp Time — Data access time and reposition
time is cut in half; and it can better operate in a Pseudo
s/s mode.

KENNEDY + QUALITY+* COUNT ON IT

Write 10 on Reader Inquiry Card .

* Direct Drive Motor — Assures much higher reliability and
lower |.S.V.

Finally, and best of all, Model 6500 features a simple

mechanical design — loading is simple, moving the tape to

the head instead of the head to the tape.

Model 6500 is one big handful of what you've been looking

for in a 54" cartridge recorder. Write or call us.

KENNEDY

An Allegheny International Company

1600 Shamrock Ave., Monrovia, CA 91016
(818) 357-8831 « ITT TELEX 472-0116 KENNEDY
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Now your computer
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Now with real time
image processing and
IBM PC compatibility.

Datacube continues to be the single
source leader in image processing
and graphics for your Multibus,
Q-Bus, and now IBM PC'’s. Solutions
are available from single boards to
fully integrated systems.

Resolutions range from 320H x
240V to 1400H x 1100V with pixel
depths from 1 to 24 bits.

Datacube products provide
reliable vision and real time image
processing for robotics, medical
imaging, surveillance, inspection,
teleconferencing, animation, etc.
And at surprisingly low prices.

Call or write for our new Product
Guide of Multibus, Q-Bus, and
IBM PC compatible boards and

The new SP-123 offers advanced
signal processing of high resolution
black & white or full color images at

systems. Datacube Incorporated,
4 Dearborn Road,
Peabody, MA 01960,

the rate of 14 megapixels per second.

The new IVG-128 is a complete
video acquisition and display module
on a single IBM PC compatible card.
It features input & output look up
tables, an 8-bit digitizer, and RGB
8-bit outputs.

The new DC-1000 and DC-1500
systems are complete workstations
capable of video acquisition and
image processing.

Telephone: (617) 535-6644.
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We will look for you at Electronic Images 84
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We make computers

that design what you make.

We’re Apollo Computer, the fastest growing professional work-
station company in the world. And for some very good reasons.

We introduced a new standard in the computer industry.

In1981, we introduced the next step in the evolution of the
computer. With the logical successor to time sharing: DOMAIN ® processing.

DOMAIN processing puts on the desk of every technical profes-
sional exactly what they need to design and develop new products. Dedicated
32-bit workstations with the compute power of a mainframe. Closely-integrated,
bit-mapped graphics. And a high speed local area network that shares information
and resources. The result is a fully integrated, dynamic environment that lets
your technical professionals produce better, more innovative new products in
considerably less time. With considerably lower development costs.
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We have a family of compatible workstations.

Today, we have an unprecedented range of DOMAIN workstations
to meet whatever design and development needs you may have. From our high
performance VAX" 780-class DN660 (color) and DN460 (monochromatic) for
applications like finite element analysis and solids modeling, to our midrange
DN550 for applications like integrated circuit and printed circuit board design.

To our low cost DN300 series for applications like software engineering and tech-
nical illustration. And all of our DOMAIN family of workstations are completely
compatible.

We have nearly 300 technical applications packages.

To stay competitive today, you have to look beyond automating
individual tasks. So we allow you to automate the entire development process.
With nearly 300 of the most powerful and prestigious third party applications
packages available today.

If you'd like to know how we can help boost your technical
professionals’ productivity and shorten your product development cycle, you
have only to ask. Write or call Marketing Communications, Department Al,
Apollo Computer, 330 Billerica Road, Chelmsford, Massachusetts 01824
(617) 256-6600 Ext. 4497,

DOMAIN® is a registered trademark of Apollo Computer.
VAX™ is a trademark of Digital Equipment Corp.
ORACLE® is aregistered trademark of ORACLE Corp.

© Apollo Computer, Inc. 1984. | |
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STD bus market diversifies
but continues strong in

TABLE oF GLINTENTS traditional arenas.

FEATURES

5 4 Industry Review: Silicon Support For Solid Modeling
by Gregory MacNicol

While advances in memory technology, wide-word architecture, and high-speed bus design have
generated higher performance, few advancements have made a greater impact than custom graphics
chips.

B33 Designer’s Guide To The STD Bus
by Dave Wilson

The range of applications for STD products, while traditionally very broad, is today continuing to grow,
mainly in automation, process control, monitoring and data acquisition areas.

74 Process Control: Intelligence Moves To The Factory Floor
by Julie Pingry
Computing in the industrial environment has meant inputting data hand-delivered from the factory floor

to a control room, but this is changing rapidly with intelligence and undisguised computers moving
throughout manufacturing plants.

86 Development Tools Take Aim At 32-Bit Chips
by Ronald Collett

The prospective user has three main options when purchasing a development system: a dedicated
system; a universal system; or an emulator and cross software for a host such as a VAX, PDP-11 or
IBM PC.

96 Function Determines Form In Workstation Ergonomic Design
by M. R. Hanrahan

Human factors evaluation labs are now a vital segment of the design process at many companies, using
models or simulated ergonomic situations to specify variables affecting human behavior and design
performance.

102 Caching Disk Controller Relieves System Bottlenecks
by Stephen Goldman

The primary technical problem to overcome during the design of a caching disk controller is the
limitation on cache access time.

108 Designing With EEPROMs
by Dave Wilson

Most EEPROM applications today include some type of single-chip microcontroller, so the combination
of EEPROM on-board was a predictable step in the evolution of EEPROM.

ON THE COVER

The STD bus is still one of the most flexible yet low-cost alternatives available to the systems integrator. Impetus from the new CMOS
standard and systems that work hand-in-hand with the IBM PC, will retain the bus’ foothold in the marketplace. The cover depicts
the wide variety of cards currently available from Pro-Log. Photo courtesy Pro-Log Corp.
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For the highest quality,
most cost-effective
low-profile keyhoards
ask the leader

]
in full travel
membrane technology.
Ask OAK.
Tactile or Linear Feel available.
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For engineering excellence.. . .
ask OAK

MEMBRANE ——

Oak LP Keyswitch

PLUNGER KEYCAP

CAM

BASE PLATE SUBSTRATE

ROCKER

SPACER

SUBSTRATE ——

For design ﬂexibility and
savings . . . ask OAK

Simple design, coupled with
advanced manufacturing, spells
maximum design flexibility
and savings for you. Oak key-
caps are made of durable, light-
weight, non-glare polyester
and feature a comfortable

Introducing the low-profile, DIN
compatible keyboard with the features
you’ve been searching for — Oak’s
Low-Profile FTM® Keyboard.
Designed especially for high speed
data entry systems, where long life
and operator comfort are paramount,
Oak low-profile FTM keyboards
feature a patented keyswitch design.
Now, finally, you can specify the
“feel” your customers want . . . from
standard linear to fall-through tactile.

c

cylindrical industry standard
design. Sublimation printing pro-
vides for a wide variety of printing
options — quadrant printing, multi-
colors, front legending, and custom
legends — order whatever you need.
And, there are a host of available
options to fill most any special
design requirement — LED indi-
cators, EMI/RFI/ESD shielding,
standard or custom encoding elec-
tronics, variable operating forces
and more!

For proven technological
leadership . . . ask OAK

Oak is the recognized
leader in full travel mem-
brane technology, a
technology that pro-
vides proven perform-
ance features, benefits
and cost savings not
available with other key-
board designs ® high relia-
bility ® long life of 50 million
cycles ® elimination of
double-sided, plated-through
hole printed circuit boards

g
¢
0

OAK FTM’

® environmental protection
by design ® light weight...justa
few of the many features designed to
help enhance the performance of
your product.

For commitment to quality,
service and value...ask OAK

Oak remains dedicated to staying in
the forefront of keyboard technology.
To providing a superior quality
product, in the quantities you need,
on time, at the right price. To see
how the new Low-Profile FTM
Keyboard can go to work for you
...ask OAK.

““K Switch Systems Inc.

P.O.Box 517 e Crystal Lake, lllinois 60014
Phone 815/459-5000 ® TWX 910-634-3353
TELEX 72-2447
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OMIIBYTE

The OB68K/VMEL is a VME single board
computer, designed to respond to your high
performance control applications. It incorporates
afast 12.5MHz 68000 CPU, and 16 sockets

(8 pairs) for RAM and/or ROM. The board can
handle up to 112K of RAM or 512K of ROM.

Other features include:

e (2) RS232C Serial I/O Ports

e (2) 8-Bit Parallel I/O Ports

e (2) Timer/Counters

e System Controller. . .and much more.

Our extensive quality control procedures give you
a highly reliable product backed by Omnibyte’s
two year limited warranty.

Software available for the OB68K/VME1 includes
the optional VME 1 BUG™monitor/debugger and
a variety of other packages.

Find out more about our OB68K/VME 1. Write or
call our Sales Department for our free data sheet
or send $10.00 for a detailed technical manual.
Contact our Marketing Manager, Peter Czuchra.

™ OMNIBYTE CORPORATION
245 W. Roosevelt Rd.

West Chicago, IL 60185
(312) 231-6880
Intl. Telex: 210070 MAGEX UR
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The Lundy UltraGraf
is absolutely the fastest draw in the West
or anywhere else.

This is the fastest, most intelligent 3-D computer graphics workstation available.
The superiatives would seem to indicate a high price, too. But the Lundy UltraGraf workstation is
surprisingly low cost considering its unmatched performance features.

At Lundy we don’t develop technology
for its own sake; we develop it to meet
your needs. In the case of 3-D computer
graphics workstations, you needed more
speed, higher 1Q, larger display and eas-
ier operation. UltraGraf delivers all four.

The Lundy UltraGraf is first
when it comes to speed and I1Q.
Keys to UltraGraf’s instant response

are a high speed microcomputer and a
high resolution vector display, both de-
veloped by Lundy.

Besides these features, we've de-
signed more intelligence into the
workstation, so UltraGraf places fewer
demands on your host computer.

The result is unmatched interaction
while freeing up your host computer to
concentrate on other operations.

19 x 15 inches
sets a new screen standard.
UltraGraf's 21-inch CRT has the largest
viewing area—19 X 15 inches—in the
industry. Fast vector drawing and mini-

mum operator time produce easy-to-
read, flicker-free images. Spot size is
only one ten thousandths of an inch,
which produces remarkable crispness
and clarity.

Furthermore, UltraGraf is easier to
use. You send a picture only once,
instead of resending over and over as

Lundy UltraGraf sets 3-dimensional standards.

with many other systems. And you have
local storage of all control functions for
the interactive input devices. This pro-
vides maximum input flexibility, with
minimum keyboarding.

Lundy helps you
see more in graphics.

When you take a close look at our
graphics terminals, service, support,
software, systems capability, enhance-
ments—and our company—you’ll
understand why Lundy can help you
see more in graphics now and in the
long term.

For more information about our 3-D
UltraGraf, or other CAD/CAM products,
write Lundy Electronics & Systems, Inc.,
Glen Head, New York 11545, or call:
(516) 671-9000.

®

LUNDY

Get the draw on sluggish productivity with Lundys UltraGraf Shoun bere are six views of a six shooter generated in just a matter of seconds.
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Read After V\frite
Magnetic Streamer
Tape Heads

Problem: To identify a reliable source that can talk the
language.
Solution: Call Vikron at (715) 483-3233 and talk to a
sales engineer.

It will take only a few minutes to dis-
cover a supplier that can help you solve
your streamer head problems. Welll
work with you on special wear designs,
wrap angles and contact pressures.
Superior head performance is assured
by careful attention to critical para-

meters like crosstalk and

crossfeed rejection.
Your design requirements will

help our sales engineers to suggest a
“standard” head, modified standard, or
a custom designed head. We will work
with you until your heads are installed
successfully and you are totally satisfied.

VIKRON'S FAMILY OF HEADS in-
cludes digital card reader heads, digital
read/write heads and general digital
heads, as well as a complete line of
analog magnetic tape heads.

FREE HEAD SELECTION GUIDE

VIKRON

r-----T

Name Title

Company Phone

Address

City State Zip
P.O. Box 737

520 Blanding Woods Rd. So.
St. Croix Falls, Wi 54024
Phone (715) 483-3233

Telex 291099

Write 20 on Reader Inquiry Card
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EPRINTS

arranged and confirmed.

for reprints.

DIGITAL DESIGN will reprint any article from past or present is-
sues. Reprints are custom printed. Minimum order: 1,000 copies. Pur-
chase order or letter of authorization required.

Allow one month from receipt of order for delivery, unless previously

Advertisements alone can also be reprinted. Call (617) 232-5470, and ask

10

DIGITALDESIGN

EDITORIAL AND SALES OFFICES
Digital Design

1050 Commonwealth Avenue
Boston, MA 02215

Telephone: (617) 232-5470

M‘ MORGAN-GRAMPIAN

CORPORATE HEADQUARTERS

Morgan-Grampian Publishing Company,
1050 Commonwealth Avenue, Boston, MA
02215, (617) 232-5470. Brian Rowbotham,
Chairman; Ronald W. Evans, President;
Charles Benz, H. G. Buchbinder, Vice
Presidents.

EXPOSITIONS GROUP
Morgan-Grampian Expositions Group, 2
Park Avenue, New York, NY 10016 (212)
340-9700.

The following is a list of conferences produced
by the Expositions Group:

ATE West CADCON East
CADCON West ATE Central

ATE Northwest CADCON Central
ATE East

In addition to Digital Design, Morgan-Gram-
pian publishes the following in the United
States: Circuits Manufacturing ® Electronic
Imaging ® Electronics Test ® Computer &
Electronics Marketing

Morgan-Grampian also publishes the fol-
lowing in the United Kingdom: Electronic
Engineering ® Control & Instrumentation
® Electronics Times ® What's New in
Electronics ® What's New in Computing ®
Business Computing and Communica-
tions.

DIGITAL DESIGN serves the manufacturers of
computer-related OEM products. This includes
primary computer and systems manufacturers,
systems integrators, components and peripheral
manufacturers, integrating OEM's and commercial
end users. These companies manufacture prod-
ucts used to control machinery, equipment and in-
formation in manufacturing, material processing,
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SUBSCRIPTION POLICY

DIGITAL DESIGN is circulated only to qualified re-
search, development and design engineers and
engineering managers primarily responsible for
computer products and systems in OEM plants. To
obtain a complimentary subscription, request (on
company letterhead) a qualification card from Cir-
culation Director. For change of address, attach
old address label from recent issue to new com-
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DIGITAL DESIGN
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Subscription rates: non-qualified subscribers (US
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be clear; components on all schematics and line
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no responsibility for the safety or return of any un-
solicted manuscripts.
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Sell someone a Genicom 3000,
and it may be some time before
you hear from them again.

fied customers, which means a large number of ~ more.There’s such a div models, f
satfisfied OEM's. But durability is only part of the and options, you can choose just the right printe
Genicom 3000 printer advantage. and you don't have to pay for things you don’t nee
The Genicom 3000 family of printers offers multi- See how long you can keep your customers satis-
model flexibility combined with single design sim- fied...with the long lasting, field proven printers that
plicity to give OEM’s real dollar savings with price/ have earned the respect of OEM’s nationwide—the
performance matching for every customer. Parts Genicom 3000 family.

ICOIVi

: New Printer Company.

Genicom Corporation, One General Electric Drive, Waynesboro, VA 22980 In Virginia, call 1-703-949-1170
For the solution to your printing needs call

TOLL FR EE 1 = 800- 437—7468 Write 5 on Reader Inquiry Card
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. Take advantage of our learning curve with the STD BUS.

Sometimes, there’s just no substitute for experience. And that’s why so
many smart designers continue to develop new ideas with our MD Series™
STD-Z80 BUS-compatible boards. For energy, environmental and process
+ control. Test and measurement equipment. Computer peripherals. High-
speed printers. Medical electronics. Data communications. And an ever-
expanding list of applications too numerous to mention.

Because for a wide variety of situations, our compact boards provide all
the power designers need. At a price that’s powerfully cost-efficient.

Not only that, our boards are already designed and proven in thousands
of applications. Plus, they’re assembled. Tested. Debugged. And modular-
ized by function so you only have to buy what you need. And there are
more than 30 boards to choose from. Available through Mostek or your
., local Mostek distributor.

We also offer development software and operating systems, plus a com-
plete array of card cages and sub-system enclosures to ease and speed
* your design and packaging.
What'’s more, the STD-BUS is fully expandable. Which makes it sim-
. ple and economical to add, delete, or interchange boards when you want
to redesign or upgrade.
Take advantage of our learning curve experience with the STD-Z80
» BUS. It’s a time-proven course that can add a degree of success to your
own system designs. For more information, contact Mostek, 1215 W.
Crosby Road, MS2205, Carrollton, TX 75006, (214) 466-8816. In Europe,
(32)02/762.18.80. In Japan, 03/496-4221. In the Far East (Hong Kong),

5’681 1 5 7 ! MD Series is a trademark of Mostek Corporation.

-

-
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€ Emerging new technologies and an evaluation
of forthcoming approaches to system design
almost dictate that the systems architect be a
Renaissance Man.?

EDITORS
COMMENT

c omputer systems design is increasingly becoming a
field which dictates an approach involving combined
talents from a number of widely varying disciplines. The com-
munication between designers has always been vitally impor-
tant to the success of any given project. Often, the coordination
of these separate efforts is left to the talents of the systems archi-
tect who must have a global overview of the project at hand.

Today, the systems architect goes under a variety of guises —
Chief Engineer, Project Engineer or Project Manager to name
a few. This individual may have gained several years of exper-
ience and wisdom in many related design activities. At present,
emerging new technologies and an evaluation of forthcoming
approaches to system design almost dictate that the systems
architect be a ‘Renaissance Man. able to take a broad overview
of the industry in general, and be knowledgeable in specific
technology areas.

Unfortunately, today many design engineers and engineer-
ing management have a very myopic view of their environments
and are unable to appreciate broader implications of
developments outside their particular realm of expertise. Com-
puter design may be likened to a complex jigsaw puzzle where
many pieces must interact to produce the whole picture. At the
present, the pieces in the puzzle are becoming larger and con-
sequently the systems architect must take one step back to get
the full effect. Companies that do not insist on having several
of these multi-talented employees will find themselves caught
without the necessary insight into the industry and its future
trends in order to effectively compete.

Computer architecture, based on the classical Von Neumann
approach, has changed very little since the earliest machines.
In the future, it will be challenged by alternative architectures,
but it is likely that the jump to next generation architectures will
be gradual rather than dramatic. The reason that the transition
will take place at all, is due to the speed limitations of conven-
tional hardware, programming languages and operating
systems.

Over the past few years, the IC houses have been addressing
the speed problem by announcing dedicated computational
machines, and the system architect should be aware that devel-
opments will emerge there first. The newer devices will allow
the distribution of processing over a number of system elements.
At the IC level, fuse programmable controllers are emerging
that will allow the designer to implement complex state
machines and controllers by programming the appropriate
series of microinstructions. Next year it seems likely that RISC
machines will make their debut. First out will be popular ver-
sions of existing microcontrollers.

Following closely on the heels of RISC machines will be
radical departures from the Von Neumann approach. Two prod-
ucts already in the marketplace are the Harvard architecture of
the TMS320 and the NEC data-flow machine, a pipelined im-
age processor, the uPD728l.

It has long been the case in the board business that the sys-
tems architect has been able to choose from modular building
blocks with very specific functions with which to design his
systems. Next generation bus structures offer a “functional par-
titioning” to maximize system throughput by the minimization
of data movement throughout the system. At the system level.
newer modular languages will allow for these advanced archi-
tectures to optimize program execution with a greater degree
of parallelism and concurrency.

In the same way that today’s system architects have recognized
the potential of the latest generation of 32-bit microprocessors
to challenge the role held by existing minicomputer designs, the
future will dictate that the system architect not only hold an
appreciation of alternative computer architectures but an under-
standing of how these architectures will be implemented. The
important role of the applications specific IC, and in particu-
lar semi-custom ICs, will provide yet unheard of opportunity
for a smaller start-up to get to market quickly with advanced
products based on new architectures and break the dependency
of the systems houses on the IC companies.

The challenges facing the system architect today may appear
less complex, but system design necessitates an understanding
of a variety of disciplines, technologies, and integration issues,
ranging from ICs, boards, and peripherals to systems, as well
as an awareness of the many design tools available to implement
a system.

To effectively take advantage of the diverse opportunities that
are and will become available. it is mandatory for the system
architect to have an appreciation of alternate design options
and future computer architectures. Only the system architect
will be the individual with enough foresight to implement
advanced system architecture in the most effective way using
today’s technology.

Dave Wilson, Executive Editor

149
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UL PLENUM CLA!

IFIED:

THE FUTURE OF FIBER OPTICS
HAS ALREADY BEGUN.

When the efficiencies of ceiling construc-
tions in the plenum areas were offset by
hazards of smoke and fire, and by the
costs of conduit, Pirelli got to work. And
now we have full UL (910) classification
on fiber optic cables for communication
applications. As a result, fiber optic Local
Area Networks can now be installed or
upgraded without conduit and also without
concern for power cable location. Because
there are no metallic elements in our LAN
cables, they may be laid in power trays,
crossing electromagnetic fields without
affecting signal fidelity or risking short
circuits in the power cables.

Whenever there's been a special
communication need, we have often been

e
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first with the answer—for more than a
century. But the world’s largest cable com-
pany can't rest on past performance. That's
why we have eight fiber facilities, in Europe
and the Americas, competing with each
other to be first among the first.

And that's why we're already working
on new LAN technologies. .. on systems
for land, the sea, sky and space platforms
of the future.. .. and, most likely, on what-
ever your future may need.

Meanwhile, send for our latest brochure
and see what we're doing today. Write the
Communications Division of Pirelli Cable
at Two Tower Drive, Wallingford, Connecticut
06492. Or call 800-243-3959.

(In Conn. 203-265-5533.)
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FUSION is the only connection.

In an industry fragmented by diversity, FUSION
makes connections.

FUSION is the LAN software that links different
computers. FUSION connects diverse operating
systems, diverse LAN hardware, and diverse pro-
tocols, to provide high speed communication
across completely unrelated systems.

When you add FUSION, you remove the obstacle
of incompatibility. FUSION links your computer
with a wide variety of others regardless of oper-
ating system, protocol, or network hardware.

™

® With FUSION, any user can perform sys-
tem-to-system file transfer, remote login,
and remote execution.

B FUSION offers a choice of two standard
protocols—XNS or TCP/IP. Some cus-
tomers have even developed private
protocols.

® And you can create your own application
programs, using FUSION utilities.

B FUSION accommodates all major LAN
boards, too. So network interface is no
problem.

FUSION gives your system the advantage of com-
patibility. . . and protects your customer’s exist-
ing hardware investment. That's why it’s rapidly
becoming an industry standard.

Add FUSION. It’s the connection you've been

looking for.

MG68000 VAX IBM-PC
UNIX VMS MS-DOS
EXCELAN INTERLAN 3COM

A sample network using a few of the many
configurations made possible with FUSION.

For further information please contact:

Network Research Corporation
1101 Colorado Ave.

Santa Monica, CA 90401

(213) 394-7200
(800) 541-9508

FUSION is a licensed trademark of Network Research Corporation
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WE SOLVE
PROBLEMS!

colors and conflguruilons.

You need high performance, innovative we'll deliver on time, when you want them.
design data displays. Contact Audiotronics.
We have what you need. In 3, 5, 7, 97 12/, 14,

15 23" and 5" x 9, monochrome and color,
integrated (neck-mounted), chassis, kit or
cabinet. And if we don’t have what you
need, we'll design it for you.

Using our basic displays, our engineers

become your engineers. They custom design

a display for your specific application,

meeting your particular system design

requirements. North Hollywood
Just give us your specifications and we'll California 91605

solve all your display problems. And (818) 781-6700
AUDIOTRONICS

Write 84 on Reader Inquiry Card

Audiotronics has been solving problems for
almost 30 years, designing thousands of
custom data displays for important customers
like you, both large and small. Call us today.
Turn our engineers loose with your display
system problems.




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

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
itis, 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.

s TP

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 Z8 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 78 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 Z8
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.

Z8 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 Z8 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 78
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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UPDATE

Daisy Forms
Personal
Systems Division

Daisy Systems Corp. has
formed a new division, |- =
responsible for research and develop-
ment, engineering and marketing of
Daisy’s Personal LOGICIAN family of
products. These new products are part of
Daisy’s Distributed CAE strategy and are
aimed at making systems design teams
more productive. The new division has
its own research and development, engi-
neering, and marketing groups and will
take advantage of Daisy’s existing manu-
facturing, field operations and applica-
tion software groups.

WVoice/Data Workstation

Cermetek Microelectronics, Inc., an-
nounced that it has received a contract
from Liberty Electronics for more than
$1.5 million to provide the manufacturer
of video display terminals with an intel-
ligent modem. The product is a 1200 or
300 bit-per-second modem module
which mounts directly onto a printed cir-
cuit board which is inserted into Liberty’s
new Freedom 212 Remote Information
Station, a voice and data communications
workstation.

Vertex To Supply %
Hewlett-Packard

Vertex Peripherals Inc., manufacturers of
a family of 5'%" Winchester disk drives,
announced it has signed an OEM agree-
ment with two divisions of Hewlett-
Packard Company. Product deliveries for
an undisclosed number of 31- and 72-
Mbyte unformatted drives have already
begun. The contract value was not dis-
closed. HP will incorporate the drives as
options in its small business and techni-
cal computers, and the company will use
the Vertex drives to support up to 10 dif-
ferent product families. HP will begin

customer-based shipments of systems
OEMed from Vertex in early Fall.

Xebec Forms Subsidiar'yr

Xebec announced the establishment of
Epelo Corp., a majority-owned subsi-
diary company dedicated to the design
and development of disk drives. Frank C.
Gibeau, founder and former president of
disk drive manufacturer, Atasi Corp., is
president of the new subsidiary.
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Harris, Intel Announce
New Exchange Agreement

Intel Corp. and Harris Corp. have signed
atechnology exchange agreement cover-
ing the development of microprocessors
and telecommunications circuits based
on CMOS technology. Under the agree-
ment, Harris will be a second source for
Intel’s new 29C51 codec/filter combina-
tion circuit, a third generation CMOS
VLSI product. The bus structure allows
telecommunication systems designers to
upgrade an analog-only switch to an inte-
grated voice/data switch without the need
for major system redesign. In addition,
Harris and Intel will collaborate on a
CMOS design for a new analog-to-digital
voice processing circuit.

Futurenet Announces
Racal-Redac Interface

FutureNet Corp. has developed a new
interface translator to transfer the designs
created on its DASH-1 Schematic
Designer to Racal-Redac’s printed circuit
development system. The new interface
eliminates the task of manually entering,

and perhaps translating, design net lists.

so designers can now proceed more
quickly to board layout.

PerSci Acquires
Cipher’s Drive Line

PerSci, an EF Industries company, has
acquired all the rights to the cartridge
disk drives, drive subsystems and related
drive equipment of Cipher Data Prod-
ucts. PerSci will assume responsibility
for depot maintenance and warranties on
cartridge disk drive products now in use
or to be manufactured by Cipher through
Sept. 1, 1984. PerSci also acquired the
manufacturing rights to the products.

Alternate Source
Agreement For
Byte-Wide EEPROM

National Semiconductor Corp. and
Synertek, Inc. have signed an agreement
under which National will serve as a
licensed alternate source for Synertek’s
2,048-bit SY2802E EEPROM. National’s
version of the part will be designated as
the NMC9802, and will be available in
either a ceramic (J) or molded plastic (N)
package. Production quantities are
scheduled to be available by the end of
1984.

Monolithic Second Sources
Fujitsu

Monolithic Memories, Inc. signed an
alternate source agreement with Fujitsu
Limited of Japan, covering high-perfor-
mance, bipolar TTL gate arrays. Fujitsu
will supply technical support and infor-
mation required for Monolithic Memo-
ries to develop, manufacture, and market
Fujitsu’s line of TTL gate arrays. The de-
vices to be transferred will be Fujitsu’s
B240, B350, B600, B1100, and B2000 gate
array products. Estimated availability of
the first products from MMI is 1985.

1IBM PCjr To Use
Tabor Drives

Xetec, Inc. (Salina, KS)
has signed an OEM
agreement with Tabor Corp. for micro-
floppy disk drives that will be used in
Xetec’s newest product, a 3% " dual disk
package for the IBM PCjr. Xetec is a sys-
tems integrator, and supplier of personal
computer enhancements to major sys-
tems users.

Printers For Data General

Centronics Data Computer Corp. signed
a four-year multi-million dollar contract
with Data General Corp. to supply a cus-
tomized version of its Printstation 350
Series printers to the computer manufac-
turer. Centronics is a manufacturer of
line and dot matrix printers with sales and
service worldwide.

VLSI Technology And
Western Digital Agreement

VLSI Technology, Inc. (VTI) and
Western Digital have entered a long term
agreement that will feature new product
co-definition and co-development,
immediate second sourcing of specific
products, and certain product conversion
from NMOS to CMOS technology. West-
ern Digital will grant VTI second source
rights on the WD2123 (DUAL UART),
WDI1933/1935 (SDLC), WD9216 (DATA
SEPARATOR) and selected disc control-
ler products. The companies will jointly
develop key Megacell building blocks
based on WD’s product architectures for
use in custom IC designs to be built and
marketed by both companies.
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Mini-MAP makes it practi-
cal to apply array process-
ing to general-purpose sci-
entific and engineering
computing.

Practical in terms of use:
Mini-MAP’s compiler allows
you to program the array
processor directly in FOR-
TRAN. An assembler, a
linker, and a debugger are
also part of the package.
Plus you can use our library
of over 250 highly opti-
mized scientific subroutines.

Practical in terms of
throughput: Because it is
an array processor, Mini-

Practical in terms of cost:
Mini-MAP is available as
an economical, four-board
set or as a packaged sys-
tem. Now, with Mini-
MAP, OEMs can offer
their customers a better
product at lower costs.
Mini-MAP’s low power
demands, small size, and
high reliability make the
package extremely attrac-
tive. And end users will
find our FORTRAN com-
piler and other software
tools minimize program
development costs.

- 2ged ™
We bullt Mlnl’M_AP. Some practical things to

MAP increases the computing speed of a mini or super-
mini computer as much as 10 to 100 times. Where it takes
a typical minicomputer minutes to perform tasks such as
image rotation, Mini-MAP reduces interactive response
times to seconds. Your computer may require hours to
perform each step of a trial-and-error-process such as simu-

lation, but Mini-MARP, can zip through in mere minutes.
DEC, PDP-11, LSI-11, and VAX-11 are trademarks of Digital Equipment Corp.

Mini-MAP is a trademark of CSPL.

40 Linnell Circle, Billerica, Massa

know about Mini-MAP:
32-bit DEC™ floating point format [ Interfaces to DEC
PDP-11, LSI-11, and VAX-11 series [] Up to 16 MBytes
of data memory [ 1024 x 1024 2-D FFT in 8.8 seconds
[J Extensive software tools plus dedicated applications assis-
tance including training, convenient parts depots, and field
service staff support our worldwide installations.
To find out how Mini-MAP can work for you, call toll
free 1 800 325-3110.

LSl
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UPDATE

Parallel Computers, Data
Phase Sign Agreement

Parallel Computers and Data Phase
Corp. announced a $4 million sales
agreement under which Data Phase will
purchase approximately 60 Parallel 300
minicomputer systems over the next 18
months. Data Phase, a supplier of
library-automation systems, will install
its Automated Library Information Sys-
tem (ALIS) software on the fault-tolerant
Parallel 300s for resale as integrated turn-
key systems to libraries across the
country.

Faraday, NCR Contract

Faraday Electronics signed a contract
with NCR Corp. under which NCR will
use its PC-DOS compatible CPU prod-
ucts in the NCR 7921 Personal Computer
Engine and the PCIV. The contract
involves both the sale of standard format
micro-CPUs and the design and manu-
facture of custom form factor boards for
NCR.

Wangtek Contracts for 7"
Cartridge Tape Streamers

Wangtek, a manufacturer of half-high,
S5%" cartridge tape streamers, has signed
OEM contracts totaling $65 million in
eight months for its Series S000E ' " car-
tridge tape drives.

INMOS Licenses
Technology To
Japan

INMOS has reached
agreement with the
NMB/Minebea Company of Japan to li-
cense the INMOS 256K Dynamic RAM.
The agreement concludes a worldwide
search by NMB for VLSI technology to
install in their new wafer-fabrication
facility currently under construction. In
return for a substantial initial payment
and continuing royalties, the agreement
provides for INMOS to transfer its ad-
vanced dynamic RAM CMOS technol-
ogy to NMB and to license NMB to man-
ufacture INMOS’ yet-to-be-announced
256K X 1 Dynamic RAM.

Lattice And Synertek
Cross-License

Lattice Semiconductor Corp. (Portland,
OR), has entered an agreement providing
Lattice with a portion of the production
capacity from Synertek Inc.s wafer-fabri-
cation facility at Santa Cruz, CA. Syner- '
tek now has license to manufacture Lat-
tice’s high-performance 64K static RAM
design as well as the process technology
to produce it. The two companies also
agreed to cross license and second source
future products designed to the static |
RAM process.

Elxsi Signs With Valid

Elxsi has signed a marketing agreement
with Valid Logic Systems, Inc. (Mountain
View, CA), to market Elxsi’s System
6400, an expandable, general-purpose
64-bit multiprocessor computer, with
Valid’s SCALDsystem workstations. The
System 6400 will serve as a host proces-
sor to Valid Logic’s graphics design
station.

YOU CAN HAVE THE GUTS OF A LEADER

Star Micronics is a
leading manufacturer
of high quality, high
performance, printer
mechanisms.

Now the Star line features
the very same mechanisms
that are the heart of our highly
successful Gemini series
printers. So now our full line
of mechanisms ranges from 21
to 136 columns.

In Star printer mechanisms
you’ll discover our long-
standing commitment to

gl

L-------------

g

customer support. From
pre-sale application
assistance to immediate
shipments.

So if your OEM de-

product reliability.

You’ll find Star mechanisms
easy to install, simple to inter-
face, and trouble-free. All Star
mechanisms feature user-
replaceable print heads.

One last point. The first
thing you’ll notice about Star
is the depth and quality of our

mechanism, give it the guts of
a leader. A printer mechanism
from Star Micronics.

sign needs a printer

StEQIF*

micronics-ingc
COMPONENTS DIVISION

70-D Ethel Road West. Piscataway. New Jersey 08854
(201) 572-9512
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our Family
has a
New Generation...

Plessey, a leader in the DEC* compatible
marketplace, has once again expanded its family
of micro computer systems. In addition to our
LSI-11/23* based 6000 series, Plessey is pleased to
announce the higher performance 8000 series
based on the NEW DEC LSI-11/73.

Similar to our 6000 series, the 8000 series offers
you the most popular peripherals available today.
Plessey offers Winchester Disc technology in 10
Mb, 20 Mb, 40 Mb, or 80 Mb capacity to ﬁandle
your storage needs. Also available is our new 40
Mb drive, [20 Mb fixed, 20 Mb removable].

For all your backup needs, Plessey provides a
choice of %" start/stop streaming tape with 70
megabytes of backup storage capacity or our 20
Mb streaming tape. We also offer 2" streamin.
and start/stop drives and RX02 compatible
floppies.

A variety of operating systems and software are
available for both the 6000 and 8000 series
systems. You can choose from operating systems
such as RSTS/E, RT-11, TSX-Plus, RSX-11M/M +,
MUMPS or UNIX** Supported languages include
FORTRAN 77, BASIC, MACRO, COBOL, DIBOL,
DBL, C, and PASCAL.

We have a very good reason for offering all this
flexibility. It's our commitment to provide OEMs
with the prime requirement for success. A system
built expressly for system builders.

Call Toll Free at (800) 992-8744 or Contact:
Plessey Peripherial Systems, Inc.
17466 Daimler Avenue, Irvine, CA 92714
(714) 540-9945

*DEC is a trademark of Digital Equipment Corporation.
**UNIX is a trademark of Bell Labs.
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WASHINGTON
REPORT

by Anne A. Armstrong

Congress Limits
Sole-Source Contracts

In a catch-all bill that is supposed to
raise federal revenues and cut the
deficit, Congress has included tough
new restrictions on sole-source con-
tracting. Long a target of the House
Government Operations Committee,
sole sourcing is often cited as one
reason for the enormous waste in the
government procurement system.

Rep. Jack Brooks (D-TX) has indicated
that almost two-thirds of the annual
federal procurement is done through the
non-competitive sole-source contract
method. At current budget levels that
would total some $100 billion each year
in direct awards. The new legislation
requires competitive bids, except in cer-
tain limited cases, such as there being
only one source for an item, the possi-
bility that national security would be
compromised by open bidding, or an
unusually urgent need that precludes
the normal bidding process.

Also stiffened were the host of
government justification procedures for
not using competitive bids. The rules
about notice and approval which must
accompany any sole-source contracting
procedure now include informing Con-
gress 30 days before the award is made.
Companies that believe they have been
unfairly excluded from bidding on a
particular contract can appeal to the
General Accounting Office, Congress’
budget arm, for a hearing.

Computer Crime Bills

The House and Senate have approved,
and the President is expected to sign, a
bill that authorizes the Small Business
Administraation (SBA) to set up a com-
puter crime education program for
small businessmen. The bill permits the
SBA to work with private firms and set
up seminars and courses on how the
owners of small businesses can protect
themselves from various types of com-
puter abuse. The bill also includes a
favorite Washington patronage vehicle
— the advisory council. In this case, the
selected government and private-sector
members would advise the SBA on
issues relating to computer crime.
Also moving forward, but stalled
temporarily in election year recesses, is
the Counterfeit Access Device and

26

Computer Fraud and Abuse Act. Intro-
duced in the House by Rep. William
Hughes (D-NJ) and approved by the
Judiciary Committee, the bill outlines
new laws about credit card fraud. In
addition, it establishes a new felony
offense for computer crime aimed at
computer hackers. Persons trespassing
into a government computer, causing
damage greater than $5,000 in one year,
or taking more than $5,000 illegally
through a computer scam, could now be
prosecuted under federal law.

AEA Opens Tokyo Office

The American Electronics Association,
with the help of a $500.000 grant from
the US Department of Commerce, has
opened an office in Tokyo, Japan, to
improve the access of US firms to Japan-
ese markets. The office will lobby on
behalf of US interests, collect and dis-
seminate technical data on Japanese in-
dustry, act as a liaison with Japanese
industry groups and provide support for
association members trading in Japan.
Heading the office will be John Stern,
a specialist in US-Japanese trade.

Australian Government
Promises Copyright Law

Bowing to heavy pressure from the coun-
try’s computer industry, the Australian
Labor government has announced that
it will introduce legislation to amend the
Australian Copyright Law to include
protection for computer software.
Last December, in a suit brought by
Apple Computer against a look-alike
Wombat computer, Apple charged that
Wombat violated its copyright. The
Australian Federal Court judge handl-
ing the case ruled that Australian copy-
right rules did not cover computer soft-
ware. Since that ruling the software
industry in general has been confused
about what protection is available in
Australia for their products. Many
copyright attorneys, such as Susan
Nycum of Gaston, Snow, Ely, and Bart-
lett in Palo Alto, CA have advised US
companies to avoid business in Austra-
lia until the situation is clarified.
Lobbyists from the Australian com-
puter industry claim many companies
are following that advice and they face
a virtual embargo from overseas soft-
ware producers. The government is

proceeding with the legislation to pro-
vide relief for the industry until the full
Federal Court reviews the Apple case.
In the statement announcing the plan
to push for copyright protection the
government said, “There are real risks
of a withdrawal or limitation on the
availability of imported software in the
absence of copyright protection ... The
majority of software packages used
throughout industry, manufacturing, min-
ing and commerce are imported under
license, and limitations on the availability
of such packages would be a major set-
back to productivity and to Australian
industries’ endeavors to modernize.”

US Army Evaluates
Computer Contracts Series
The Army’s Computer Systems Selec-
tion and Acquisitions Agency has a vast
range of computer contracts in pro-
gress. Competitive bids have been
received on a two-year contract to sup-
ply field commanders with microcom-
puters. Although no dollar amount was
given for the contract value, it is ex-
pected that the two vendors selected
would supply large numbers of the ma-
chines. The Navy and Air Force recent-
ly awarded a joint contract for micros to
Zenith Data Systems.

Other projects in the works at the
agency include a contract for two large-
scale IBM or compatible computers for
the Korean Intelligence Support Sys-
tem, point of sale processors for 63
Army commissaries, a replacement
system for the Pentagon’s Consolidated
Telecommunications Center, and a mo-
bile computer system for Army forces
in Europe.

Postal Regions
Select Hardware

The US Postal Service has prepared a
list of qualified vendors for its four
regions and will permit each region to
select its own hardware system. Among
the list of manufacturers who made the
list are IBM, Digital Equipment Corp.,
Data General Corp., NCR Corp., Wang
Laboratories, and AT&T. Industry
observers say AT&T has the inside track
in the Central division to land a multi-
million dollar contract to provide its
new 3B2 and 3BS minicomputers to the
postal automation project.
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The MARS-432 32-bit, programmable, float
And with good reason. Because the MARS-432 has
world of speed, power and ease-of-use that’s hard fi

The MARS-432 already interfaces with some of this world
computers — DEC, Apollo, Elxsi — to provide users with a new le
of computational power. Interfaces for other leaders such as IBM,

* Perkin-Elmer, and Gould/SEL are scheduled to arrive soon.

Simply put, we're setting the direction in state-of-the-art

array processors with features such as:

Programming Ease

All of the computational power of an array processor

doesn’t mean much if accessing that power requires

days of tedious programming, debugfing and repro-

gramming. That’s why we engineered the

MARS-432 with an architecture specifically

designed to support a FORTRAN compiler and

a screen-oriented debugging system that

make accessing and utilizing its raw power a

very civilized process.

The MARS-432 also provides:

[J A Microcode Development System for off-line program
development.

[J An AP Run Time Executive Support Package (AREX) for
simplified processor initialization, I/O operations, and array
function executions.

[J Applications Libraries for math, signal processing,
and image processing.

Speed

OJ Add and multiply times of 100ns.

O Computational power of 30 megaflops.

O Computes a 1024-point complex FFT in 1.7ms.

CJ DMA transfers at I/0 bus rates of 20 megabytes/sec.

