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Military Electronics

e Keyboard Design
® Array ProCessors
e Data Acquisition
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“RacalVadics Invisible Modem
Gives Grid’s Ultra-Portable
Computer Access toa Whole
World of Datal”

Dave Hanna — V.P. Marketing and Sales, Grid Systems, Inc., Palo Alto, California

One of the hottest personal computers on the market is
the new Grid Compass. It weighs about 10 pounds and takes up
less than half of a standard briefcase.

Business Week calls Compass "a Porsche for top executives”

A custom Racal-Vadic modem is behind the smashing
success of Compass. This VS212A/103 modem — complete with
auto dial and auto answer — is built on a 6” by 6” PC board.
"Without this built-in modem we couldn't have made the
product; says Glenn Edens, VP of

Development for Grid Systems, Inc,
Palo Alto, California.

Racal-Vadic's incredibly small
modem is vital because it gives
Compass a unique communication

capability, setting it apart from

other portable computers. For
example, Compass can “talk”
to another Compass... or to

Compass Central, a user-owned,
240 Mbyte desk-top computer, which
is designed to support a number of
Compass computers in the field. It can
also access Grid Central, a Grid-owned

mainframe which distributes new
software and provides data storage
for its users. And there’s more! The
ultra-portable Compass can access
corporate mainframes and public
data bases.

Imagine... a Fortune 500
executive in a hotel room with the
whole wide world of data at his or her

fingertips — using the dial-up telephone.

Why Racal-Vadic? Because we invented 1200 bps
full-duplex technology. Because we ship more modems
than anyone. Because we utilize the most advanced
automated production equipment and superb quality
control. And because our custom modem department
is dedicated to creating integral modems for OEMs.

WE DID IT FOR GRID. WE CAN DO IT FOR YOU!

Racal-Vadic

222 Caspian Drive, Sunnyvale, CA 94086
Tel: (408) 744-0810 « TWX: 910-339-9297 BB@QE

Write 2 on Reader Inquiry Card “See us at NCC Booth W6248”



The black
facts about ¢

Factl.

Software
development
is expensive.

Raster Technologies' Model One
graphics systems feature software
tools that speed application
development. Like an integrated
local debugger. Command stream
translator. Local command execu-
tion. A complete HELP facility And
truly easy to use macro program-
ming. These unmatched software
tools save you time and money.

Fact 2.

Software
redevelopment
is even more
expensive.

With Raster Technologies' fully
compatible Model One family,
you can take advantage of the
latest hardware without any soft-
ware rewrites. This means an easy
upgrade to a more powerful
product while still using the same
graphic commands, program
development tools and host
library. So the application devel-
oped for the best hardware today
can run on the best hardware
tomorrow. Without modification.

Fact 3.

Performance is
alot more than
good specs.

Graphics performance goes
beyond pixel and vector timing
specs. It is the ability to display a
complex picture without having to
wait. Provide instantaneous inter-
action between an application
program and its user. And effi-
ciently communicate with a host
computer. The kind of total graph-
ics performance you should mea-
sure before you buy.



and white

olor graphics.
l-‘c:ct 4. Factb. Facté.

aphics Graphics You should
c:pp11ccmons technologyis benchmarik the
demand moving fast. Model One.

ﬂeleﬂltY Raster Technologies is dedicated All three Model One graphics

» to one business: graphics. All our systems—the Model One/25,

The Model One family from Raster  development efforts focus on Model One/40 and Model One/60

Technologies offers maximum advancing graphics technologies.  —offer the best software devel-

flexibility at the lowest cost. With the latest microcircuitry. The opment tools. Total compatibility to

Because it lets the user select the newest and fastest microproces- eliminate software redevelop-

combinations of display resolution,  sors. The most advanced display ment problems. Total systems

color and refresh rates that are list architectures. And the most performance. Maximum flexibility.

right for that particular applica- innovative pipelined multiple And a dedication to the graphics

tion. Factors that are different for processor designs. All to advance business.

every application. graphics capabilities compatibly. The Model One/25 features vivid
And keep today’s customers with full color imaging performance
us tomorrow. with 512 x 512 resolution. The

Model One/40 features ultra

high 1024 x 1024 resolution. The
Model One/60 features 100%
flicker-free 60 Hz non-interlaced
display with 768 x 576 resolution.
All support our Advanced Graph-
ics Application Development
Firmware and powerful display

list package.

Put the Model One family to the test.

Rastear
T@@Dﬂ@@ﬂ@@ﬂ@g

The benchmark of computer graphics.

@ Executive Park Drive

North Billerica, Massachusetts 01862
(617) 667-8900

TWX: 710-347-0202
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How do Unibus™ users spell

peak I/O rate relief?