[J Data memory write or two reads in 100ns. , v

LLMemory paging for uninterrupted processing during /O transacti




DEPARTMENTS /Graphics

Tektronix Launches New Line Of 32-Bit Workstations

Tektronix’s (Beaverton, OR) entry into the
CAD/CAE arena this month marks a major
event in the world of engineering work-
stations. Attacking the market with full
force, the firm unveiled the 6000 Series
of four workstations (6120, 6130, 6210, 6212)
and an instrument controller (6110). The
intelligent graphics workstations can be
used as standalone systems, networked
together or linked to a mainframe. This
product offering will compete with similar
products from vendors such as DEC,
Apollo, Sun, Daisy, Mentor, Metheus and
Valid.

With engineering projects demanding
larger design teams, communications
between systems has become a primary
consideration. Integration of the Tektronix
systems into existing CAD environments
is achieved through terminal emulation
(RS-232) and by connecting workstations
together via the IEEE 802.3 standard
(Ethernet). Supporting software handles
communications services such as the ability
to transfer files between workstations and
log in to a remote workstation.

Recognizing the trend toward support-
ing established “standards,” the 6000 Series

runs the UNIX operating system, except
the 6110 instrument controller which runs
the firm’s real time operating system RTOS.
The 6110, however, will execute object code
generated by other family members. In
addition, the 6120 and 6130 can be config-
ured to run CP/M-86 and MS-DOS. The
Tektronix implementation of UNIX
includes the major features of System V
and Berkeley 4.2, with local area network-
ing, virtual memory and demand paging.
Other standard interfaces that the new line
accommodates include: RS-422, Cen-
tronics, Multibus, SCSI and IEEE-488.

TEKTRONIX 6000 FAMILY HARDWARE SUMMARY
6110 6120 6130 6210 6212
Processors Standard 32016 CPU 32016 CPU 32016 CPU 32032 CPU dual 32032 CPUs
32-bit display processor* 32-bit display 32016 I/O processor 32016 1/O processor
32081 I-P Proc. processor* 32-bit and 24-bit slice  32-bit display
32081 FP Proc. display processor* 24-bit slice display
PC Co-Processor 32081 FP Proc. processor*
/ 32081 FP Proc.
Optional 32032 CPU 32032 CPU
Memory Standard 265K 1MB iMB 1MB 4MB
Optional/Additional 512K, 1 & 2MB 1or2MB 1o0r2MB 9mB 16MB
Storage Standard 360KB diskette =~ 360KB diskette 360KB diskette 40MB Winchester 80MB Winchester
10MB Winchester 20MB Winchester
Optional 10 or 20 MB 20,40 or 8OMB 40 or 80MB 80MB Winchester 80MB Winchester
Winchester Winchester (repl) Winchester (repl) 40MB cart. tape 40MB cart. tape
external 40MB cart. tape 9-track tape 9-track tape
40MB cart. tape 300MB SMD disks 30MB SMD disks
external (1.2GB max) (1.2GB max)
Winchester disk 360KB diskettes 360KB diskettes
Interface Ports RS-232-C (2) RS-232-C (2) RS-232-C (2) RS-232/RS-422 RS-232/RS-422
Standard GPIB GPIB GPIB RS-232-C (3) RS-232-C (3)
LAN LAN LAN LAN
Y 8-bit parallel 8-bit parallel
Optional High-speed High-speed GPIB High-speed GPIB  High-speed GPIB** High-speed GPIB**
GPIB Hi-speed serial Hi-speed serial Hi-speed serial** Hi-speed serial**
24-bit parallel 24-bit parallel 24-bit parallel 24-bit parallel™* 24-bit parallel™*
8-bit parallel 8-bit parallel 8-bit parallel SCSsI** scsi**
Multibus adaptor SCSI SCSI Multibus adaptor Multibus adaptor
Addit'| RS-232 Multibus adaptor Multibus adaptor ~ Addit'| RS-232** Addit'l RS-232**
Addit'l RS-232 Addit'l RS-232
Display Systems 5 13" color,
Standard monochrome, 640x480
640x480
Optional 13"color, 15” monochrome, 19” monochrome, 19" monochrome,
640x480 640x480 1024 x 768 1024 x768
4010 Series 4010 Series 19” color, 19" color,
4100 Series 4100 Series 1024 x 768 1024 x768
4110 Series 4110 Series 4010 Series 4010 Series
4100 Series 4100 Series
4110 Series 4110 Series
*display processor comes standard in the 6000 Series display systems
**mid 1985 availability

Figure 1: A brief summary of the hardware and software specifications for the Tektronix 6000 Series.
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Ofti-the-shelf

or Customized

Fresh ideas in
terminal design.
That's what Cybernex
delivers when off-the-
shelf terminals don't meet
your special require-
ments. It's a challenge
that cannot be met with a
half-baked approach or
solutions cut from exist-
ing molds. This takes real
experience and extensive
product knowledge.

Specify your own
or we'll design.

Whether you're an OEM,
volume user or systems
integrator, we can
respond to your projects
with either standard
terminals or full product
customization. Our
custom capabilities
encompass every aspect
of the terminal including:

¢ keyboards

e sync or async protocols

e character sets

¢ smart peripheral
interfaces

» multiple pages

® ergonomics

e firmware

« control code changes

e special functions

e multilingual capabilities
e rack mount versions

e amber or green screens

e tilt and swivel stands

» packaging

And what’'s more...

In all our products, we
employ a 9 x 13 charac-
ter window, which allows
for greater character detfi-
nitions and continuous
line graphics.

Our custom keyboards
give you greater flexibil-
ity in key cap locations,
new key cap legends and
code arrangements. You
can choose from either
87 or 105 key formats,

in a typewriter or
communications style.

To learn more about
Cybernex standard or
custom terminals call us
toll free at 1-800-387-8290
or Telex 065-22093.




Ghaphics continued

Tektronix 6200 Series Intelligent Graphics Workstations use multiple 32-bit CPUs. The 6212 Work-
station with a 6000 family display in the foreground is connected to the Tektronix 4115B Display
Terminal with 4691 color graphics copier support and to the 4695 color graphics copier. The
cabinet at right houses two 300 Mbyte SMD disk drives and a 9-track tape drive.

The 6000 Series is based on National
Semiconductor’s Series NS32000 micro-
processors. At the low end of the 6000 line,
the 6110 instrument controller, the 6120 and
6130 workstations are configured around
National’s 32016 microprocessor (32-bit
internal/16-bit external architecture). A
summary chart of the hardware and soft-
ware specifications is shown in Figure 1.
The 6120 Intelligent Graphics Workstation
is aimed at the data analysis market seg-
ment for scientific, engineering and instru-

(Figure 1 continued)

ment control applications. Similar to the
6120, the 6130 includes an enhanced ver-
sion of UNIX and a 20 Mbyte Winchester
disk.

At the high end, the 6200 Series con-
sists of the 6210 and 6212 which are both
object- and source-code compatible with
the 6100 Series. The 6210 is intended for
mechanical engineering design and analy-
sis, printed circuit board design and cus-
tom/semi-custom VLSI design. More
powerful than the 6210, the 6212 is a pre-

configured version of the 6210. This top
of the line system is intended for
concurrently executing interactive tasks
such as schematic capture and computa-
tionally-intensive jobs such as circuit simu-
lation. Since the system uses dual 32-bit
processors, schematic editing and simu-
lation can run simultaneously on separ-
ate CPUs and on separate windows of the
display screen. (The 6210 can be upgraded
to the 6212).

For users presently using the Tektronix
4000 Series terminals, the 6000 family was
designed to support the 4010, 4100, 4110 and
4115B terminals.

One possible drawback of the new line
is that electrical engineering (EE) appli-
cation software will not be available from
Tektronix until mid-1985. With the 1983
purchase of VR Information Systems, (an
Austin, TX-based developer of gate array
and printed circuit board layout software),
Tektronix will undoubtedly offer a wide
range of EE software. Tektronix claims that
most UNIX-based application programs
will run on the 6000 Series; however, this
will only be verified by actually porting
existing CAD/CAE programs.

For users needing mechanical engineer-
ing application software, several vendors
including General Electric CAE Interna-
tional Inc., Manufacturing and Consult-
ing Services Inc., MacNeal-Schwendler
Corp., PDA Engineering, Precision
Visuals Inc. and Swanson Analysis Sys-
tems have announced intent to port soft-
ware programs to the 6000 Family.

Preliminary price ranges for the 6000:
Family Model 6100 — $5000; Model 6120
— $12,000 to $13,000; Model 6130 —
$17.000 to $19.000; Model 6210 with color
display — $38,500; Model 6212 — $53,500
to $58,500.

— Collett
Write 230

TEKTRONIX 6000 FAMILY SOFTWARE SUMMARY
6110 6120 6130 6210 6212

Operating Systems  RTOS BASIC Based on UNIX Based on UNIX Based on UNIX
Standard Based on UNIX

(subset)
Optional Based on UNIX (full) PC Co-Proc.

PC Co-Proc. Support

Support
Languages Standard proposed ANSI BASIC  proposed ANSI proposed ANSI proposed ANSI
Optional cB:ASIC gASIC (B;ASIC

gnhanced FORTHAN /7 Pascal Pascal Pascal

P | enhanced enhanced enhanced

aece FORTRAN 77 FORTRAN 77 FORTRAN 77

30
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Once in a generation:

introducing the

32-bit microprocessor
performance standard.




Unleash the potential of you
the complete 32-bi
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32-BIT ALU
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32-BIT
DYNAMIC BUS SIZING
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CACHE
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SYSTEM L
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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 faster in
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 toassist 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. Box 20912,
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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Graphics continued

New Company Debuts Eight Graphics Workstations

Demand for networked 32-bit graphics
workstations for technical applications is
so great that Apollo’s business is soaring,
Tektronix is jumping in, and there is still
room for more, at least, Mosaic Tech-
nologies (Billerica, MA) hopes so. The
company, founded a year and a half ago,
brought out a line of eight graphics
workstations based on the NSC32032
CPU and the AM29116 bit-slice pro-
Cessor.

The Shared Vision System (SVS)
workstations are based on UNIX, C and
Core graphics standards, with Multibus
and Ethernet interface slots. Fast
response time was a main design goal.
The full NSC32000 chip set with MMU
and floating point co-processor, 16
Kbytes of cache, ECC RAM, and the
microcoded bit-slice processor are con-
nected on the proprietary 32-bit System
Memory Interconnect (SMI). A “dual
rail” bus at 48 Mbytes/sec aggregate
bandwidth separates write from read
operations (Figure 1) for good
throughput.

Like Apollo, Mosaic plans to offer
hardware and general software to OEMs
and high volume end-users. Application
software development should be eased by
the object-oriented software. At the core
of the Mosaix UNIX-based OS is a File
System. Surrounding this are layered an
Object Storage Manager, and then utili-
ties, including window manager, menu,
graphics primitives and an image com-
position library. Over this, applications
and screen management can access either
the utilities or the Object Storage Man-
ager directly.

The power of a 32-bit single-user com-
puter provides not only design functions,
but also general purpose computing. Ac-
cording to Mosaic and others, only about
30% of a designer’s time is spent on
design creation; 30 % is devoted to detail
and documentation and another 30% is
spent in communication. Ethernet pro-
vides for sharing of a designer’s vision
and communication, hence the name
Shared Vision Systems.

Two series were announced: the
SVSI100s are desktop systems without
Multibus expansion slots and a maxi-
mum of 4 Mbytes of error-corrected ECC
RAM: 200 series are deskside, with ECC
RAM expandable to 8 Mbytes and up to
four 85-Mbyte disk drives, as well as

34

three Multibus slots. All of the worksta-

tions include a | Mbyte floppy, 45 Mbyte
streamer tape, keyboard, 2 RS-232 ports,
an Ethernet interface and Mosaix, C, em-
ulation, screen manager and file transfer
software.

Displays are all high-resolution 60 Hz
non-interlaced, with four monitors for
either series. The 110 and 210 use a 1024
x 800 15” B/W monitor; a 19" 1024 X
1280 pixel screen comes with 120 and
220 models. Color monitors are 19” 512
X 640, with four bits/pixel in models 150
and 250 and eight bits/pixel in the 152 and
252. List prices range from $25,900 for
the SVSI10 to $42,900 for the 252 color

system with room for expansion.

First official showings were at Sig-
graph, but at this writing, only a canned
demo was available. The speed and reso-
lution of the B/W system were impres-
sive. Systems are to be commercially
available in October. Mosaic plans intro-
ductions every three to six months, and
likely announcements would be higher
resolution color, more network functions
for resource-sharing and transparency,
added processors, data management fa-
cilities and GKS-compatibility.

—Pingry
Write 232
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Figure 1: The hardware architecture of Mosaic’s Shared Vision System workstations uses write
and read buses for improved throughput on the 32-bit system.
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IME ARENA CHAMPIONSHIP

| THE VME ARENA FORCE PUTS MORE POINTS ON THE BOARD

OUR OFFENSIVE LINE: CPU-1, CPU-2, CPU-3* ALL VMEbus COMPATIBLE

128KB/512KB 68000 CPU-1 VMEbus Board
SYS68K/CPU-1

® On-board storage 128K/512K byte DRAM
® 128K bytes of EPROM

® 3 serial I/0 ports plus 1 parallel I/O port

® Real time clock with battery back-up

256KB/1MB 68000 CPU-2 VMEbus Board
SYS68K/CPU-2
Dual ported RAM 256K/1M byte
16K bytes of SRAM, 64K bytes of EPROM
Floppy Disk Controller (5 1/4 ”, SA 460)
Multiprocessing, multimaster capability
1 serial multiprotocol plus 1 parallel port
Real time clock and battery back-up
capability

MMU-DMA 68000 CPU-3 VMEbus Board
SYS68K/CPU-3* (Preliminary Spec.)

® Memory Management Unit

® Direct Memory Access Controller

® 16K bytes of SRAM, 64K bytes of EPROM
® 4 level on-board bus arbiter

® Multiprotocol controller

® Real-time clock with battery back-up

Write 14 on Reader Inquiry Card

Other FORCE products of the SYS68K
VMEDbus family:

® Analog I/0 boards

Dynamic RAM boards

Static RAM boards
Floppy/Winchester controller

SASI Interface with DMA capability
Multiprotocol serial I/0 board
Power Supply and Backplanes
High resolution color graphic board
Integrated configurations and powerful
software

For further information please contact one of
our distributors or representatives or FORCE
Computers direct, the VMEbus specialist.

)

N
»

FORCE COMPUTERS INC. FORCE COMPUTERS GmbH
2041 Mission College Blvd. FreischitzstraBe 92

Santa Clara, California95054 D-8000 Miinchen 81

Phone (408) 988-8686 Telefon (0 89) 9510 41-44
TLX 172465 Telex 5 24 190 forc-d

OMPUTERS

&




DEPARTMENTS /Boards

Controllers Combine Disk And Tape
Interfacing With Full Emulation

The recent introduction of six controllers
manufactured by Spectra Logic Corp.
(Sunnyvale, CA) at this year’s National
Computer Conference are in keeping with
the company’s history of product develop-
ment. Spectra Logic has focused on emu-
lating single and multifunction controllers
for the Digital Equipment, Data General,
Texas Instruments and Perkin-Elmer mar-
kets. A feature of their products has been
the combination of disk and tape interfac-
ing with full emulation on one printed cir-
cuit board.

The new single-board computers are
targeted at three controller markets: Data
General (Spectra 17, Spectra 27), Texas
Instruments (Spectra 116, Spectra 126) and
Digital Equipment Corp. (Spectra 111,
Spectra 121).

For DG users, the Spectra 17 is a
disk/tape controller for use with the Eclipse
and MV series computers. It emulates both
the DG 616X series of controllers (when
using 80 or 160 Mbyte drives) and the 606X
series disk and 6021 and 6125 subsystems.

The controllers cable to disk and tape
from the system backplane via the chassis
bulkhead. One consideration in this
arrangement was that the controller had
to be compatibility “hardened” with the
chassis, or protected from electromagnetic
interference.

The board utilizes a 16-bit 29116 micro-
processor which controls the CPU, disk
and tape interfaces. To bring data trans-
fer rates to the level of the interfaces, the
board has separate buffering for disk and
tape, eliminating the problem of errors
stemming from late data. Drive mixing and
mapping configurations are located in
PROM. The Spectra 27 interfaces any com-
bination of four SMD-type disks to the
burst multiplexer channel or data channel
and eight '2" tape drives, including GCR,
to the data channel. Transfer rates of 2
Mbytes/sec for disk and 750 Kbyte/sec for
tape are supported. A companion model,
the Spectra 17, is a single-function disk con-
troller which has all the same hardware
as the Spectra 27 related to disk.

For the Texas Instruments 990 and BS
600/800 computer series, Spectra Logic
introduced the TILINE compatible Spectra
126. This disk/tape controller emulates TT's
CD1400, DS80/300 and WDMT disk and
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Figure 1: Spectra Logic Corp.’s new single-board, multifunction disk/tape controllers: (clockwise)
the Spectra 126, Spectra 120, Spectra 121, and Spectra 27.

979 tape subsystems. Like the DG con-
troller, it supports direct attachment of
shielded flat cables to meet FCC require-
ments for EMI emmissions.

The board is similar to the Spectra 27
except for the use of a bipolar micropro-
cessor and that it interfaces to two SMD-
type disks and four 2" tape drives. It also
supports transfer rates of 800 Kbytes/sec
tape. A single function model, the Spectra
116 is also available.

The Unibus compatible Spectra 121,
which follows the introduction of a Q-bus
compatible controller, can be used with
DEC’s PDP-1I and VAX computers.
Because the DEC controller market is
highly competitive, Spectra Logic is intro-
ducing products in each segment of that
market, such as Unibus and Q-bus, as they

have done with Data General and Texas
Instruments.

The Spectra 121 interfaces combinations
of both four SMD-type disks and four 2"
tape drives. Transfer rates are compara-
ble to the other introductions.

Users can program the on-board
EEPROM with menu driven software
without removing the controller from the
system, facilitating drive mixing and map-
ping. The Spectra 111 is a single function
disk controller with the same features as
the 121.

All of the recently introduced controllers
allow users to attach removable pack or
Winchester SMD drives. The six single
board computers add to the company’s line
of 13 board products. — Coville

Write 236
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NOW-GCR AND PE STREAMERS THAT REALLY
DRIVE DOWN THE COST OF OWNERSHIP

CHOICE OF DENSITIES: The 92181 runs at 25 ips start/stop
and 100 ips streaming with ANSI Standard 1600 bpi,
Phase-encoded (PE) format. The 92185 runs at 25 ips and
75 ips streaming with ANSI Standard 6250 bpi, Group
Coded (GCR) format; 25 ips start/stop and 75 ips
streaming with PE format.

TOLL FREE
HOTLINE

EXT. 82

IN MINNESOTA
(612) 921-4400

EASYTO OPERATE: fouch sensitive SO BEARINGS Dive berie (O0N
g ; control, cut media stress and

switches and LED indicators with wear caused by spring-

decimal readouts. Tape threading i e,

: : - | i !
guides allow simple, fast loading. ngg?%g:ffg %ﬁgr:%lr?gf ak

MAINTAINABILITY MEANS RELIABILITY. GCRTAPE PATH. Unique, patented SIMPLE MECHANICAL DESIGN.
Keystone tape units need no field tape path (only413"), solid-state No tension arms, vacuum columns,
adjustments of any kind. tension sensing, ond uP-controlied capstan motors or guide rollers.

No scheduled preventive : ; -
maintenance either. rs'ne;%r:‘%ro;ﬁterg:-se high-densty lape

|t ¢ B0 KB ¥ 8.0 0 N E . S ER

We designed the Keystone Series with built-in diagnostics and maintenance
features that make it simple to operate, easy to service, low in life-cycle costs.
For more information, call your local Control Data OEM Sales Representative
or write: OEM Product Sales, MNBO4A, Control Data Corporation,

PO. Box 0, Minneapolis, MN 55440.

(G2 CONTROL DATA




DEPARTMENTS/Systems

Multiple CPU System Provides
Concurrency For Real Time Computing

One new system based on the National
Semiconductor 32032 goes beyond the
improvements of full 32-bit processing to
true multicomputing. The Flex/32 Multi-
computer from Flexible Computer Corp.
(Dallas, TX) allows concurrent use of
multiple 32-bit CPU cards, memory
cards and I/O systems in a shared-
memory, tightly- coupled environment.

Within a multicomputer cabinet, two
common buses run along the top of three
sets of 10-card racks; vertically, 10 local
buses run between the three levels
(Figure 1). Out the back, VME connec-
tions are available to a peripheral control
cabinet for I/O based on the Eurocard
standard. Memory, processor and I/O
building blocks can be combined in an
erector set fashion.

Local tocommon bus interface through
common access cards and a common
control card allows memory sharing in
the multicomputer cabinet. Each com-
mon access card contains 128K of com-
mon memory as well as interprocessor
synchronization circuitry and connects
one local bus to the common buses. One
common control card is needed per
multicomputer cabinet. This card acts as
a common access card and also provides
the arbitration hardware for common bus
access.

The lower two levels of the cabinet may
contain CPU or memory modules mixed
in any configuration. If concurrency is
more critical than memory, up to 20
CPUs can share the 10 buses and use on-
board memory as well as the common
memory. Flex/32 CPU cards have 1
Mbyte of RAM and 128 Kbytes EPROM,
as well as 8-byte instruction cache and
32-page table cache. At the other ex-
treme, one CPU could operate with 19
memory modules. This single-processor
machine would need no common access
or control cards, with no need for com-
mon bus arbitration.

Memory cards come in two configura-
tions. Standard memory cards of 1, 2, 4,
or 8 Mbytes, have 150 nsec access times,
with double error detection and single er-
ror correction. Bus error checking can be
either single error correction and double
error detection or byte parity on both data
and address. High performance 128K to
2 Mbyte memory boards provide 35 nsec
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Figure 1: Four Flex/32 computers in a multicomputer cabinet; each local bus connects the CPU
to a memory card and common access or control card.

access time.

For each of the 10 local buses in a
cabinet there is a separate VMEbus out
the back for outside communication. An
I/0 interface is implemented through
VME boards in peripheral control cabi-
nets (Figure 2). These cabinets have 10
VME buses with up to nine cards each on
double Eurocard standard backplane/
card cage, and can be bolted on to
multicomputer cabinets. The VMEbus
was a logical choice for peripheral con-
trol and I/0O, as one of the only standard
buses that currently supports 32-bit
Processors.

Software for this multiple processor
architecture also consists of building
blocks. Common variable modules de-
clare variables common to all software

processes; language modules are written
in Fortran 77 (with ISA extensions for
real time operation), C, Ratfor or
assembly language; concurrent modules
are written in ConCurrent C; library
modules and interprocessor messaging
modules round out the system.

Flex/32 systems use two operating
systems: UNIX V for universal software
development and ConCurrent C for
developing real time concurrent object
modules. If a software house decides to
support it, Flexible will likely add Ada.
Flexible’s multicomputing multitasking
support utilities, in conjunction with
ConCurrent C, helps develop run time
real time executive programs.

Redundancy is possible by configuring
two common control cards and using
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Feast your I/Os on this

Unplug the old. Plug in the new. Bit Pad Two
The newest addition to Summagraphics’
MM Series Data Tablets is format, function
and plug compatible with Bit Pad One and
Ten, and our other RS-232 UIO tablets.
Summagrid, Supergrid and Microgrid.

Bit Pad Two offers the high reliability and
low cost you'd expect of a product called Bit
Pad. Plus electromagnetic technology to elim-
inate periodic biasing. And contemporary :
styling for today’s ergonomic workstations.

Bit Pad Two is slim. Handsome. With a flat
work surface for cursor steering or menu
picking. And no metal edges or restrainers
to scratch desks, catch spills, or collect dust.
You have a choice of a 3 or 4 button cursor
or one button stylus, which are interchange-
able. Resolution (up to 1000 lines/inch), baud
rate and sampling rate are switch selectable
or programmable via the keyboard, along
with remote request, software reset and self
diagnostics.

Now you can move up to the latest in
digitizer technology without special drivers
or software rewrites. With Bit Pad Two. It’s
versatile. Programmable. Friendly. Built and
backed by the company that knows how tg@
deliver high quality. Summagrap '

For information contact :
Corporation, 777 Sta ectE
PO.Box 781 1eld CT 0
(203) 384-1344. Telex 96-4;

Ger




Systems

continued

Scalable Multicomputer

To-From Other

Computer Or
Peripheral
Multicomputer Cabinets
Cabinet
[ To-From
) Input-Output
Devices
Peripheral
Cabinet

M@ Common Memory E Local Memory m 1/0 or Controller Modular

Figure 2: VMEbus-
based peripheral con-
trol cabients hook to
multicomputer cabi-
nets via VMEbus.

Common (Shared)
Memory Hardware

When (empty = TRUE)
Buffer = data;
empty = false

Interrupt

Processor 1

" Gommon
BuUusS

Activat

eF

Interprocessor Messaging
Hardware

Il

Common

Bus

When (empty = FALSE)

data = Buffer
empty = true

Processor 2

Processor 4

Processor 5

Proces!
F

Whenever (trap)
service-trap

Figure 3: For concurrent use of multiple CPUs, Flexible offers two main types of interprocessor
communications: interprocessor messaging and Conditional Critical Region Communications

(CCRC).
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CPU modules redundantly rather than
concurrently on processes. A continuous
self-test system built into each card adds
further fault tolerance. Dual redundant
buses (shown at the bottom in Figure 1)
interface with the 8-bit self-test micro-
computers on each board. This system
can perform fault diagnosis and isolation
or performance analysis of intercomputer
communication.

Mechanisms for interprocessor and in-
terprocess communications are provided
with the goal of not dictating implemen-
tation. There are two prime methods of
synchronized communication between
processes on different computers within
a multicomputer cabinet: interprocessor
messaging or data sending and Condi-
tional Critical Region Communications
(CCRC), or using a shared memory
mailbox.

Hardware for arbitration of the com-
mon memory for CCRC is on the com-
mon access and common control cards.
In Figure 3, processes A, B, C and D are
using CCRC with common memory buf-
fers. A and B, by using proprietary syn-
chronizing hardware, only go to the com-
mon bus when there is information
available for them in buffer 1. They can
examine the sync hardware without ac-
cessing the common bus, as C and D do
using read/modify/write instructions.

Note that process E is also running on
processor 3, in a multitasking environ-
ment with process C. E is communicating
with F by means of interprocessor mes-
saging hardware. In the application
shown, E raises an exception in F by is-
suing an activate statement. Process F
responds to the exception with the service
trap routine.

The combination of hardware and soft-
ware building blocks in an architecture of
true multiprocessing, with I/O on the in-
ternational Eurocard standard, allows
flexibility for expansion or reconfigura-
tion. Concurrent C software and multiple
32-bit processors make possible real time
computing for large and I/O intensive
applications.

Flex/32 is a directly programmable
multiple instruction stream/multiple data
stream computer. CPU cards with 100
nsec cycle time, 4 Gbytes addressing,
cache RAM and EPROM, demand paged
memory management and floating point
processor can communicate three ways
with their local bus connections to com-
mon bus and memory. Though the boxes
are general purpose, initial market thrust
is to industrial and government markets,
as well as specialized scientific applica-
tions. — Pingry

Write 233
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Fingertip control

1722A NSTRUMENT CONTROLLER

The Fluke 1722A
Instrument Controller

Of course, the biggest difference is
1722A touch-sensitivity. It will make your
system truly user-friendly. And that sells
systems!

But there's much more.

The 1722A Controller provides your
customers with predictably controlled
procedures. Even semi-skilled personnel
can easily operate complex systems at
the touch of a finger.

Designing the 1722A into your system
is no problem. It's fully integrated and
features a high-performance micro-
computer, graphics display, 400K disk
drive, complete software packages, plus
RS-232-C and IEEE-488 1/0 ports.

Most importantly, with the 1722A you

Panel or rack mountable, the 1722A fits right
into your OEM system.

get Fluke support. You're working with a
multinational corporation and worldwide
service organization.

The 1722A Instrument Controller is
available, on an OEM basis, in as few as

20-piece quantities for under $6000. For
further details, contact your local Fluke
Sales Engineer or Representative. Or call
us at 1-800-426-0361.

Consider the 1722A in your next de-
velopment. It will make your OEM system
easier to build, to sell, to use, and to
support. That's a big difference!

IN THE U.S. AND NON-
EUROPEAN COUNTRIES:
John Fluke Mfg. Co., Inc.
P.0. Box C9090, M/S 250C
Everett, WA 98206
206-356-5400, Tix: 152662

IN EUROPE:

Fluke (Holland) B.V.
P.0. Box 5053, 5004 EB,
Tilburg, The Netherlands
(013) 673973, Tix: 52237

FLUKE

Write 12 on Reader Inquiry Card

Copyright © 1984, John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4823-1722  For technical data circle number







Qume can give your system extra appeal —with terminals
made to order to your exact specifications.

We'll work from your specs, or be your
partner in the development process. A
dedicated Qume applications engineer
will be with you from start to finish,
to help identify your needs and
recommend the right ingredients 4
to make your product plan a success.

Choose a different interface. A unique command set.
Even specialized electronics. No modification is too small, no
specification too unusual for our experlenced team
of hardware and software design profes- -
sionals. On the outside, select custom
colors, your own labels and logo, pro-
prietary packaging and owner’s
manuals. Without paying heavy
premiums for these extras.

From custom design to —_—
assembly, we can do it all for you—or any portlon of it. We 11
build your terminal with the strict quality control that has
earned us the industry’s lowest DOA rate. We'll give you quick
turnaround and delivery schedules
you can count on. And we'll keep ilip
service simple with modular
design and a ready-to-ship
spare parts inventory.

You'll find doing business with us

When you really easy, because we work hard to maintain
flexibility. Simple, straightforward
want it your way, '

contracts. No surprising incremental

We’ll be there. charges. And because Qume is a member

of the ITT family of companies, you know
we'll be there to serve you.

) custoM
OEM TERMINALS

If you're looking for ways to beef
up your system, call Mike Sugihara,
Manager of OEM Marketing, at
(800) 223-2479. And get the details
from the one OEM terminal team
that can really deliver it your way:
Qume Corporation, 2350 Qume Drive,

San Jose, CA 95131.
Qume.

Subsidiary of TT'T
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Sys’cems continued

Dedicated Stand-Alone System
Is First For Analog Circuit Design

Until recently, there were no stand-alone
workstations dedicated specifically to
analog circuit design. The Analog Work-
bench, introduced by Analog Design
Tools, Inc. (Menlo Park, CA) is a micro-
computer-based workstation developed
solely for analog circuit design, provid-
ing on-screen simulation of circuits and
test instrumentation.

Previously, software packages for ana-
log design have been available which run
on mainframe computers, but stand-
alone workstations have proven ineffec-
tive for the analog designer because of the
differences between the design tasks of
digital and analog circuitry.

The function of a digital circuit work-
station is to create and verify a complex
roadmap of thousands of circuit ele-
ments. Conversely, an advanced analog
circuit may have as few as 30 elements,
each of these requiring detailed charac-
terization. For example, 42 parameters
must be examined for a single transistor.
Whereas a digital workstation simulates
one test instrument, a logic analyzer,
analog engineers need additional equip-
ment such as oscilloscopes, function
generators, frequency sweepers and DC
multimeters.

The Analog Workbench simulates all
schematics, devices, test instruments and
calculations of analog circuit design,
eliminating the man hours of assembling
breadboard prototypes at a workbench.
Hardware for the system is Sun Microsys-
tems, Inc. (Mountain View, CA) Model
2/120 which is based on a 32-bit MC68010
microprocessor. The system runs on
UNIX, has a 50 Mbyte 5%" Winchester
disk drive, 20 Mbyte 1/4” streaming tape
drive, monochrome video display, de-
tachable keyboard and optical mouse.

The Analog Workbench uses a menu-
driven software scheme which follows
the logical flow of the analog design pro-
cess. For example, selecting “transistor”
on the circuit element menu displays all
the specific transistors available for use in
that circuit. The mouse is used for menu
selection except in cases where circuit
names or a definition of element values is
required. In these cases the user types nu-
meric values or text on the keyboard.

Once selected, circuit elements appear
in a circuit window, a blank space on the

<3l

Figure 1: An example
of on-screen analog
circuit simulation.

Figure 2: The Analog Workbench is a turnkey stand-alone workstation based on the 32-bit model

2/120 from Sun Microsystems.

screen where the circuit is constructed.
The mouse moves elements within this
window, flipping or connecting them
with other lines.

Three test setups are provided: a time
domain setup with generator and oscillo-
scope; a frequency domain setup with
sweeper and network analyzer; and a DC
set up which includes a DC multimeter.
Probes are then placed on completed cir-
cuit designs to connect test instruments,
all simulated in software.

After the circuit is drawn and tested,
the results are displayed on another win-
dow on the screen. The multiwindow dis-
play contains one million pixels orga-
nized in 900 rows of 1152 columns. The
display contains a dedicated processor
for raster operations and has 128 Kbytes

of dual ported frame buffer memory.

The Analog Workbench comes with
several circuit libraries, which contain
models of bipolar transistors, JFETS,
MOSFETs and diodes. Other software
includes an editing program for drawing
and modifying schematics, simulation
programs which emulate test instruments
operation, a window manager and a C
language compiler.

Because the system is UNIX-based, a
variety of software from third party ven-
dors is available. The system sells for
$74,800 and includes all workstation
hardware and software. An Ethernet in-
terface is optional. Deliveries begin in
October.

—Coville
Write 237
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* PROBLEM AREA

* MTBF

CPU BOARD FAILURE

Read The Fine Print.

Letters. Numbers.
Charts. Graphs.
Fine curved or
straight lines.
Engineering
drawings and
presentation
materials. On paper or film.

The CH 5201 puts high quality color hard
copy in your hands.

With amazing consistency. Ask for 100
copies and the last one looks as good as the
first. No wash-out. And no color deviations.
Lines remain parallel. Curves look like
curves. And details don't turn into blobs.
Whether you're using plain paper or trans-
parency film.

There are no long waits, either. Because

* COST TO REPAIR

ANALYSIS

the 5201 is fast. In the time it takes most other
copiers to produce a sheet, the 5201 can
produce a stack! Its built-in frame buffer
captures the image and lets you make up
to 99 copies. Without operator attendance.
Plus, it frees your terminal. Which frees you
from wasting a lot of time. -

Finally, the 5201 is a system manager's
delight. Our Adaptable Video Interface
(AVIF) accepts a wide variety of video
inputs, making interface a breeze.

For a demonstration of this rather inex-
pensive miracle contact your Seiko Instru-
ments representative, orus at 1623 Buckeye
Drive, Milpitas, CA 95035, (408) 943-9100.

You'll be amazed at how easy and
inexpensive it is to read the fine print.

SEIKO

instruments N

© 1984 Seiko Instruments U S.A |, Inc., Graphic Devices & Systems Division
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DEPARTMENTS/ICs

Oki Semiconductor Enters Commercial Gate Array Market

Add one more vendor to the growing
number of semi-custom IC manufacturers.
Oki Semiconductor (Sunnyvale, CA), a
subsidiary of Oki Electric Industry Co.,
Ltd., is known for its achievements in
memory, CMOS microprocessors and
speech synthesis. They recently introduced
family of CMOS gate arrays that range
from 380 to 4205 gates.

Oki's MSM60000 and MSM70000
CMOS array series’ are three-micron,
silicon-gate, dual-layer metal. The firm
claims typical propagation delays of three
nsecs for two-input NAND gates and in-
puts and outputs are compatible with TTL
and CMOS. Both series reportedly handle
voltages from 3V to 6V and operate in a
temperature range from —40° C to +85°C.
Available packages include DIP, plastic
flat pack, pin grid array and plastic
leaded chip carriers.

Oki’s functional library includes 77
basic logic blocks and 38 macrocells.
After design, masking, prototyping and
volume fabrication takes place in Japan
where the silicon foundry is located.

According to Ray Houghton, Product
Marketing Manager, Oki is manufactur-
ing packages with up to 132 pins, with

Development Commitment of OKI CMOS Gate Array Family
DESIGN  LINE-UP 1984 1985 1986 1987
300 GATES IN PRODUCTION
700 GATES IN PRODUCTION
1400 GATES IN PRODUCTION
g_ 2000 GATES IN PRODUCTION
&0 4000 GATES IN PRODUCTION
— Schmitt Trigger Input
— Crystal Oscillator - SHRINK D&E PRODUCT
— Pull Up/Down
10000 GATES D&E IN PRODUCTION
FAMILY EXTENSION DESIGN & EVAL. PRODUCT
§  6000Gates
o 8000 Gates
20000 Gates DESIGN & EVAL. PRODUCT
— Include Memory/PLA

280 pin packages currently under devel-
opment. Oki is also developing two-
micron CMOS gate arrays with two nsec
propagation delays that will be available
later this year.

Concurrent with the introduction of

these high speed arrays will be the
opening of design centers in Los Angeles,
Dallas, Boston, Minnesota and Pough-
keepsie, New York.
— Collert
Write 231

New Family Of GaAs ICs

A full family of ultra-high speed, ultra-
high frequency GaAs semiconductors,
developed by GigaBit Logic (Newbury
Park, CA), is targeted for use in products
already in the marketplace. GaAs’ prom-
ises of performance advantages and
speed increases by a factor of ten have
caught the interest of OEMs and end-
users alike.

GigaBit’s ICs are based on their patent-
pending Capacitor Diode FET Logic
(CDFL) circuitry and are manufactured
using the company’s proprietary FastFet
process, a planar technology similar to Si
VLSI. In GigaBit’s process, no isolation
channels are required due to the isolation
provided by the semi-insulating GaAs
substrate. Multiple localized implants de-
fine active device regions. [on implemen-
tation is used exclusively for the introduc-
tion of dopants as opposed to high tem-

a6

perature diffusion. One micron widths
are obtained by using direct-step-on-
wafer photolithography.

Twelve new products in GigaBit’s Pico-
Logic family of their FastGaAs Series
were recently introduced, including
ultra-high speed logic ICs, counters/pre-
scalers, and diode and transistor arrays.

The ultra-high speed logic product line
consists of the 10G000, a 75 picosecond
Quad three input NOR gate; the 10GOl1
dual one to four fanout buffer; the 10G021
dual precision D flip-flop; and the
10G012 comparator/complementary
driver. Ultra-high frequency ICs in the
counter/prescaler line include a 3 GHz
two-stage ripple counter, a séven-stage
ripple counter with clear, a4 GHz seven-
stage ripple counter, and a variable mod-
ulus prescaler. Rounding out the present
PicoLogic family are two diode arrays, a

single gate FET array and a dual gate
FET array. To aid the user in evaluating
GigaBit’s new ICs, the company is also
providing an evaluation board.

All 12 products are available in dice
form, in hermetically sealed leadless chip
carriers, or in hermetically sealed flat
packages. The 10G models all provide
ECL compatibility so they can immedi-
ately be used in products presently em-
ploying ECL. The 11G566 4 GHz seven-
stage ripple counter provides TTL/CMOS
interface capability as well.

The ECL compatible inputs and out-
puts facilitate using the 10G00O input
NOR gate in existing high performance
systems for improved throughput, re-
duced signal skew and increased timing
margin. The 10G000 can also be driven
from and driven to TTL and CMOS
gates, providing high speed TTL/CMOS-
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WE CONFIGURE IT OUT

Whatever your application
requirements, our FPS-5000
Series of Array Processors
offer a power-memory-1/0
configuration to match.

No two application environments
are exactly the same. No single array

processing system can meet every need.

That's why, unlike other systems on
the market, the FPS-5000 Series from
Floating Point Systems gives you
a choice:

The FPS-5000 family, with 16 primary
configurations, offers a performance
range from 8 to 62 million floating-
point operations per second; data
memory from 0.5M to 1M words; pro-
gram memory to 32K words; and a
variety of /0 options.

By taking this modular approach to
system architecture, we're able to work
with you in determining the optimum

FPS-5000 SERIES

configuration to match your particular
performance requirements. Should
your requirements change, cost-efficient
field-installable upgrades assure
continued compatibility.

Distributed Processing
Architecture

The unequalled configurability
and cost efficiency (less than $2,000
per MFLOP)* of the FPS-5000 Series
is achieved by combining a distributed
processing architecture with the latest
VLSI technology.

Throughput is maximized by allo-
cating the computational load to a
set of independent, self-contained
18-MFLOP-capacity processing units
called Arithmetic Coprocessors. I/O
processors can be added to interface
with bulk storage and real-time de-
vices. Data flow is managed by both

Rated MFLOP

the central control processor and by
independent I/O processors.

With distributed processing architec-
ture, you select the power-memory-1/0
configuration that is tailored specifically
to your needs.

We work with you

Floating Point Systems pioneered
the array processor in 1975, and has led
the industry ever since, with product
developments and enhancements .
designed to optimize each customer’s
systemand protect their investment.

The FPS-5000 Series is no exception.
It provides a software migration path
for our previous 38-bit processors,
interfaces with a wide range of host
computers, and offers the same impecc-
able quality, reliability and worldwide
support services that have always set
Floating Point Systems products
above the rest.

For more information, call toll free,
1-800-547-1445.

*Based on U.S. Domestic Prices, Model FPS-5430
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ICs continued

to-10G/ECL and ECL/10G-to-TTL/
CMOS translation capability.

Typical applications for the fanout
buffer include data buffering and clock
distribution. Because the 10GOll is a dual
buffer, both true and complementary
clock signals can be buffered by one chip,
minimizing skew differences between the
two clock phase.

The line of ICs cover applications such
as high-speed switching circuits, wave-
form clamps, high frequency mixers or
input protection devices. The 16G010 and
GOll are Schottky barrier diode arrays
consisting of 14 individual diodes plus a
full wave rectifier. Both feature low junc-
tion capacitance and low series resis-
tance. The G020 contains 11 single gate
GaAs depletion MESFETs on a single
chip. One pair of MESFETSs has a com-
mon source for use as a differential pair.
The MESFETs are ideal for high fre-
quency applications utilizing relatively
small signal levels, in both digital and
analog circuits. Eight dual gate GaAs de-
pletion MESFETs are contained on the
G021 chip, providing for applications
using relatively small signal levels in both
digital and analog circuits.

Immediate markets for GigaBit’s prod-
ucts include OEM manufacturers of com-
puters that process data at hundreds of

G —— " —— T—
s

LT j
u' |
-y < 8

GigaBit Logic 10G000 75 picosecond quad three input NOR gates.

MIPS, fiber optic communication sys-
tems that will accommodate as many as
30,000 individual telephone conversa-
tions on a single fiber optic pair, instru-

mentation operating in the GHz range, as
well as military/aerospace systems.

— Hanrahan

Write 239

DEPARTMENTS /Backplane

Exercising Packaging Options For Electronic Circuits

Connector options can affect the cost, effi-
ciency, flexibility and maintenance diffi-
culties of computer systems. Bus config-
urations affect packaging options and con-
versely, packaging decisions may affect
the efficiency of the bus.

When selecting a packaging scheme, the
most essential consideration is cost. Bus
length is also important, since too long a
path may produce unacceptable signal
delays or distortion, especially as speeds
increase. Bus parameters and packaging
methods affect adaptability and expand-
ability of a system, as well. The designer
may choose either a backplane or a stack-
ing bus structure. Three connector types
are available: card edge, two piece, and
zero insertion force (ZIF).

a8
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Figure I: Split backplanes are used for large numbers of lines; ZIF connectors act as both connectors

and card guides.
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The lean, mean
plotting machine
from Houston

Houston Instrument’s brand new servo driven
DMP-51 is the fastest drum plotter we’ve designed
to date. This superb plotter offers a pen speed of up
to 22 inches/second; programmable accelerations,
and a pen-on-paper resolution of 1/1000 of an inch!
That means you’ll turn out quality 17" x 22" and
22"x 34" drawings a lot faster, increasing your firm’s
productivity and profitability.

Now, for more good news. The DMP-51, priced
at $4,495%* is as fast as other plotters costing three
times more. At that price, you can afford to put a
DMP-51 at individual drafting work stations.

This is the professional plotter that meets the
needs—and the budgets—of all companies, large or
small.

*Suggested U.S. retail price

The DMP-51 is intelligent, too. The DMP-51
can execute complex graphics operations from the
simplest commands. A mechanical/architectural
version, the DMP-52, with its 18" x 24" and
24" x 36" paper size, is available for the same price
from Houston Instrument.

So, watch our new plotter in action . . . it won’t
take much time to realize it’s the best buy for your
money. For the name, address .and phone number
of your nearest dealer or distributor, write Houston
Instrument, 8500 Cameron Rd., Austin, Texas, 78753.
You can also call 1-800-531-5205 or 1-512-835-0900
(Texas residents). In Europe, contact Houston
Instrument Belgium NV, Rochesterlaan 6, 8240
Gistel, Belgium. Tel: 059-27-74-45. Tlx: 846-81399.

hiouston
instrrument
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Backplane continued

Standard backplane systems use a
motherboard bus to provide a signal path
between daughterboards. Though the one-
motherboard backplane bus traditionally
employs one-piece edge connectors, two-
piece connectors are being selected for
complex circuits.

If the number of signal lines becomes
unmanageable, the split backplane bus with
two motherboards (Figure 1) should be
selected to shorten the signal path length
between daughterboards. The drawback
of a split backplane bus with card-edge con-
nectors is that disassembly is required when
replacing a single daughterboard. A side-
entry ZIF connector eases that; contacts
are cammed open so that the daughterboard
slides into the connector. Higher connec-
tor costs are offset by eliminating the need
for card guides and other hardware.

One advantage of the backplane bus is
that several standard configurations exist.
It is often more cost-effective to specify
astandard bus and use off-the-shelf daugh-
terboards than design bus and boards.

Another advantage is flexibility by
adding new boards, the system is con-
figured for future needs, and repair means
simply swapping boards.

However, expansion capability is lim-
ited to the size of the motherboard and the
number of connectors it can hold. Unused
connectors waste space and money: a 10-
slot motherboard with only two daughter-
boards is clearly inefficient. The long
signal paths in a standard backplane may
slow the system speed and degrade perfor-
mance. Designing electronics to overcome
signal distortion and delay will increase
costs. Still, the backplane bus is versatile
and effective and often is the selected
standard.

A stacking bus overcomes the disadvan-
tages of the backplane bus by eliminating
the motherboard. Here, boards are stacked
(Figure 2); the tails of each connector
extend through one board and plug into the
connector on the board below. The bus is
carried through the connectors. This
scheme allows variety in the size, shape,
and thicknesses of the boards used.

Expansion is available from the top and
bottom boards of the stack. The minimum
system contains no unused connectors and
wiring, and the maximum system is limited
only by the cabinet size and electrical con-
siderations such as the power supply.

In addition, connectors can be placed
anywhere on the board and a split bus is
possible. Careful placement of connectors
will eliminate or reduce the need for other

Stacking Connectors
(Connector located
for best circuit layout)

| A
7 W

R atest __/ /
Z_____W_‘___,

Clock/Reset
Power

Figure 2: A stacking bus uses only needed connectors and wiring, with cabinet and electrical
considerations limiting system size instead of a motherboard.

hardware to support the boards. Signals
do not have to be brought to the board
edge; edges are then available for spe-
cial interconnection needs. Signal paths
are shortened both on the board and
through the connectors from board to
board.

One disadvantage is that replacing
boards in the middle of the stack requires
some disassembly. Many stacking con-
nectors require plated-through holes,
which may add complexity. Also, since
the stacking bus is less widely used, it is
not standardized and off-the-shelf boards
are not available.

Card-edge connectors are mounted on
the motherboard; pads on the daughter-
board plug into the connector. These have
disadvantages for a large number of con-
tacts in the connector. To maintain elec-

trical and mechanical continuity over a
range of board tolerances, connector con-
tacts must exert relatively strong pressure
on the PC pads during mating.

A board nominally 0.062" thick typi-
cally has a tolerance range from 0.054" to
0.070". To provide sufficient force on the
mjnimum thickness board and yet not
permanently damage the thicker board,
mating forces are usually between 8 and
16 oz. per contact, limiting card-edge
connectors to 140 positions or less.

Card-edge connectors don’t work well
with warped or thick multilayer boards.
These connectors are restricted to two
rows of contacts to mate with two-sided
boards. Because connector tolerances
and board tolerances are controlled by
different manufacturers, limits are placed
on contact spacing.

Figure 3: Two-piece connectors generally use a pin and receptacle arrangement.
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Introducing

the most powerful
office-environment
computer specifically

r designed for
engineering
applications.

18
{

Put yourself in a position of power.

The Celerity C1200. A multi-user or stand-alone, high-performance
engineering workstation with system features formerly found only in
superminis or mainframes.

It’s designed for exceptionally high productivity in a variety of
large, complex, computationally intensive engineering applications.
Such as: Simulation. Analysis. Modeling.

Its performance comes from ACCEL, a true 32-bit proprietary
processor executing 2 million single-precision Whetstones per
second. It is capable of up to 24 megabytes of physical memory.

The Celerity C1200 is the only workstation combining high
performance with an industry-standard software/hardware
platform. It provides maximum flexibility for every aspect of the
engineering design process. UNIX operating system (4.2BSD). IEEE
796 1/0 bus (Multibus). And Ethernet-compatible ACCELNET.

The Celerity C1200 is the problem-solving tool with
concentrated local intelligence that supports high-resolution color
graphics. A powerful window manager. FORTRAN77. Pascal.

C compiler. And peripherals

g The Celerity C1200 is power for productivity. Discover how
@8 productive you can be. Discover the Celerity C1200.
CEI.I:R"Y COMPUTING See the Celerity C1200 at AutoFact 6.

9692 Via Excelencia, San Diego, California 92126 (619) 271-9940

ACCEL and ACCELNET are registered trademarks of Celerity Computing. / UNIX is a registered trademark of Bell Laboratories
Multibus is a registered trademark of Intel Corporation. / Ethernet is a registered trademark of Xerox Corporation
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Bac:kplane continued

Mating Force

8.0

(Ounces/Contact)

15

ZIF HDI Euro- Post/ Card
Card Box Edge

Figure 4: Comparison of mating forces for five
connector families from AMP, Inc.

Card-edge ZIF connectors, as used on
the split backplane, reduce the mating
force to zero when the connector is en-
gaged or disengaged. But the force re-
quired to cam the contacts closed limits
the number of positions. The connector
must still compensate for board toler-
ances. Nevertheless, it should be consid-
ered when a large number of positions
are required.

The two-piece connector, Figure 3,
where one half of the connector is on one
board and the other half'is on the mother-
board, overcomes many of the disadvan-
tages of the card-edge connector. Most
versions use a pin and receptacle. This

eliminates the need to mate with both
sides of the board, for up to four rows of
pins.

A single manufacturer controls and
accounts for the tolerances of both mat-
ing components of two-piece connectors.
As a result, the mating forces for each
contact pair are lower to allow as many as
700 contacts per connector. Contacts can
be 0.001", 0.075", or 0.050" centers.

Figure 4 shows the mating force per
contact for five connector families from
AMP. For the three center families of
two-piece connectors the maximum
number of positions per connector
increases as the mating force drops. The
ZIF connector is still limited by the force
required to cam the contacts closed.

Two-piece connectors cost more but
offer lower in-place and applied costs
over card-edge connectors. They reduce
the use of gold in both connectors and PC
boards. The connector manufacturer can
selectively plate connector contacts with
gold only in the areas where the contacts
mate. Board manufacturers typically
allow for board tolerances with large PC
pads. The higher mating force of the
card-edge connectors usually also re-
quires a thicker plating layer on both con-
nector and board contacts.

Cost savings in board manufacture
come from less board preparation —
such as chamfered lead-in to aid insertion
of the board into a card-edge connector.
Two-piece connectors’ tolerance of vari-
ations in board thickness may mean fewer
board rejects.

Two-piece connectors are reliable first
because the receptacle contact allows it to
mate on both sides of the male contact.
This provides redundant electrical conti-
nuity. Second, the connector is relatively
insensitive to vibration. Because the re-
ceptacle contacts can have spring members
of different lengths, electrical contact of
each member is ensured during extreme
vibration. Third, receptacle contacts are
in cavities that protect them from stubbing
during mating. Special cavities can also
be molded into the housing of two-piece
connectors to accommodate power, coax-
ial, or fiber optic contacts.

Both card-edge and two-piece connec-
tors are predominately used with back-
planes. The use of bottom- or top-entry
receptacles in connectors allows boards
to be stacked. A special two-piece stack-
ing ZIF connector is easily adaptable to
a stacking bus.

Increasing electronic sophistication,
density, and application requires design
and packaging engineers to carefully weigh
options. The wrong choice can limit the
system design or make design of future sys-
tems incompatible with existing systems.

As the number of I/O connections per
board increases, the need for a flexible,
high density bus also increases. The selec-
tion of the bus affects the efficiency of the
system; similarly, selection of the connec-
tor affects the efficiency with which the
bus is implemented.

— George Lawrence, Senior Development
Engineer, AMP Inc.
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DEPARTMENTS/CAD/CAM

A CAD Program From Lucasfilm

From the people who brought you Star-
wars is a software package for designing
electronic circuits boards ‘and semi-
custom integrated circuits. Appropriately
called CADroid, the Lucasfilm schema-
tic capture package runs on a variety of
UNIX-based computers such as the Sun
workstation, Apple’s Lisa, Apollo, and
the CADMUS 9790. Priced at $6000 for
first time users, CADroid is aimed at
users who want to integrate low cost
workstations with affordable electronics
CAD.

CADroid is designed to be the front-
end of electronics design by allowing a
user to create a library of schematic draw-
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ings, checking the schematics for errors
and generating a netlist. The schematic
design module was written in C and pro-
vides convenient interfaces to other mod-
ules such as simulation, verification
placement and layout packages. The edi-
tor offers windowing and menus, and
uses a mouse and keyboard for data entry.
The menu, which has 25 commands and
55 subcommands, allows hierarchical
design rules with unlimited levels of hier-
archy. Data entry through the drawing fa-
cility has drawing tools such as attach.
move. jump, erase, flip and unmove.
Zoom and pan are also possible where
the drawing space can be as large as 650"

X 650"

What makes the package unique is that
the software is sold independent of hard-
ware. Typically CAD packages are sold
inclusive of hardware. The goal was to
create a transportable CAD system on the
UNIX operating system. In addition, the
package is unique in providing drivers for
routing. After atypical CAD system cre-
ates a netlist, the user brings the tape to
a service bureau for post processing.
While there are hooks to interface with a
driver, an added charge is made in addi-
tion to the routing. The finished result is
a printed circuit board (pcb) layout.
CADroid differs by including the DIP
formats in its library to configure the
schematic for a board’s physical layout.
This simplifies the process in addition to
reducing costs.
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CAD/ CAM continued

The origins of the CAD package came
from SUDS, a Stanford University De-
sign System that ran on a PDP-10 and was
written in assembly language. The com-
mercial software group (CSG) at Lucas-
film used many of the basic concepts of
SUDS for their own CAD system, wrote
transportable code in C, and took advan-
tage of the basic library of parts while
adding more components.

Lucasfilm plans to offer additional
modules that will enhance the present
system. One of these packages, WRAP-
droid, optimizes placement and wire rout-
ing for wirewrapping boards. WRAP-
droid consists of two major programs, an
automatic placement program and an op-
timized routing or wrap program. Opti-
mizing produces shorter physical paths
which create better signal conditions, in
addition to allowing a higher clock rate.

The advantage to using a wirewrapping
process is that complex boards, produced
in small quantities, may not justify the
costs of creating printed circuits boards.
The program uses a process called an an-
nealing optimizer. Conventional optimiz-
ers start at a random route and search for
a better one while replacing the old route.
In an annealing optimizer the searching
criteria are relaxed in the beginning and
tightened as the process continues. This
method searches a larger set of possibil-
ities, creating more optimal conditions.
The program starts with the parts “frozen”
in place on the board and then searches
for the best path for connecting the pins
together. The WRAPdroid output can
then be converted into a suitable output
for use by an automatic wirewrapping
service such as Augat Datatex.

One of the features of CADroid is a li-
brary of over 1000 building blocks which
includes TTL and ECL parts, discrete
components and linear devices. User de-
finable functions can also be created. Sets
that contain many objects can be created
and edited for merging and moving. The
sets can then have identifiable values such
as extraneous or unconnected points.
Later, during checking, these points can
be tested and dangling points discovered.
Set expressions and variables are possible
using C syntax. Some of the tools include
loops for repetitious actions, expression
evaluators suchas “if. . . then. . . do,”and
user definable macros for creating long
sequences of commands. The macros
may be nested to any level of depth. An
unusual feature not found in other CAD
systems is an expression parser which
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Figure 1: CADroid
Overview.

]
Interface to
| Circuit Analysis
Tc»ols-Slmulalor_J

N Girmuslzing 3
g Simuiatony

acts as an intelligent macro. While other
CAD systems may have a smoother lin-
guistic structure, CADroid has greater
power and intelligence and, as a result,
requires familiarity in its optimal use.
Documentation is excellent and the man-
ual has complete information including
installation.

The drawing space can be very large,
65000 x 65,000 points, where the screen
refreshes the image each frame. Users

can choose plot drawing sizes A through
E. Printers and plotters are filtered
through the UNIX format for Imagen,
Versatec, and Benson devices. In addi-
tion, there is a direct SCICARDS inter-
face for PCB layout.

CADroid is a cost effective CAD pro-
gram because it allows users to configure
and upgrade their own CAD system.

—MacNicol
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An 80186-based CPU board that

is an ideal replacement for 29
the iSBC-86/30 or iSBC/
86/12A. 1t is fully software
compatible with the
ZX-86 and the entire
iSBC-86 family.

Reason’

tocall Zendex 2nd

(If you insist on calling Intel first.)

ZX-186/30 CPU Board

L | A

The other giant in the Multibus Market.

\

Advanced features: 256KB zero-
wait-state on-board RAM
(expandable to IMB) two
DMA channels, Dual
multi- protocol USART,
up to 128KB PROM and
two iSBX connectors.

Intel, iSBC and iSBX are trademarks of Intel Corp.

(7()11 Sierra Lane, Dublin, CA 94568, Phone: (415) 828-3000 TWX: 910 389 4009. Zendex products are available worldwiy
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Silicon Support For Solid Modeling

Graphics manufacturers are depending
more on application-specific VLSI to per-
form demanding tasks in solid modeling.

by Gregory MacNicol,
West Coast Technical Editor

Striking images of objects never before
seen can be generated by computers with
solid modeling. The goal is to create
images of objects complete with shadows,
perspective, color, depth and realism.
Some applications for this rapidly chang-
ing technology include CAD, molecular
modeling, animation, medical imaging,
and architecture. Generating these
images is a complex task and, as a result,
graphics designers have taken many dif-
ferent approaches.

While advances in memory technology,
wide-word architecture, and high-speed
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bus design have generated higher per-
formance, few advancements have made
a greater impact than custom graphics
chips. Most graphics IC manufacturers
design chips targeted at the primary mar-
kets: CAD, medical and geophysical
representation, and modeling. These
applications differ from computer
graphics functions such as image analy-
sis, where data must be modified after it
has been displayed. Many of the latest
custom chips, however, are aimed directly
at solid modeling.

To attain three-dimensional realism,
solid modeling systems transform
model’s complete spatial data into pixels.
An important class of data manipula-

tions, called set operations, allows users
to generate models of unlimited com-
plexity. Traditionally there are two
families of set operations. Constructive
Solid Geometry (CGS) modelers use set
operations (very basic graphics primi-
tives) as the primary means of model
definition. They represent a solid by a
tree of set operations. Boundary Repre-
sentation modelers, in contrast, define
solids by faces, edges and vertices. Each
family requires a different kind of data-
base and allows for different methods of
clipping, hidden object elimination, per-
spective control, and special effects such
as translucency. Any solid modeling pro-
gram must be able to translate either
database into useful display functions.
The creation of an image on a screen
follows a logical path. As a model
evolves, the host computer builds and
maintains a working representation of the
model. This model may take form in
polyhedral approximations or be repre-
sented in complex parametric cubic sur-
face patches. Each patch, and in many
cases each pixel, is given an intensity

SEPTEMBER 18984 m DIGITAL DESIGN



Left: Photo courtesy Silicon Graphics. Above:
Tivo more examples of solid models from Sili-
con Graphics.

value in addition to its color to represent
proper shading.

Shading, which takes place after hid-
den line calculations, is composed of dif-
fuse illumination effects, multiple light
sources and transparency. Two methods
of shading dominate and are considered
standard functions of solid modeling sys-
tems. Gouraud shading shades polygons
by linearly interpolating between the
color values specified at the vertices. The
method is simple and quick due to aver-
aging one pixel against another. Its weak-
ness is that it can produce “Mach bands”
where lines of darkness or lightness
causes unnatural lighting effects. Smaller
patches reduce this effect at the cost of
longer display creation times. The second
method, Phong shading, relies on inter-
polating normal vectors rather than color
values and applying the shading model at
each pixel. This method remedies many
of the problems of Gouraud shading at the
cost of greater computation time.

At this point the data can be sent to
the frame buffer. Meanwhile the host
computer must deal with I/O overhead,
floating point operations, and memory
control. Graphics designers have been
trying to liberate the host computer from
these functions by using dedicated sili-
con chips.

Three companies are presently offer-
ing graphics support in silicon that
resolves the problems of producing real
time interaction of shaded graphics im-
ages. Each company has focused on par-
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ticular problems and distinct markets.
Xtar (Elk Grove, IL) produces two chips
for integration into a board. Weitek (Sun-
nyvale, CA) has a chip set in addition to
the complete set on a Multibus configur-
ation, and Silicon Graphics (Mountain
View, CA) offers a complete workstation
using their proprietary chip set.

Solids Modeling Engine

Weitek has created what they call a Solids
Modeling Engine. After the host com-
puter has transformed the database into a
display list, the resulting bicubic patches
in world coordinates are buffered in the
display list memory and sent to the Solid
Modeling Engine. There, the image is
transformed, clipped, shaded and sent to
the frame buffer via a 16-bit, high-speed
data path. This configuration allows a
multi-thousand polygon model to be dis-
played in seconds. The Solids Modeling
Engine consists of a single-based trans-
formation processor and a two-board til-
ing engine.

The 32-bit transformation processor
performs all the computation for transfor-
mation and parameter calculations. It
transforms and clips 110,000 3-D (x.y,z)
coordinates per second. Processing is
possible due to Weitek’s 32-bit floating
point adder, multiplier and register file
chips that execute 16 million floating
point operations per second (MFLOPS).
Communications I/O is a major problem
with fast graphics processors, so a4K X
32-bit local data buffer minimizes poten-
tial bottlenecks. Additionally, a 2K by 96-

Figure 1: An example of the application of Xtar’s Video Shift Register (VSR) dithering feature.

bit Writable Control Store is available for
OEMs to implement custom algorithms
for specific applications such as surface
intersection.

After the Transformation Processor
mathematically modifies (tesselates) the
polygons of the polyhedra or the para-
metric cubic patches into triangles, the
Tiling Engine takes the planar triangles
or tiles, and applies the Z-buffer
algorithm for hidden surface removal.
The Tiling Engine is critical to perform-
ance and requires two boards, one used
only as memory for the Z-buffer and the
other for computation. The Z-buffer is an
extension of a frame buffer concept
where the Z value of the image-space of
the object is stored at every raster element
as well as intensity. The Z value of any
new point is compared with the value of
Z already in memory. If the new point is
behind, it is discarded. But if the new
point s in front, it replaces the old value.

There are several advantages to using
aZ-buffer. Hidden surface and intersec-
tion of arbitrary surface problems are
handled rapidly and easily for images of
any complexity. Sorting of complex ob-
jects is not necessary, because surfaces
can be written into the buffer in any order.
The main disadvantage is that the Z-
buffer requires so much memory. A 512
X 512 pixel buffer with 8 bits of Z uses
256K 8-bit words. In addition, any algo-
rithm providing anti-aliasing requires that
the silhouette of the objects contain the cor-
responding raster elements and should be
some combination of the intensities of the

This system contains four bits per pixel which allows 16 colors to be displayed on the screen at
one time. With four bits per pixel and 16 different patterns over 1800 effective color combina-
tions can be generated on the screen at one time. This allows the user to have a large number
of colors on the screen while still keeping the number of bits per pixel in the frame buffer at a minimum.
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two objects. If the objects were displayed
in random order, then the intensities of the
objects, when combined, would produce
alocal error. For anti-aliasing, then, it may
be necessary to sort the objects prior to dis-
play time to eliminate the staircase effect.

The Tiling Engine Z-buffer uses 64K
RAMs inits 1.31 Mbyte memory plane but
can use 256K RAMs when they are avail-
able. The spatial resolution is 512 X 512
pixels but images requiring 1024 x 1024
pixels can be handled in four passes (or
one pass with 256K RAMs). Each pixel
is assigned 24 bits of Z and is user select-
able to have 16, 14 or 12 bits of Z leaving
8, 10 or 12 bits for intensity, respectively.
Additionally, the user can define the color
palette and separate bits into shading values.
For example, if a 12-bit intensity field is
allocated, six bits might be used for the
palette and six for shading. This provides
64 displayable colors, each with 64 inten-
sities. During processing, a shading value
is calculated for each pixel by interpolat-
ing between vertices, this value is stored
together with the base color in the Z-buffer.
After tiling, the image is formatted and sent
to a frame buffer. If the frame buffer lacks
a color look up table, the postprocessor
can decompose the 12-bit intensity into
R .G, B values through a program supplied
transform table.

To properly shade the model, either
Constant, Gouraud or Phong shading may
be chosen. Normals to the cubic patch are
computed at the vertices of the polygons.
In the case of Constant shading, they are
averaged using a factor derived from the
diffuse model, in which light is scattered
equally in all directions. With Gouraud
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Figure 2: Typical block diagram using Xtar’s GMP and VSR.

shading, the diffuse model is applied at
each vertex. Phong shading is more realis-
tic but slower to execute. Some situations
may require calculation of the surface nor-
mal of the object-space surface before per-
spective transformation because perspec-
tive distorts the surface and hence falsi-
fies the intensity. Surface normals are inter-
polated with the Tiling Engine from 16 con-
trol points of each tile.

The concept of the tile has its origins
from the cubic patches. A surface may be
composed of many patches from the poly-

i
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gon or bicubic solid model data base.
Drawing a diagonal line within each one
creates a set of triangles. These triangles,
or tiles, may then be shaded. One approach
to shading is to divide each tile into smaller
tiles for a more realistic shading effect. The
Tiling Engine, in contrast, determines the
color and intensity of each pixel from the
Z-buffer, creating better shading and allow-
ing translucency effects (to see through sur-
faces), edge highlighting, and patterning
or texturing of surfaces.

With capabilities like these, the solid
modeling engine can display 6000 shaded
triangular polygons in six seconds. This
translates to between 55,000 and 180,000
3-D vectors per second. Because the boards
communicate through the high-speed P2
interface on the Multibus (2.5M pixels/sec)
and computations are executed in parallel,
a 100 patch, 9000 quadrilateral model can
be executed in 1.35 seconds. The I/O ports
to the frame buffer will often increase dis-
play time however. The I/O port to the
frame buffer is either through the Multi-
bus or a 16-bit parallel interface to a VAX,
Apollos DN600 workstation, or Data Gen-
eral’s MV series of computers. An optional
second DMA port may be configured to
provide high speed pixel unloading to a
frame buffer.

Figure 3: The Weitek tiling engine is built around
2 Multibus boards. One is used only for Z buffer
memory.
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HOW THE LEX 90 TURNS
PIXELS AND BITS
INTO DOLLARS AND CENTS.

With each new display
system touting faster speeds,

oy higher resolutions and
o~ ~“&-brighter colors, i’s easy to
; - '~ lose sight of

<= your primary
o JZZ{ e objective—
wid ot Bolr ) TEAChing
” ot e the market
* oo, Tock- on time with
S~ a competitive
— ' o product. If
gl oy yyou’re late,
c"‘,f s . you may
/fi';;f-*‘d i lose valu-
5;/.‘ 7 able mar-
ket share.
: " .« Rushan
Lc,%ep " incom-

e R, 2 plete product onto
1&'22‘17 [ the market, and
/M you may end up with
" an inflexible system
and dissatisfied users.
With this in mind, Lexidata designed the new
LEX 90 family to be as appropriate from a busi-
ness standpoint as it is technologically.

TESTING 1, 2, 3.

If you’re presently planning an inte-
grated graphics system, you can count on
the LEX 90 being ready. Really ready.
And you can be sure our raster display
systems have been thoroughly tested
to ensure maximum reliability and
maintainability.

Case in point: Before any design
» 18 finalized, our Advanced Manu-

facturing Engineering group

makes certain we can manufac-
ture it cost effectively, thus making
it more affordable for you. And our Design

Assurance Engineering group tests and retests to
assure the system measures up to the high per-
formance standards we set.

During manufacturing, all our systems undergo
rigorous component and board ATE testing
and full burn-in. And should any trouble develop
in the field, on-board diagnostics quickly detect it
so you can solve the problem easily.

BUY ONLY WHAT YOU NEED

The LEX 90 family also makes good business
sense because you only have gg
to buy the functionality you
need. And you can do so
without compromising your
technological standards. For
example, we offer a Dual
Resolution model with soft-
ware selectable 1000-line,
30 Hz or 500-line, 60 Hz
color, or both simultane-
ously on one screen. And
we also offer flicker-free
High Resolution color in a
1280 x 1024 x 8, 60 Hz model.

NO GROWING PAINS
The LEX 90 family has room for
growth as your application becomes more
complex. And this growth won’t jeopardize
your software investments because its
architectural standard permits the
system builder to work with upwardly
compatible sets. Furthermore, the
LEX 90 is software compatible with
Lexidata’s existing Series 3000 products.
The LEX 90 family. High quality,
reliable and flexible. As a result, your
users not only stay happy, they stay
with you.
For more information, call Lexidata at
1-800-472-4747 (in Massachusetts, call
(617) 663-8550). TWX 710-347-1574.

Copyright 1984 Lexidata Corp. All rights reserved.

| The new LEX 90 famuly:
GLEXIDATA

The clear choice in raster graphics.

Lexidata Corporation, 755 Middlesex Turnpike, Billerica, MA 01865. In UNITED KINGDOM call: Lexidata Ltd., Hook (025672)
4334. In FRANCE call: Lexidata SARL, Rungis (1) 686 56 71. In JAPAN call: Lexidata Technical Center, Tokyo 486-0670.
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If this isn't fast enough, an optional poly-
gon buffer can'maximize output speed by
holding one to four pictures in polygon
form. Each frame contains a list of con-
trol items and control commands which
define the picture. As long as the view is
not changed, the host is required to trans-
form only changes such as additions and
modifications. Minimizing the host’s bur-
den of recalculating an image results in
throughput improvement of 100 t0 200 % .

Graphics Microprocessor
Designing a solid modeling system around
aboard or chip set has advantages and dis-
advantages. The lower the level a designer
or small systems integrator has to build
from, the less support he has in develop-
ing a usable product. On the other hand,
where cost is a primary concern, and where
volume justifies, the system architect has
the advantage of designing from specific
goals without external constraints. From
components to software, the designer can
optimize for special applications at rea-
sonable costs.

With an entirely different approach, Xtar
(Elk Grove, IL) has its origins in video
games. Requiring high speed for anima-
tion and scene simulation, VLSI chips were
developed for the video arcade market
where rates of 30 frames per second are
common. Other CRT controller chips such
as the NEC 7220 are 10 times faster than
a microprocessor working alone, but the
display speed is still unsatisfactory for real
time simulation.

Xtar offers two IC products for use on
board level designs. The Graphics Micro-
processor (GMP) is a two chip set that
interfaces with any microprocessor. This
fast display processor generates points,

lines, filled polygons and polygonally-
defined characters for storage in a frame
buffer. The other product addresses a
problem common to graphics systems
designers. After all calculations are com-
pleted and the frame buffer is full with the
correct display information, the data must
be sent to the monitor. This requires parallel
to serial conversion, typically through a
shift register, which can be a major bottle-
neck. Xtar makes a Video Shift Register
(VSR) that interfaces directly with the
GMP for functions that transcend normal
shift register operations.

The GMP, which is on two 40-pin DIPs,
can display polygons at speeds up to 160
million pixels per second. It typically inter-
faces a host microprocessor with a frame
buffer that displays up to 2048 x 2048 x
32 bits. Communication with the host is
through a display list RAM which may con-
tain up to 64K words. The display list func-
tion is used for two reasons; one can inter-
face any microprocessor to the display list,
and faster operation is obtained with the
read-modify-write capability. The instruc-
tion set is specifically designed to draw
filled polygons quickly and can update
every pixel in the frame buffer at 130 to
300 times per second. As resolution is
increased, so is the drawing speed, so the
number of screen updates per second is
relatively constant.

Typical use of the GMP is illustrated in
Figure 2. The display list is contained in
separate RAM for fast reading and writing.
This reduces the I/O overhead on the host
CPU. The use of shared memory is essen-
tial to Xtar’s concept of fast and versatile
solid modeling hardware. The 320 nsec
cycle time of the DRAM is used on alter-
nate memory cycles, allowing the host
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: H Patch 1
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Figure 4: Functional block diagram of Weitek's graphics engine.

processor to access memory more effi-
ciently. Because the GMP chip set does
not generate CRT sync signals or video
refresh information, a standard CRT con-
troller must be added.

The graphics primitives used by the
GMP are divided into three major cat-
egories: points, lines, and polygons. The
GMP relives the host CPU by calculat-
ing the different parameters defining
lines to be drawn and searching in the
frame buffer for polygon edges to do
polygon fills. Use of the optional VSRs
with the frame buffer increases through-
put significantly.

The VSRs are designed specifically for
use with the GMP. While the GMP con-
trols the address and Write Enable inputs
to the frame buffer, the VSR controls the
data bus of the frame buffer. The VSR reads
the pixels in parallel from the frame buffer
and converts them to a serial stream of
values which can be fed to the address
inputs of the color palette RAM. It can also
read one strip of the frame buffer and hold
the data until it can be read by the host
processor. The VSR has the capability of
ditherizing, or mixing various colored
pixels, so the filled polygon can be rep-
resented in pseudo-shades of colors. This
feature can increase the number of display-
able colors without increasing the depth
of the frame buffer. As long as memory
costs remain high, this is a useful feature.

The VSR takes advantage of the nibble
mode of addressing graphics memory. The
newer 16K X 4 DRAMs such as the 4416
are designed to benefit graphics designers
by providing wide bandwidth and fine
granularity. Although still organized as a
64K X 1 chip, the internal structure of a
chip with nibble mode is 16K X 4 and
allows four bits of data to be accessed for
each RAS cycle. Since each VSR is four
bits wide, a256 X 256 X 4 bits per pixel
display with a double buffered frame buffer
would require only eight DRAMs, and
therefore two VSRs. Bit planes in the frame
buffer can be accessed independently, so
operations such as AND, OR, and XOR
can be performed separately.

Xtar’s chips require the host to calcu-
late shading values. The method chosen
can be any contemporary algorithm where
the host calculates the normal of the ver-
tices and sends the information to the dis-
play list. The algorithm can also “cheat”
by omitting unnecessary shading or opti-
mizing on simple shading methods when
possible.

In many graphics systems, it is neces-
sary for the host processor to read the
values of pixels in the frame buffer. Using
additional circuitry, the VSR can be used
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Vectrix has the graphics system

__for your next system. Already.

For whatever system you're de-
signing there’s already an advanced
color graphics system to go with it. Either
the economical, easy to use VX128A or
the versatile VX384A with its 16.8 million

color palette and 512 simultaneously
viewable colors.

When you add one of the Vectrix
Systems to your system you turn your
computer into a powerful graphics work-
station with a fully integrated graphic
command processor, a bit mapped

Image created on VX 384 A which will work with any computer.

graphics frame buffer, and a 672 x 480
pixel high resolution flicker-free mon-
itor. Both systems deliver high quality,
high performance color graphics. Be-
cause the simple command set works
with any computer and any programming
language, Vectrix makes any system a
valuable tool for CAD/CAM, business
graphics, medical imaging, video proces-
sing, computer assisted instruction,
control systems, weather displays, or any
of a host of graphics applications in
demand.

The Vectrix VX128A and VX384A,
part of an expanding line of graphics

products that do the job better, including
the Midas System for the IBM PC XT and
the Vectrix Paint Program.

Ifgraphics should be a part of your
system, Vectrix should be a part of your
plan. Let us tell you just how we fit your
system. Vectrix Corporation, 2606
Branchwood Drive, Greensboro, North
Carolina 27408. Phone (919 ) 288-0520,
Telex 574417.

Vectrix

THE COMPUTER GRAPHICS COMPANY
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for this purpose, at the same video rates.

Geometry Engine

Clearly, the designer who uses the chip
approach for creating solid models can take
advantage of the latest components for
specific applications. Upgrading is easily
implemented and material investment is
minimized. But Silicon Graphics' (Moun-
tain View, CA) approach is to provide not
just the custom chips for solid modeling,
but a complete system.

The Geometry Engine (GE) from Sili-
con Graphics provides the means to exe-
cute real time processing for tasks that are
common to both 2-D and 3-D applications.
After three years of work at Stanford, Dr.
James Clark, founder of Silicon Graphics,
developed a set of custom chips that are
microprocessor implementations of com-
mon graphics functions. Twelve ICs con-
stitute the GE, but rather than sell the VLSI
chips alone, they are used in a Multi-
bus-based system using a 68000 micropro-
Cessor.

The Integrated Raster Imaging System
(IRIS) uses the capability of these chips
to transform, clip and scale 65,000 coor-
dinates per second. Operands can be in
32-bit floating point, or 24-bit integer for-
mats. Polygons can be filled at 44 million
pixels per second where viewing is either
orthographic or in perspective.

The IRIS workstation can display 4096
of 16 million colors which represent 24-bit
values, eight bits each for red, green, and
blue. At 1024 X 1024 resolution, even with
optional double buffering, the processing
demands are great.

The manipulations of solid modeling,
such as clipping and scaling, are calcula-
tion intensive. They require fast floating
point math computations in addition to

reiterative matrix multiply and divide oper-
ations. This has been a major bottleneck
in creating an image quickly because the
host processor, already slow at floating
point calculations, must do that and all
other processing. The GE solves these and
other graphics intensive functions using
three subsystems on separate flatpacks: the
matrix clipping, and scaling engines. Used
together, 4 X 4 floating point matrices,
matrix multiply operations, clipping and
scaling operations, hit testing, and curve
generation can be implemented from
higher order commands.

The matrix subsystem is a stack of 4 x

4 floating point matrices for 2-D and 3-D
coordinate transformations including object
rotations, translations, scaling perspec-
tive, and orthographic projections. It is the
first of the four subsystems in the pipeline.
Full floating point transformation of all
coordinates is done in this subsystem in
15 msecs. using an eight deep, 4 X 4 matrix
stack, inaddition to the 4 X 4 matrix multi-
plier. The matrix subsystem also gener-
ates cubic and rational cubic curves such
as conic curves, where new points in a
curve are generated in 10 usecs.

The clipping subsystem receives trans-
formed data from the matrix subsystem.
A user may use four or six GE ICs depend-
ing on the need to clip objects near or far
to the clipping boundries. If there is no need
for clipping at these boundries, two chips
may be omitted. A hit-testing mode is
included in the clipping subsystem for test-
ing objects for intersection within the
viewer’s window. This mode omits output
of certain extraneous data from the GE.

The last two GE chips which comprise
the scaling subsystem, convert data from
the pipeline to the output device. The view-
port registers control the scale of the win-
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Figure 6: The GMP uses 2 chips for graphics processing.
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Figure 5: The geometry engine as used in the
IRIS workstation from Silicon Graphics.

dow on the user’s drawing space and allow
up to 24-bit integers. This is where ortho-
graphic or perspective projection is cal-
culated for 3-D mapping. The scaling sub-
system treats all coordinates of x.y,z the
same. Z values are used for intensity depth
cueing and perspective depth.

The GE acts as a slave processor and can
almost be viewed as a hardware subroutine
system. The instruction set has three types
of instructions that manipulate graphics
data. The drawing instructions, which are
followed by four 32-bit floating point num-
bers, are supplied to the matrix subsystem
for transformation. The register manipu-
lation instructions are used for setting up
the matrix, matrix stack, or viewport regis-
ters. The last set of instructions are miscel-
laneous commands such as setting or clear-
ing the hit mode. All input data must be
in the user’s virtual drawing coordinate sys-
tem (integer or floating point).

Solid Choices

The decision whether to use any of the
available VLSI technologies is difficult,
even if the price/performance looks attrac-
tive. Weitek, for example, makes a fast dis-
play system for creating fully shaded
objects but it does not have the capability
to read or modify the frame buffer after
creating an image. In addition, the board
set requires programming, from database
interpretation to output drivers. The trade-
off, of course, is versatility, the reason many
major CAD companies are using the board
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Function

Light-Source Shading

1
120000+

Hidden-Surface Removal

10000

Polygon Shading

18000

Anti-Aliasing

] 4000

Depth Queueing

13200

Clipping|

1000

Perspective|

J150

3-D Rotation

40
J40

Pan (Translate) 24

Back-Surface Test

Pan & Zoom

Zoom (Scale)‘ 24

10

100 1000 10000

Figure 7: This table represents the time requirements for 3D soliding processes.

set with their existing systems.

A weakness of the IRIS system is that
newer algorithms in computer graphics that
may benefit from the matrix multiplier can-
not easily utilize its internal hardware. The

algorithms. The success of solid model-
ing systems is based on useful interactivity.
In terms of hardware, it can be interpreted
as execution speed. And as greater rates
are reached manufacturers will add

enhanced functionality such as Z-buffers.
Ultimately though, a buyer must ask “am
I buying hardware specs or real function-
ality?”

The latest developments in VLSI are not
the only reason for the recent availability
of these dedicated graphics chips. Memory
is still a critical issue and graphics systems
are dependent on the current memory mar-
ketplace. Were it not for the availability
of the 16K X 4 DRAMs, for instance, Xtar
would be unable to take advantage of the
higher bandwidth that they offer.

The demand for producing higher per-
formance computer graphics is driving
manufacturers to mold the best concepts
in solid modeling into silicon. Combined
with with advances in custom VLSI tech-
nology, users can expect major advances
in the capabilities of new systems. [

How useful did you find this article? Please
write in the appropriate number on the
Reader Inquiry Card.
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overhead in using the chips is equivalent
to using standard code. The resolution is
fixed, and in addition, users already com-
mitted to a bus approach cannot economic-
ally use the system. A typical user is one
who wants a complete system, with an
operating system, powerful graphics
primitives and no hardware compatibility
problems.

Manufacturers are responding to soph-
isticated users’ needs. While the IRIS work-
station is not really an effective frame buf-
fer, Silicon Graphics is adding hardware
and software that makes this function possi-
ble. They are also adding a function called
block image transfer (otherwise known as
bit block transfer), where sections of an
image can be moved about easily, such as
icons on a menu. Weitek is also adding
more math-intensive hardware such as a
divide function with a 32 X 32-bit register
for providing faster graphics related cal-
culations.

Conclusion

The current trend to incorporate solid
modeling functions in silicon is just begin-
ning. Work being done at universities such
as the University of North Carolina Micro-
electronics Center is resulting in new prod-
ucts that will soon reach the commercial
market. Other developments, still proprie-
tary, are focusing on two primary aspects:
pixel output speed and specific graphics
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DEDICATED TO Z80?
SO ARE WE. ’

NOTDEDICATED TO Z807?
SO ARE WE.

Y ou're covered.
Every which way — in the STD BUS card world —

which we (a) created, invented, started, and (b) influence
with more cards, more versions, more solutions than anyone.
Adding four new cards brings the Pro-Log card count to 59,
which is a lot of ways to solve Z80 and non-Z80 problems.
Speaking of Z80, one new card, the 7806, is a Z80A
multifunction CPU 128K on-board memory and I/O.

The second card, a natural ally to the multifunction CPU
card, is our new 128K dynamic ram card. 7707 to be exact.
(64K memory is an option). The latest in high-density semi-
conductor memory. Compatible with Z80A, 8088, 80854,
6809 and others.

The third card, 7606, is a versatile, four-port parallel I/O
card designed specifically for ZBOA-based STD BUS card
systems. Starting with just these three cards gives you the
nucleus of a Z80-based system.

QOur fourth new card, 7388, is dedicated and not dedicated
to Z80. It's a double-density floppy disk controller card with
a most important — and exclusive feature. It runs 8", or 54"
or 3%2" drives without modifying the connectors. The soft-
sectored diskettes can be single-sided, single-density,
double-sided, double-density, or any combination thereof.

So you now have 4 new reasons and 55 original
reasons to buy Pro-Log. You get unmatched quality,
a 2-year warranty, prompt delivery and our total lack
of dedication.

7806, ZB0OA MULTIFUNCTION CPU CARD, 128K on-board
EPROM capacity, fully butfered Z80A processor, four 8-bit coun-
ter/timers, dual independent RS-232-C channels.

7707, 128K DYNAMIC RAM CARD with parity, compatible
with Z8BOA, 8088, 80854, 6809 and others, 64K option, cuts card
count for large memory applications

7606, PARALLEL I/0 CARD, four operating modes, supports
Z80 mode-2 interrupts, direct TTL interface.

7388, DOUBLE-DENSITY FLOPPY DISK CONTROLLER
CARD, runs 8", 5%4”", 3%" drives, uses a DMA controller for fast
memory access, three user accessible DMA channels.

DDU PRO'LOGO 2411 Garden Road
Monterey, California 93940
CORPORATION 408-372-4593, TLX: 171879
Qutside CA: 800-538-9570

INVENTORS OF THE STD BUS
Offices and Telex: Australia, 35494; France, 842-696379; Germany, 971624;

Italy, 68071; Sweden, 13695; Switzerland, 55448 United Kingdom, 858618.
Write 17 on Reader Inquiry Card
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CMOS and the IBM PC breathe
new life into the STD bus.

by Dave Wilson, Executive Editor

The STD bus, developed by Pro-Log and introduced jointly
with Mostek in 1978, defines a card size and interconnection
scheme that supports a modular-by-function approach to micro-
processor system design. Made available to industry without
patent, copyright or trademark restrictions, it has become a
recognized standard, supporting a wide variety of processors

649

PHOTO COURTESY PRO-LOG CORP.

on the market. The range of applications for STD products,
while traditionally very broad, is today continuing to grow. The
applications are mainly in the automation, process control,
monitoring and data acquisition areas, which is not surprising
considering that this is the market sector for which the bus was
designed.

Compatibility

The objective of any bus structure is to provide flexibility to the
user in configuring a system to fit specific needs without com-
patibility problems. Each unique processor, however, on the
STD bus requires specific timing characteristics to perform
properly. Consequently, each CPU has a set of guidelines to
assure that many, if not all, products work together. The STD
bus specifications serve to define the usage of the bus lines. The
timing specifications serve to guide each manufacturer as he
designs products for the bus for the unique processor segment
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‘ ANOTHER
- STAND-ALONE SYSTEM

~ FROM MICRO-LINK

16-Bit Timer/Counter Ports
¢ RST 5.5, RST 6.5, RST 7.5

8085A

b Processor
y

-

Micro-Link's newest single board
computer represents another signifi-
cant price and performance break-
#hrough for system designers. It elimi-
nates the need for separate memory,
I/0 and time functions, while maintain-
ing STD Bus compatibility—all at the
price of a conventional STD Bus CPU
card.

Take a Look at Our 8085A CPU!

The STD-145, an 8085A CPU, with
three (or optional five) MHz clock pro-
vides a high throughput for your sys-
tem software with a memory flexibility
never before implemented on the STD
Bus. Two 28-pin JEDEC-compatible
memory sockets may be configured
for a variety of memory types. ROM or

RAM may be implemented with battery
back-up capability for one of the sock-
ets. Wait state generation for slow
ROM is provided. Base address of the
system memory can be set at any
boundary determined by the size of
the memory chips used. Boot address
for the system ROM is selectable at
any 4K boundary. One or both sock-
ets may be phantomed from the sys-
tem to allow the use of 64K of off-
board memory. MEMEX and IOEX are
implemented by writing to a control
port to select the memory map or I/O
map desired.

Interested in ZBOA Options?

Micro-Link also offers the STD-147
single board Z8OA computer with 64K

24-Bit Parallel Port

RS232 Serial Port

Calendar
Time-of-day
RAM Back-up
Battery

Single Unit Price

dynamic RAM and multiprocessing ca-
pability for Z80 users.

Free Catalog

Call now to request data sheets and
our complete catalog featuring over
50 STD Bus cards.

‘ I‘.’IJCHU LIk '

CORPORATION

14602 North U.S. Highway 31
Carmel, Indiana 46032
317-846-1721 (in Indiana)

800-428-6155

GSA Contract Number
GS00K8401S6013
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that he chooses. According to Ray Alderman of the Matrix Cor-
poration (Raleigh, NC), advances in CPU family compatible
chips are creating more unique boards that run only with Z-80
or 6809 CPU chips that are destroying some of the compatibility
of the bus products.

Although simple functions such as TTL latched I/O and static
memory can usually be processor independent, more sophis-
ticated functions often require a higher degree of integration
between CPU timing and peripheral card timing. Users should
be cautioned to think twice before mixing an STD-Z80 periph-
eral card with an STD-6809 CPU card. Picking cards from the
same basic processor family will assure quicker integration,
due to the maturity of the STD specs.

According to Ken Finster of Micro/Sys (Glendale, CA),
another compatibility issue relates to the physical location of
memory in RAM intensive systems. In such systems, typically
using disk operating systems or multiple RAM banks, density
requirements most often swing the user toward dynamic RAM
technology. One trend seems to be tightly integrating the RAM
array with the CPU, and placing both on the same card. At first
glance this may appear to provide a size and cost advantage. The
designer, however, should proceed carefully if more sophisti-
cated systems are being built. Take, for instance, a multi-
channel data comm line monitor application. In addition to the
steady-state, predictable CPU memory addresses, the RAM ar-
ray may also see high duty DMA accesses for serial channel
data transfers. RAM refresh and other problems, sometimes
quite subtle and evasive, may creep in. The approach Micro/Sys
suggests for such systems is to consider the RAM as a globally
accessible resource that must stand on its own. As such,
Micro/Sys’ dynamic RAM cards contain full refresh and timing
support for the RAM array. Memory cycles can be initiated
through the backplane from a variety of sources, with slightly
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different timing characteristics, but the dynamic RAM array
always sees the same timing, and unpredictable burst DMA
transfers cannot affect RAM refresh.

16-Bit Microprocessors

The strong interest in 16-bit processors continues because it of-

fers advanced system performance while still retaining the small
STD footprint. New product designs at Datricon (Lake Oswego,
OR), for example, are based on the 68008, 68000, 68010 and
8088. In the case of the 68000 family, Datricon are employing
pin-grid array technology to enable them to pack a lot of func-
tionality on the processor card. A tightly-coupled dual-port
memory enables the processor to run at full speed on-board
while having the capability to access off-board memory within
the limits of the bus bandwidth.

The STD manufacturers’ group has published a new specifi-
cation for the 8088 processor with provision for multiplexing
the upper address bits onto the data lines during the early por-
tion of a cycle. In terms of compatibility, there are precautions
auser must take for using STD-8088 with older boards. Ziatech
(San Luis Obispo, CA) advises its users to select only memory
boards that adhere to this extended addressing specification
with I/O boards that are I/O mapped as opposed to memory
mapped. Ziatech is currently compiling an STD-8088 compati-
bility guide that will identify all the existing boards that have
been tested.

1/0 Cards

The higher levels of integration in both analog and digital cir-
cuits will both lower the cost and improve the functionality of
STD bus boards. Unlike the S-100 bus, the STD bus is supported
by a number of analog houses. In this area, lower hardware costs
have led to distributed processing. A local microprocessor han-
dles all data and stores it in local memory. The CPU board only
has to read the required memory location to obtain analog data.

Surface mount devices, with their smaller size, will lead to
adding more distributed processing and signal conditioning ca-
pabilities onto an STD bus system. One example of possible sav-
ing of board real estate in analog I/0 boards is in the area of D/A
converters. It is now possible to purchase four 8-bit voltage-
output D/A converters in a single 20-pin package (AD7226).
This means that one DIP package can replace up to nine individ-
ual components. In higher resolution D/A converters, the evolu-
tion to 12-bit monolithic parts has already arrived. Both Analog
Devices' AD667 and Burr-Brown's BB8I offer a reference, D/A
converter, double-buffered latches and an on-chip op amp. As
few as three years ago, the latches, op amps and a reference
would have to have been supplied externally, thereby using up
limited board real estate. To increase I/0 flexibility further, the
Intel iISBX bus connector can give the systems integrator a
choice of a number of daughter board cards that can be plugged
into an STD system. This has been proposed to the STD Bus
Manufacturers Group for inclusion in the STD specification.

Role of CMOS

In the future, it appears that many new products on the STD bus
will use primarily CMOS devices. According to John Hilburn,
President of Microcomputer Systems (Baton Rouge, LA), the
primary application of these cards will probably be in remote
installations and dedicated applications that require com-
munications with other computers, such as the IBM PC. The
low power and high noise immunity have special benefits for the
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NEW Design Concepts from AMT—No. 3:

Modular Hardware/Software
Elements That Make STD BUS

Even Easier To Use!

10 DEFINT A-Z: 19-GTames
20 B0MD=L: INITS: e
® oAl INITCI® 800D ALOT DR L ASSS )
40 %R R

90 CALL PLOT(EOARD XY, 1)
LT G0 V-OSDT CALL DRAWCEOND XY, 1)
UBAEE 78 YGa: CML PLOT(BOND XY, 1)

89 C=100: CALL DRA(EOND XY, 1)
90 AD~" 1904": BB-PLANI": Cbe"UBAGE"
188 Xei: Y3 59 D@

|
l 118 CALL LASELCHOMRD XY, 1,5,0,48)
120 oS
130 CALL. LASEL (BOMFRD X, Y, 1,5,0,88)
142 V288
l 199 CaL LASEL (80N X,Y,1,5,0,00
1 2 3 4 aTRs

Now

plug-in simple—a

Alphanumeric CRT
Controller plus

ST4504: A versatile alphanumeric CRT controller plus a
parallel keyboard interface! ST4504 provides unique display
flexibility—full or half intensity, inverse video and blinking
fields plus an onboard socket for user-defined character sets.
And, it's easily programmable to interface with a wide variety
of monitors. Composite or TTL video outputs, interlaced or
noninterlaced video, programmable cursor and light pen
strobe inputs—all simplify system integration.

ST4504 is priced at $285 in 100's.

aspect ratio! Plus easy lntegra

be writing to the screen with

simple and it's free with ST4505! Use

duce grey scales or color outputs. Pl
composite or TTL video outputs, selectable
addressing and a programmable CRT contro
ST4505 is priced at $425 in 100's.

For more information on these and other new des
cepts from AMT, call or write today! i

Seeastechnology™

..the innovative STD BUS company

Applied Micro Technology, Inc.

Box 3042 @ Tucson, AZ 85702 @ (602) 622-8605® TWX 910-952-1164

a Burr-Brown company
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Figure 3: DY-4’s color CRT controller for the

Figure 2: This SB8275 STD bus slave processor from MicroSys executes Z80 machine code, al-
lowing firmware for the SB8275 to be developed on any systems capable of Z80 code develop-
ment. The board looks like four sequential 1/0 ports to the host STD bus processor.

STD bus can be configured for 8 level color or
16 level monochrome output. Character attri-
butes include blink, intensity, foreground and
background colors.

control environment, which complement the inherent advan-
tages of the STD bus card size. Also, the CMOS STD bus may
prove a challenge to other low-power buses not currently as well
supported — National Semiconductor’s (Santa Clara, CA) CIM-
bus and Onset Computer’s (Falmouth, MA) C-44 bus.

One of the first CMOS cards introduced was the MSI-1800
from Microcomputer Systems. Based on the NSC800, it is the
forerunner of a range of products the company hopes to in-
troduce this year — an 80C88 CPU as well as CMOS I/O
cards providing both RS-232C and RS-422 communications
protocols.

Pro-Log (Monterey, CA) have no less than nine CMOS cards
on the market today. Their family includes three CPU cards,
two based on the 80C85 and one on the Z80; two memory cards,
two I/O cards and one serial communications card.

Networks

STD bus based systems ideally serve the cost/performance re-
quirements of the lower tiers in pyramidal systems as dedicated
slave controllers, process monitors and data loggers. Because
of this, Ethernet, X.25 and other proposed LAN standards are
incompatible with low-end systems in terms of cost and scope
of software implementation.

Perhaps the most popular interconnect method at present is
the IEEE-488 Bus. The flexibility of the bus is no longer im-
portant solely for the test and measurement engineer, but has
found wider applications in networking that will also affect the
systems integrator (Digital Design, January 1984, p. 54). Both
Ziatech and Applied Micro Technology (Tucson, AZ) provide
STD to IEEE-488 interface cards.

Other STD vendors (such as Contemporary Control Systems
and Datricon) offer their own solutions. Contemporary
(Downers Grove, IL), for example, have implemented the Arc-
net on their S871 module providing up to 255 nodes and data rate
to 2.5 Mbit. Each S871 module has an eight-position DIP switch
which identifies the node address of the module. A 2K on-board
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packet buffer provides four pages of packet storage and may
double-buffer transmit and receive data as defined by the user.
An on-board coax driver directly connects to RG 62/U coaxial
cable that interconnects the nodes. According to Contemporary,
applications include office automation, process control and
remote /O controllers.

Providing the vehicle to link STD-based systems to higher
performance bus structures such as VME, Multibus II, the IBM
PC and Q-bus, Datricon’s ILAN (available 4Q84) will use a
multidrop RS-422 with up to 32 nodes per network. Twisted
pair wiring keeps connection costs reasonable and bit rates up
to 180K baud allow networks to cover up to a mile.

The network uses a token-passing collision-avoidance techni-
que and automatically configures on power-up. Individual
nodes can power-up or down without affecting the systems
which automatically re-initialize themselves.

One other network the system designer may be able to take
advantage of is the Intel Bitbus (Digital Design, February 1984,
p. 72). A serial bus architecture, it was developed to allow the
construction of real time distributed control systems. Bitbus
modules are available in the iISBX format that may plug directly
into STD cards designed to accept them.

Enhancing the compatibility between the STD and other bus
structures may destroy arguments from those who feel that the
industrial market will follow the commercial marketplace away
from 8-bit to only 16-bit and 32-bit systems.

IBM PC Threat

One real threat to the future of the STD bus may not be more
expensive bus structures, such as the VME, but the IBM PC.
The rampant success of the PC in the market has led to its use
in a wide variety of environments it was not primarily design-
ed for. Today, so much third party hardware and software is
available for the machine that it is possible to configure a PC
into applications ranging from image processing and logic
analysis to schematic capture. The problem for the PC manufac-
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6809 and 6502
Single Board Computers
mix functions on STD BUS

. Universal non-volatile memory
card mixes CMOS RAM, EPROM,
and EEPROM on STD BUS

‘The cards to have when you need multiple functions.

We know how rapidly a card cage can
fill up. So we have provided more func-
tions for you on our STD BUS cards. For
example, our 10809A 6809 and 10812
6502 single board computers offer the abil-
ity to battery back the on-card CMOS RAM.

This feature alone might eliminate an en-
tire card from your system.

The RS423/RS232 serial port might also
eliminate a card. Or how about the 32 lines
of parallel TTL 1/0O and 4 timers!

The 10764 Universal Non-Volatile Mem-
ory Board is the perfect mate to our single
board computers when you need a large
memory capacity. (You can also use it with
other processor cards.)

STD BUS

Mix CMOS RAM and EPROM. Or
EEPROM and EPROM. Or NMOS RAM
and EPROM. Or . . .

Two groups of 4 sockets each may be
separately addressed allowing RAM and
EPROM to be in different areas of the
memory map.

Our 10301 Versatile Video Display Card
offers color or monochrome alphanumeric
or graphics video with “‘snow-free’’ access.

Other cards in the line include the

10611 Universal TTL 1/O card which pro-
vides 8 ports of TTL /O with square post
connectors for superior cable retention. The
10701A Universal Non-Volatie RAM Card
provides power fail, interrupt, and memory
protection circuitry in an inexpensive bat-
tery backed CMOS RAM card.

Enterprise Systems Corp. has been
quietly delivering STD cards since 1979.
We provide value — performance and
price — with cards that deliver more func-
tionality. For you, that means lower card
count, lower power consumption and in-
creased reliability in your system.

Call us today to order or request more
information.

We'll send technical literature and dis-
cuss your application to learn how we may
help you. If we've missed the right mix for
your application, we'll be happy to discuss
custom design.

@\S@gcgglss gorp.

Dept. DD, PO Box 698,Dover, NH 03820
603/742-7363

Microcomputer Systems and Equipment for Communications and Industrial Control
Standard Products and Custom Design
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Real Time Clock
For The STD Bus

A real time clock is a useful addition to
any computer system, providing atime
stamp for files and interval timing for
many applications programs. National
Semiconductor Corp. (Santa Clara, CA)
has recently introduced a micropro-
cessor compatible real time clock cir-
cuit, the MM58167, which is available in
a 24-pin dual-in-line (DIP) package. This
circuit provides timing functions from
thousandths of seconds to months and
occupies 32 consecutive /0O or memory
locations.

Figure 1 shows an interface for the
MM58167 to the STD bus via the Pro-
Log (Monterey, CA) 7904 decoded 1/0O
utility card. The 7904 card is a conve-
nient vehicle for putting the MM58167
on the STD bus since it contains the
necessary buffer and decoder circuitry,
and it has a large breadboard area.

In the circuit, U1 and U2, the 74LS244
bus buffers on the 7904, route the data
lines of the MM58167 to the input and
output data lines of the STD bus. Circuit
U3, the 74LS42 card select decoder on
the 7905, is used to decode the base
address for the MM58167 and combines
this decoded address with the STD
IORQ signal to generate CS to select
the MM58167. The low order address bits
AOQ-A4 are tied directly to the MM58167,
as are the read (RD) and write (WR)
lines.

The MM58167 would be a slow peri-
pheral in many systems, so a WAITRQ
signal is generated at STD pin 45 by the
7405 open collector buffer. This wait
signal is derived from the ready signal
which is available at pin four of the
MM58167. The additional circuitry in
Figure 1 is designed to place the
MM58167 in a power-down mode when
the +5V bus power is removed and pro-
vide battery back-up of the clock: The
nickel-cadmium cells are continually

WAITRQ

MM 58167
1] +5 V vop [, s cs
U1 s 23 2 BRD _r35
9 22 3 31 WR
3 | 7 g: 21 4 =
5052 20 5
— 3053 19 6 A2EEM
12403 T
14 51 17 8 A4A3
s .,
200k
14 1100=2
13 12
X1
X1: 32.768kHz 0
2N3638t

[@3}

IOEXP

(break)

IORQ
33

1N4004
3 V Ni/Cd
2N3638

éz
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Figure 1: An interface for the MMS58167 to the STD bus via the Pro-Log 7904 card.

recharged from the STD bus +5 V
supply when the power is on.

Circuits U4-6 on the 7904 (all 74LS42)
are not used. The circuitry requires the
7904 jumpers SX, SY, and C to be open,
and jumpers A and B to be closed. Fur-
thermore, the connection to STD pin 35
(IOEXP) must be cut, allowing STD pin
13 (IORQ) to be connected to pin 12 of
U3inits place. Pintwo of U3 is tied to pin
10 of U7 to enable the bus buffers on
read and write when the card is
selected.

The programming of the MM58167 can
be learned from the data sheets. For
testing purposes, however, the registers
BASE +2, BASE +3, and BASE +4 con-
tain the data for seconds, minutes, and
hours as packed BCD digits. Writing
these registers will set the time, and
reading from them will get the time.

Write 300

D.M. Gualtieri,
Allied Corporation

" turers to solve is expandability of their devices via a low-cost
bus structure. Recognizing this, several vendors now allow STD
bus systems to complement the role of the PC. An STD busI/O
subsystem, for example, can be used to monitor and control in-
dustrial interfaces, or collect and preprocess data for com-
munications to the PC. The PC can be used to save, process,
display or print data using existing operating and application
software.

The PC requires a single RS-232C serial asynchronous
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communications port and software to upload or download data
files through the serial port. The IBM PC, for example offers
an optional RS-233C port and asychronous communications
software. The STD bus requires a CPU card with a serial port,
such as the Pro-Log model 7806 and the necessary I/0 function
cards. The user writes the I/O handling routines for the STD bus
CPU including any data preprocessing desired.

Linking the PC to the STD bus via a serial port provides an
expensive distributed processing environment with a high

SEPTEMBER 1884 m DIGITAL DESIGN



MEMORY LANE

A confident Multibus, VERSAbus, VME or LBX
route when you travel it with Plessey Microsystems.

When it comes time to make that ultimate
purchasing decision for memories for your
system, confidence in your supplier should
be priority one. If that’s your kind of think-
ing, Plessey Microsystems is your kind of
memory company.

Sure, we’ve got the most advanced tech-
nologies designed into our boards. And
yes, we've got a full range of memories
for VERSAbus* and Multibust Systems, as
well as VME, LBX and Multibus Il on the
road. Even supersmart memories with
complete error detection and correction

and up to 1 Mbyte on a single card. And,

by the way, our boards meet the bus
specs better than the bus designers’.

And it’s true that our pricing is a pleasant
surprise . . . € Ore so-when you stack
our feat JUr prices up against the
- competition.

But let’s face it. In the final analysis, it’s
the company behind the boards that you
have to feel good about. At Plessey Micro-
systems, superior memory technology

and value are just pieces of the Plessey
package. Consider, too, our consuming
commitment to quality, reliability, delivery
and technical support services. Thus . . .

Every Plessey memory has a one year
warranty. Plessey memories are double
sourced by Plessey both here in America
and in Europe. To the same demanding,
faultless specs. Every Plessey memory is
stocked in enough depth to meet all but
the most unusual requirements. And
every Plessey memory has full Plessey
support worldwide.

For.your VERSAbus, Multibus or other
systems, Memory Lane can be a tortuous
route or a confident path. At Plessey

Write 39 on Reader Inquiry Card

Microsystems we know the way. After all,
we’ve been making memories since com-
puters needed them, and we still offer

the most advanced core, semiconductor
and bubble memory technologies in the
world. Plus the custom design and
application expertise you'd expect from
the super micro memory leaders.

For details on our standard products or
custom capabilities call toll-free or write
Plessey Microsystems, Inc., One Blue Hill
Plaza, Pearl River, NY 10965. (914)
735-4661 or (800) 368-2738.
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degree of violation. The PC can be kept on-line for processing
while hardware or software changes are being made to the STD
bus I/0 subsystems. This is facilitated by two Ziatech design-
. ed programs: PC/STD 88 and DBUG 88. PC/STD88, residing
on the PC, structures the object code file output from the PC
language modules for the target STD-8088 system. It handles
memory address positioning, links each module to related
routines and formats the files for loading. Then, in cooperation
with the DBUG 88 program, the code is downloaded for testing.
DBUG 88, physically located in PROM on the STD-8088 pro-
cessor, relays the code into the requested memory space.

The DBUG monitor operates transparently through the PC
making it appear that the user is directly connected to the
monitor. DBUG 88 can also be operated by connecting a ter-
minal to an STD-8088 serial port. The debugging capabilities
of DBUG 88 include examination of the internal registers of the
8088 and optional 8087 co-processor. From the PC keyboard,
the user can perform I/O operations, set breakpoints and ex-
amine and alter memory in the target system.

IBM PC and XT users can now also link their machines to
ProLog’s M980 and M910A PROM programmers. All that is re-
quired, along with the PC and PC/DOS operating systems and
an M980 or M910A with a communications adapter, is an
RS-232C cable for asychronous connection and software to
download data in Intel’s hex format. Details of the process are
available in a Pro-Log application note #139 which may be ob-
tained from the company.

ct
More Data

READER SERVICE
CARDS will assist you
in obtaining information
quickly. Use them when
requesting information on
advertised products or
items appearing in the
New Product/New Litera-
ture section of this publi-
cation.

Use the Reader Service
Cards on page 115 for fast
response in requesting in-
formation on products or
services appearing in this
issue.

Software Support

Choice of operating system and application software is an im-
portant consideration for the systems integrator. Most 8-bit STD
applications are implemented without a target operating system
due to their single task nature. The 8088, however, is a candidate
for a run time operating system. Without one, implementation
of complex applications will take longer and the user will run
the risk of incurring difficult debugging problems. The applica-
tion has a direct bearing on the choice of a target operating
system. If the system’s activity is primarily interrupt driven, re-
quires multiple programs to handle random and possibly over-
lapping events, or both, a real time operating system will be ex-
tremely useful.

Machine control applications are easier to implement with
areal time multi-tasking operating system because it provides
the ability to develop and schedule independent programs. With
the capability of interleaving execution based on priorities (i.e.
iRMX86), the user can sense and respond to events in a
simplified fashion without inventing his own interrupt control
and task suspension routines. On the other hand, interactive
processes like digital board test and design graphics are better
served with single task operating systems like MS/DOS or
CP/M.

The chosen language for the application must fit within the
given budgeting constraints for both development and end
application. Control applications typically require detailed bit
manipulation and speed. Here, low-level languages such as
assembly, PLM and C are used. Assemblers are available from
both Microsoft and Digital Research.

When the main requirement is computationally intensive, a
language such as FORTRAN or Pascal provides simple but
powerful numerics, iterating, array handling and data typing.
Applications that are continually changing, like simple test data
acquisition are well served by BASIC’s ease of programming
even at the expense of execution speed and code size. Some of
the newer compilers, such as those available for the IBM PC
tend to be suitable for these areas.

Conclusion

The use of the STD bus has grown at a rapid rate in terms of new
users, new manufacturers and product innovations. Today, there
are 900 announced STD bus board products from over 100
manufacturers. When looking for a board supplier, it is ad-
visable to research the track record of the vendor carefully.
Smaller businesses can fail and leave the systems integrator
without a source. Software support from the vendor is another
critical consideration. Some smaller companies without larger
resources may simply offer the hardware and leave the whole
software/integration procedure to the systems integrator. On the
other hand, larger companies may not only offer software but
can offer the integrator some assistance through technical
marketing and development aids. ]

How useful did you find this article? Please write in the appropriate
number on the Reader Inquiry Card.
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Process Control: Intelligence
Moves To The Factory Floor

PHOTO COURTESY JOHN FLUKE MANUFACTURING

by Julie Pingry, Senior Editor

Computing in the industrial environment
has, until fairly recently, meant inputting
data hand-delivered from the factory
floor to a contrel room. Programmable
controllers for manufacturing automa-
tion are highly disguised and not very so-
phisticated computers. Computer sys-
tems at the corporate level have not been
closely linked to the factory control
room. All that is changing rapidly, with
intelligence and undisguised computers
moving throughout manufacturing plants.

The impetus: competition for indus-
trial market share has heated up for US
companies. To compete with low labor
costs and huge production volumes of off-
shore industries, they are finally looking
to digital computing technologies for

help. To optimize operations from the
top, corporate computing and process
information systems are communicating.

Though this will provide huge new
markets for digital equipment manufac-
turers and systems integrators, entry will
not be easy. Not only must devices be
protected from harsh environments and
untrained users, but the clout of tradi-
tional control and instrumentation sup-
pliers must be considered.

One of the big industrial suppliers,
Honeywell (Phoenix, AZ), introduced
the TDC 3000 process management sys-
tem last fall. They pointed out that new
systems must “enable interchange of data
between process control and other pre-
viously separate but related plant func-
tions.” Such turnkey suppliers will work
to maintain their market share by expand-
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v'design capability
v'system flexibility
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v’customer satisfaction

KineticSystems
offers OEMs and
system integrators
reliable process automation solutions

From modular components . . .

If you design, develop, or integrate process auto-
mation systems, your job is easier when you work
with KineticSystems. We understand your needs and
can provide everything from modular components to
small stand-alone or complex distributed control

systems.
For more than a decade, KineticSystems has been
configuring and supplying OEMs, system integrators, ... 1o complete

and end users with powerful, flexible, reliable systems
based on the IEEE-583 CAMAC interface standard

for Computer Automated Measurement And Control. system pac kages
You'll find our systems used for energy management,
temperature monitoring, blast furnace control, plant
security, and a host of other applications.

CAMAC is computer independent and interfaces to
virtually any CPU ... or bus or peripheral, even GPIB
for that matter. Change CPUs ... DEC, MODCOMP,
SEL, HP, DG, CDC...or add remote stations.
CAMAC'’s modularity permits limitless expansion at
minimal cost. KineticSystems offers you the widest
range of standard CAMAC process interface modules
available today. Our line of DEC-compatible products
and systems is unsurpassed. PC/DBS, our powerful
new Process Control/Data Base System allows you to
focus on developing control strategies rather than
application programming.

Add our total system support and full two-year
warranty, and is it any wonder that more and more
OEMs and system integrators are relying on us? When
your project calls for reliable process automation . . .
call KineticSystems.

KINETICSYSTEMS

11 Maryknoll Drive Lockport, lllinois 60441 Phone: (815) 838 0005
TWX: 910 638 2831

West Coast Office Europe (Service) Europe (Marketing)

39175 Liberty St., Suite 245 3 Chemin de Tavernay Gewerbestrasse 13

Fremont, California 94538 1218 Geneva, Switzerland CH-4528 Zuchwil, Switzerland
Phone: (415) 797 2351 Phone: (022) 98 44 45 Phone: (065) 25 29 25

TWX: 910 997 0544 Telex: 28 96 22 Telex: 93 46 48
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Competition for industrial market
share has heated up for US companies,
and they are finally looking to digital
computing technology for help.

ing product lines partly through OEM
agreements.

Main points to remember when de-
signing for factory applications are: IBM
has already hit the market, and for “area
computers”, compatibility may be key;
environmental hazards include dirt, tem-
perature extremes, vibration, noisy
equipment and, not least, the users; inter-
face is to operators often without com-
puter training and, at the other end, to
analog monitoring equipment, not other
digital systems.

Some of the products that may best ad-
dress these needs are microcomputers to
manage information while programma-
ble controllers control the process; ad-
vanced CMOS semiconductor technolo-
gies, for powerful computer chips in to-
tally sealed enclosures; interactive color
graphics displays for an understandable
user interface and token passing local
area networks for tying all areas of a shop
together. All of these will work in con-
junction with traditional process and fac-
tory control instruments.

Microcomputers Move In

One driving force in the distribution of
intelligence to the plant is the bottom line
figures viewed by the top management.
Those with access to corporate comput-
ing/MIS are now interested in complete
factory operations and management in-
formation. As the major supplier of MIS
systems, IBM realizes that need; their In-
dustrial Systems Division (Boca Raton,
FL) is developing many systems tailored
to factory use. At the Programmable
Controllers show this spring, they intro-
duced an industrial version of the PC/XT,
the 5531 (Figure 1), for use in the plant.

Essentially, the 5531 has only different
packaging from the PC/XT, providing it
complete XT software and hardware
compatibility. The IBM 5531 with a key-
board, 128K memory, a single floppy and
a 10 Mbyte fixed hard drive and ports for
a color graphics monitor, asynchronous
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communications and a printer costs
$6,740. Because of their relatively small
cost and size, microcomputers will find
their way into manufacturing information
management.

The 8088 is used to power other indus-
trial terminals as well. Eagle-Picher
Akron Standard’s (Akron, OH) FacTer
8300 and 8400 terminals are totally
sealed, with integral 12" monitors and
keyboards (Figure 2). ISI International
(Sunnyvale, CA) use the 8088 for IBM
PC and XT compatibility in their 6160
Industrial Computer. The system is rack-
mountable and has a socket for the 8087
math co-processor.

Even GE (Norwalk, CT) has based
their Workmaster Programmable Control
Information Center on an IBM PC —the
portable. This system (Figure 3). op-
timized for size constraints, uses a 9"
screen, 3" hard-case floppy diskettes,
and weighs 32 Ibs. GE also uses terminals
from NemaTron Corp. (Ann Arbor, MI).
NTC offer their own industrial terminal,
the IWS-100, for flush panel-mounting.
With a Z80 processor, 12” screen, flat
membrane keyboard and ANSI-compati-
bility, this system costs $1,690 list and
$1,175 OEM.

Software for industrial use of the IBM
PC has been introduced as well. A hard-
ware/software product called Factory
Calc has support from several major pro-
grammable controller firms, though the
originator, MISA Corp. (Milford, OH),
1§ a start-up. FactoryCalc is a VisiCalc-
compatible spreadsheet package with an
8085-based Information Manager to in-
terface to the IBM PC.

Heuristics (Sacramento, CA) has had
similar success in working with major
control manufacturers on their Onspec
personal computer software package.
The modular package for the IBM PC,
Sage or PC-compatible, communicates
with controllers and instrumentation
from about a dozen big names. Historical
and trend data, as well as alarms, real

Figure 1: IBM has packaged the PC/XT for
industrial environments to make their 5531
Industrial Computer.

time status and output to instrumentation
are part of the $2,450 Onspec program.

A key feature of these systems is that
they run without user programming for
analysis of the information generated in
manufacturing. Another company pro-
viding that is Cyborg Corp. (Newton,
MA), whose ISAAC (Integrated System
for Automated Acquisition and Control)
family is based on IBM or Apple per-
sonal computers. ISAACs are designed
for data acquisition, as their name im-
plies. Cyborg offers several I/O boards
for sensitive A/D and D/A needs of lab-
oratory and process control applications.

One traditional feature of control
equipment is [EEE-488 GPIB bus com-
patibility, and National Instruments
(Austin, TX) has given that to the IBM
PC, too. These packages allow an IBM
PC to run control routines. Two versions,
one with high-level commands only, is
for end-users, and an OEM version can
mix those with primitives.

How large a dent such microcom-
puter process control products will make
is a question, however. As MISA Presi-
dent Walter Schoellmann points out, the
main role of personal computers in fac-
tory automation will not be process con-
trol, but management of the information
generated by a process. As area comput-
ers collecting data from a group of fac-
tory instrumentation, the PC will be
pervasive.

Industrial managers are interested in
utilizing available computing technology
to stay competitive. Evidence of this
trend is a new consulting company to ad-
dress strategies for industrial revitaliza-
tion, Harbor Research (Cambridge, MA).
Glen Allmendinger, President of Harbor,
succinctly says: personal computers will
be the gateway between corporate MIS
and factory management.
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worldwide.
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Industrial Environment
Constraints

One of the most obvious differences be-
tween industrial and most other applica-
tions is the physical environment. Hazard
from dirt, dust, high temperatures,
chemicals, vibration or shock may need
to be accounted for in equipment design.

Equipment for process control has
long been made to NEMA standards to
allow operation in factories. Totally
sealed enclosures are an advantage for
devices that could serve a wide range of
industrial markets. Membrane keyboards
have taken hold for this reason, as have
membrane-based touch panels, like the
1780 (Figure 4) from John Fluke Manu-
facturing (Everett, WA).

High temperatures and total enclosure
are difficulties for magnetic memory pe-
ripherals, as well. Some companies are
working at widening disk and tape drive
operating temperature ranges, but most
drives are still not reliable under factory
conditions. Industrial Data Terminals
(IDT) (Westerville, OH) uses bubble
memory to circumvent some of those
problems (Digital Design, July, 1984).
Fluke offers bubble as an option, so for
dusty use, floppies are only needed for
initial booting. Bubble memory module
supplier Targa (Ottawa, Canada) sees
industrial computing equipment as a
prime market.

The electrical noise generated by man-
ufacturing machinery can be another
problem. Cables need good shielding,
and enclosures need to be EMI-resistant.
Some communication problems in ex-
tremely noisy environments can be
solved by fiber optic links. Companies
like Anaconda-Ericsson (Overland Park,
KS), Valtec (West Boylston, MA) and
EOTec (West Haven, CT) supply links for
such purposes, and the traditional con-
nector/hardware maker Molex (Lisle, IL)
has introduced a fiber optic link.

In addition to protection against the
physical environment, equipment needs
to be shielded from inexperienced com-
puter users. Some of the users of equip-
ment on a factory floor are familiar with
operating only knobs and switches. In ad-
dition, their hands may be dirtier than the
environment at large.

The suppliers of control and industrial
equipment have experience in ruggediz-
ing. Studying their packaging could be
worthwhile. Another possibility is to
OEM to the large firms such as Allen-
Bradley, GE, Honeywell, Gould and Sie-
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Figure 2: Integral dis-
play screen and mem-
brane keyboard with
letters in alphabetic
order make Eagle-
Picher’s Facler termi-
nals well-suited to the
industrial environment.

mens and let them package devices as
part of their systems. The latter scheme
could also lend help to market acceptance
of the product.

VLSI, Bus Choices
For The Factory

Ideally, the digital intelligence invading
everyday products can be integrated into
many instruments and controls on the
plant floor. This will require not only
very small size devices, but also sealed
enclosures with little or no extra room
needed for cooling. The heat dissipation
of high density computing circuitry has
made sealing virtually impossible.
Various IC houses have developed
CMOS processes that promise high speed
for computing with little enough heat dis-
sipation for sealed, uncooled use. The
noise immunity of CMOS ICs is also an
advantage for industrial systems. The ad-

315" diskettes.
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Figure 3: GE (Norwalk, CT) has based their WorkMaster on IBM’s portable computer:; it uses

vent of dense, low-power VLSI circuitry
could revolutionize the factory floor.

Controlling a process, unlike process-
ing data, requires ongoing response to
real-world analog signals. To optimize a
manufacturing process, data must move
rapidly; here, 32-bit processors will be
useful. Some 32-bit machines are avail-
able, soon at only a small cost premium
over 16-bit machines. But they may not
storm the market because there are few
bus structures that support 32-bit
processing.

Currently, the VME bus is gaining
ground for high performance. Xycom
(Saline, MI) has committed energy to the
VME, seeing that it has a small form fac-
tor and is easily ruggedized. By using
intelligent I/O cards, processing power is
distributed.

Traditionally, the STD bus has been
popular for industry. Micro-Link (Car-
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One of the largest deterrents to automating an industrial plant
is the capital investment in an untried system. Every control
application is different; factories may vary in size and require
equipment in unique configurations. One system, from HEI,
Inc. (Carol Stream, IL) addresses these factors by simulating
industrial equipment, emulating software for the control com-
puters and animating potential scenarios. Designers can show
management how the automation of a plant would function be-
fore installation.

The HEI product includes software emulation for debugging
and simulation of industrial hardware. This simulation in-
cludes the movement of materials and operation of instru-
ments and programmable controllers on the factory floor.

The RTCS (Real Time Computer Simulator) takes the place
of factory floor equipment and hooks up to a programmable
controller and a host computer (Figure 1). The parameters of
an automation system, such as placement, timing and func-
tions of equipment, are input to a table in the IBM PC or com-
patible host. Different equipment designs can be tried by
manipulating these parameters. The programmable controller
executes software as if it were operating the factory system
rather than the RTCS. A color character graphics display

Figure 1: RTCS on the right is testing a control program running on
the Allen-Bradley PLC-3 programmable controller.

Simulation Of Automated Factory Allows Optimized Designs

(Figure 2) shows activity in real time, as it would happen in the
plant, as well as the programmable controller inputs and
outputs.

The HEI system can act as a diagnostic station after the
optimized equipment is installed. The investment in the
simulation system can then be absorbed over the lifetime of
the plant.

Two configurations of the RTCS are available. The 250-A has
two 8086 16-bit processors and 128K model memory and the
250-B uses three processors and 256K model memory. The
-B handles processes as fast as 50 msec, and the -A, 100 msec
minimum. Both are Multibus-based, with 256K of main system
memory and a serial interface to Allen-Bradley and Modicon
controllers. They include a color graphics monitor and an
operator CRT console. The 250-B also directly interfaces via
Opto-22 or Texas Instruments I/O modules.

This system is especially useful in demonstrating possibili-
ties before equipment installation. Simulation packages are
available for industrial plants, but inclusion of software emu-
lation and graphics animation allow for fuller analysis of factory
operation for system optimization.

Write 301

Figure 2: Operation of an integrated manufacturing facility is shown
onthe color display. The simulation includes automatic storage and
retrieval, conveyor and wire-guided vehicles.

mel, IN) and Contemporary Control Sys-
tems (Downers Grove, IL) offer a wide
range of systems and I/O and control
cards to the STD bus form factor. The
boards are small, and the bus allows for
prioritized interrupts. Both these are
bonuses for industrial systems.

Texas Instruments (Johnson City, TN),
has their own bus, the TM990. Their own
99000 and 99105 processors for the bus
have a communications register unit
(CRU) that allows single-bit addressing
for I/0. Also critical for control applica-
tions is the interrupt-handling of these
CPUs; 15 maskable vectored prioritized
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hardware interrupts are allowed.

Building around CMOS parts allows
sealed-enclosure industrial systems on
National Semiconductor’s (Santa Clara,
CA) CIMbus (CMOS Industrial Micro-
computer). A power bus allows power
down on everything but clock and mem-
ory, for low power consumption during
sampling I/O. Like the VME, CIMbus
uses the Eurocard form factor with its
small card size and corrosion- and vibra-
tion-resistant connectors. National says
the bus is being expanded to support 16-
bit CMOS ICs as well as their 8-bit
NSC800 CPU.

Specifically tailored to industrial
applications are the GPIB/HPIB and
CAMAC buses. These are rarely seen in
general purpose computing systems, but
are suited to test and control systems.
When peripheral I/0, ASCII and teletype
connections became inadequate for com-
puter-to-instrumentation connection
about 10 years ago, these two standards
caught on quickly.

The HPIB (Hewlett-Packard Interface
Bus), standardized as the GPIB or IEEE-
488, is for relatively simple monitoring
and data acquisition. Basic to this scheme
are talkers, or devices such as counters
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and timers that only transmit on request,
and listeners, such as printers and record-
ing devices that simply take input. Other
devices on the bus can do both, as talker/
listeners and controllers. Simplicity of the
bus hardware and the command structure
keep costs relatively low for the GPIB.

IEEE-595 CAMAC, the other indus-
trial bus, is for larger installations. Card
cages on this bus, called crates, can each
hold up to 23 process modules (Figure
5). As many as 62 crates are connected by
a serial or parallel data highway with re-
dundant paths. KineticSystems (Lock-
port, IL) has long offered CAMAC crates,
modules and crate controllers. Now, they
have interfaces for the IBM, DEC Profes-
sional and Apple personal computers to
act as an interface for I/0 to office.

Traditional industrial bus architectures
are contending more frequently with
powerful commercial bus structures. For
any bus on the factory floor, interrupt
handling, small form factor and soon,
power and speed to accommodate 32-bit
processing are critical.

Interfacing To Process, Operator

Computers in an industrial environment
are connecting to different sources of in-
coming data and to another sort of user
than those in MIS or laboratory situa-
tions. A continuous process is often auto-
mated to keep it within stricter limits.
This means continuous analog feedback
from the process and the ability -to
respond to out of bounds conditions.
Turnkey suppliers of control systems

W W Wk

Figure 4: John Fluke
Manufacturing offersa
small touch panel for
user interface to their
range of industrial
controls and instru-
mentation; the tech-
nology for the 1780 has
tactile feel and is easily
cleaned.

have long interfaced instrumentation to
computers. But for increasingly tight
control, a process should be controlled at
the site. Along with Burr-Brown (Tuc-
son, AZ), Datel-Intersil (Mansfield,
MA) and others, Analog Devices (Nor-
wood, MA) has been aleader in A/D and
D/A conversion devices. An 8-bit A/D
chip that provides a transducer to micro-
processor interface including amplifier-
buffering is one of their products. Analog
Devices may announce low power analog
components soon, as well.

A large contingent in the control indus-
try is making computer front-ends. John
Fluke offers the 2400 and Acurex (Moun-
tain View, CA), the Autolink to offload
the computer from data acquisiton. Fac-
tory data collection systems like those
from Honeywell (Minneapolis, MN) and
hand-held versions like those from Fluke
and from Innovative Electronics (Miami,
FL) also provide collection functions.

A key element of the interface to the
process is multi-tasking and efficient I/O
handling. S&H Computer Systems’
(Nashville, TN) TSX-Plus for LSI-11 sys-
tems uses caching for faster I/O access
and 18-bit DMA.

At the other end, the factory worker/
user may be an even bigger interface chal-
lenge. Most of the operators on the floor
have no training on a computer, and are
somewhat afraid.

Great improvements in an operator’s
ability to control a process are possible
with interactive color graphics, however.

Figure 5: 25-slot CAMAC crates and modules
such as these from KineticSystems allow large
numbers of instruments to be connected for
process control and data acquisition.

With products such as Industrial Data
Terminals’ (Westerville, OH) Screenmax,
color graphics to show what is happening
with a process and setpoints for high and
low boundaries (Figure 6) are casily de-
veloped. Configuring a display to match
the actual manufacturing process is criti-
cal, since every industrial setup is differ-
ent and subject to change. USData (Rich-
ardson, TX) also makes extensive use of
color graphics for the user interface.

This configurability to fit the applica-
tion has also extended to the keyboard for
USData. The Flexus keyboard kit (Fig-
ure 7) allows as many as 155 keys to be
placed wherever they are logical for a
particular operation and operator. Unlike
data entry, most control applications only
require a few keys to perform necessary
input and manipulations.

Most keyboards will not be used for
text entry in the factory, and those using
the terminal equipment generally are not
typists by training. Several manufacturers
have introduced products with keys in al-
phabetical order (Figure 2), to make
them easier for a non-typist to find.

Yet another way to allow operator in-
teraction for those not trained in data
entry is to use a touch screen, as Fluke
has for some time (Figure 4). Carroll
Touch Technology (Champaign, IL) has
developed special Industrial Touch Units.
Interaction Systems (Newtonville, MA)
has a gridless touch screen system that
has touch sensitivity without any me-
chanical workings. Microtouch (Wo-
burn, MA) and Autech (Columbus, OH)
also offer touch sensitive display and
retrofit products.

Voice input and synthesis may be use-
ful for the factory, too. When an operator
needs to move about, freedom from the
panel could be an advantage. However,
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Figure 6: Color graphics displays such as this
one from IDT not only provide visual alarms

to the operator, they show the whole picture of

a process.

there are potential problems with voice
interaction.

Besides making an interface that does
not intimidate the user, alarm and warn-
ing methods are important. In the event
of a parameter setpoint being violated,
the operator must be alerted in a timely
fashion. But in many instances, not the
operator, but a supervisor, should have
final control. Therefore, some form of
access codes or override from another
location are desirable.

Providing useful information to the
user on the plant floor without intimida-
tion is tricky. Most users are accustomed
to seeing dials, gauges and buttons on the
control panel of industrial equipment.
Some graphics displays simply reproduce
that look and allow buttons either on a
keyboard or on a touch-sensitive screen
to act as mechanical human interfaces.

Factory Communications

With more powerful equipment in the fac-
tory, the need for sophisticated communi-
cations has grown. There are many levels
of communications needed: between in-
telligent equipment and the instruments
at the process; plant-wide networking;
and between the manufacturing facility
and the corporate MIS equipment.

For the smaller area, the control equip-
ment manufacturers probably are devel-
oping the best solutions. From Honeywell
to Texas Instruments to Allen-Bradley,
local “data highways™ and other links are
designed for the application. And new
versions of most of these systems are on
the way or recently announced.

Since intelligent remote units can pro-
cess much of the incoming data before
sending it to a central control computer,
high bandwidth communications may not
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be critical. Assured, constant transmis-
sion is more important. Companies like
ETI Micro (Dublin, CA) have based
product strategies on a front-end commu-
nications processor for personal or other
computers. Their 8691 Gateway looks
like a black box to the computer and
keeps track of all of the latest information
from remote I/O units.

At the facility-wide level, General Mo-
tors with their MAP (Manufacturing Au-
tomation Protocol) system and its IEEE-
802 4 token passing bus local area net-
work are pushing toward standards. Con-
cord Data Systems (Waltham, MA) offers
IEEE 802 4 networking products now,
and with GM and user group support,
others will surely follow suit. The benefit
of token passing for industrial applica-
tions is the assured access for decisive
processes. Access is assured because a
logical token, or possibility to transmit,
is given in turn to each node; no device
must wait because of collisions.

IBM also supports the 802 4 standards
for industrial communications. Though
the token passing ring is their choice for
office LANSs, they, like GM, see a bus
topology for the factory. The physical bus
is a broadband cable, which many facil-
ities already have installed for CCTV
monitoring, attendance, surveillance and
machine vision. With the backing of such
giants, the token passing bus will no
doubt be standard for installations in in-
dustry needing local area networking.

For interconnection with office net-
works, gateways can be used. Once
higher-level protocols have been standard-
ized for networks, whether to the NBS,
TCP/IP or Xerox XNS, various network
topologies and bus access and data format
methods will be able to interact easily as
one. Gateways to the major control manu-
facturers’ dataways will also be critical.

Conclusion

System integration for the industrial
market has many battles to fight. But at
long last, the resistance to automating
and to using other than traditional pro-
cess vendors’ equipment is waning. Still,
computing equipment will not replace
the control devices; designs must accom-
modate programmable controllers, lad-
der logic and huge quantities of I/O.
Industrial automation will no longer
take place in isolated, separate units.
CAD workstations that are not linked to
engineering or manufacturing equipment
are a familiar example of “islands of auto-

Figure 7: Processes being controlled are gen-
erally unique, and this Flexus keyboard kit
Sfrom USData provides total user configurabil-
ity of 155 keys; even the legends on the keycaps
are chosen or created by the system designer.

mation” that are being linked into a larger
picture now. Similarly, remote instru-
mentation, controllers and area comput-
ers will all connect and also be closely
linked to corporate computing.

Microcomputers, especially the IBM
lines, will invade as intelligent gateways
between the office and the factory. PC
software tailored to the process environ-
ment will be in high demand.

New silicon processes that yield high-
performance ICs that generate very little
heat could radically change the face of
industrial automation. With opportuni-
ties to fully enclose intelligence for
relatively low costs and almost no space,
an increasing number of instruments will
incorporate computers.

Harsh environments and non-pro-
gramming, non-computer-literate opera-
tors will always drive this market. A
different set of ergonomic factors apply.
Creating rugged equipment with under-
standable, configurable interfaces to the
user is of prime importance.

Traditional controllers, dataloggers
and instrumentation will continue to pop-
ulate the factory floor. But as they be-
come more intelligent and digital pro-
cessing becomes feasible for distribution
to these devices, opportunity and prob-
lems for suppliers of digital equipment
will increase.

In this old field, names and reliability
are important; look for control vendors to
OEM much of the needed software and
hardware to improve their products. Even
IBM products are now incorporated into
the systems of several major control sup-
pliers. Perhaps the more experienced in-
dustrial suppliers can best configure
highly application-specific systems for
process control. O

How useful did you find this article? Please
write in the appropriate number on the
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Development Tools
Take Aim At 32-Bit Chips

by Ronald Collett,
Technical Editor

Although much has been published about
the extended capabilities of 32-bit micro-
processors, the market still belongs to the
8- and 16-bit chips. For most current
applications, 32-bit horsepower is seen as
overkill and is not expected to immedi-
ately shake up the industry.

The arrival of full 32-bit microprocessors
from National Semiconductor and
Motorola has set the stage for a deluge of
third party support tools. Most vendors,
however, are hedging their bets and not
committing to support any particular
manufacturer. Instead, watchful eyes are
fixed on the National Semiconductor
NS32032 and the Motorola MC68020 to
see which is more dominant in the mar-
ketplace. The expected arrival of Intel’s
80386 and Zilog’s Z80,000 has also added
to the suspense. Once the four semicon-
ductor vendors are in head-to-head com-
petition and system integrators have a
chance to evaluate the offerings, third
party vendors will provide development
support.

The prospective user has three main
options when purchasing a development
system: a dedicated system; a universal
system; or an emulator and cross soft-
ware for a host suchasa VAX, PDP-11 or
IBM PC. Dedicated systems support the
development of one manufacturer’s
microprocessors, whereas a universal
system accommodates almost any micro-
processor. In most cases, the major dif-
ference between the two systems is the
emulators that come with the system.
New interface tools also enable some
emulators to be tied directly to the host.
With this, code can be directly down-
loaded to the emulator from the host.
Otherwise the only choice for in-circuit
emulation is to purchase a standalone
emulator.

Capabilities of development systems
from various manufacturers present the
potential user with a range of choices. For
instance, some systems include logic
analysis, emulation and software devel-
opment while others provide a limited
combination of these capabilities. More
specifically, some of the tools found in
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system.

Figure 1: The COLT 300 from Dolch can function as either a portable or benchtop development

new development systems include in-cir-
cuit emulators, cross compilers, cross
assemblers, state and timing analyzers,
simulators, symbolic debuggers and
PROM programmers. Available as separ-
ate tools for several years, only recently
have manufacturers combined many into
one package.

Beyond combining many development
tools into a single system, manufacturers
have been concentrating on improving
software aids. Using a development sys-
tem can be confusing, so manufacturers
have aimed at easing the task. In addition,
many new systems use common operat-
ing systems based on UNIX, CP/M or
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For software development tasks, system
integrators are shying away from traditional
universal and dedicated development
systems and opting for general

purpose computers.

PC DOS. With acommon operating sys-
tem users can transport development and
application programs between different
computers that support that operating
system.

For software development, using a
general purpose computer suchasa VAX
has evolved into a dominating trend. With
this configuration, system integrators
have realized the benefit of having a com-
puter system for not only microprocessor
development but VLSI design, logic sim-
ulation PCB layout and general CAE
tasks. The large host can also act as a cen-
tral node for networking several develop-
ment stations together. In response to this
trend, many universal and dedicated de-
velopment system manufacturers have
created communication links between
their systems and the VAX.

Universal Systems

Recognizing that many users want to
draw on the resources of the VAX, Tek-
tronix (Beaverton, OR) adapted their sys-
tem’s language development system
(LANDS) to run on the VAX 11/730, 750
and 780. Tektronix’s 8500 Series of
microprocessor development systems
also allow stand-alone use, so system
integrators need not own a VAX. After
developing programs on the host, object
files can be downloaded to the 8540 inte-
gration unit to test and debug software.
The 8540 also interfaces to the firm’s
emulators so engineers can perform soft-
ware/hardware integration for most 8-
and 16-bit microprocessors. In addition,
the DAS 9100 Digital Analysis System
can be interfaced to both the 8540 and
8560/61 so the same symbols can be used
for logic analysis, emulation and software
development.

Logic analysis, emulation and software
development for most 8- and 16-bit micro-
processors is also offered by Hewlett-
Packard (Palo Alto, CA). The HP64000
development system can be purchased as
either a desktop model or transportable
unit. The desktop version offers 10
expansion slots and the transportable
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model offers 5 slots. Option cards that fit
in these slots include state analysis, tim-
ing analysis, high speed emulation and
additional emulation memory.

Users can develop software with Pascal
and HP offers assemblers for most micro-
processors. If the assembler is not avail-
able, custom assemblers can be created
using the HP definable assembler. HP’s
software performance analyzer option
can significantly aid in optimizing soft-
ware since it aids in locating software
throughput bottlenecks which affect
overall performance.

Hewlett-Packard has also recognized
that system integrators want to develop
software on a VAX. They plan to intro-
duce software tools that run under VMS
as well as a high speed link to network
their 64000 series development systems
toa VAX. Originally scheduled for intro-
duction this month, HP postponed the
release until late 1984 or early 1985.

Besides offering a standalone micro-
processor development system, Kontron
(Redwood City, CA) provides the Emu-

=
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lator Bridge as an interface between their
own KSE Series of in-circuit emulators
and any of DEC’s VAX or PDP-11 com-
puters. As a result, software developed on
DEC computer systems can be directly
downloaded into the emulator via the
Bridge.

For full development capabilities,
Kontron’s KDS microprocessor develop-
ment system provides software develop-
ment capabilities, in-circuit emulation
and logic analysis. This system has sev-
eral configurations. The most powerful,
the KDS-968, operates under UNIX,
uses a 68000-based CPU and a Z-80 co-
processor for controlling in-circuit emu-
lators, logic analyzers or other peri-
pherals. This system simultaneously sup-
ports up to three users: one user has ac-
cess to software development, logic
analysis and emulation while the others
can perform only software development.
Programs can be developed using Pascal,
C or assembly language and an optional
Ethernet interface allows multiple
KDS-968 units to be networked.

Kontron also offers emulators for most
8- and 16-bit microprocessors and the
emulators can be daisychained to support
up to four microprocessors simul-
taneously. To complete the development
system, the firm offers the KSA series of
logic analyzers and a PROM program-
mer. The logic analyzers provide up to 64
channels with both state and timing analy-
sis at speeds to 100 MHz. The PROM
programmer supports up to 400 devices
including MOS, CMOS and bipolar, and
can be integrated into the development

Figure 2: Kontron's Development Adapter enables an IBM Personal Computer to host their slave

emulator subsystem.



The ISE/32, National Semiconductor's NS32032 In-System
Emulator, is designed to support National’s own series 32000
family of microprocessors. It is completely different from its
current cousins, the NS32016 and the NS32008. When avail-
able early next year, the ISE/32 will be the first ISE to truly emu-
late a full 32-bit microprocessor.

Used with host systems such as National's SYS32, the
ISE/32 will emulate a complete 32000 chip set, including the
NS32032 (CPU), the NS32082 Memory Management Unit
(MMU), and the NS32201 Timing Control Unit (TCU).

Like the ISE/16, the ISE/32 can either enable or disable the
MMU. The ISE/32 will allow users to test and debug both hard-
ware and software in their own 32000-based hardware envi-
ronment. The user could test and debug only the 32000 soft-
ware program if a 32000-based hardware system is not avail-
able. ISE/32 will operate in either emulation mode, when the
ISE/32 is actually running the user’s program, or monitor
mode, when the ISE/32 is communicating with the user via the
host system.

ISE/32 will include an internal clock oscillator for speeds of
up to 10 MHz and 12 Kbytes of high-speed dedicated ISE
memory for real time emulation. All the features needed to
stop emulation to examine and modify CPU registers, slave
processor registers, and memory space will also be provided.

The ISE/32 package consists of hardware, the monitor firm-
ware program, and RS-232 cables. A host-dependent debug-
ger program (IDBG32, ISE-DeBuGger for the NS32032) will
be available as part of the NS32000 cross software support
package. The software portion of the ISE/32 consists of the
monitor firmware program which will reside in PROMs on the
emulator pod and the IDBG32 program which resides in the
host system. IDBG32 is a high-level user-friendly debugger
program, much like the IDBG16 for the ISE/16. For ISE/32,
IDBG32 will support multiprocessing environments, 32-bit
processors, 32-bit data paths, and various hardware
enhancements.

ISE/32 will have four 76-bit hardware breakpoints. The user
can set a break to occur on address (25 bits), data (32 bits),
status (11 bits) and/or external (8 bits via the TTL Status Pod)

ISE/32: NS32032 In-System Emulator

conditions. Breakpoints can be used either combinationally
orsequentially (e.g., Aor B, B before C, etc.). Asinthe ISE/16,
the ISE/32 will support a breakrange independent of these
breakpoints to allow the user to specify a break to occur if an
address falls within a specified range.

The ISE/32 will also have two 32-bit execution timer/counters
for measuring time between two events or creating a new
event after a predetermined number of events. Thus the user
can not only perform time measurements in terms of clock
cycles, events, instruction executions, or memory cycles, but
also have the timer turned on by one event and off by another.
Counting could be resumed whenever the first event reap-
pears, allowing execution timing statistics to be recorded.

ISE/32 will have a 1023 x 128 entry trace buffer to support
either Program Flow (non-sequential instructions or branches)
or Bus Analysis Tracing. An entry in the trace buffer willinclude
such information as address, data, and status, among others.

Since the architecture of the NS32032 lends itself to multi-
processing, ISE/32 will also support multiprocessing environ-
ments. Care is being taken not to force the user into a multi-
processing environment if the application does not require it.
For such applications, then the ISE/32 will provide the most
general case of multiprocessing, where a number of pro-
cessors are operating asynchronously with both private and
shared resources.

Processors do not have to be all NS32032 CPUs. Future
enhancements to the ISE/32 include interchangeable emu-
lator pods to support other members of the 32000 family and
combinations of them. By supporting the most general of
multiprocessing configurations, ISE/32 will be able to support
all its subsets, including the tightly coupled synchronous dual
processing which is a unique feature of the NS32032.

Write 302

— Mike McCullough,
Group Marketing Manager,
Development Systems,
National Semiconductor

system or act as a standalone unit. A re-
cent introduction, the Kontron Develop-
ment Adaptor (KDA), enables an IBM
Personal Computer to host their slave
emulator subsystem (Figure 2). This
allows system integrators to develop and
debug application programs for 8- and
16-bit processors.

Dolch (San Jose, CA) gives system
integrators the option to develop pro-
grams on a VAX or PDP-11 and download
to the ATLAS 9600 or use it as a stand-
alone development system. A portable
version of ATLAS, COLT (Figure 1) of-
fers most of the same features and runs
the MP/M-II operating system. The 9600
runs CP/M and compatible compilers,
assemblers and linkers. A reconfigurable
system, the 9600 accepts different mea-

surement modules for tasks including
logic analysis, emulation, EPROM and
PAL programming, word generation,
signature and waveform analysis.

The emulator module supports the
780, 8085 and 6809; the trace module
supports additional processors including
the 68000, 6502, NSC800, 1802 and the
8080. There is also a choice between
several high and low speed logic analyzer
modules. One high speed logic analyzer,
the model 96300, provides 16 300 MHz
channels (100 MHz synchronous), and
0.5K of source and reference memory.

In addition to software development
and emulation capabilities, Emulogic’s
(Norwood, MA) ECL-3211 micropro-
cessor development system has a unique
command file structure that allows the

system to be used for production test.
With this feature, diagnostic test pro-
grams can be automatically executed on
the unit under test (UUT) via the
ECL-3211's emulator. Other features of
the system include Pascal and C com-
pilers, a symbolic debugger and the
Emunet network for linking development
systems. In addition, users can interface
the system to a VAX or PDP-11. Emula-
tors for the system support most 8- and
16-bit microprocessors from manufac-
turers including Intel, Motorola, Zilog
and National Semiconductor.
Emulogic also recently introduced a
new line of development systems built
around DEC’s Professional-350 desktop
PDP-11 computers, the ECL-3200 line
(Figure 3). The first of the family built
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More Bang For Your Bug

Plug-Ins give you the ultimate in flexi-
bility

Dolch’s COLT/ATLAS concept is the most
logical step into the future of logic analysis
and digital test instrumentation. The
integration of a general purpose computer
with an instrumentation Plug-In creates
the ultimate virtual instrument, providing
flexibility for today’s debugging needs and
expandability for tomorrow’s logic testing.

For more Information:
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Plug-Ins expand your logic analyzer
power

As a pioneer in the field of logic analyzers
Dolch provides you with the most com-
plete range of logic analyzer plug-in
modules for state (48 channels) or timing
(300MHz).  pP-dedicated analyzers
provide you with the ultimate logic analy-
zer power, carefully tailored to fit the
needs for all popular 8 or 16 bitters.

Write or call for a demonstration today
2029 O'Toole Avenue San Jose, CA 95131
(800) 538-7506 (408) 945-1881 (in California)

Load up your COLT today and shoot
down system bugs
with Plug-Ins now available for:

Logic Analysis
In-Circuit Emulation
Word Generation
Serial Data Analysis
In-Circuit Testing
PAL/IFL Development
EPROM Programming
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Figure 3: Emulogic’s new ECL-3200 Series de-
velopment systems are built around the DEC
Professional-350 desktop PDP-11 computers.

around the DEC-350, range in price from
just under $20,000 to $25,000. Key fea-
tures include: no wait state emulation,
Pascal and C cross-compilers, symbolic
debugging and comprehensive break-
point capabilities. According to Emu-
logic President Frank Bruns, “Compar-
able universal development systems can
costas much as $40,000. But by building
on DEC'’s Professional computers, we are
able to offer the industry’s first full-func-
tion software development and in-circuit
emulation system priced under $20,000.”
For a powerful development system
under $7.000, Microtek Labs (Gardena
CA) offers their Personal Development
System. This system supports micropro-
cessors from manufacturers including
Motorola, Intel and Zilog. Based on
CP/M, the system supports software de-
velopment, real time emulation, sym-
bolic debugging, software performance
analysis and logic state analysis.

Dedicated systems
One major advantage to choosing a dedi-
cated microprocessor development system
is that when a microprocessor is released
from its manufacturer, the emulator from
that manufacturer is usually available
much earlier than similar emulators from
independent vendors. For example, the
emulator for NS32032 and 68020 micro-
processors will be available earlier than
corresponding emulators from indepen-
dent vendors (see “ISE/32” and “MC68020
Emulator/Analyzer Module™).
Committed to maintaining compati-
bility between its older and new develop-
ment systems, Intel (Santa Clara, CA)
supplies enhancement products so their
systems can be upgraded to meet the
requirements of new chips. Intel offers
three development systems: the Intellec
Series and NDS-II for 8-, 16- and 32-bit

920

microprocessor development, and the
less powerful portable iPDS unit for 8-bit
processor development.

Completely integrated and based on
the 8085, iPDS supports high level soft-
ware development using PL/M, Fortran,
Basic or Pascal and assemblers are avail-
able for all Intel 8-bit microprocessors
and controllers. Interchangeable
modules for emulation and PROM pro-
gramming fit into the unit’s side door and
optional modules for bubble memory or
an IEEE-488 interface can be purchased
separately. When not being used as a
development system, the iPDS can act as
a personal computer since Intel also
offers CP/M as an option.

For development projects that require
more horsepower, Intel’s Intellec Series
IV, supports the iIAPX 86/87/186/188/286,
the MCS 80/85 and the MCS 48/51 fam-
ily of microprocessors. Like the iPDS,
the Series IV permits software develop-
ment using PL/M, Pascal, Fortran, C and
Basic. The Series ILE, II1 E, IV are soft-
ware compatible.

To further enhance the Series IV, Intel
includes PSCOPE, emulator modules and
the I’ICE system (Figure 4). PSCOPE,
a symbolic debugger program, provides
a window into program execution at the
high level language source. By using the
I’ICE system, which supports the entire
1APX 86 family, system integrators can
perform high level language debug with
in-circuit emulation. Consequently, as-
sembly mnemonics do not have to be
matched with high-level language state-
ments. In addition, the I’ICE system has
the same command syntax as PSCOPE.
To complete the system, [’ICE has a 16
channel 100 MHz logic timing analyzer
option.

Intel also offers their Network Devel-

opment System-II (NDS-II) which sup-
ports a distributed development environ-
ment. At the core of NDS-II is the net-
work resource manager which provides
mass storage, a spooled line printer, a
protected hierarchical file system and dis-
tributed job control to each user. Work-
stations or standalone Intellec Series II,
IIT or IV development systems can be at-
tached to the network. An asynchronous
communication link allows communica-
tion between an NDS-11 workstation and
a mainframe.

Aiming to capture users of Intel devel-
opment systems, RELMS (San Jose, CA)
offers ICEBOX, a software development
and real time emulation system that inter-
faces to any of Intel’s Intellec systems
(MDS-800, SeriesII, III, IV) or the iPDS
system. ICEBOX also communicates
with any CP/M system with an auxilliary
serial channel, a VAX running VMS or a
PDP-11 running RSX-1IM. RELMS sup-
ports emulation for the Z80, NSC 800
and 8085 microprocessors.

Motorola (Phoenix, AZ) offers the
Exormacs and the VME/IO (Figure 5)
dedicated development systems. Exor-
mac, a multi-user system, supports the
MC68000 family, contains a 68000 CPU
and runs under the VERSAdos-E operat-
ing system. Up to eight users can simul-
taneously perform symbolic debugging
and develop software in Pascal or For-
tran. The compact VME/I0 desktop sys-
tem can be used for 8-, 16- and 32-bit pro-
cessor development. Software features
include a Pascal compiler, a macro
assembler, a linkage editor, a text editor
and a symbolic debugger. For hardware
development, the HDS-200 or the HDS-
400 hardware/software development sta-
tions provide for 8- and 16/32- bit sup-
port, respectively. In addition, the real

Figure 4: Intel’s bond-out technology gives the PICE system special access to internal processor
states that are virtually inaccessible in any other way. The result is a near Intel monopoly on
emulators for the 8051 microcontroller and the 80286 microprocessor.
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Now you can use your MDS
for 68000 development

Now. ..with Language Resources
MDS-68K upgrade package.

MDS-68K upgrades any Intel® Intellec®
Microprocessor Development System
(MDS-800, Series II, III and IV) with

a complete set of high performance
68000 family software tools. A Multibus®
compatible CPU board, software on
Intellec compatible diskettes and a user
documentation package supports complete
68000 family microprocessor program
development in an Intellec development
system environment.

LR’s MDS-68K CPU board contains a
68000 CPU, 256K bytes of high speed
RAM, proprietary ROMS, 2 serial I/0
ports and a memory management sub-
system. Plug it into any Multibus master
card slot in an MDS system chassis, and
run code in a true 68000 environment.

Development software tools — 68000
macro assembler, linker/locator, symbolic
debugger, optional Pascal compiler and
optional Host Communication Utility are
supplied on ISIS compatible diskettes. Firm-
ware on the MDS-68K CPU board contains

the ISIS I/O interface code. Together they
allow you to develop and run 68000 user
programs in the Intellec MDS environment.

With MDS-68K, you can extend the range
of an Intel MDS to include full 68000 family
development support without sacrificing
those Intel features you have come to
depend on. MDS-68K software and hard-
ware is passive unless you access it through
the special software provided in the package.
Plus you can use available Intel tools (e.g.,
CREDIT™, UPM) concurrently with
MDS-68K.

The plug-in board provides you with two
serial I/O ports for interfacing to one of the
several available 68000 hardware emulators.
You can develop code for Intel micropro-
cessors while adding 68000 development
capability without swapping out boards.

Our MDS-68K base package, including
Motorola compatible assembler, linker/
locator, symbolic debugger, 68000 CPU
board and extensive documentation is
$5995. The optional Pascal compiler (C
and PL/M-68K compilers available soon)
are $1995 each.

Intel, Intellec, and Multibus are registered trademarks, and Credit is a claimed trademark of Intel Corporation. ©1984 Language Resources
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Major Benefits

* Provides 68000 family design freedom for
your current Intel Intellec MDS

* Meets development support needs for
designs using a 68000 family chip and an
Intel controller chip (e.g. 8051)

+ Saves capital equipment costs by utilizing
existing MDS equipment

* Frees you from having to spend time
learning a new development system’s
editor and other support tools

» Generates code
identical to LR’s
XDS-68 cross-
software on
VAX/VMS and
IBM VM/CMS.

ry<ILanguage
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4885 Riverbend Road

Boulder, Colorado 80301
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bit microprocessor family.

bus state analysis for the MC68008, MC68000, MC68010 and

ule (FIM) provides the interface between the control station
and the emulator module. The system includes a Bus State
Analyzer (BSA) module as well. 256 Kbytes of emulation RAM
can be added with an optional Emulator Memory Module
(EMM). Also contained in the control station are a built-in
power supply and a five slot VME I/O channel to allow serial
communication with host and terminal.

All of the HDS-400 emulators including the MC68020 emu-
lator/fanalyzer module provide an accurate power-on/ reset se-
quence, as ifthe MPU were in its socket. In addition, the user
has unrestricted use of the memory map. Emulation and target
memory can be loaded, modified, displayed and dumped.
Targetless emulation is possible using only emulation
memory. Emulation memory can be write protected to allow

To provide development support for it's new 32-bit micropro-
cessor the MC68020, in December, 1984 Motorola will in-
troduce the MC68020 Emulator/ Analyzer Module. This
module is an addition to the HDS-400/BSA control station that
provides development support for all of the MC68000 16/32-

With a compatible host and appropriate emulation and BSA
module, the HDS-400 speeds hardware and software devel-
opment time by providing real time emulation and real time

now the MC68020. The HDS-400 may be hosted by Motorola’s
EXORmacs or VME/O0 running either VERSAdos or, in De-
cember, UNIX System V/68 or by the DEC VAX running either
VMS or UNIX System V. The control station contains four
VERSAmodule boards in a four slot chassis. A VMO02 proces-
sor board acts as the control module, a Family Interface Mod-

MC68020 Emulator/Analyzer Module for the HDS-400

testing of ROM-able code and up to 16 breakpoints can be set
in target or emulation memory. Set breakpoints will stop emu-
laltion before instruction execution; the emulator will not be
fooled and stop on an instruction prefetch.

Three triggering modes are accommodated on the BSA:
Continuous Trace, Sequential, and Address Window. The Bus
State Analyzer can provide performance histogram displays
and complex breakpoints with up to seven events (sequence
terms) from the 79 qualifier lines of the BSA.

The MC68020 Emulator/Analyzer module has been inte-
grated into one module with one cable to the target system.
This allows the BSA to trace emulation memory cycles as well
as target memory. The emulator and analyzer may be used
independently or simultaneously.

Real time emulation is possible up to 16.67 MHz while the
BSA is capable of bus speeds up to 5 MHz, the equivalent of
20 MHz with one wait cycle or 15 MHz with no wait cycles. The
real time BSA supports the 83 principal MC68020 pins, 75 at
one time. Four additional hardware option lines provided with
the BSA allow monitoring of any of the 91 active pins of the
MC68020, 79 at one time. Cache operations are supported by
the MC68020 emulator/analyzer module. The cache enable
can be controlled by both the target and the emulator and
breakpoints will remain operative even with the cache
enabled.

Motorola Semiconductor Products
Write 303

time Bus State Analyzer gives the user
logic analysis capability.

Also supporting the 68000, Mostek
(Carrolton, TX) offers two development
systems. One system, RADIUS (Remote
Access Development and Integration
wComputer System) is designed for use
with a host computer. Software develop-
ment on the host can be downloaded to
RADIUS for hardware/software integra-
tion and PROM programming. The
second system, MATRIX, stands as a
complete system that provides tools for
both software development and hard-
ware/software integration. Software tools
include an editor, assembler and linker.
Hardware tools for both the MATRIX
and RADIUS include the firm's AIM
series of in-circuit emulators which sup-
port the 68000, Z80 and Mostek’s 3870
family of microprocessors. A PROM
programmer can also be purchased for
the MATRIX system.

Taking a less conventional approach,
National Semiconductor (NSC) (Santa
Clara, CA) offers development tools that
support microprocessors from Zilog and
Intel. NSC offers two development sys-

a2

Figure 5: Mororola’s VME/IO and HDS-400 development system will host the new MC68020
emulator.
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tems, STARPLEX II and the multi-user
SYS32 for their 32000 microprocessor
family. With STARPLEX II, users can
develop software using Fortran and Basic
(PL/M and Pascal for the 8080/8085,
NSCB800 and Z80). About the size of a
personal computer, STARPLEX II sup-
ports the firm’s in-system emulator (ISE)
packages which include the NSC800,
INS8048 family, INS8070 family,
INS80CX48, 8080, 8085 and Z80. Emu-
lators are connected to the ISE module
where standard features include a sym-
bolic debugger and an in-line assembler/
disassembler.

To support their NS32000 family,
NSC’s SYS32 development system ac-
commodates up to eight users on a time
shared basis. With a UNIX-based oper-
ating system (GENIX), SYS32 includes
a C compiler, NS32000 assembler and
linker as well as emulators for the 32000
family.

Zax Corp. (Irvine,CA), offers dedi-
cated development systems and stand-
alone emulators for Zilog, Intel and Mo-
torola processors (Z80, 8048, 8049, 8085/
86/87/88, 68000). Development systems’
for these processors include a CP/M mi-
crocomputer, editor, assembler, linker,
debugger, in-circuit emulator, EPROM/
EEPROM programmer, and a CRT. All
emulators have an in-line assembler, pro-
vide uploading/downloading with Intel’s
Hex format (via RS-232C) and can dis-
play software programs in HEX, ASCII,
or disassembled format. In addition, the
firm offers software packages for sym-
bolic debugging and uploading/download-
ing files between Zax emulators and
CP/M, UNIX, iRMX and MS DOS based
computers.

Intel Protection
Scheme Thwarted

To stifle the development of third party
emulators for the 80286 microprocessor
and 8051 microcontroller, Intel designed
these chips without providing means of
access to internal registers and control
signals. Without access, building an emu-
lator is extremely difficult, if not impos-
sible. Intel built special versions of these
processors, called bond-out chips, that
provide added pins and access to the in-
ternal registers. However, these emulator-
specific chips are only found in Intel’s emu-
lators and are not commercially available.

According to Dr. John Adam, Kon-
tron’s Director of Marketing, Kontron has
solved the 80286 emulator problem by
replicating (via hardware and software)
the functions that are inaccessible in the
chip. Kontron plans to introduce this

emulator at the 1985 Electro Show.

As for the 8051 microcontroller, con-
trol signals and contents of the internal
ROM memory are not accessible from
outside. Given that, there is no way for an
emulator to observe the chip’s internal
registers when running code in the ROM
space. However, Hewlett-Packard has
surprised Intel by offering an emulator
for the 8051. By reverse engineering, HP
was able to build their own version of the
chip and bring out necessary signals to
the pins.

Conclusion

A major issue surrounding today’s devel-
opment tools is whether to purchase a
system that does only microprocessor
development tasks or a general purpose
computer for all engineering applica-
tions. There is little doubt of the power
that a dedicated/universal development
system offers. However, it is important to
consider other aspects of system design.
For example, when designing a product
that includes a microprocessor, the job
entails much more than just writing and
debugging code. The circuitry surround-
ing.the processor is of equal importance.
Until recently, this peripheral logic was
designed primarily with off-the-shelf
parts. Semi-custom chips (gate arrays and
standard cells) have changed the situa-
tion. It is now important to have design
tools that can be used for VLSI design
and PCB layout as well as software
development.

Networking is also becoming a crucial
element in the design environment. It has
been a topic of discussion for several
years, but the advent of 32-bit processors
makes networking a necessity rather than
a luxury. Writing and debugging code for
these complex chips often requires design
teams as large as 100 engineers. Without
sophisticated networking schemes, coor-
dinating such huge projects is almost
impossible. The days of transferring
floppy disks between engineers is over.

Along the same vein, managerial soft-
ware that helps orchestrate large design
efforts is also becoming a necessity. Pro-
ject management tools have long been
considered of secondary importance, but
as development tasks grow their use
becomes unquestionable.

How useful did you find this article? Please
write in the appropriate number on the
Reader Inquiry Card.
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we say fast, we mean days, not weeks. In fact, when
you supply your data on magnetic tape and select your
panel from one of Augat's hundreds

.of standard varieties in stock, we'll
turn your job around in 24 hours.

Of course, we can provide So wh decide it
the same services for hardware @ WOEI you Saclde LS a
wrap, contact Augat's Datatex

Kf&%ﬁ;@?ﬁ“acme‘md“dmg I . Ccnicrs: 10935 S. Wilcrest
s ; ) | Drive, Houston, TX 77099 (713)
o i ‘ 495-3100, or at 40 Perry Avenue,

niques include automatic (orthog- .
onal) and semi-automatic (point- Attleboro, MA 02703 (617) 222-2202.

to-point). Either way, off-grid : ® _
wiring and restricted areas can {H — AUGA IQuahty and
e 1 nnovation

be accommodated.
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Function Determines Form In
orkstation Ergonomic Design

by M.R. Hanrahan, Associate Editor

One of the most difficult issues facing
workstation erognomists or human fac-
tors engineers, is how to determine an
evaluation method for assessing factors
affecting human performance. These fac-
tors include environment, workstation
hardware, applications software, and
various psycho-social considerations.
The inherent complexity in this task has
led many ergonomists to prefer concen-
trating on single issues —such as VDTs,
interactive input devices, or applications
software and the hardware that houses it.
It is the synthesis, however, of these de-
sign considerations that ultimately results
in an ergonomically well-designed
workstation.

The primary step in ergonomic design
is to determine the product requirements,
addressing areas such as performance
specifications, styling, cost, reliability
and safety. The product’s size, weight,
tolerances and strength are also defined.
These requirements are typically then
passed on to a manufacturer’s engineer-
ing group to develop the design solution
that satisfies the greatest number of
requirements.

Human factors evaluation labs are now
a vital segment of the design process at
many companies. Quantitative models,
or mathematical representations of a
problem, can be a very precise way to de-
scribe important ergonomic factors. Us-
ing models or simulated ergonomic situ-
ations in a lab, ergonomists can specify
the variables that appear to affect human
behavior and design performance.

The Industrial Design Group at Digital
Equipment Corp. has determined a pro-
cess of testing DEC products from the
VAX to the Rainbow PC through a series
of ergonomic benchmarks conducted in
their Human Factors Lab. Users are ob-
served while unpacking and assembling
the product, interpreting documentation,
and maneuvering input devices. Potential

PHOTO COURTESY RAYTHEON CORP.

SEPTEMBER 1984 m DIGITAL DESIGN



The primary step

in ergonomic design
is to determine the
product requirements,
addressing areas
such as performance
specifications,
styling, cost, reliabil-
ity and safety.

trouble areas are targeted and alternatives
are recommended by designers observ-
ing the experiment. Charles Abernethy,
Manager of Human Factors at DEC,
stresses that a task must be easily exe-
cuted regardless of the level of expertise
of the user. “Added functions must be ad-
dressed as to their accessibility—how you
access them, and once you get there, how
you use it.”

The User Interface

The design functions now inherent in a
typical CAD system replace the tradi-
tional designer’s drafting table with a
computer system and interactive graphics
terminal. A plethora of input devices and
interactive controls characterize the de-
sign station. There are various specifica-
tions of the user-system interface which
assure communication between the de-
signer and the human factors engineer.
The user-system interface consists of
hardware elements (keyboard, display, in-
putdevices, etc.) and their dynamic use,
defined as the system operations which
are usually implemented in software.

While considerable progress has been
made in the design of the hardware, the
methods of use of these items is more dif-
ficult to specify. An emphasis must be
placed on productivity in systems devel-
opment through efficient user-system
interface specifications. Specifications
provide a mechanism for control of inter-
face design, while keeping software de-
velopment costs down, and providing
hardware design direction.

When determining interface specifica-
tions, the suggested ergonomic design
cycle can be divided into three progres-
sive phases: 1) functional design; 2) pre-
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liminary design; and 3) detailed design
(Figure 1). The functional phase consists
of the requirement analysis, definition of
functions, and the initial breakdown into
subfunctions. The preliminary design
phase is the further analysis of the sub-
functions and the definition of system ele-
ments. Each of the system elements are
described in terms of hardware require-
ments, software requirements, and oper-
ator requirements. The last design phase
is the detailed analysis of the require-
ments and the integration of system ele-
ments. Lastly, verification of the system
design is accomplished.

Interactive Input

A variety of technologies have been de-
veloped that allow a system operator to
interact with computer-generated graph-
ical or pictorial data. These include both
cursor-movement devices such as key-
boards, joysticks, “mice” and direct-
access devices such as light pens, light-
guns, touch pads, touch screens and
graphics tablets.

PHOTO COURTESY RAYTHEON CORP.

Touch pads and touch screens can take
anumber of forms, ranging from capaci-
tance (the form originally used in the
1960s) to infrared and ultrasonic. Results
of test applications of touch technology in
the past several years suggest that a judi-
cious application of the technology can
produce beneficial results. These find-
ings, however, deal with tasks requiring
relatively low resolution.

Screen angle and its relationship to the
touch input method is critical and is based
on user preference. Screen angle from the
vertical usually varies from 20°, 30°, to
45°. The majority of users prefer a 45°
angle, given a fixed display base height
and control of glare sources.

A recent alternative to the touch screen
is the touch pad, which resides on the
keyboard and eliminates the extra move-
ment required to extend the hand from the
keyboard to the screen. Touch pads also
reduce the real estate on a desktop which
has been traditionally occupied by input
devices such as a mouse. Apollo Com-
puter’s (Chelmsford, MA) recently intro-

Block Diagrams
* Concept of Operation
¢ Functional Timelines

e Military “A” Level
System Specs

e Detail Timelines
e Qperational Scenarios

o Military “B” Level Sub-
system Specs (B-1s, B-5s) | ¢ Military “C” Level

DESIGN PHASE:
FUNCTIONAL PRELIMINARY DETAILED
Design Activity:
- e Hardware _
Mission Analysis — Functions — Subfunctions— System Elements— Software — Integration—Verification
Operator
Specification Methods:
¢ Functional Flow * Element Specifications * Design Guidelines

» State, Transition Diagrams | ® Tailored User-System

Interface Specification
* Timeline Verification
e Checklists

Figure I: The relationship of user-system interface specification methods to system design activity

for each of the progressive design stages.



duced N550 Graphics Workstation incor-
porates a touch pad as a standard feature.
The pad is basically a grid of points sen-
sitive to touch, which give back a position
value when pressed. Its absolute mode
allows the cursor to jump to the point of
contact, allowing a mapping between
touch pad and screen. The relative mode
offers constant contact, allowing the
cursor to be dragged across the screen.

Human Factors
Software/Hardware

An area of prime importance to worksta-
tion vendors is providing the tools with
which applications developers can make
a particular application approachable. It
is imperative that a workstation allow the
engineer to concentrate on the application
rather than the system itself.

Al Lopez, Apollo Computer’s Director
of User Environment and Graphic Soft-
ware, emphasizes “the workstation has to
be flexible enough to accommodate dif-
ferent styles of interfacing.” Lopez cited
two problems that exist when applica-
tions developers present more compli-
cated interfaces. The applications devel-
oper has to spend more time determining
menus, devising icons, and routing the
cursor track, etc. And each application
developer has perfected a different “style”
of memory access and iconic representa-
tion. When the objective is a certain
amount of consistency across applica-
tions, it is necessary to allow some famil-
iarity through common menu directions,
common icons, or common control keys
for different applications.

The expert user at a sophisticated
workstation may not require the same
iconic representations and graphic cues
as users in an office environment, for ex-
ample. Designers, however, are striving
toward systems which are flexible and ex-
tensive allowing the user to migrate from
one style to another, or work in a variety
of styles depending on the nature of the
application. Lopez predicts a situation
where “application developers will be
working in conjunction with user inter-
face designers where the interface issue
will include how images are perceived,
how to lay out the screen, and the deter-
mination of a set of tools that allow the de-
signer to develop a user interface.”

Operator performance is not only re-
lated to hardware design parameters, but
is also dependent on software. The design
of programmed operations and construc-
tion of man-machine dialogues can com-
plement the workstation selection pro-
cess, particularly the selection of display
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terminals, or it can degrade operator per-
formance. Factors such as presentation
rate, irrelevant information and irregular
presentation can also strongly influence
how well the system is used.

Deciding how the various subtasks fit
together and how the operator reacts to
them are important parts of the software
engineering process. The continual feed-
back of information to the operator on his
performance can improve that perfor-
mance, and the lack of it can introduce
additional errors. Feedback can be in the
negative (performance degrading) as well
as positive direction. When feedback is
time-delayed, performance suffers, un-
less the system is designed to compensate
for this delay as shown in Figure 2.

An important consideration for the
feedback cycle is the rate at which infor-
mation is demanded by the system. The
number of operator errors has proven to
increase as the load (rate of information
transfer required) increases. An optimum
point should be targeted where high
speed and low errors combine to provide
the best performance.

Trade-otfs must often be made between
various parameters of workstation ergo-
nomics and human factors. For example,

it may be necessary to sacrifice compat-
ibility in order to improve some other
aspect of a program or system.

Displays
The relationship between luminance,
contrast, exposure time and visual angle
are important elements of a display sys-
tem and all are related to workstation per-
formance. These factors can also be re-
lated to the element of flicker (where the
refresh rate is lower than a value that pro-
duces a constant brightness). Refresh
rates of 35 cycles per second can provide
brightness levels (40 foot-lamberts) at
which many users do not experience an-
noyance. When the refresh rate drops
below 20 cps, flicker is discernable and
user irritation occurs. Since flicker is
more noticeable at the higher brightness
levels and some individuals are more sus-
ceptible to its effects, a rate of 50 cps is
required for brightness levels of up to 30
fl and 60 cps for levels up to 180 fl.
Another important display parameter
that affects performance is resolution.
The importance of resolution is primarily
the effect it has on two other factors of
performance: legibility and bandwidth.
The bandwidth is defined as the amount

+15°

Figure 3: a. ECMA recommended tilt angle for visual displays. b. ECMA recommended view-

ing angle for visual displays.
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CAD system integrators think
our newest plotters were designed
just for them.

A price/performance
breakthrough on intelligent
pen plotters.

Take our newest, 8 pen 36" intel-
ligent plotter, for example. We call
it the ZETA 836 but you'll call it
remarkable.

You’ll be able to give your clients
a vector independent plotting speed
of 25 ips, 2g acceleration and reso-
lution to one-one thousandth of an
inch. Plus, superior accuracy and re-
peatability specifications. At a price
several thousand below what you'd
expect to pay.

Eight color, carriage-
mounted pens eliminate
time-consuming pen changes

!
!
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|
|

Incredibly, some plotters still
l grind to a dead stop to change pens.
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| gence our plotters can handle a

Not ours. We've put all eight self- '
capping pens on the carriage. And l
this does amazing things for plotter
throughput.

When you want to switch to liquid |
ink, simply snap in a four pen
cartridge.

You'll have total user control over
such variables as speed, pen pressure,
acceleration and pen up/down delay
times. Touch controls automatically
adjust the ZETA 8306 for perfect
liquid ink plots.

Compatible with virtually all |
GO et PR Qs oM

Thanks to Nicolet’s built-in intelli-

variety of plotting languages and
protocols to run virtually any existing
software applications programs. \

And you can use any of our plotters
on-line, off-line or remotely via
RS 232C or IEEE 488 interfaces.

Save big on our new flexible
pricing strategy.

We've created a new discount
program that lets you mix quantities,
keep your inventory lean, and still
earn the best price breaks in the
industry.

Choose from our family of plotters

| designed for the CAD system market

— the ZETA 8, an 8 pen 12” model,
the ZETA 822, 8 pen 24.5” model or
our newest ZETA 830, 8 pen 36"
intelligent plotter.

| Call (415) 372-7568. Nicolet

Computer Graphics Division,
777 Arnold Drive, Martinez,

| CA 94553 TWX 910481-5951

=z Nicolet
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Keyboards and DIN Specs

A major influence governing keyboard ergonomics is the DIN
specification, dating to 1980. DIN, an abbreviation of the West
German electrical standards institute, Deutsche Industrie
Normenausschuss, arose from intensive studies of operators
performing high-speed data entry, and sought to match the en-
gineering of the keyboard to the natural motions of hands,
wrists, and fingers. The goal is to minimize errors and maxi-
mize productivity.

DIN makes the following requirements of keyboards:

* The maximum distance from the tabletop to the home row
of keys is 30mm. :

e Mounting angle of the keyboard is not to exceed 15°

e Key travel of 3to 4 mm.

There are a number of important *human comfort” areas
which are not specified in the DIN document. Customers are
specifying factors such as:

e Keycap and legend color. To complement the CRT, in
which the background is generally light and the charac-
ters dark, keycaps are molded or imprinted with dark
legends on light-colored keycaps.

* Keycap finish. A non-glare finish on keycaps and enclo-
sure aids in minimizing eye fatigue.

* Legend placement. Legends may be located on a quad-
rant or on the front surface to allow maximum space util-
ization. Multicolor printing is used to differentiate multiple
legends printed on a single keycap.

¢ Alternative keyboard arrays. One example is the Dvorak
system, in which vowel keys are more accessible to the
operator’s index fingers than the standard QWERTY
arrangement.

¢ “Homing devices” While the keyboards often have “deep-
dished” F and J keycaps, an alternative is araised ridge

Oak Switch Systems’ low-profile, full-travel membrane keyboard.

on the surface of these keys to aid operators in locating
the home row.

* Feedback. Audible feedback, such as a click, verifies key -
closure to the operator. One type of feedback now receiv-
ing more emphasis is tactile feel. The preferred type of
tactile feedback incorporates a buildup of force to make-
point, followed by a drop-off in force.

* Free-standing keyboards. The emphasis of free-standing
keyboards for portability allows interface to the central
processing unit by either a coiled cord or infrared link.

The study of keyboard ergonomics continues, especially

with major keyboard manufacturers. This will certainly lead to
more opportunities for consumers to express preferences and
ultimately for home and business operators to become more
comfortable using keyboards.

— Harold Hengesh, Director or Marketing,
Membrane Products, Oak Switch Systems Inc.
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of information displayed per unit time.
This is measured by the capacity of the
display and the rate of information trans-
fer. If the resolution of a system with a

given bandwidth is increased, the rate of

transfer of a display decreases as well as
the response of the display system. If the
response rate is slower than the human re-
sponse time, this will slow the interac-
tion, and in some cases affect the feed-
back cycle.

The ability of the phosphor to remain
illuminated between refresh cycles is
known as persistence. Short persistence
phosphors lose their luminance level
much faster than long-persistence phos-
phors and will appear to flicker unless re-
freshed at a higher rate.

The typical CRT screen occupies a
large portion of the visual field. When it
is used in positive polarity, featuring dark
or unilluminated characters on a light or
illuminated background, the combina-
tion of phosphor persistence and refresh
rate must be carefully matched to get

100

above the expected fusion frequency for
fairly large light sources. Positive dis-
plays require wider character stroke
widths than the equivalent negative po-
larity displays, which feature light or il-
luminated characters on a dark or unillu-
minated background. This is due to the
fact that the eye reacts primarily to lumi-
nance and emphasizes it through a pro-
cess called lateral inhibition.

Provided adequate luminosity is
achieved, any color within the visible
spectrum can be used in displays. It is
recommended that deep blue or violet
be avoided for fine detail since the acuity
of the eye is poor for these colors. For
good legibility, display designers should
aim for high luminance contrast between
a symbol and its background, indepen-
dent of color. Symbol and background
of equal luminosity should be avoided
even if they are of different colors in
order to maintain good clarity. In multi-
color displays, the distance between
colors on the chromaticity chart should

be such that they are clearly distinguish-
able. Lower level luminances, when
achieved by using screen backgrounds
that reflect the ambient luminance level,
have the effect of reducing color separa-
tion. If the background is significantly
lightened, colors will become pale or
pastel and closer in hue to each other,
thus reducing color contrast.

The glare factor, another problem
when designing displays, has been ad-
dressed by a variety of methods. The
curved surface of the screen distorts im-
ages as would a curved mirror. Glare
technically includes reflected light sour-
ces, but may also be used to describe any
reflected image. The best method of elim-
inating specular glare has proven to be
careful placement of the CRT relative to
the windows and light sources. The use
of swivel and tilt adjustment on the CRT
can help considerably. Other popular
techniques include; etched surfaces, op-
tical coatings, micro-mesh filters, po-
larizers, and hoods.
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Recommendations

The European Computer Manufacturers
Association (ECMA) and the Computer
and Business Equipment Manufacturers
Association (CBEMA) recommend some
general principles on designing the com-
ponents of the workplace to meet the er-
gonomic needs of those performing tasks
for extended periods of time. Their goal
is to provide for worker satisfaction by
designing to meet the prolonged comfort
and productivity needs of a wide range of
workers in a wide variety of settings. The
three prime elements of the workplace
which affect performance are the task,
the workstation, and the environment.

The workstation itself should provide
an adequate work surface determined by
the dimensions of the required working
equipment and by its arrangement. Cur-
rent workstations include angled and ad-
justable (up-down) tables. Regardless of
whether the table is adjustable or not, a
height-adjustable chair is required which
dictates such factors as vertical distance
between seat pan and keyboard; viewing
distance from eye to reading surfaces;
relative heights of screen and eye; and
table height if non-adjustable. In most
cases, keyboards should be separable
from the screen. The inclination of the
surface of the screen should be adjustable
at least between —3° and +15° from the
vertical perpendicular to the base, to
avoid visual disturbances such as reflec-
tion. Under some circumstances it may
also be desirable to provide height adjust-
ment to control the angle between the line
of sight and screen surface. While 90°
(normal) is optimal, a variation of +20°
is usually acceptable (Figure 3).

Other recommendations include: a
distance between users of not less than
39”; a combination of ambient and task
lighting to achieve a 300-500 lux inten-
sity; detachable keyboards; tilt and swivel
screens; keyboard slopes between 5° and
18°;anda 5 X 7 dot matrix for character
presentation on displays. Although stan-
dards cannot be adequately determined
due to the variety of situations surround-
ing workstation use, ergonomic guidelines
for designers allow the human factor to be
accommodated in well-designed, com-
fortable and efficient workplaces. [
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Caching Disk Controller
Relieves System Bottlenecks

by Stephen Goldman
Processors have become faster, disks
have become larger, and data rates have
increased, but one bottleneck remains in
many small computer systems. Disk rota-
tional speed and thus data access time
have not been significantly enhanced and
are not likely to be in the near future.
This dependence upon a moving part for
what is, in most systems, the key memory
device, can cause severe performance
degradation.

Multi-user or multi-tasking operating
systems such as UNIX can aggravate the

Stephen Goldman received a BS in
Physics from the University of Florida

and was a member of the technical staff

of Georgia Tech before founding Distri-
buted Processing Technology in 1977
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problem by requiring data to be simul-
taneously accessed on widely separated
areas of a disk. With average cylinder
seek times of around 85msec for a typi-
cal rigid disk drive, system throughput
can be excessively slow.

A family of caching disk controllers,
the PM-3010 series, has been designed to
relieve this bottleneck. The combination
of fast access time (400 usec. worst case)
and high sustained data rate (1.0 Mbyte/
sec) along with up to 16 Mbytes of cache,
allow disk throughput to be substantially
increased. Up to eight rigid and flexible
disk drives can be controlled by a single
5% " extended form factor board, using
one SVDC power source. The disk con-
troller family controls a range of drives
including Winchesters and flexible disks.
ST506, SA1000 and SMD compatible
Winchester drives with up to 16 heads and

1024 cylinders are supported along with
SA460 and SA860 compatible flexible
disk drives.

The controllers use the Small Com-
puter System Interface (SCSI) for host
communications. The SCSI specifica-
tion, proposed by the American National
Standards Institute (ANSI), defines both
hardware and software protocol for
device controllers. The primary objec-
tive of the SCSI interface is to provide
host computers with device indepen-
dence. Disk drives, tape drives, printers,
and communications devices, of different
types, can be added to the host com-
puter(s) without modifying the interface
hardware and with little or no change in
generic system software.

Standard SCSI Command Set
The PM-3010 supports the standard and
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The primary tech-
nical problem to be
overcome during the
design of a caching
disk controller is the
limitation on cache
access time.

extended SCSI command set. Animpor-
tant objective during its design was to
assure that caching operations were
transparent to the host computer and did
not require modification of existing soft-
ware. The same basic SCSI commands
are used by both the controller and other
SCSI compatible disk controllers. The
primary difference is in the execution
speed of those commands.

The worst case access time for cache
resident data with the PM-3010 is
400usec. Access time is measured start-
ing with receipt of the last byte of the host
command and ending with the first byte
of the data transfer between controller
and host. Without cache, the access time
would be limited by the rotational latency
and cylinder seek time of the disk drive.
For ST506 compatible Winchester drives,
the average rotational latency is 8.3msec
and the average cylinder seek time is typ-
ically 85msec. This means that if the data
can be accessed in cache, the PM-3010
will begin its data transfer in 1/200th the
time it takes a conventional disk con-
troller to do a random disk access. Even
if the disk read/write heads are already
positioned at the correct cylinder so that
no seek is required, the disk access will
still take 20 times longer than the worst
case PM-3010 cache access.

Once the data transfer is initiated, it
proceeds asynchronously at a rate deter-
mined by the host and the controller. The
PM-3010 is capable of handling data
transfers at up to 1.0 Mbyte/sec. Although
some non-caching disk controllers can
also transfer data across the host interface
at that rate, the data must additionally be
transferred between the controller and
the disk. Since data transfers to ST506
compatible drives are slower than 1.0
Mbyte/sec, a non-caching disk controller
will not be able to maintain a sustained
data rate of 1.0 Mbyte/sec.

In theory, the best possible sustained
data transfer rate that a disk controller
without cache could maintain is limited

DIGITAL DESIGN B SEPTEMBER 1984

by the average data rate for sequential
sectors onadisk. Using the example of a
controller capable of handling a sector
interleave of zero, at 256 bytes/sector, the
best average data rate for an ST506 com-
patible drive is less than 500 Kbytes/sec.
Even if no extra time was taken up by the
subsequent transfer of data to the host, the
PM-3010 would still transfer data at twice
the rate of a conventional “high-
performance” disk controller.

Cache Expandable To 16 Mbytes

Since cache accesses are so much more
rapid than disk accesses, the key to opti-
mizing performance with a caching disk
controller is to maintain the highest pos-
sible “hit ratio.” Hit ratio is defined as the
number of times that data requested by
the host is found in cache, divided by the
total number of data requests.

Although highly dependent upon the
application program, hit ratios as a rule,
can be increased by raising the amount of
cache memory. The PM-3010 comes with
128 Kbytes of cache memory integrated
onto one 5.75” by 12.5" circuit board.
Memory expansion boards may be added
to increase the size of the cache. With a
maximum supported cache size of 16
Mbytes, approximately 64,000 disk sec-
tors of 256 bytes each can simultaneously
reside in cache with sector sizes of 128,
512, and 1024 bytes also supported. The
ability to expand cache as needed allows
the system designer to configure the con-
troller for maximum performance with-
out requiring more cache than needed for
his application.

Sector Vs. Track Caching

The primary technical problem to be
overcome during the design of a caching
disk controller is the limitation on cache
access time. If the access time for cache
resident data is too long, a cache system

may, in certain cases, slow down an appli-
cation rather than speed it up. In order to
reduce cache access time, many caching
disk controllers resort to track rather than
sector caching.

Track caching schemes access all sec-
tors on a track as a group when moving
data between cache and disk. Since entire
tracks are stored in cache instead of indi-
vidual sectors, the search algorithms are
much simpler. The primary problem
with track caching schemes is the addi-
tional overhead needed to access and
store entire tracks of disk data when only
one sector may be needed by the host.
Track caching works well when large
blocks of physically contiguous data are
accessed, but performance may be seri-
ously degraded for random-access file
structures such as hierarchical or
non-contiguous files.

To avoid this the PM-3010 uses sector
rather than track caching. Each sector in
the cache is handled separately and only
the sectors needed by the host are read in-
to cache. However, even with up to
64,000 separate sectors residing in the
full 16 Mbytes of cache, worst case cache
access time will never exceed 400usec.
When sequential sectors are accessed,
throughput can be further increased by
addressing multiple sectors with a single
command. In this case, the rated access
time applies only to the first sector in the
group. All additional sectors addressed
by the command will be transferred
across the host interface without signifi-
cant delay.

High Performance
Internal Architecture

To search 16 Mbytes of cache in less than
400psec required development of new
caching algorithms executed in firmware
by an on-board 68000 microprocessor.
The proprietary algorithm organizes the

Up to eight (8)
T Winchester and flexible
B2 PM-3010 disk drives
Computer| S 8 SCSI Bus Controller
<<
® 000
= -
52 Tape Tape Drives
Computer :g S : Controller
<
®eos 0
Brinter Printers
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Figure 1: Up to eight devices such as disk or tape controllers, printers, communications devices,

and computers can share a single SCSI bus.
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COMMAND

DESCRIPTION

INQUIRY

MODE SENSE
MODE SELECT
READ CAPACITY

TEST UNIT READY
REQUEST SENSE

READ

READ EXTENDED
WRITE

WRITE EXTENDED
WRITE AND VERIFY

VERIFY

*PRE-READ
REZERO UNIT
SEEK
START/STOP UNIT

Returns information regarding the Class of Device of the con-
troller and attached drives.

Returns drive parameters and media format.
Sets drive parameters and media format.

Returns size of usable media or locates areas of contiguous
storage.

Confirms the drive is powered on and ready.

Returns information regarding command completion in-
cluding errors and statistical reporting.

Reads data from disk (and cache).

Same as READ but supports larger address space on disk.
Writes data to disk (and cache).

Same as WRITE but supports larger address space on disk.

Writes data and then verifies CRC (or ECC) or performs byte-
by-byte comparison of data.

Verifies CRC (or ECC) or performs byte-by-byte comparison
of data with data from host.

Pre-fetches data into cache before needed by host.
Recalibrates drive to cylinder zero.

Moves head to desired cylinder (not mandatory).

Controls spindle motor and seeks head landing zone before

power-down.

LOCK/UNLOCK MEDIUM
*LOCK/UNLOCK CACHE
RESERVE

RELEASE

FORMAT UNIT

REASSIGN BLOCKS
SEND DIAGNOSTIC
RECEIVE DIAGNOSTIC

Clears cache and allows media removal.

Allows or prevents data from being “paged out” of cache.
Prevents other SCSI initiators from accessing drive.
Allows other SCSl initiators to access drive.

Writes sector boundaries onto the disk. Optionally maps bad
sectors and saves device parameters on media.

Adds additional bad sectors to defect map after formatting.
Directs the controller to perform a self-test.
Returns diagnostic results from self-test.

*vendor unique command

Figure 2: The primary objective of the SCSl interface is to provide host computers with device
independence. Since the PM-3010 supports the standard and extended SCSI command set, lit-
tle or no change is required in generic SCSI software drivers in order to be compatible with the

PM-30I0.

sectors in cache into a tree structure and
constantly rearranges the structure to
minimize search time. The cache search
and cache maintenance tasks run in
parallel with other tasks which supervise
the transfer of data between the disk and
cache and between cache and the host.

Two separate DMA channels into
cache provide concurrent data transfer
across the host and disk interfaces. One
DMA channel transfers data to a SCSI
protocol controller and bus interface.
The second channel performs DMA
bursts between cache and a high speed
static RAM sector buffer which acts as
intermediate storage for the Winchester
disk controller circuitry. By performing
high speed block DMA bursts to the disk
channel, less internal bus bandwidth is
used for data transfer resulting in higher
overall execution speed for the on-board
68000 microprocessor.
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Two queues are used by the firmware
to store requests for the two tasks which
transfer sectors inand out of cache. These
requests are generated by the task which
searches for sectors asked for by the host.
One queue stores requests to transfer sec-
tors between the cache and the host com-
puter across the SCSI bus. The second
queue stores requests to transfer sectors
between cache and disk. By queueing
data transfer requests, the search task can
“get ahead” of the transfer tasks and keep
both DMA channels busy a large percent-
age of the time.

As an example illustrating the process-
ing of concurrent tasks, consider the exe-
cution of a multiple sector Read com-
mand. Up to 65,535 sequential sectors can
be transferred with a single Read com-
mand. When the command is received by
the PM-3010, a cache search for the first
sector in the request is immediately per-

formed. This will typically take from 100
to 250usec. If the sector is found in cache,
an entry is made in the SCSI Channel
Request Queue, requesting the DMA
channel to begin the sector transfer across
the SCSI bus. As soon as the request has
been added to the queue, the 68000 is free
to begin the search for the next sequential
sector. Since this sector sequentially fol-
lows the first sector, the search proceeds
faster than the first totally random search.

Typical search times range from 10 to
S50usec. Ata SCSI bus transfer rate of 1.0
Mbyte/sec the first sector will take a
minimum of 256usec to complete its
transfer to the host, assuming 256 bytes
per sector. By the time the transfer is
complete, the cache search task will have
completed several sector look-ups and
will have added more entries to the
queue. The next sector transfer can begin
without delay.

During execution of the Read command,
if one or more sectors are not found in
cache, then the missing sectors must be
read into cache from disk. The controller
uses the second Channel Request Queue
to queue up requests to the disk controller
circuitry. By using queues to store inter-
nally generated requests for data transfers
between disk, cache, and the host, the
cache search and maintenance routines
can execute concurrently with the load-
ing of missing data into cache from disk
and the transfer of cache resident data to
the host. This results in zero access time
for all but the first sector in multiple sec-
tor transfers. Since the search routines are
faster than the data transfer, the PM-3010
can look ahead to read missing sectors
into cache from the disk while cache-
resident sectors are still being transferred
to the host.

Vendor Unique Commands
Enhance Performance

The SCSI proposed by the ANSI Task
Group X3T9.2 defines not only hardware
interface standards but in addition a stan-
dardized software command set. Within
this standard a command may be issued
to a device controller such as the PM-
3010 by sending a Command Description
Block over the SCSI bus. These blocks
consist of a one byte command code, fol-
lowed by the parameters for that com-
mand. Although commands are stan-
dardized, certain bits have been left avail-
able for vendor unique options.

Several of the standard SCSI com-
mands in the PM-3010 command set
utilize the defined vendor unique bits to
allow the selection of optional command
execution modes. These options may be
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Figure 3: Twwo separate DMA channels into cache provide concurrent data transfers across host and disk interfaces.

used to fine-tune system performance for
specific applications. Since these bits
may be set to zero without degrading per-
formance, the PM-3010 may be used with
generic software with few or no software
modifications required.

A vendor unique bit in the Read and
Write commands allows the cache mem-
ory to be bypassed for any new sectors
accessed which do not already reside in
cache. This prevents the “paging out” and
removal of sectors which are already
cache-resident in order to make room for
the new data. This option may be selected
for data files which will be accessed in-
frequently, thereby avoiding unnecessary
allocation of cache to store this data.

Another vendor unique bit in the Write
command causes the controller to write
all data to disk before the Write command
is terminated. Normally disk writes are
postponed until after command comple-
tion status has been returned and the con-
troller has remained idle for one second.
The necessary sectors are then copied
back to disk starting with the least recent-
ly used sector. If another command is
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received during the writes to disk, the
new command will be immediately exe-
cuted. When the controller again be-
comes idle, the writing is resumed. This
allows the cache to be used to “spool” data
to disk, thereby freeing up the host com-
puter as soon as the data has been trans-
ferred into cache.

Since all sectors are immediately cached,
the hit ratio for Write commands without
the Write Immediate option selected is
always 100% . The Write Immediate op-
tion may be selected for cases where a
data recovery routine must be executed by
the host computer if the disk write fails.

In addition to providing vendor unique

E
-

N

16 MB
xpansion
Cache T

DMA
Logic

Cache

128Kb DMA

Logic

OO
scsi ey [{75es™A)
Interface é:’r’“sr'gl' H Control 5
Logic Tagk Queu
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Page
Headers

S5
Cache .. Disk “ Disk
Control %0""0| Control
Task ueue, Logic
‘.."'

Figure 4: Concurrent execution of cache search and data transfer tasks allow these processes
10 be overlapped, resulting in zero access time for all but the first sector in multiple sector transfers.
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bits within the standard SCSI command
definitions, the SCSI specification also
allows certain command codes to be used
for vendor unique implementations. The
vendor unique commands in the PM-3010
command set may be used to optimize
controller performance for specific appli-
cations. A Lock/Unlock Cache com-
mand prevents critical sectors from being
“paged out” and removed from cache. A
Pre-Read command is also provided to
allow data to be “pre-fetched” from the disk
and loaded into cache before it is actual-
ly needed by the host computer. These
commands, although not mandatory, can
be used in certain applications to fine-
tune system performance.

Automatic Features Simplify
Programming

To simplify software driver design, the
SCSI command set uses “logical” rather
than “physical” addressing. Physical
drive parameters are initially specified by
the host computer or in some cases, auto-
matically sensed by the controller. When
adisk is formatted, these parameters can
be optionally stored in a reserved area of
the disk, along with the defective sector
map. Drive parameters and defect map

are then automatically loaded by the con-
troller at power-up. Since all physical
characteristics of the drive and media are
known by the controller, it can assume the
burden of translating logical block ad-
dresses into cylinder, head, and sector
number, plus mapping defective sectors
without host intervention.

The controller handles media defect
mapping on a sector rather than a track
level. Any reference by the host computer
to a block which is known to be defective,
1s automatically mapped to an alternate
location on the disk. The mapping is
transparent to the host computer and does
not require the entire track to be declared
defective. The defective sector map may
be augmented as additional media defects
show up during normal disk utilization.

Extensive Performance Reporting

The controller utilizes the Return
Sense command defined by the SCSI
specification to return optional perfor-
mance statistics to the host upon request.
The host has the option of limiting the
Return Sense data to error reports only,
or to request full performance data at any
time. Information provided includes Cache
Pages Utilized, Cache Pages Dirty,

Cache Hits, Cache Misses, Background
Disk Accesses, Foreground Disk Accesses,
Post Completion Disk Accesses, Soft
Disk Error Retries, and SCSI Bus Dis-
connects. This data may be used to assess
the results of adding more cache expan-
sion boards to the controller or more
devices to the SCSI bus. In addition, the
data can be used to evaluate the need to
pre-read or lock files into cache.

Diagnostics are embedded in the on-
board firmware and are accessible
through software command (Send Diag-
nostic) or by pressing a self-test pushbut-
ton on the controller. Results are return-
ed by software to the host computer or
may be read by viewing a bank of on-
board LEDs.

Caching operations will become in-
creasingly important as disk controller
manufacturers attempt to resolve some of
the performance issues of computer
systems. O
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Designing With EEPROMs

Most EEPROM applications today include
some type of single chip microcontroller,
so the combination of EEPROM

on-board was a predictable step in the

evolution of EEPROMs.

by Dave Wilson, Executive Editor

Over the past few years, EEPROM ven-
dors have incorporated increasing levels
of functionality to allow the devices to be
used in byte-wide memory sockets with-
out support circuitry. The newest devices
at the 16K density level read and write
like static RAMs, even though the stan-
dard write cycle is 10ms long and only
10,000 write cycles per byte are typical-
ly allowed.

Figures 1 and 2 both illustrate the
evolution of the EEPROM lineage. Fig-
ure 1 traces the development of the Exel
(SanJose, CA) XL2816A EEPROM. The
device integrates latches and timers, a
high-voltage generator and a RAM-like
interface onto the chip. Figure 2 shows
the X2864A part from Xicor (Milpitas,
CA).

In addition to supporting the now man-
datory features of 5V operation, latched
address, data and write enable inputs,
automatic erase-before-write, a self-
timed write operation and on-chip Vcc
sensing, both page mode and data polling
are supported. The Page Mode Write fea-
ture in the X2864A allows the user to
write 1-16 bytes into the EEPROM on a
single Sms write cycle. The only require-
ment is that all the bytes reside on the
same page in the device and that the bytes
in the page are latched within the first 200
usec after the initial Write Enable. Page
Mode Write reduces the time required for
acomplete device rewrite to a total of 2.5
seconds.

Data polling is a method for determin-
ing the completion of the internal
EEPROM write cycle. Since the memory
is self-timed, this is only of benefit in
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those applications where time is of the es-
sence in writing to the device. Data poll-
ing ensures that any reads to any location
in the EEPROM during the 10ms write
cycle will yield the complement of the
data bit currently being written. Since the
X2864A completes the write cycle in less
than S5ms, some speed may be gained if
the entire part is to be written, but the im-
provement in the chip write time gained
through the automatic page write feature
greatly overshadows any improvement
that can be gained through the use of data
polling.

Page mode is also supported by Exel’s
XI1A8C64, an 8K x 8 CMOS EEPROM.
Here, a 32-byte static register is available
on chip which is not subject to the normal
EEPROM write cycle endurance limita-
tions, yet is written just like a static
RAM. The page mode function, which is
initiated through a normal microproces-
sor write cycle, copies all of the data from

this register into non-volatile storage ina
worst case 10ms. Since the register may
be updated frequently and is written into
EEPROM only on command, it can be
used to store current vital parameters
such as pointers, stack data, and vector
information.

The X1 48C64 has also solved the prob-
lem of inadvertent or false writes during
power transient situations. One of the sta-
tus word registers is used to control op-
eration of the on-chip charge pump, used
for boosting the internal programming
voltage from 5 to 20V.

During power up, the charge pump en-
able bits in the status word are initialized
in the disabled state so that write opera-
tions are not possible. To allow write op-
erations, the status word register must be
written with a specific data pattern and to
access this register, a specific address
must be on the address pins. Hence, vir-
tually all the pins on the device must be
set to a specific combination of levels for
a false write to affect this register. Al-
though the probability of a false write in
systems without protection mechanisms
is not great, the status word approach re-
duces that probability further.

Recently EEPROM has begun to find
its way onto microcomputers. The first
part to incorporate the technology was
the Seeq (San Jose, CA) 72710, but since
then others have followed suit. The Moto-
rola MC68HCIIAS, for example, contains
RAM, ROM and A/D converter, serial
and parallel ports as well as 256 bytes of

R g

Control Bus

Data Bus .

Figure I: The development of the Exel XL28164 EEPROM.
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Figure 2: The development of the Xicor X2864A part.

EEPROM memory.

In the Seeq part the 2K X 8 on-board
EEPROM can be programmed via the
processor itself or under external control
as if it were a standard 5V EEPROM. An
expansion mode allows the EEPROM to
be easily expanded off-chip. A security
lock mechanism in the EEPROM mem-
ory allows the users’ program to inhibit
external access to its proprietary program
code. Once activated, this lock can be
reset only by an external EEPROM block
clear operation which erases the entire
memory.

Putting UV EPROM on a micro is at
present the most often used alternative.
Unfortunately, it suffers from the fact that
it must be removed for its contents to be
altered, unlike the EEPROM approach.

More important, however, is the de-
signers familiarity with the instruction set
of the microprocesser. His investment in
design and development tools is also a key
consideration when selecting a micro-
computer. Unfortunately, in many cases
the fact that a particular micro may have
on-board EEPROM memory may be a
secondary or tertiary consideration.

Applications

One of the most rudimentary applications
for the EEPROM is the non-volatile coun-
ter which simply counts events and main-
tains the count with no power applied.
Automotive odometers and video game
score tables are all currently manufac-
tured using EEPROMs.
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In the event of power failure, many in-
dustrial controllers must be stopped and
restarted at specific program locations to
prevent damage to work in process orto
the users of the machinery under control.
In such an application Xicor’s (Milpitas,
CA) NOVRAM (a RAM overlaid with a
non-volatile EEPROM shadow memory)
can be used as both system memory
(RAM portion) and a non-volatile mem-
ory (EEPROM portion) storage location
for the microprocessor program status in
the event of systems power loss. Figure
3 shows an X2212 (256K X 4) part used
for this purpose.

Upon power loss, a power fail signal
causes the microprocessor to generate an
interrupt. The system memory contents
and the pP stack, which are both in the
RAM portion of NOVRAM, are then
stored on the non-volatile EEPROM por-
tion of the NOVRAM. Upon return of
power, power on/reset also generates a
recall at the NOVRAM. A power-on rou-
tine verifies that an interrupt did occur at
power loss and a return from interrupt is
performed, returning the program to a
known function.

EEPROM devices have also found use
in applications previously requiring ana-
log design techniques. One, is the basic
digitally controlled analog calibrator.
Here, functions formerly performed by a
potentiometer may be provided by a digi-
tal-to-analog converter and fine tuning
can be acheived by modifying the cor-
responding EEPROM data. Through this

means, analog circuit drift is compen-
sated and system mechanical wear can be
offset. New calibration constants can be
stored in the EEPROM and used in the
closed-loop control algorithm. Products
which include potentiometer adjustments
before delivery may encounter great man-
ufacturing time and expense reductions
when converted to high speed digital cali-
bration designs.

EEPROMs and Microcomputers

Most EEPROM applications today in-
clude some type of single-chip microcon-
troller, so the combination of EEPROM
on-board was a predictable step in the
evolution of EEPROM. There are several
unique features which a microcomputer
with its data and/or program memory im-
plemented in EEPROM can provide.

Many systems are evolving today that
are able to adjust their own program
memory to adapt to environmental
changes or to optimize their algorithms
for specialized applications. EEPROM
program memory allows the creation of
adaptive algorithms otherwise not possi-
ble with RAM or volatile control
memory.

The combination of non-volatile fea-
tures coupled with CMOS technology
will allow microcontroller products to be
completely sealed for environmental or
security reasons, yet be easily repro-
grammed locally over acommunications
link.

When all program code exists on-chip,
instructions do not appear on the I/O pins
of the processor. This makes the code ex-
ternally invisible.

Also, when instruction fetches occur
only from on-chip memory, instructions
cannot be forced on the processor exter-
nally, causing it to dump the contents of
the internal registers or memory.

Seeq’s 72710, for example, provides for
security with an option that will lock the
processor in a single-chip mode, prevent-
ing external access, but allowing the pro-
cessor read/write access to all memory
including EEPROM.

Conclusion

Many of the early problems suffered by
EEPROMs, such as long write and ac-
cess times, have been solved by today’s
newer devices. Despite these, design
alternatives exist that have kept the
EEPROM out of a number of sockets;
CMOS with battery back-up, UV
EPROM, bubble memory or cards with
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Micro Memory Alternatives

UV EPROM is currently the most often used method of putting
alterable non-volatile memory on a microprocessor. Although
the on-chip EPROM provides program prototyping freedom
and can provide data security, it must be removed for its con-
tents to be altered, and it fails to save the microprocessor’s
status during power down. In addition, it is not self adaptive
because UV light must be used to erase memory.

Using non-volatile RAM backs up the microprocessor’s in-
ternal RAM memory with EEPROM to create non-volatile RAM
on the micro. Each time the processor is powered down, the
RAM contents are copied into the EEPROM, and each time
it is powered up, the RAM contents are restored from
EEPROM. This combination allows continuity of CPU status
and system initialization constants through power interrup-
tions and provides a limited amount of data logging capabil-
ity. The major disadvantage of the non-volatile RAM is the high
cost per bit, since each bit requires both an EEPROM and a
dedicated static RAM cell. The on-chip EEPROM approach
is less costly because a one-to-one correspondence of
EEPROM to RAM is not necessary. Because of the high per
bit cost, non-volatile RAMs in single-chip micros will typically
be limited to a few hundred bytes or less.

In very high volume/low cost applications, it makes eco-
nomic sense to implement only a portion of program memory
in EEPROM, with the remainder in ROM. A reduction in de-
vice and system flexibility is the price that must be paid. Stor-
age of initialization constants and limited data logging can be
accomplished, butif in-circuit or remote reprogrammability is
to be implemented, the decisions as to which code is to be
stored in ROM and which in EEPROM must be made very
carefully. Most of the code security provided by EEPROM is
forfeited when ROM is substituted, since ROM data patterns
can be determined visually, while EEPROM data cannot.

The most complete approach is to implement the entire pro-
gram memory of the microin EEPROM memory. In this case,

Program Memory

s v v v v Lol

Table 1—Attributes and applications of EEPROM technology com-
pared with alternate methods of implementing non-volatile memory
on a single-chip microcomputer.

if the processor is given the ability to write to its EEPROM pro-
gram memory it gains self-adaptive as well as security capabil-
ities. Any portion of this EEPROM memory that is not used for
the storage of program code can be used as slow write/fast
read non-volatile data memory for storing initialization or cali-
bration constants or logging data. The major disadvantage of
this approach is the higher cost of EEPROM compared to
ROM and the relatively slow write time (1-10 ms) of EEPROM
vs. RAM memory which limits the amount of data which can
be stored if power is lost.

The future will see the cost of EEPROM single-chip micros
approaching that of current EPROM-based micros. Expect to
see EEPROM write times measured in microseconds, rather
than milliseconds, significantly closing the price/performance
gap between EEPROM and the other approaches described
above. —Larry Goss, Seeq Technology

Write 304

magnetic strips. Higher speed, extended
durability and faster write times of the
EEPROM will be key to the growth of the
market in the future.
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Build A Cost-Effective EPROM Programmer With The Z8

The first thing mentioned in many design
labs is the desire to have quick, easy
EPROM programming capability. One of
many applications for the Z8 microcom-
puter is as an EPROM programmer on a
small board.

The Z8 has an internal UART and two
counter/timers. One counter/timer is
used with an external crystal; when a
7.3728 MHz crystal is used, the counter/
timers generate any one of the nine lower
bit rates from 110 through 19,200.

The Z8 has four 8-bit multifunction
ports that can be programmed to change
modes during operation. Port 3 has four
multifunction inputs and outputs. The
four inputs can generate interrupts on
signal edges from external devices or act
as inputs for the internal counters and
perform functions such as counting gates
for timers. One input on this port is used
as the UART input and output.

One unique feature of the Z8 is that it
allows individual interrupts to be enabl-
ed and disabled. This comes in handy for
application in an EPROM programmer.

Need For An EPROM
Programmer

The original idea for this application was
to allow engineers to program EPROMs
at home without purchasing a $3,500
PROM programmer. Commercial pro-
grammers also require software to be
written for up/down loading to a host.
Making use of very few low-cost
materials to replace the commercial
system, PROM programming hardware
and software can be ready in less than a
day. This can be done using any system
with a C compiler, including the IBM
PC, any CP/M system with C and, in this
case, the UNIX-based Zilog System
8000.

Hardware Layout

The first design used a 3870, but was very
slow. The 3870 has no serial port, and
with multiplexing, the maximum speed
was supposed to be 2400 baud. In fact,
the best usable speed was 1200 baud.
With the Z8 serial capability, a bit rate of
19.2 is easily attained.

As shown in Figure 3, the interface
between the Z8 and external circuitry is
straightforward and simple. There are
only four chips and it is almost impos-
sible to assemble them incorrectly.

DIGITAL DESIGN ® SERPTEMBER 1884

Figure 1: The Z8 4K MCU.

—

The above parts can be found at Anchor or JDR Microdevices.

_ Quantty  Description _ PriceEach  Total
1 28-Pin Zero Insertion Force Socket (ZIF) $ 9.00
1 8603 28 60.00
1 1488 70
1 1489 70
1 2N 2222 26
1 2N 5227 25
1 TL 497 (Voltage Reg) ANC 3.25
1 Single Throw Single Pull (STSP) Switch Pack .40
5 1K Resistors .025 125
1 510 Ohm Resistor .025
1 4.7 Resistor 025
1 20K Resistor .025
1 0.5 Ohm Resistor—1 Watt .025
1 5K Trimpot 2.00
1 50 MicroHenry Inductor 3.00
1 4" x 8" Vector Board 1.00
2 10 pF Capacitors 05 .10
1 2.2 mF Capacitor .50
4 0.1 mF Capacitors 15 .60
2 10 mF Capacitors — 35 Volt Tantalum 1.00 2.00
1 100 pF Capacitor .05
1 LED —Your Choice .20
1 Switch Pack— 4-Switch On/Off .85
1 7.3728 3.00

Total $88.125

Figure 2: List of materials and costs for an EPROM programmer.
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Figure 3: Schematic of board for Z8 EPROM programmer.

Programming

The only software needed in this system s
the Z8 source code to allow actual pro-
gramming of the EPROM and the C
source code to the driver routine, for com-
munication between the host computer
and the board.

In the Z8 source code program, the
general constants are defined to address
the Z8, then the register locations are
declared. The interrupt vector entry
points are set, and initialization is pro-
grammed. Initialization routines are
usually shortand available in documenta-
tion supplied with the software. The baud
switches should then be checked and
timer O is set for the correct bit rate. The
actual command interpreter routine then
begins.

Nextthe PROM type is selected and the
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send/receive routine takes over if the
System 8000 is the host. This could be
replaced by the Intel or Tek Hex routine.
A PROM blank check is performed; then,
the Program PROM, Read PROM or
Burn PROM routine is selected. The
balance of the code is a series of modules
for Delay, Send/Receive Serial Charac-
ters, conversion of ASCII-Hex to Binary,
and Binary to ASCII. The final section
contains messages and tables including
the serial bit rates.

Code canalsobe written in the C source
to the driver routine, or any language
understood by the host computer. C is a
universal language, buta copy of the Basic
code is included for those whodo nothave
a C compiler.

The C programis a routine to drive the
Qume 102A and the Z8 EPROM pro-
grammer. The first modules contain the

command parser for the main menu and
the special terminal driver routines possi-
ble on the Qume: clear to end of screen,
reverse video, blinking, underline,
graphics mode vertical and horizontal
lines, use of auxiliary port and transparent
mode. Nextis the EPROM Programmer
Utility that displays all instructions on the
screen: display modification of memory,
copy, selection of PROM type. The user
is then instructed to place ablank PROM
into the socket and give the command to
write.

[fthe driver is written in C, neither Tek
or Intel Hex presents a problem for
up/downloading, since communication is
handled within the language. There are
advantages to either format. In most
sources, a format written specifically for
each program is used. This usually has a
speed advantage over standards.
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ELECTRONICS
MIAIIS(ES

BEST

NO OTHER CUT-SHEET FEEDER COMPARES TO THE ZIYAD Z-300.

Compare the Ziyad® Z-300

Intelligent Paper Processor™
to all other cut- sheet feeders
and the difference is obvious.

They are mechanical.

The Ziyad Z-300 is
electronic.

In fact, the Z-300 is the
only cut-sheet and envelope
feeder that electronically cap-
tures both name and address
from typed letterhead and auto-
matically delivers a typed enve-
lope collated with your letter.

This single feature, alone, makes
mechanical sheet feeders obsolete.

WHY CHOOSE ELECTRONICS?

Precision. Accuracy. Reliability.

All are important in guaranteeing increased office pro-
ductivity. The Z-300 has integrated three electronic
sensors, drive motors, and a tiny PROM chip. This tiny chip
acts as a nerve center for the sensors and motors
constantly monitoring paper and envelope flow. Both
paper and envelope are properly aligned and fed con-
sistently each and every time.

If the paper or envelope trays are empty, or if a misfeed
should occur, the Z-300 electronically stops the printer
from printing on the platen...immediately. It memorizes
typing position, and can automatically alert the operator
with an audible and visual signal...whether nearby, in the
next room, or on the next floor!

MORE FOR YOU—-MORE FOR THE OPERATOR

The Z-300 is easy to operate. It attaches simply to most
printers, making it the essential cut-sheet and envelope
feeder option to more than 22 of the world’s leading
manufacturers of word processing equipment. The
Z-300 offers various trays to accommodate a variety of

paper sizes...including envelopes. When over-
sized documents have to be printed, a simple
touch of a button lets the operator tilt
the Z-300 back from your printer.
The Ziyad Z-300 is the only
dual-bin, cut-sheet and envelope
feeder that has this capability.

ELECTRONICS MEANS
RELIABILITY

We stand on proven performance. With
: integrated electronics the Ziyad Z-300
\W can boast an incredible MTBF of 6,000 hours.

That’s more than three years of continuous
operation. And, that's why more than 100,000 Ziyad
products will be sold this year.

In an age of electronics, don’t compromise your electronic
word processing system with a mechan-
ical sheet feeder. Add the essential
electronic option—the Ziyad Z-300
Intelligent Paper Processor.™

Put our technical hard-
ware and software support
team to work for you. Call
Ziyad today, and let us
show you how easy it
is to integrate the .
Ziyad Z-300 into your
next office automation
system.

For more information on how
Ziyad productivity can work for you,
call or write Sue Turner 201-627-7600.

Z1YAD

Ziyad, Inc., 100 Ford Road, Denville, NJ 07834 USA
Telephone (201) 627-7600
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Transmission Protocols
Tektronix Hex format:
/ <load address> <byte count>
<checksuml > <data field...>
<checksum2 > <cr>

Tek Hex requires acknowledgement
from the receiving device before the next
block can be sent. The three possible ac-
knowledgements are:
(0 < cr> —datablock was received with-
out error
7 <cr> —block was received with bad

checksums, please retransmit the last
block

9<cr> —bad load address or sector
message received, abort process.

Intel Hex format:

: < byte count > < load address > < type
field > < datafield... > <checksum>
Intel Hex does not provide for error
retransmission or acknowledgement. A
type field of 00 is a data block and the 01
is an End-of-Record field. The byte count
contains the total number of bytes trans-

ferred ineach record including the SOR:
the load address, type field, byte count,
data field and the checksum, giving a
value of (2*L) +11. Both Intel and Tek Hex
send all information as ASCII encoded
characters.

Conclusion

A Z8and a few added pieces of hardware

can be put together in less than a day to

create a useful and cost-effective EPROM

programmer. The alternative is a rather

expensive system for occasional use.

— Dr. T M. VendenHeede, Zilog, Inc.
Write 234

Multibus II Parallel System Bus — An Inside Look

The iPSB (Parallel System Bus) of the
Multibus II architecture standardizes not
only hardware data transfer, but software
inter-module communication. Itis a syn-
chronous bus, with protocols implemen-
ted as state machines. The use of multi-
plexed signal lines on the iPSB allows the
entire 32-bit interface to be contained in
a 96-pin connector (Figure 1).

Operations performed by the iPSB are
referred to as cycles. Arbitration cycles
are used by agents requesting use of the
iPSB bus to resolve contention. Transfer
cycles are performed by the requesting
agent to exchange information with a re-
plying agent or agents. In the event of an
error, an exception cycle reports the error
and resets the bus for further operation.
As shown in Figure 2, the three iPSB
cycles are overlapped, maximizing the
use of the bus resource.

Arbitration Cycles

When conducting an arbitration cycle,
the agent drives its arbitration ID onto the
ARBS5* through ARBO* signal lines, and
signals its request by driving the BREQ*
signal line low. Three bus clocks later, the
agent samples the ARBS* through
ARBO#* lines. If the ID on those OR-tied
lines matches its ID, that agent has “won”
the arbitration and performs transfer
cycles on the bus at the next available
opportunity.

The bus supports two modes of arbitra-
tion: no starvation, and strict priority.
These are selected dynamically for each
arbitration cycle. In no starvation mode,
each agent must wait until all pending re-
quests for the bus are satisfied before
starting an arbitration cycle. In strict

1249

1 0 Volts PROT* 0 Volts
2 +5 Volts DCLOW* +5 Volts
3 +12 Volts +5 Battery +12 Volts
4 Reserved (note 1) SDA (note 3) BCLK*
8 TIMOUT* SDB (note 3) 0 Volts
6 LACHn*(note 2) Ground 0 CLK*
7 ADOO* ADO1* 0 Volts
8 ADO2* 0 Volts ADO3*
9 ADO04* ADOS5* ADO6*
10 ADO7* +5 Volts PARO*
" ADO8* AD09* AD10*
12 AD11* +5 Volts AD12*
13 AD13* AD14* AD15*
14 PAR1* 0 Volts AD16*
15 AD17* AD18* AD19*
16 AD20* 0 Volts AD21*
17 AD22* AD23* PAR3*
18 AD24* 0 Volts AD25*
19 AD26* AD27* AD28*
20 AD29* 0 Volts AD30*
21 AD31* Reserved PAR3*
22 +5 Volts +5 Volts Reserved
23 BREQ* RST* BUSERR*
24 ARB5* +5 Volts ARB4*
25 ARB3* RSTNC* ARB2*
26 ARB1* 0 Volts ARBO*
27 Sco* scs* SC7
28 SCe6* 0 Volts SC5*
29 sCaq* SCa” scz2*
30 —-12 Volts +5 Battery ~12 Volts
31 +5 Volts S0C1* +5 Volts
32 0 Volts SCo* 0 Volts
Notes:
1. Slot0: Second BLCK* driver for systems containing more slots; drives BCLK* (pin 4C)
to left half of backplane. Slot 1-19: 0 volts.
2. Slot0: Second CCLK* driver for systems containing more slots; drives CCLK* (pin 6C)
to left half of backplane. Slot 1-19: LACHRn".
3. Signal lines SDA and SDB are reserved for the Serial System.

Figure 1: Parallel system bus connector pinout.
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VME-CPU VME-ICC

Ml Pors RAM + DAM Logie

/

ngtoa termmal and one or more ﬂoppy VME BUS
 disc drives, the VMEbus CPU board Model CPU-1 %
~ from EMS can be transformed into a highly-
 compact 68000-based microcomputer system
which supports either CP/M 68k or UCSD. The
heart of the system is the 16 bit microprocessor
68000, and the CPU board forms the basis of
_a microcomputer system with m:mcompmer
‘ ‘mpnbamy In addition, the system supports the
multi-user operating system UNIX System [ll Ver-
' sion 7, including the Berkeley enhancements. The
bus interface on the CPU board fully implements
- VMEDbus specifications. If a multi-processor system
is required, several CPU boards can be connected
to the bus simultaneously. This very powerful
operatmg system allows pruchcclliy unlimited
ccmons both in commercial and in scientific
and technical fields.
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SYSTEMS INC.
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© HARD-DISC CONTROLLER ® 2B0CPU ® 5,9,20SLOTS
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: ~® SEAGATE ST 506 INTERFACE o 1 PARALLEL PRINTER PORT R ® ELECTRICALLY TESTED
- PMALLELvo ~ * 6809 CPU ® BUFFER, MAX 12 KBYTE , ® SOLDERLESS PRESS FIT
® FLOPPY DISC CONTROL. © INTERRUPTLEVELS/VECTORS ¢ 4 KBYTE DUAL PORT RAM © REPAIRABLE
o MEMORY MANAGEMENTUNIT  ARE PROGRAMMABLE © FIRMWARE OPTIMISED FOR UNIX

(UNIX)
~  Currently seeking agents in Clucago, California, and Massachusetts.
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o G , SYSTEMS INC.

4546 Beltway Dallas, Texas 75234 (214) 392-3473
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Figure 2: Block diagram of bus cycle operation with errors.

priority mode, an agent starts in the arbi-
tration cycle at the first opportunity. In
either mode, if there are no outstanding

bus owner.

requests for the use of the bus, the agent
last granted use of it remains the current

IF XYCOM’S

PLANT FLOOR TERMINAL

DOESN’T MEET YOUR OPERATOR
INTERFACE NEEDS,

eHigh perfor-
mance, non-

intelligent
video dis-
play device
*Rack or
front panel
mounting

Terminal now. We are con-

vinced that it is the perfect

operator work station, production

info center, or message display station
for use on plant floors. And it’'s compat-
ible with your microcomputer system,

Order XYCOM'’s new RacPac $1 85

SEND IT BACK.

If you aren’t convinced
RacPac Terminal meets yo!

one year limited product warranty.

In Mlchlgan Call Collect: (313) 429-4971, ext. 337D.

1-800-367-7300

& Xycom’

The Hardhat Computer People

*In effect for 30 days after customer receipt of equipment.

*RS232 inter-
face standard,
options
available

©9” CRT with
multiple dis-
play attributes

eFront panel

fully sealed

** Programmable Controllers,
and similar computing devices.

that the
ur plant

floor needs — send it back. We ship from
stock with a 30-day money-back guarantee,”

**0.E.M. quantity discounts available.
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Transfer Cycles

Transfer cycles are divided into two
phases, the request and the reply. All
transfer cycles on the iPSB are parity-
protected. Even parity is generated on
each byte of address or data, as well as
over the SC7* through SC4* and SC3*
through SCO* control signal lines.

During the one clock long request
phase, address information is placed on
the multiplexed AD31* - ADO* signal
lines and the command information on
the SC9* - SCO* lines. There are two en-
coded fields during the request phase, the
transfer width and the address space. The
iPSB supports transfer widths of eight,
16, 24 and 32 bits. The bus also accom-
modates four address spaces: memory,
/O, interconnect and message.

During the reply phase of the transfer
cycle, data is transferred on the AD31*
through ADO* lines at a time mutually
agreed upon by the requesting and reply-
ing agents. The SC9* — SCO* lines are
used for handshake or indication that data
is valid on the iPSB bus. One or more
handshakes may occur during the reply
phase. A handshake is indicated by si-
multaneous assertion of SC4* by the re-
plying agent and SC3* by the requesting
agent.

The supplier of data, (requesting agent
for write operations or the replying agent
for read operations) asserts the corres-
ponding handshake signal when data is
valid on the bus. The recipient of the data
asserts its portion of the handshake when
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ready to accept the data from the bus. The
assertion of SC2* coincident with the
handshake event signals the end of the
transfer cycle. Broadcast operations are
also supported on the iPSB.

Replying agents can signal a number of
errors during the reply phase. Error
signals can be used by the requesting
agent for recovery. These are called agent
errors, and force termination of the cur-
rent transfer cycle without effecting the
arbitration cycle in progress.

Exception Cycles

There are two signals on the iPSB which,
when asserted, initiate an exception cy-
cle: BUSERR* and TIMOUT*
BUSERR* is an indication of a detected
parity error during a transfer cycle.
TIMOUT#* is driven by the CSM to indi-
cate that an agent has taken too long to
respond with its portion of the handshake
event during the transfer cycle. The iPSB
reaction to either type of exception is the
same: halt all cycles in progress and
restart bus operation after a short delay.

Architectural Features

Architectural enhancements of the iPSB
can be seen in the uses of the four address
spaces supported: memory, I/O, inter-
connect and message. Memory and I/O
spaces have much the same function as
they do in today’s bus structures. This is
important for migration from existing
environments to the iPSB. These address
spaces have been expanded to satisfy the
needs of future 32-bit processors, to 32
bits (4 Gbytes) for memory space and 16
bits for I/0.

The use of interconnect space has no
precedent in current bus structures. Inter-
connect space has three purposes: 1) In-
dentify the particular board in the ad-
dressed slot, 2) Configure the board from
the iPSB, and 3) Provide a standard inter-
face for diagnostic commands.

To accomplish these goals, the inter-
connect space address consists of a 5-bit
slot address and a 9-bit register number.
The 5-bit slot address, from 0 to 19 deci-
mal, identifies a single card slot in the
iPSB backplane. The register number
selects an entry into a defined template.
Each bus agent must respond when the in-
terconnect address refers to its slot. Some
of the registers in the template identify the
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board specifically (e.g. 512 Kbyte RAM
board). Additional registers configure
the board and communicate with diag-
nostic firmware resident on the board.

Message space on the iPSB standard-
izes interprocessor communication. At
its simplest, message space provides an
interrupt capability equivalent to 65,000
interrupt signal lines. When message
space protocols are fully utilized, para-
metric interrupts and negotiated data
movement are supported.

In current system buses, drivers must
be written specifically for intelligent con-
trollers used to perform the operation.
Therefore, the standard for inter-proces-
sbr communication is set by the imple-
mentation of the controller. In the Multi-
bus II, transportability of system software
is insured by the iPSB protocol, even if
implementations change. System soft-
ware may be transported from the iPSB
to a low cost serial implementation on the
iSSB (Serial System Bus) of the Multibus
IT or vice versa.

Physical Bus Characteristics

The connector used for the iPSB is the
standard EuroCard DIN 41612 connector.
The 233.4 X 220 mm board outline also
allows single height versions.

Electrically, the iPSB bus is driven
with standard, multiple-sourced TTL
components, using both three-state and
open collector devices. All state
machines can be implemented using
available programmable logic. Up to 20
boards may be installed on the iPSB bus.
The terminated backplane of the iPSB
bus supplies power voltages of +5, —12
and +12 volts.

Foundation for the Future

Multiple processors in the system pose
great difficulties for hardware and soft-
ware. The iPSB hardware provides high
bandwidth in a multiple processor envi-
ronment. The bus also provides a stan-
dard interface on which software can be
built to solve multiprocessing problems.

—Scott Tetrick, Senior Engineer, Bus
Architectures, OEM Microcomputer
Operation, Intel Corporation

PROBLEM:

How do you satisfy
technical constraints
when specifying STD,
VME, TM990, and
EXORciser*
microcomputers and
meet purchasings’
constraints for price
and service?

SOLUTION:

Deal with TL Industries
that’s how. Take advan-
tage of our standard
products in the STD,
VME, TM990 and
EXORciser* busses,
backed by our years of
experience in industrial
control.

Whether you are con-
cerned about price,
delivery, quality or
specs, TL Industries can
make your life easier.

Call or write today for your
free STD, VME,EXORciser*
or TM990 catalog.

Industries Inc.

2541 Tracy Rd.
Toledo, Oh. 43619

(419) 666-8144

Representatives’ inquiries are
welcomed.

*Trademark of Motorola

Write 80 on Reader Inquiry Card
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THREE PROCESSOR LISP MACHINE

he Lambda 2x2/Plus LISP ma-
chine supports the development
or execution of LISP, Prolog and
UNIX software simultaneously on three

independent, concurrently-executing
processors. The machine features two
LISP processors and a 68010 processor
and is supplied with two displays and Al
keyboards, and a 474 Mbyte Winchester
disk. Software supplied with the system
includes ZETALISP-PLUS for the 68010.
Optional 8- and 16-port RS-232 terminal
interfaces are available for multi-user
UNIX operation. Also included is the
Extended-STREAMS Interface, which
allows 37.5 Mbyte/sec communication
between programs on any or all of the
three processors in the 2x2/PLUS dur-
ing parallel operation. Price is $140.000.
Lisp Machine, Inc., Los Angeles, CA

Write 219

ETHERNET SYSTEM

The Ethernet local area network (LAN) System
from SGS Semiconductor meets the Ethernet speci-
fication of up to a 10-Mbit/sec transfer rate and a
16-bit dedicated CPU, with 128 Kbytes of on-board
RAM for message buffering and high-level proto-
col software. The hardware has 32 variable-length
receive buffers chained and up to 60 Kbytes avail-
able for packet buffering. SGS Semiconductor
Corp., Phoenix, AZ Write 133

UNIX-BASED DEVELOPMENT SYSTEM

The DSM-6816 is a VMEbus development system
which runs under the UNIX operating system, pro-
viding a multi-user environment. The DSM-6816
uses the 68000 microprocessor with the 68451
MMU. Features include 768 Kbytes of RAM with
parity resident on the CPU board. expandable to 3.8
Mbytes: a 20 Mbyte hard disk and a 1.2 Mbyte 8"
floppy disk drive. Two serial console channels. a
serial printer port, an intelligent disk/printer
controller and six spare card slots are also standard.
Price is $16.575. dy-4 Systems, Inc., Ottawa, Ont.

Write 149

128

IBM PC COMPATIBLE DAS

i —

i

The ISAAC 41-1 and 91-1 add extension expansion
capabilities to the IBM PC for data acquisition and
control applications. The ISAAC 91-1 is a general
purpose computer/interface system designed for
workstation applications, while the ISAAC 41-1 is
a building-block solution for applications not requir-
ing full 91-1 capabilities. Both systems offer 1/0
capabilities for direct interfacing with thermo-
couples, pressure transducers and other analytical
and industrial instruments. Cyborg Corp., New-
ton, MA Write 148

11/730 running VMS and is supported by Tektronix
4107, 4190 or 4115 Computer Display Terminals.
Price is $50,000. VR Information Systems,
Austin, TX Write 137

MODULAR GRAPHICS WORKSTATION

The AGW III is based on the Apollo 32-bit CPU.
The processor operates as a true 32-bit unit using
bit slice technology and has a floating point proces-
sor and cache memory units. Hardware features
include a 19” graphics screen, 12" alphanumeric
screen, keyboard, and thumbwheel or joystick mod-
ule. The CPU has 1 to 4 Mbytes of main memory.
A 68 or 158 Mbyte Winchester disk drive and 1.2
Mbyte floppy disk drive comes with the system.
Auto-trol Technology Corp., Denver, CO
Write 153

SUPERCOMPUTER

The AS/91X0 series are five IBM mainframe-
compatible supercomputers designed to handle
vector-processing applications. The AS/91X0 entry-
level supercomputer series can perform typically at
28 Mflops and is field upgradable. The computers
include a software tool called VAST which looks for
operations it can vectorize, inserting appropriate
code to activate the vector-processing hardware.
Prices are $2.1 to $5 million. National Advanced
Systems, Mountain View, CA Write 143

DATA COLLECTION SYSTEM

VME-BASED 32-BIT SUPERMICRO

The Universe 2203 32-bit supermicro computer and
its unbundled central processor, the VCP2000, were
designed to run programs developed under UNIX
or UNIX compatible operating systems. Both com-
puters use the 12.5 MHz Motorola 68000 micropro-
cessor, and both are built around the VME bus. The
Universe 2203 has a4 Kbyte cache memory, mem-
ory allocation and protection, and a 35 Mbyte Win-
chester disk. Price is $15,000 to $20.000. The VCP
2000 is $4.000. Charles River Data Systems,
Framingham, MA Write 136

PCB DESIGN SYSTEM

Merlyn-PCB is a PCB design system that performs
hierarchical schematic capture, automatic compo-
nent placement, automatic circuit routing and inter-
active editing, and real-time design rule checking
in the layout of printed circuit boards. Merlyn-PCB
is available for use with the VAX-11/780), -11/750 and

The Innovative Factory Data Collection System is
amicrocomputer based data acquisition/supervision
system. The system operates in two configurations:
standalone or with a host computer. Hardware com-
ponents include the Netmaster CPU, disk drive, ter-
minals and peripherals. The software includes a
standard operating system, a data collection subsys-
tem, transactor process routines, and a host com-
munications subsystem. Innovative Electronics,
Inc., Miami. FL Write 147

SIMULATION SOFTWARE

LASAR Version 6.1, an update on Lasar logic
simulation software, incorporates new algorithms
for signal state and current strength analysis. The
simulator propagates ten nodal values made up of
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combinations of the four logic states that can physi-
cally exist ata node. For evaluation of wired net cir-
cuit nodes, minimum and maximum drive currents
for logic states 1 and O can be specified for each gate.
Price is $10,000 to $225000. Teradyne, Inc.,
Tempe, AZ Write 138

SUPERMICROCOMPUTERS

TARCH is a 32-bit architecture developed by Ar-
gonne Systems for the MCP series of supermicro-
computers. The multiple-coupled processor in-
cludes 16 Kbytes of cache memory and the Multi-
bus II as the main system bus with data transfer rates
up to 40 Mbytes/sec. Processors can be coupled in
variety of ways: tightly coupled, running a single
copy of an operating system; closely coupled,
running different operating systems, and loosely
coupled, with distributed systems. Prices start at
$11.000. Argonne Systems, Inc., Sugarland, TX

Write 135

SCHEMATIC DESIGN SOFTWARE

SDS Version 5 software is designed for Silvar-
Lisco's SL-2000 portable CAD/CAE system. The
software offers multi-windowing, search features,
a symbol editor, automatic schematic scaling, and
component dragging. Each window may overlap and
display a different schematic drawing, and users can
edit schematics within any window currently dis-
played. Local vector lists provide a listing of com-
ponent input and output pins and signals. Price is
$14.000 to $35,000. Silvar-Lisco, Menlo Park, CA

Write 140

WORKSTATIONS

The Astra 300 series of minicomputers utilize a 10
MHz, NEC 32-bit VLSI microprocessor and have
diagnostic capabilities. All have a one Mbyte floppy
disk drive. Features include terminal emulators such
as 3278, 3780 and 3740 bisynchronous polling capa-
bilities, and X-25 product processing. Color or
monochrome workstations are used with the Astra
300 Series, which have 128 Kbyte RAM and 4 Kbyte
of ROM. Prices range from $15,000 to $20.000. NEC
Information Systems, Inc., Boxborough, MA
Write 141

POWER CONDITIONER

The Z-Phase Line Tamer power conditioner is de-
signed for three-phase applications for both line-to-
line and line-to-neutral loads. The Line Tamers are
used primarily for loads from 7.5 kVA through 75
kVA. Line-to-line regulation is + 5% over a regu-
lating range of +10, —20%, with load unbalances
of 30 % of the average of the total load. Line-to-line
regulation with load unbalances of up to 75 % of the
average of the total load is +7 % . Price ranges from
$3.400 to $24.000. Shape Magnetronics, Inc.,
Lombard. IL Write 215
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CAE WORKSTATION

The CDX-9000 CAE Workstation offers HHB Sof-
tron’s CADAT 12-state logic simulation and fault
simulation packages for logic verification and test
development. The workstation has 16 transistor
models, 95 logic primitives and a library of TTL,
CMOS and ECL devices. The CDX-9000 contains
a32-bit CPU, 1 Mbyte of RAM, an 814 Kbyte 5'4"
floppy disk drive. a 35 Mbyte Winchester disk, 17"
monitor. keyboard and mouse. Price is $36.500.
Cadnetix Corp., Boulder. CO Write 146

DATA COMMUNICATIONS SOFTWARE

MacTerminal is a data communications software
package that allows the Macintosh personal com-
puter to interact with mainframe and minicomput-
ers as well as commercial electronic information
services. It has a visual user interface, integration
between applications, a mouse, and the ability to
view multiple objects on the screen. A file transfer
capability facilitates the transfer of text and graphics
to Macintoshes or Lisas in different locations. Price
is $99. Apple Computer Inc., Cupertino, CA
Write 132

32-BIT SUPERMINICOMPUTER

The 8855 Model 10 is a 32-bit superminicomputer
which incorporates SNA and concurrence of func-
tion. The 8855 Model 10 has a 16032 32-bit main
processor chip and coprocessor functionality util-
izing a 80186 chip in 16-bit terminal and communi-
cations I/0 processors. The system allows 64 tasks
to operate at the same time including: batch and
interactive communications, SNA/SDLC and Bi-
synchronous protocols and data entry. Price is ap-
proximately $97.500. Nixdorf Computer, Waltham,
MA Write 145

LASER PRINTER CONTROLLER

The Pixel 300 is an MC68000 microprocessor-
based controller designed for use with laser print-

The Solution For
Motion Control

The MAX series of multiple axis stepper
motor controllers gives you a flexible,
modular system for driving motors in
your OEM, scientific, and industrial
applications.

SMART. Because each axis has an
AMS microprocessor based driver card
that provides you with:

over 30 unique instructions
2% amp/phase drivers

non volatile storage

limit switch inputs

optical isolation

auto accel/decel ramp

home routines

much more

STD BASED FOR FLEXIBILITY.
8 slot STD cage permits customization
with readily available cards for your
OEM applications. The built-in serial
and auxiliary ports are available to your
host. Drive power may be increased in
5 amp increments with expansion cards.

TALK SERIAL. Use a PC as a host for
issuing any of the many built-in com-

mands. Daisy-chaining allows multiple
axis of motion thru a single pair of wires.

SELF CONTAINED. Program each
axis with your routines, save the se-
quence in the NV memory for execution
at power up, or strobe one of the ports
as a go command. The MAX comes
complete with 2 to 4 axis of drives,
ballast resistors and power supplies.
Simply connect your terminal/pc,
motors and run it!

APPLICATIONS
O Robotics
O x, v, z positioning tables
O instrumentation
[ test equipment

0 0.0 B ELEEES

1l

Advanced Micro Systems, Inc.
Nine Executive Drive

Hudson, NH 03051 (603) 882-1447
Write 66 on Reader Inquiry Card
129



NEW PRODUCTS

ers. It can accommodate output speeds ranging from
eight to 60 pages-per-minute. Options include bit-
map printing. A Z80-A interface board is available
which contains four RS-232C serial ports and two
Centronics parallel ports. This enables the Pixel 300
to be tied into word processing systems or networked
computers. Price is approximately $3.000 for quan-
tities of 500 or more. Electronic Machine Corp.,
Los Angeles, CA Write 151

DEC-COMPATIBLE MICROSYSTEM

The MicroVIP computer system is designed for
multi-user and database-intensive applications.
MicroVIP consists of a DEC Q-Bus central process-
ing unit (such as the MicroVAX. LSI-11/73 or LSI-
11/23), memory, communications controllers, a 190
Mbyte Winchester disk drive, a 100 Mbyte cartridge
tape transport and intelligent USDC controllers.
Price starts at $15.900. U.S. Design Corp.,
Lanham, MD Write 134

SCHEMATIC CAPTURE SYSTEM

The Simulog Logic Simulator and the Symgraph
Schematics Capture System are CAE applications
for a workstation based on the IBM PC. Simulog is
a nine-state, event-driven, logic simulator with a set
of 20 logic primitives. The engineer can simulate
circuits using both TTL and MOS integrated circuits
technologies. Simulog is priced at $2,500 per copy,
while Symgraph is part of the graphics subsystem.
Chancellor Computer Corp.. Albuquerque, NM

Write 130

CALCOMP-COMPATIBLE GRAPHICS
Skygraf is a Calcomp-compatible graphics software
package for the IBM PC. Written in FORTRAN, the
Skygraf subroutines are device independent and
provide B&W/color. interactive graphics, 2-and 3-D
contour plotting, as well as hard copy output. The
subroutines interface to many standard printers. The
Skygraf libraries implement two industry graphic
standards; ACM SIGGRAPH “core™ and the GKS.
Sky Computers, Inc., Lowell. MA

Write 131

IC LAYOUT SOFTWARE

These software products from ECAD are additions
to the Dracula IC Verification system. They include

130

a layout debugger, hierarchical verification and
PG/E-beam software. The IC layout debugger lo-
cates layout violations from DRC, ERC, LVS and
LPE results on acolor graphics terminal and inter-
actively edits and reruns checks on data within the
display window. The PG/E Beam package drives the
most mask generation systems. Ecad Inc., Palo
Alto, CA Write 129

DESKTOP CAE WORKSTATION

The SCALDsystem IV is a full-function CAE work-
station which can perform schematic capture, tim-
ing verification, logic simulation and system docu-
mentation. The system is designed to functionina
network configuration, consisting of four to 16
workstations connected to a central file server. The
SCALDsystem IV has a 68010 16/32-bit processor,
demand paged virtual memory, one Mbyte RAM
and a 10 Mbyte Winchester disk drive. Price is
$20,000. Valid Logic Systems, Inc., Mountain
View, CA Write 155

SUPERMINICOMPUTERS

i S

The Prime 9650 and Prime 9750 are two mid-range
superminicomputers which utilize a custom gate
array-based processor. The 9750 supports 128 ter-
minals and 255 interactive processes simultaneously
and is available for systems and upgrades. The Prime
9650 supports 96 terminals and 255 interactive pro-
cesses simultaneously. Prices are $251,500 (9750)
and $146,500 (9650). Prime Computer, Inc.,
Natick, MA Write 152

SOFTWARE WORKSTATION

The Symbolics 3640 is a dedicated. single-user
workstation designed for use in a networked soft-
ware engineering environment. The standard 3640
configuration provides 2 Mbytes of main memory.

one 140 Mbyte Winchester disk, four backplane
expansion slots, a black & white display console
(1100 x 900 bit mapped) and keyboard. Pipelined
video memory and phase encoded digitized video
output allow the console to be located up to 1000 feet
from the processor. Price is $69,000. Symbolics,
Cambridge, MA Write 154

SYSTEM CONTROLLER

The 8000 series system controller is built around
Digital Equipment’s KDJ1l-based LSI-11/73 proces-
sor. Six configurations are available, providing a
choice of 20-, 40-, or 80-Mbyte Winchester disks,
or 20/20-Mbyte fixed/removable drives. Also avail-
able are 1/4” and 1/2" streaming cartridge drives.
Price in OEM quantities is $15.000. Plessy Periph-
eral Systems, Irvine, CA Write 150

INTERACTIVE 3270 CAPABILITY FOR
HP 1000 COMPUTERS

Programmatic Mainframe Facility 1000 (HP
PMF/1000) gives HP 1000s the ability to emulate
IBM 3270 cluster controllers, allowing them to be
used as distributed processing systems with links to
IBM host applications or data bases. The HP
PMF/1000 uses an microprocessor-based interface
card, providing a response time of 2 sec. The card
handles a bisynchronous communication link to the
IBM host over a non-switched line at 9600 baud.
Price ranges from $4.000-$7.000. Hewlett-
Packard, Palo Alto, CA Write 240

DEVELOPMENT SYSTEM

The 8562 software development system supports
eight users in a TNIX multi-tasking software devel-
opment and integration environment. Based on the
LSI-11/73 central processor. the 8562 is compatible
with other 8500 series systems. The 8562 includes
the proprietary TNIX operating system. 11/73 pro-
cessor, one Mbyte of RAM. a floating point proces-
sor, 40 Mbytes of hard disk storage. eight user ports,
two line printer ports, and an 8" floppy disk drive.
Price is $36.000. Tektronix, Inc. Beaverton. OR
Write 139
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OEM Decision Makers

products to your front
You'll find
us there!”

Ald you'll find other top
OEM manufacturers,

such as IBM, Control Data,
DEC, Fujitsu, NEC and
Seagate, to name a few.

In their 14th year, the
“OEM Only” Invitational
Computer Conferences bring
you, the volume buying deci-
sion makers, together with
the key suppliers of com-
puter and peripheral prod-
ucts. The ICCs, a series of
ten, one-day regional shows
are convenient to where you
live and work. The social
business setting makes it
easy for you to meet poten-

BEN WANG, President
Wangtek

tial suppliers one-on-one,
and attend high tech semi-
nars of your choice. As an
invited guest, there is no
Cost to you.

Hear what the OEM manu-
facturers have to say, learn
more about their products,
and remember, you may
attend “by invitation only.

1"

Yes! I need an invitation to your “OEM Only"

Name

[ buy in volume:

“Only the Invitational Computer
Conterences bring the latest
OEM computer and peripheral

ICC. The nearest ICC to me is:

door.

1984/85 U.S. ICC Locations

Sept. 6,'84  Newton/Boston, MA
Sept. 25,'84 Southfield/Detroit, MI
Oct. 10,'84  Cherry Hill, N]J

Oct. 23,'84  Englewood/Denver, CO
Jan. 8,'85 Irvine, CA

Jan. 29,'85 Houston, TX

Jan. 31,85  Dallas, TX

Feb. 26,'85  Ft. Lauderdale, FL
Mar. 19,85  Palo Alto, CA

Apr. 2,'85 Nashua, NH/No. MA

Call your local OEM supplier for
your invitation or_fill out the cou-
pon and mail to:

B.J. Johnson & Associates, Inc.
3151 Airway Ave., #C-2
Costa Mesa, CA 92626 “
Phone: (714) 957-0171 v

Telex: 188747 TAB Ry L L

Write 82 on Reader Inquiry Card

O Computers

Title

O Disk/Tape Drives
O Controllers/Interfaces

Company/Division

O Terminals/Graphic Displays

O Software Address

O Printers
O Memory Boards City

State Zip

O Modems/Multiplexers
O Power Supplies

Mail To: B.]. Johnson & Associates, Inc.,
Phone: (714) 957-0171 Telex: 188747 I\B ll\l\

51 Airway Avenue,

#(C-2, Costa Mesa, CA 92626
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COLOR DOT MATRIX PRINTER

he model 1570 is a multi-mode,

I color (four on the ribbon, seven
total) dot matrix printer that fea-

tures a 24-wire print head together with
emulation of daisywheel products. The
device operates at two speeds: 130 cps
for letter quality/business graphics appli-
cations, and 180 cps for other printing
applications. Resolution in the graphics
mode is 360 dpi. The 1570 can print 136
t0 233 characters per line and there’s a 24
Kbyte buffer to reduce cpu overhead. A
variety of interfaces are available. Single-
unit prices start at around $2.,000. C. ltoh
Electronics, Inc., Los Angeles, CA
Write 173

SPEECH RECOGNITION PACKAGE

VocaLink is a speech recognition hardware/software
package. The unit can process 240 spoken com-
mands and its applications include data entry and
CAD/CAM. The device operates in two modes:
keystroke simulation, which substitutes user-
defined verbal commands for keyboard entries to
operate standard PC software; and “PC mode.” for
customized software. Interstate Voice Products,
Orange, CA Write 174

NON-IMPACT ION PRINTER

The Series 6000 is a non-impact page printer with
a printing capability of 60 pages/min. The S6000 has
aresolution of 240 by 240 dpi and prints forms and
variable data simultaneously. The S6000 uses a
DEC LSI 11 processor and supplies IBM 3211 and
Dataproducts interfaces. The S6000 can be con-
figured to support additional image generator cards
such as graphics and variable forms cards. Price is
$60,000. Delphax Systems, Mississauga, Ont.,

Write 178

132

FLOPPY DISK DRIVE

The FD-100 is a single-side, double-density, Apple
compatible floppy disk drive. The 5.25” minifloppy
disk drive has 164K of formatted storage capacity
and uses the GCR recording method. Track density
is 48 tpi, and recording density is 5536 bpi. Data
transfer rate is 250 Kbytes/sec. Price in quantities
of 100, is $90. Multitech Industrial Corp., Taipei,
Taiwan Write 168

5% " HALF-HEIGHT DISK DRIVES

Model TM65-4 is a 96 tpi, double-sided drive that
has a 1 Mbyte storage capacity. An on-board micro-
processor controls spindle speed, positions the
heads, switches the write current for recording
quality, and provides a programmable ready signal.
Track-to-track access time is 3 ms. Model TM65-2L
is a48 tpi double-sided drive that has > Mbyte stor-
age capacity and a track-to-track access time of 6 ms.
In OEM quantities price ranges from $125-$150.
Tandon Corp., Chatsworth, CA Write 183

10 PEN FLAT-BED PLOTTER

The Model 6412 flat-bed plotter is equipped with 10
pens and has axial speeds of 18 in/sec. The 6412 plots
graphs, bar and pie charts, and diagrams on paper.
drafting paper, or transparency film. Command
functions include axis, hatching, foreign symbols,
ellipses, curve, and curve fittings. It interfaces with
RS232C and IEEE. Numonics, Lansdale, PA
Write 245

ISO-STANDARD LAN

This local area network introduced by Charles River
Data Systems allows its Universe family of super
microcomputers to communicate and exchange data
with computers from different manufacturers.
UniverseNet is made up of three components; an
IEEE 802 network interface, network management
software, and application software packages. The
network interface consists of a hardware interface,
available in either VMEbus or VERSAbus format,
and the software necessary to tie a Universe system
into an ISO-standard network. Price is $1,500.
Charles River Data Systems, Framingham, MA

Write 177

PARALLEL ACCESS DISK

The MVP212 is an 8” Winchester disk with an
unformatted data capacity of 212 Mbytes. The
device’s eight data surfaces are organized into two
groups of four, with four parallel read/write chan-
nels, enabling simultaneous read/write on any four
surfaces. With an SMD interface and a transfer rate
0f 9.67 MHz per channel, the aggregate data rate is
386 MHz. Quantity prices are approximately
$7.500. MegaVault, Woodland Hills, CAWrite 176

SUB-5.25" REMOVABLE WINCHESTER

The SQ312RD is a removable Winchester cartridge
disk drive with 10 Mbytes of formatted storage.
Track density of the drive is 740 tpi, cylinder count
is 612, and there are 1,224 read/write tracks. The
SQ3I12RD is a single disk system which uses 3.9”
thin-film metallic plated disks, which are sputtered
with graphite. Price in quantities of 100 is $750.
SyQuest Technology, Freemont, CA Write 165

COLOR DOT MATRIX PRINTER

The JX-80 color dot matrix printer can print up to
seven colors at speeds of 160 cps. The printer
features multiple print modes that range froma 9 x
9 matrix toan I8 X 18-dot double-strike emphasized
mode. For graphics output, the JX-80 functions in
an eight- or nine-pin bit image mode with densities
ranging from 60 to 240 dpi (horizontal) and 72 to 216
dpi (vertical). Standard interface is Centronics eight-
bit parallel. Price in quantities of 1000 or more is
$480. Epson, Torrance, CA Write 172

INTEGRATED SERVICE UNITS

The Integrated Service Units (ISU’s) are compati-
ble with AT&T DSU products. Central site control
and diagnostics are accomplished by equipping
remote ISU’s with an optional diagnostic card. Each
controller supports 16 lines. Optional dial-backup
is available for line speeds of up to 9600 bps. The
ISU 500 operates at external switch-selectable
speeds of 2400, 4800 or 9600 bps, while the ISU 556
transmits at 56,000 bps. Prices are $925 (ISU 500)
and $1090 (ISU 556). Infinet, Andover, MA
Write 171
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PACKAGED SUBSYSTEM

The Javelin is an SCSI-based desktop mass storage,
packaged subsystem. It connects through an inde-
pendent host adapter to a variety of cpu’s, including
the DEC QBus and Unibus, the Intel Multibus, and
the IBM PC, PC/XT, and compatible processors.
The subsystem contains an integral power supply.
cooling fan, controller boards, and a choice of two
5.25" storage peripherals. A typical configuration
would include an 86 Mbyte, 5.25” Winchester drive
and '4 " streamer. Price is $7,725. Emulex Corp.,
Costa Mesa, CA Write 175

MULTIPLEXER

The AJ statistical multiplexer allows four to sixteen
remote data terminals to communicate at data ranges
of 9600 bps. The multiplexer buffers data prior to
transmission, transmits variable length data blocks
according to the loading on individual channels, and
checks data blocks received on the high speed line
and requests retransmission in the event of errors.
Price is $1,850-$7.200. Anderson Jacobson, San
Jose, CA Write 162

DAISY WHEEL PRINTER

The DWP5155 daisy wheel printer features a col-
umn/status display and a printwheel mechanism that
can rotate 90° for printwheel changes. The printer
accepts plastic or metal printwheels in 10, 12, 15
pitch and proportional spacing, and comes with 100
font styles. The DWP5I55 has a rated MTBF of
3000 hours. Tempest Technologies, Reston, VA

Write 182

IBM-COMPATIBLE PC WITH LAN

The PCterminal which has a built-in LAN, func-
tions as an intelligent terminal in an IBM PC net-
work. The PCterminal has a monitor, keyboard, an
8088 microprocessor, both serial and parallel inter-
faces, four expansion slots for peripheral cards and
64K of RAM memory (expandable to 256K). A pro-
prietary network protocol allows the PCterminal to
initialize its operating system from the remote floppy
disk of an IBM PC or hard disk. Price is $1,295.
Santa Clara Systems, San Jose, CA Write 271
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Because you need to know WHEN

’75 HECON

Everyone wants to know WHEN nowadays. WHEN did the door open? WHEN
did the pump stop working? WHEN did the production line stop producing?
WHEN did the circuit breaker trip? WHEN did the guard reach his check-
point? But try to find out when. First you need a time base of some sort. Then
you need a printer to record the information. However, if you're interested in
something that might be affected by a power failure, (and what doesn’t run on
electricity in these times?), you need a battery powered storage system. Now
you have to put the whole thing together. Worse, you have to build a system
like this for every item you need to monitor. So, while everyone wants to

know when, very few people have the patience to actually find out. Until now,
that is.

More specifically, until the HECON Event Logger, The Event Logger monitors
eight (count them, eight!), events simultaneously. Just connect a contact
closure for each event. The contact closure can be a switch, relay, transistor,
or just about anything else that can make or break a circuit. Connection is
easy with our built in terminal strip. Every time the contact closes or opens,
the new state of that contact is printed along with the time and date on the
integral 40 column impact dot matrix printer. The time base is built right in.
You just set the clock and calendar and forget it. The whole printer will run
for hours on its built in battery. It will actually print while the power is out so
you don’t lose valuable data. All for a price you wouldn’t have thought
possible.

So when you need to know WHEN, buy a HECON Event Logger. Finding out
WHEN has never been this easy!

8

{HECON
It's got to be good. . . It's a HECON. 15 Meridian Road, Eatontown, N.J.

Phone (201) 542-9200 Zip 07724

Write 67 on Reader Inquiry Card

Has Your Address Changed ?

Are You Planning To Move
InThe Near Future?

Please use the enclosed qualification form to notify us of your address
change. A change of address requires that you fill out the entire form.
Please allow 6 — 8 weeks for your change to take effect.
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NEW PRODUCTS

HALF-HEIGHT 5.25” WINCHESTER

The 3425 half-height Winchester has 25 Mbytes of

storage on two disks. Unformatted capacity per
drive is 25.5 Mbyte and per track. 10416 bytes. For-
matted capacity for drive and track is 20 Mbyte and
8,192 bytes, respectively. Rotational speed is 3600
rpm and recording density is 10030 bpi. The 3425
has an average access time of 85 msec and features
an IC preamplifier and self-diagnostics. MiniScribe,
Longmont, CO Write 164

COLOR CRT SCREEN OPTION

The CRT screen option is designed for the Scald-
system I and Scaldsystem II CAE workstations. The
color screen allows engineers to display circuits and
buses in various colors and to highlight parts of a
design using different colors in different windows.
The color option displays 256 colors from a palette
of 16 million. Price is under $20,000. Valid Logic
Systems, Mountain View, CA Write 272

FLOPPY DISK DRIVES

The GM3000 series of mini-floppy drives include
a 48 tpi model and a 96 tpi unit. Both are available
in ¥4 high and "2 high versions to accommodate the
smallest microcomputer configurations. These
double-sided drives have unformatted capacities of
500 Kbytes for the 48 TPI version and 1000 Kbytes
on the 96 TPI model. The floppy disk drives have
a MTBF of 11.000 hours with no duty cycle limita-
tions. Okidata, Mt. Laurel. NJ Write 170

1200 BPS DIAL MODEM

The DialNet 3000 family of 1200 bps modems are
designed for full-duplex communications over a dial
telephone network. Capable of supporting both
asynchronous or synchronous devices. the modems
include two dual-speed auto-answer units and
another dual-speed modem with directory-driven

1349

autodialer. The four modems are offered as desktop
units or card modules. Each has non-volatile memory
for up to 20 telephone numbers. Price is $495-$795.
Micom Systems Inc., Chatsworth, CA

Write 181

85 MBYTE WINCHESTER DISK DRIVE

The VI85 is a 85 Mbyte 5.25" Winchester disk drive
with a 30msec average access time. The drive uses
ST412/ST506 interfaces and a landing zone for data
recording. Track density is 1000 tpi. The V185 uses
four metallic disks with a sputtered hard carbon pro-
tective overcoat and data protection is provided by
automatic actuator lock and full shock mounting.
The drive is compatible with controllers incorpor-
ating RLL encoding. Price in OEM quantities is
$1.695. Vertex Peripherals, San Jose, CAWrite 166

COLOR PRINTER WITH EMULATION
PACKAGE

The Act IT Ink Jet Color Printer has an emulation
package which allows it to adapt to all Tektronix
4695 applications. The printer produces hardcopy
on paper or overhead transparency materials. The
printer has a pallet of 125 colors and its applications
include CAD/CAE. engineering and research analy-
sis and scientific and medical imaging. Advanced
Color Technology, Chelmsford. MA Write 184

VIDEO DISPLAY TERMINAL

/

5 g

The ADM 220 is a DEC VT220 compatible video
display terminal which is also compatible with all
X3.64 ANSI terminals. The terminals have an 80 or
132 column x 24 line display (plus 25th status line),
split screen. four visual attributes and full editing
capabilities. International capabilities include a
non-volatile set-up mode for displaying in English.
French or German, a resident multi-national char-
acter set. and optional international keyboards. Lear
Siegler, Inc., Anaheim. CA Write 169

RUGGED 3.5" WINCHESTER

The Ranger 3521 and 3522 are rugged 3.5” Win-
chester disk drives that can withstand a shock load
of 40G with power off and up to 100G with addi-
tional external shock absorbers. A head lifter and
arm lock protects the heads and media from damage.
The drives have formatted storage capacities of 5
Mbyte (one disk) and 10 Mbyte (two disks). Aver-
age access time is 80 msec. Lapine Technology,

Santa Clara, CA Write 270
ETHERNET TRANSCEIVER
The NTI00 Ethernet transceiver is compliant with

the IEEE 802.3 LAN standard. The transceiver per-
mits nodes to be attached or removed from an active
network without disturbing network communica-

tions. The transceiver can send and receive 10Mbps
bit streams, detect the occurrence of collisions,
provide electrical isolation between the coax cable
and the stations, and protect the network from
transceiver and station malfunctions. Price is $250.
Interlan, Inc., Westford, MA Write 185

1.6 MBYTE HALF-HEIGHT FLOPPY

The X3138 1.6 Mbyte halt-height floppy disk drive
uses read/write heads at a bit density of 9870 bpi and
a track density of 96 tpi. Data transfer rate is 500
Kbyte/sec. The drive uses a diskette clamping sys-
tem which utilizes a double-clutch clamping cone
to ensure dynamic disk registration, diskette inter-
change. repeatable disk centering for approximately
50,000 insertions. The drive’s average positioning
time is 90 msec. Philips Peripherals, South San
Francisco, CA Write 273

HALF-HEIGHT 5.25" DRIVE

The CM3426 is a two-disk. half-height 5.25” Win-
chester disk drive with 25.52 Mbyte capacity. The
drive has closed-loop servo positioning and track
density of 690 tpi and contains customized package
circuitry for positioning. Average access time is 85
msec. with a track-to-track access of 18 msec. Aver-
age latency is 8.3 msec. The drives are interchange-
able with industry standard half-height 5.25" floppy
disk drives having the same dimensions and power
requirements. Computer Memories, Chatsworth,
CA Write 180

ELECTROSTATIC PLOTTERS

Four plotters have been added to the Versatec 7000
family. Models 7222 and 7422 plot on 22" wide
media and the 7224 and 7424 use 24" wide media.
Models in the 7200 series plot at 200 point/in and
7400 models plot 400 point/in. The adjustable plot
speed ranges from 125 ips to 1.5 ips. Features
include diagnostic keypad/display. darkness con-
trol/display. line enhancement, mirror imaging, and

reverse imaging. Prices are $26.200 (7222, 7224).
$35.900 (7424, 7422). Versatec, Santa Clara, CA
Write 274
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NEW PRODUCTS

HALF-HEIGHT 5% " FLOPPY DRIVE

The Model 596-16 is a half-height 5'4 " floppy drive
with 1.6 Mbytes of unformatted memory. The drive
is equipped with both ANSI and Apple-compatible
interfaces and bezels that match most industry-stan-
dard configurations. Components of the drive
include a ball bearing carriage, continuous band
positioner and a servo-controlled direct drive brush-
less spindle motor. Track to track access time is 3ms.
Price is approximately $180. Hi-Tech Peripherals
Corp., Huntington Beach, CA Write 167

EIGHT COLOR GRAPHICS TERMINAL

The QVT-511GX color graphics terminal is compa-
tible with Tektronix’s 4105 graphics terminal and
meets the ANSI X3.64 standard. Using a palette of
64 colors, graphics and text (alphanumeric) modes
can each display up to eight colors at the same time,
and 16 colors at once. The QVT-511GX display reso-
lutionis 480 X 360 pixels with memory addressa-
bility of 4096 by 4096 points. A mouse is included.
Qume Corp., San Jose, CA Write 179

GRAPHICS DISPLAY

The Miligraphic display combines high resolution
raster-scan graphics with multiple MC68000 micro-
processors in a unit designed for severe airborne,
shipboard and ground mobile environments. The
display features a VME industry standard bus archi-
tecture has a 19" diagonal display with 1280 by 1024
resolution and is capable of displaying up to 256
colors or shades of grey, available from a palette of
16 million colors. Sanders Associates, Nashua.
NH Write 242

STREAMING TAPE SUBSYSTEM

The CS-300M is a streaming magnetic tape subsys-
tem which provides automatic two minute backup
for the RD51 disk memory at the rate of five
Mbyte/min. Maximum storage capacity is 60
Mbytes. The CS-300M consists of a streaming Q-
Bus adapter card, a5'% " wide by 1% " high cartridge
tape drive. power supply and cables. A software
driveris included with the subsystem. Price in OEM
quantities is $2.900. Computer Storage Tech-
nology, Anaheim, CA Write 243

FORTRAN COMPILER

SuperSoft FORTRAN version 2.0 operates under
MS DOS and PC DOS. Version 2.0 has removed the
64K code and data space limitation allowing the
users to have as many 64K code and 64K data
segments as desired. The compiler follows the Intel
calling format so that its code can be linked with
code from other microcomputer languages. This
version is for users wishing to compile large
FORTRAN programs on microcomputers. Price is
$425. SuperSoft, Champaign, IL ~ Write 244

19V ANALOG COLOR MONITORS

The CDA-203 HA and the CDA-203 HLA are
rasters-can units with precision in-line gun CRTs
that are designed for high-resolution display appli-
cations and computer graphics. Both models have
horizontal scan rates of 28 kHz to 36 kHzand video
bandwidths exceeding 40 MHz. The PIL gun CRT
has fine dot-trio pitch (0.3Imm) and black matrix
screen and both models incorporate a 73 % transmis-
sivity filter to enhance contrast and reduce glare.
Ikegami Electronics, Maywood. NJ Write 241
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*NIDMIMIOM*OIMIMIOW*

UPGRADE —
NOW

11/02, 11/03, 11/23
& 11/23 Plus

To the

Power of 11/4
11/73
(KDJ11-AA)

614-889-0810

*SCHERERS*SCHERERS

Write 37 on Reader Inquiry Card

EPRINTS

DIGITAL DESIGN will reprint any article from past or present is-
sues. Reprints are custom printed. Minimum order: 1,000 copies. Pur-
chase order or letter of authorization required.

Allow one month from receipt of order for delivery, unless previously

arranged and confirmed.

Advertisements alone can also be reprinted. Call (617) 232-5470, and ask

for reprints.
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NEW PRODUCTS

512K EPROM FAMILY

he 27512 and 27513 are two 512-

Kbit EPROMs. The 27513 fea-

tures page addressing, a capability
that allows the EPROM to be used with
systems based on 8-bit microprocessors
and 8- and 16-bit microcontrollers. The
27513 is partitioned into four 16-Kbit
pages. The 27513 can be substituted for
a 128K EPROM in 8-bit systems, quad-
rupling storage capacity with little modi-
fication. The 27512 and 27513 provide
high-density firmware storage and save
circuit-board space by allowing more
storage to be accommodated by a stan-
dard 28-pin socket. Typical program-
ming time for the 27512 and 27513 is less
than six minutes. Each of the EPROMs
comes in two speed versions, offering ac-
cess times of 250 or 300 nsec. Price in
quantities of 1,000 is $140. Intel Corp.,
Santa Clara, CA Write 191

MULTIBUS 1/2" TAPE ADAPTOR

The Tapemaster A controls eight tape drives, is pro-
grammable for 8- or 16-bit systems, and is compat-
ible with all industry standard formatted 1/2" tape
drives. The adaptor has 24-bit addressing which ac-
cesses 16 Mbytes of memory and hardware byte
swapping which allows integration into Motorola
68000 CPU based systems. The 8089 based Tape-
master A also uses parameter blocks in a ring buffer
mode. Price in OEM quantities is $943. Ciprico,
Plymouth, MN Write 212

68000-BASED MULTIBUS BOARD

The 68000-based Multibus M68CPU board ac

cesses 8 Mbytes on its companion memory boards
at a speed of 10 MHz. M68MEMs come in 512
Kbyte and 2 Mbyte versions and four M68MEM
boards can be connected for a total of 8 Mbytes of
dynamic RAM. The M68CPU’s memory manage-
ment hardware contains 32 independent maps. which
can support a task from4K to 8 Mbytes in size. Two
multi-protocol serial ports on the M68CPU interface
with asynchronous. character-synchronous. or bit-
synchronous RS-232C serial lines. Price is $2,995.
SBE, Emeryville. CA Write 205
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NETWORK BOARD

The IEEE 696/S-100 bus compatible network board
for CompuPro’s System 816 multi-user microcom-
puters supports Datapoint’s ARCnet protocol, and
requires a passive hub and RG62 coaxial cable to
network four System 816 multi-user systems. Run-
ning under CompuPro’s Concurrent DOS 8-16
multi-user operating system as well as CP/M-86 and
CP/M-80), the network board features 2.5 Mbit/sec
data transfer rate using DMA, on-board timers and
is interrupt driven. Price is $395. CompuPro, Hay-
ward, CA Write 198

LSI-11 RAM BOARD

The Model I8MP-1024 22-bit high-density RAM
module is designed to implement the block mode
DMA protocols on the Q-Bus. Furnished with on-
board timing, control logic. refresh circuitry, parity
control and status register, the 1ISMP-1024 is DEC
software and hardware compatible. Adac Corp.,
Woburn, MA Write 213

DISK CONTROLLER

The Medalist disk controller is designed for inter-
facing ST506, 5.25" Winchester disk drives to the
SCSI. The controller employs an MOS micropro-
cessor chip and CMOS custom VLSI buffer control
and disk formatter chips designed by Emulex. The
interface will support two independent ST506 5.25”
drives, inuniform or mixed capacities, and will ac-
commodate drives with up to 16 read/write heads.
Price is $395. Emulex Corp., Costa Mesa, CA
Write 197

DYNAMIC RAM CONTROLLER

The VLAS00A Dynamic RAM (DRAM) Controller
is a licensed alternate source product for Texas In-
struments’ TMS4500A DRAM Controller chip. The
VLAS00A operates at 150 nsec, directly drives 256
Kbytes of 64K dynamic RAM and provides address
multiplexing, refresh control and time control. Price
in production volumes is under $100. VLSI Tech-
nology, San Jose, CA Write 199

68000-BASED CPU BOARD

The XPU processor board and XMM memory man-
agement board for computer systems have been
incorporated into a new line of UNIX System V
microcomputer systems. The XPU processor board
employs a 68000-family microprocessor running at
10MHz. The board supports 128 fully vectored in-
terrupts as well as three additional interrupt levels
for responding to I/0, bus fault and power failure
conditions. Prices are $1.495 (XPU) and $1,295
(XMM). Cromemco, Inc., Mountain View, CA

Write 193

LINEAR/DIGITAL ARRAY

The Genesis 1100 is a bipolar linear array to which
has been added a cluster of 64 integrated-injection
logic gates. The I’L gates are speed-power program-
mable over a range of 100mA to 200uA, with cor-
responding propagation delays of 7usec to SOusec.
The linear components include 102 NPN and 41
PNP transistors; Schottky-clamped NPN transistors
for high speed logic interfaces, power transistors
with400mA capability, a 10mA lateral PNP, and 347
resistors. Cherry Semiconductor Corp., E.
Greenwich, R.I.

Write 201

COBALT SERVOMOTOR

The samarium cobalt (SmCo) DC motor is designed
for applications such as robotics, computer periph-
erals, medical equipment, and instrumentation. The
P/N AS-780D-007, has a high torque: inertia ratio
and weighs 7.2 oz. It has a peak starting torque of
50 oz/in and measures 1.32"in diameter and 1.9”in
length. Clifton Precision, Clifton Heights, PA
Write 209

SINGLE-CHIP MICROCOMPUTER

The Z868]1 is a single-chip, 8-bit microcomputer
which can be used to control a system addressing up
to 128 Kbytes of off-chip memory. It provides 24
programmable I/O lines and uses a five volt power
supply and comes in a 40-pin, TTL compatible
plastic package. Price. in quantities of 100 is $11.80.
SGS Semiconductor Corp., Phoenix, AZ
Write 194

16-BIT SLAVES

The 16-bit S100 Bus slave board is based on the
8086-2 processor and has full compatibility with any
16-bit bus master with IEEE 696.2/D1 SI100 spec
compliance. The slave will run 8-bit Z80 as well as
16-bit, 8086 software. The slaves has memory
mapped 8- or 16-bit data transfers and 256K and 1
Mbyte on-board RAM versions. Also included are
two serial I/O ports, 2 1/2 parallel 1/O ports, soft-
ware selectable baud rates and vectored priority
interrupt capability. Price is $1,395. Interconti-
nental Micro Systems, Anaheim, CA

Write 189
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HARD DISK CONTROLLER

The LTI-5150 controller interfaces with any IBM PC
or compatible system and is used to upgrade the
computer’s data storage facilities. The controller in-
cludes ROM BIOS which is compatible with PC
DOS 2.0 without the need for software drivers, thus
allowing for automatic boot. The LTI-5150 can oper-
ate two ST412 compatible disk drives, has error cor-
rection and handles drives with up to eight heads.
Price is $395. Logicom Technology, South San
Francisco. CA Write 202

NUMERICAL CONTROL BOARDS

The Multibus-compatible control boards incor-
porate two proprietary CMOS LSI's that can be used
to control servo or stepper motors. Linear and cir-
cular interpolations can be programmed. The
boards have a 4MHz Z80A microprocessor and in-
terfacing is accomplished via Multibus. Models in-
clude the NCB-102-2B Master Board for two axis
control and its slave, the NCB-102-3B, which allows
control of one or two additional axes. Prices are
$2,150 (NCB-102-2B) and $3.160 (NCB- 102-3B).
Toko America, Inc., Skokie. IL Write 188

CUSTOM CMOS GATE ARRAYS

These custom CMOS gate arrays are designed to
reduce component count on IBM PC compatible
board level products. The FE 2000 is a CPU con-
troller chip containing control logic designed to
complement the 8088 processor on an IBM PC
compatible CPU. The chip replaces an 8255 parallel
1/O chip. clock generator, keyboard and printer ports
and 16 other chips. The FE 2100 is a floppy disk con-
troller chip designed to complement an NEC 765 or
Intel 8272 to provide an IBM PC compatible floppy
disk adapter. Faraday Electronics, Sunnyvale, CA

Write 208

LINEAR SEMICUSTOM ARRAYS

The FB90O Series consists of a family of six bipolar
array chips that can be customized into application-
specific LSI functions by means of metal intercon-
nection patterns. The FBY0O Series of linear semi-
custom arrays are supported by Micro Linear’s CAD
package. Linear CAD I, which performs schematic
capture and SPICE circuit simulation on the IBM
PC and compatibles. Micro Linear includes kit
parts. design aids, characterization data. modeling
information and optional macro cells of frequently
used functional blocks. Micro Linear Corp., San
Jose, CA Write 200

COLOR GRAPHICS PROCESSOR

The VM-8851 Color Graphics Processor conforms
to Multibus/IEEE-796 standards and offers DMA.
Programmed 1/0. and RS-232 interfaces. The VM-
8851 utilizes a graphics engine with drawing speeds
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of 25 million pixels/sec. Using 256K RAM devices,
the 512K pixel image RAM expands to 2M pixels
with multiple virtual image size options including
uptoeight buffersand a IK x 1K image space. Price
is $3.500. Vermont Microsystems Inc., Winooski,
VT Write 206

LINE PROCESSOR CARD

The TIL LPC458 is an intelligent communications
controller that operates as a slave with 24 bit ad-
dressing, a 16 bit data bus, and generates eight non-
vectored interrupts. Hardware features of the board

are a 68B09 operating at 1.8432 MHz, 64 Kbytes of

CMOS static RAM dual ported between the 6809
and the Multibus, a 6522 VIA for parallel commu-
nication and internal timers, and six Z8030 SCC’s
for multi-protocol serial communications. TIL Sys-
tems Ltd., Toronto, Ontario Write 186

HYBRID 1/0 SUBSYSTEM

The HS9460 is a Hybrid I/O Subsystem. The
HS9460 contains four analog to digital input chan-
nels, timing and control circuitry for direct micro-
processor interface and four digital to analog output
channels. The input section consists of four single-
ended inputs multiplexed to a 20usec 8 bit ADC.
The analog output section has four independent
channels of 8 bit resolution. Price in quantities of
100 is $89. Hybrid Systems, Billerica, MA
Write 207

CMOS STATIC RAMS

The Am9968 and Am99L68 are CMOS static
RAMs organized as 4096 words by 4 bits which have
a 45 nsec access time while drawing 80 mA when
active. Users can select either the standard Am9968
or the lower power Am99L68. Both devices feature
automatic power down when they are deselected.
Samples of the Am9968/99L.68 are available in
20-pin plastic and ceramic packages, with produc-
tion quantities planned for December. Price in quan-
tities of 100 is $20.90. Advanced Micro Devices,
Sunnyvale, CA Write 190

HCMOS GATE ARRAYS

This series of HCMOS gate arrays feature flip-flop
toggle rates of 75 MHz. The Quad Logic arrays
utilize a basic four-gate equivalent cell arranged as
two 2-input and two 3-input gates. The arrays range
in complexity from 2,000 to 8,000 two-input and
three-input gates. The Quad logic arrays are sup-
ported by Hughes design automation software tools,
including a macro function library. logic and timing
simulation, automatic placement and routing, and
design verification. Hughes Solid State Products,
Newport Beach. CA Write 192

GRAPHICS PROCESSOR BOARD

The Matrox SX-900 is a Multibus color graphics
processor which provides 640 x 480 resolution, 4

or 8 bit planes, a 4096 color lookup table and a 60Hz
refresh rate. The SX-900 has a pipelined architec-
ture, using a 80286 CPU front end display list pro-
cessor and is supported by a 7220 graphics primi-
tive processor and a high speed pixel processor for
simultaneous eight plane drawing. Prices are $2,995
(4 bits/pixel) and $4,195 (8 bits/pixel). Matrox Elec-
tronic Systems Ltd., Montreal, Quebec

Write 187

128K CMOS ROMS

The 23C128 128K CMOS ROMs feature access
times of 150. 120 and 100 nsec. Under worst case
conditions they have a current of 25 mA maximum,
astandby currentof 100 pA . and LSTTL-compatible
inputs and outputs. Because they are pin compatible
with NMOS EPROMs, these 23C128 ROMs can
also be substituted for existing EPROMs. Solid-
State Scientific, Willow Grove. PA  Write 204

BUBBLE-MEMORY SYSTEM

The QBL-11/02 is a RLO2-compatible magnetic-
bubble memory system for DEC LSI-11 microcom-
puters. Storage capacity can be configured from 256
Kbytes, to 32 Mbytes. Bootstrap ROMs for both
RT-11 and RSX-11 are included on the QBL-11/02
module. Access time to the first data byte averages
30 msec, and data is transferred to/from bubble stor-
age atarate approaching 1 Mbit/sec. Price is $776.
Bubbl-Tec, Dublin, CA Write 203

Secrets to
Job Change

Answers to Interviewing’s toughest ques-
tions, Do’s and Don’ts of interviewing prep-
aration. (Secrets that top recruiters use) also
we will confidentially mark up and comment
on your resume and return it with the above
requested materials. Send 8.50 plus a copy of
your resume to Questions and Answers - P.O.
Box 27581, Southport, IN 46227.

137




High-periormance

STD-BUS GARDS
for industrial
control systems

I/0 Controls Inc. cards for STD BUS
systems give you the control modes, the
input and output ranges, the memory,
speed and resolution you need for in-
house and OEM industrial control and
data processing applications. And 1/O’s
high-performance cards allow you to
enhance your STD system capabilities.

You'll get fast delivery of any of our
comprehensive line of cards because we
have the manufacturing resources to
perform allwork in-house. Here are afew
examples of our competitively-priced,
high-reliability STD BUS cards:

Model PPCI-X (single axis) and PPCI-XY
(dual axis) stepping motor control cards
offload motion control routines from the
host CPU. The 70128 card has memory
capability to 128K PROM or 128K RAM
or PROM/RAM combinations. The
33-232 card provides one RS-232 serial
port, 3 eight-bit parallel ports, 8 level
priority interrupt and 3 timers. The 16X16
card provides 16 each of opto-isolated
inputs and outputs. The Model 2002 card
has 256K non-volatile RAM.

Call or write for full details.

1/0 Controls Inc.
826 Newtown-Yardley Road
Newtown, PA 18940
(215) 860-8088
Write 38 on Reader Inquiry Card
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12-BIT TTL DAC

The DACS812 isa 12-bit TTL DAC which hasa cur-
rent output settling time of less than 65nsec to
+ 0.012 % of full-scale range. A bipolar process is
applied in the switcharray and in the stable thin-film-
on-sapphire resistor network. Packaged in a 24-pin
case the DAC is specified over —25°C to +85°C.
An output compliance voltage range of +4V allows
generation of an output voltage without using an
external output op amp. Price in quantities of 100
is $86. Burr-Brown, Tucson, AZ Write 195

CACHE MEMORY MODULE

The MF-4593 cache memory module for the iILBX
bus on Multibus system images the system memory
(16 Mbytes), using a two set LRU caching algorithm.
The MF-4593 stores 2K 16 bit words of the most re-
cently used memory addresses. Cache memory has
a data access rate of 100 nsec, utilizing a write
through architecture . The MF-4593 monitors and
buffers into a FIFO all writes to the Multibus by
other masters. Price is $1,995. Symbicon Asso-
ciates, Inc., Amherst. NH Write 196

4 MBYTE Q-BUS MEMORY

The CI-1173 memory is for all Q-Bus compatible
systems and is available in configurations ranging

and cycle times are 160nsec. Each module consumes
one quad slot in any Q-bus backplane. The memory
can be customer configured to start and stop ad-
dresses onany 16 Kbyte boundary in the 0 to4 Mbyte
address range. Price in OEM quantities is $1.975 (1
Mbyte) and $9.975 (4 Mbyte). Chrislin Industries,
Inc., Westlake Village. CA Write 210

DOUBLE DENSITY INTERFACE SERIES

rheas;
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The 54/74L.S651. 54/74LS652, 54/74L.S653, and
54/741.8654 are double density interface devices.
which combine two registers and two multiplexers
into a single part for bidirectional data flow. Two
front-loading latches are cross-coupled in each of
the eight-bit positions. so that data can enter or exit
from either side of the latch. All four parts share a
pinout, with a one-byte-wide. bidirectional data bus
on each side of the physical device. Price in quan-
tities of 100 is $6.78. Monolithic Memories, Santa
Clara, CA Write 211

CAD SOFTWARE SYSTEM

The Medusa System utilizes DEC VAX computers
as its computer resource. Medusa is an integrated
software system for two-dimensional design, draft-
ing, and dimensioning, and three-dimensional solid
modeling. Supporting Medusa is the MWS work-
station 3400 which incorporates the Motorola 68010,
32-bit microprocessor technology and a UNIX
operating system. Price ranges from $10,000 to
$15,000 per workstation. Computervision, Bed-
ford, MA Write 128

MULTI-USER SYSTEM

The Visual 2000 is a multi-user system based on the
Intel 286 microprocessor. The Visual 2000 is de-
signed to support 16 terminals under the XENIX
operating system. In a base-level configuration, the
Visual 2000 includes 512 Kbyte of RAM, a 19 Mbyte
Winchester disk, a 5.25" floppy. six RS-232 termi-
nal ports and a parallel printer port. Options include
a /4" streaming tape cartridge drive for disk back-
up and expansion capabilities. Price is $8.990.
Visual Technology Inc., Tewksbury, MA

Write 142

DESIGN AUTOMATION SYSTEM

The Modular Integrated Design Automation System
is an integrated set of application and design tools
for engineers and logic designers. The software con-
sists of logic simulation, fault simulation and layout.
MIDAS has an integrated data base and engineering
data library which allows compatibility between all
data used in different applications. Midas operates
on Control Data’'s Cyber computer series and the
Cybernet data services network. Price is $500.000.
Control Data, Minneapolis, MN

Write 126

32-BIT PROCESSOR

The Concept 32/27XX processor is designed around
the SelBus and has a transfer rate of 26.67 Mbyte/sec.
The system has eight general purpose registers to use
in arithmetic, logical and shift operations. The
processor can accommodate 96 priority interrupt
levels used for I/O controllers and external signals.
Gould Inc., Ft. Lauderdale, FL Write 127
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Board Test Systems Brochure. This brochure
from Teradyne describes its L280 Board Test Sys-
tem and MultiMode testing for VLSI circuit
boards. Included is an overview of the L280 archi-
tecture, a discussion of Automatic Bus Cycle
Emulation, a summary of channel card features,
and system specification highlights. Described is
the MultiMode test strategy with charts and block
diagrams illustrating implementation on the L280.

Teradyne Write 257

VG/DIN Connectors Catalog. This 32-page
VG/DIN Design Guide & Catalog from Elco
describes its line of two, three and four-row low
insertion and withdrawal force connectors for
single, double and multilayer boards. The Design
Guide details connectors in I/0 and board-to-
board applications.

Elco Write 259

Electronic Reports. These six reports from Elek-
tronikCentralen, a Danish research center, look
at electronic product reliability, theory, design
practices, test methods and standards. The reports
consist of research, development and testing in the
fields of systems engineering and circuit design:
components, materials and process technology:
and testing of electronic equipment and
components.

ElektronikCentralen 252

Meter Catalog. This catalog from International
Instruments introduces the Verigraph meter line,
a vacuum-fluorescent bargraph display. The
bulletin includes an explanation of the vacuum
fluorescence principle, information on special
features of the Verigraph. mechanical data, and
performance specifications.

International Instruments Write 251

Interface Product Catalog. This four-page
catalog from Erbtec Engineering, Inc. describes
tools for interfacing to the [IEEE-488 bus. Product
descriptions include photo, list of features, and
price. A tear-sheet is provided for detailed
information.

Erbtec Engineering Write 262

Fiber Optic Bulletin. This bulletin from Artel
Communications Corp. describes its CG203
system. A diagram illustrates the system which
consists of two self-powered transmitter and
receiver modems (CG203T and CG203R). The
modems allow communication of high resolution
color video and duplex data between the graphics
computer and the monitor/workstation.

Artel Write 264
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Monitoring and Control System Data Sheet.
This eight-page data sheet from Di-an Micro Sys-
tems Ltd. describes its DMS561 and DMS661 dis-
tributed monitoring and control systems. These
microcomputer-based units support analog and
digital input/out configurations, and will operate
with any computer or terminal with an RS-422,
RS-423, RS-232C or 20mA current loop serial
port.

Di-an Write 260

Data Communication Devices Catalog. This
mid-year 1984 issue from Black Box contains over
400 products of data communication devices and
accessories. An expanded cable product line plus
30 new products are included. Each product is
described and illustrated with photos and dia-
grams and the catalog includes price.

Black Box Corp. Write 266

Encoder Application Note. This eight-page
application note from [LC Data Device Corp. dis-
cusses the selection of encoders for micropro-
cessor-based systems. The note describes the
major types of encoders and the dynamics of
resolver-to-digital converters. Seven figures illus-
trate the points mentioned and five representative
converters for motion control applications are also
described.

ILC DDC Write 253

Disk Controller Brochure. The StorageTek 8890
Sybercache Intelligent Disk Controller is described
in this four-page brochure from Storage Tech-
nology Corp. The brochure contains a perfor-
mance improvement chart, which displays results
obtained by users along with illustrations and
information on reducing system response time.
Storage Technology Write 250

Microcomputer Bulletin. This three-page
bulletin from Apollo Lasers Inc. describes its
computer controlled FIR Laser Stabilization Sys-
tem. The system consists of a hardware interface
and a microcomputer program. The bulletin
details eight options that are available from the
start-up menu.

Apollo Lasers Write 265

D/R Converter Data Sheet. This eight-page data
sheet from Natel Engineering Co., Inc. describes
a 16-bit Digital-to-Resolver Converter, with two
VA output and microprocessor compatibility. The
converter is packaged in a 32-pin hybrid DDIP,
with one arc-minute accuracy and 0.03 % vector
accuracy. Included are applications information,
specifications and product features.

Natel Engineering Write 269
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Motor Control Interface Brochure. This four-
page brochure from North Coast Automation
details features and applications for the 8- or 16-bit
Multibus compatible card. Discussed is the oper-
ation with a standard incremental encoder, analog
servo output signal, and microprocessor address
system. Input and output specs are presented as
well as dimentions, power supply requirements
and ordering information.

North Coast Automation Write 218

Data Communication Catalog. This 51-page
catalog of data communication products profiles
International Data Sciences’ line of hand-held
testers, data traps and data comm testers, data
switches, modems, and cables. Products featured
include the Model 67/60 Modem and Mux Tester,
Models 4020 and 4030 Data Communications
Analyzers, Model 1320 TDM-Modem Test Set,
as well as its series 8500 Data Switches.

International Data Sciences Write 217

Data Conversion Catalog. This eight-page short
form catalog from ILC Data Device Corp. (DDC)
describes over 100 products. Specifications and
technical data for bus products, A/D, D/A, S/D
and D/S converters are noted. Other products
listed include sample/hold and track/hold ampli-
fiers, synchro instruments and MIL-STD-1553
components.

DDC Write 221

Data Communications Product Catalog. This
32-page catalog from Racal-Milgo includes sec-
tions on network components, communications
networks, and office products. The sections
discuss modems, multiplexers, data service units,
encryption products, network management
systems, local area networks, protocol and code
translators, terminals, printers and communica-
tions controllers.

Racal-Milgo Write 225

Electronic Control Data Sheet. This data sheet
from Control Technology Corp. describes the
2000 series of programmable controllers and
accessories. The data sheets discuss the use of pro-
gammable functions, including time delays, input
monitoring, counters, flags and multi-tasking.
Hardware and software features are also provided
for the controllers, as well as connection diagrams
and electrical specifications.
Control Technology Corp. Write 224
Encoder Catalog. This six-page catalog from
Itek Measurement Systems provides specs,
features, and data about optical encoders. The
catalog lists performance ratings, features, and op-
tions for a range of solid shaft and thru-hold op-
tical shaft angle encoders in absolute and incre-
mental configurations.

Itek Write 220

This Publication
is available in
Microform.

University Microfilms
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Personal Computer Products Catalog. This
100-page full color catalog from Misco, Inc. offers
supplies and accessories for computers and word
processors. Described are new items such as the
Support Platform which will accommodate any
PC with a detached keyboard measuring up to
19%3"by 23 "by 94" and weighs 11 Ibs. and a Data
Entry Station designed to conform to ergonomic
standards.

Misco Inc. Write 255

Al Technology Brochure. This 16-page illus-
trated brochure from LISP Machine Inc. (LMI)
documents the nature of artificial intelligence, the
developing applications of this technology, and its
approach to the growing commercial market for
ATl hardware and software. The brochure empha-
sizes that for AI to succeed in the commercial
world, it must be applied to situations and prob-
lems encountered in a wide range of industries.

LISP Machines Write 254

Disk Drive Data Sheet. This data sheet from
Advanced Storage Technology, Inc. describes its
AST 96200 family of 61 and 103 Mbyte 5% " half-
height disk drives. A list of features is provided as
well as specifications covering performance,
functions, physical measurements and reliability
parameters.

Advanced Storage Technology Write 263

Integrated Circuit Book. This 70-page shortform
data book from Harris Semiconductor describes
its analog, digital and custom integrated circuit
line. Each section provides a product description
including applicable specifications and pinout.
Also included are analog and digital user cross
references.

Harris Write 268

Industry Survey. This study from Stanford
Resources, Inc. presents an analysis of market and
technology trends in Japan for flat electronic dis-
plays. Issues discussed are industry participants,
Japanese and worldwide market forecasts, appli-
cations being addressed and what Japan's strategy
is for the future.

Stanford Resources, Inc. 256

CAD Report. This 200-page report from
Strategic Inc. offers an analysis of markets in
mechanical CAD applications for central host sys-
tems, minicomputer systems, engineering work-
stations, and personal computer systems. Iteval-
uates companies involved in mechanical design
and vendor offerings including system hardware
and system software. Also discussed are future
trends in hardware, software, as well as applica-
tions, support and prices.

Strategic Inc. Write 267

P DIGITAL DESIGN B SERPTEMBER 1884

NOW THOUSANDS OF
CALIFORNIA OEM’S

AND SYSTEMS INTEGRATORS
FOCUS ON JUST ONE SHOWV.

And so can you...on Mini/Micro West.
Mini/Micro West is the one West Coast
event that focuses entirely on computer design

needs. That means you, as an exhibitor, can
deal face to face with the prime concentration of
OEM's, systems integrators and software
developers.

Having their own event recognizes the
importance of the California OEM market today.
Foryou, it presents a unique opportunity to zero
in on California OEM'’s face to face—in an
environment undiluted by other interests.

So if you're after California OEM'’s and
systems integrators, be at Mini/Micro West. For
complete information, call toll-free: 800-421-
6816. In California, 800-262-4208.

The Anaheim Hilton Exposition Center,
February 5-7, 1985.

Sponsored by California regional units of I[EEE and
the Electronic Representatives Association

AR

Mini/Micro /=
FOCUSING ON THE OEM

1491



CALENDAR

October 1-2

Computer Networks, Protocols, Standards,
and Compatibility. Chicago. IL. Contact: Semi-
nars Dept.. Datapro Research Corp.. 1805 Under-
wood Blvd.., Delran, NJ 08075. (800) 257-9406.

October 2-4

East Coast Computer Faire. Boston, MA. Con-
tact: Computer Faire, Inc., 181 Wells Ave..
Newton, MA 02159. (617) 965-8350.

October 2-5

Knowledge-Based Systems, Al and 5th Gen-
eration Computing. Los Angeles, CA. Con-
tact: Ruth Dordick. Integrated Computer Sys-
tems. PO Box 45405. Los Angeles. CA 90045.
(213) 417-8888.

October 4-7

Third Annual Rocky Mountain Regional Com-
puter Show & Software Exposition. Denver,
CO. Contact: CompuShows, PO Box 3315, Anna-
polis, MD 21403. (301) 263-8044.

October 8-10

Ninth Conference on Local Computer Net-
works. Minneapolis, MN. Contact: 9th Confer-
ence on Local Networks, ¢/o Harvey A. Freeman,
General Chairman, Architectural Technology
Corp.. PO Box 24344, Minneapolis, MN 55424

October 9-11

Electronics Manufacturing Technologies and

Systems Conference (EMTAS *84). Raleigh.
NC. Contact: Society of Manufacturing Engi-
neers. PO Box 930. Dearborn. M1 48121.

October 10

1984/85 Invitational Computer Conference
(ICC). Cherry Hill, NJ. Contact: Suzanne Hub-
ner, Conference Director - US, B.J. Johnson &
Associates, 3151 Airway Ave., #C-2, Costa Mesa.
CA 92626. (714) 957-0171.

October 11-14

Computer Expo and PC Show. Sacramento,
CA. Contact: Cal Expo. Sacramento, PO Box
160288, Sacramento, CA 95816. (916) 924-9351.

October 16-18
UNIX Operating System Exposition and Con-

~ ference. New York, NY. Contact: Robert P. Birk-

feld, National Expositions Co.. Inc., 14 West 40th
St.. New York. NY 10018. (212) 391-9111.

October 18-19

Aluminum Metalization for VLSI. Palo Alto,
CA. Contact: Public Information Office. Univer-
sity Extension, University of California, Berkeley.
2223 Fulton St., Berkeley. CA 94720. (415)
642-3112.

October 21-24

Computer Graphics '85. Atlanta. GA. Contact:
National Computer Graphics Assoc.. 8401
Arlington Blvd.. Fairfax, VA 22031. (703)
698-9600.

October 21

Integrated Optical Circuit Engineering. Cam-
bridge. MA. Contact: SPIE, PO Box 10, Belling-
ham. WA 98227-0010. (206) 676-3290.

October 22-26

Iecon 84, International Conference on Indus-
trial Electronics, Control, and Instrumenta-
tion (IEEE et al.). Tokyo, Japan. Contact: F.
Harashima, Institute of Industrial Science. Uni-
versity of Tokyo. Roppongi. Minato-ku. Tokyo.
106 Japan. Tel: 03-402-6231.

October 23

1984/85 Invitational Computer Conferences
(ICC). Englewood/Denver. CO. Contact:
Suzanne Hubner, Conference Director — US, B.J.
Johnson & Associates, 3151 Airway Ave., #C-2,
Costa Mesa, CA 92626. (714) 957-0171.

October 30-November 1

ATE Central, CADCON Central "84. Dallas
TX. Contact: Morgan-Grampian Expositions
Group, Two Park Ave.. New York. NY
10016-5667. (212) 340-9780.

November 13-17

Electronica 84. Munich, Germany. Contact:
Munchener Messe- und Ausstellungs-. gesell-
schaft mbH, Messegelande. Postfach 12 10 09,
D-8000 Munchen 12. Tel: (089) 51 07-229.
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