High speed data acquisition can
be a real headache. Especially
during peak 1/O rates when
transfer can exceed the CPU'’s
capacity and key bits of
information go off in thin air.

So we developed a DR11-W
module. First for the Unibus.
Now for the Q-Bus. Both
feature our exclusive DMA
Throttle that efficiently
regulates data flow down to
average rates to maximize
overall CPU performance. But
that’s not all.

Additional design features make

it a cure for many other

troublesome Unibus or Q-Bus

system ills. For example, it

offers:

O Edge mounted LED’s to
illuminate performance status

O Micro-sequencer driven,
self-test diagnostics

O Long lines capability

O Switch selectable 22-bit
addressing (Q-Bus)

O Bus Address Extension for
memory transfer throughout
the 4 megabyte range (Q-Bus)

O Switch selectable, 4-level or
single level interrupt
arbitration (Q-Bus)

O Compatibility with 16, 18
and 22-bit backplanes
(Q-Bus)

This high speed, digital

input/output device is

prescribed for such typical

applications as:

O High speed graphics

O Digital data acquisition

| O Parallel information

| processing

O Interprocessor linking
between a Unibus and Q-Bus

| There's more. And we're
anxious to spell out all that the
. DR11-W and our complete line
| of computer interfaces can do

¢ for you. Call or write today and
. ask about full year warranty.

' Available under GSA contract
#GS-00C-03330.

Now for Q-Bus™users too.

*TM Digital Equipment Corp

MDB 1995 N. Batavia Street, Orange, CA 92665

i 714-998-6900 TWX: 910-593-1339
SYSTEMS INC.

See Us at COMDEX/SPRING,

NORTHCON 83 and NCC

Write 3 for LSI-11, 9 for PDP-11
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Increases in government spending

have spurred unprecedented interest

in military electronics. This month’s In-
dustry Spotlight (p. 28) examines this
growing field and its significance to the
system designer. Cover illustration cour-
tesy of Northrup, Electro-Mechanical
Div., 500 E. Orangethorpe Ave., Ana-
heim, CA 92804.

Published monthly thirteen times a year
with two issues in November. Copyright
©1983 by Morgan-Grampian Publishing
Company, 1050 Commonwealth Ave.,
Boston, MA 02215. Second class postage
paid at Boston, MA and at additional mail-
ing offices. POSTMASTER: Send address
changes to Morgan-Grampian Publishing
Company, 1050 Commonwealth Ave.,
Boston, MA 02215. ISSN 0147-9245 .
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THE CROWNING OF MISS
UNIVERSAL LAUNCHES
A BANNER YEAR FOR HIGH
SPEED CMOS GATE ARRAYS!

Miss Universal’s coronation marks

1983 as the year of the high speed 8 i

CMOS gate array. And, to assist you
in converting your TTL, LSTTL, or
metal gate CMOS circuitry to a high
performance Si-Gate CMOS array,
Universal is offering a regal pack-
age of technology, products, and
engineering services. At Universal,

Tt The Latest CAD Support - The ad-

LTI

vanced Applicon 4575 system linked
to a VAX 750 and supported by ver-
satile software programs for rout-
ing, automatic checking, logic and
circuit simulation, and test program
generation. That’s your assurance
that your logic will be translated to
silicon efficiently and accurately at

you get:

A Choice of 3 or 5 4 Technology - If your toggle fre-
quency is 25MHz or less, you can use the thrifty ISO-5
process. For frequencies beyond 25MHz, you'll need
the blazing speed of the ISO-3 process. In either case,
you get ultrafast performance with ultralow power
dissipation.

14 Different Arrays to Choose From - Seven different
arrays, thoughtfully positioned between 360 and 1800
gates, are offered with either the 1ISO-3 or ISO-5 pro-
cess. Up to 84 bonding pads are available. Chances
are we have an array sized right to fit your digital circuit
like a glove.

Direct Access to a Modern 4" Fab — Some gate array
companies buy their wafers from silicon foundries. And
performance can vary from foundry to foundry. At Uni-
versal we build all of our wafers and have complete
control of the technology. That’s your guarantee of con-
sistent quality and on-time deliveries.

Guaranteed Fast Turn Around - Most likely, turn
around is important to you. Universal guarantees an
eight week turn around for arrays of 720 gates or less.
For larger arrays, add one week per 150 gates. That
means we'll turn a 1500 gate array around in 13 weeks.

Universal.

Full Production Testing — Universal will deliver you a
throughly tested part. The work horse on our test floor
is the Fairchild Series 10 production tester with high
speed head. Test programs are compatible with Sentry
7 and 20 testers. For high speed analysis, we use the
Tektronix DAS 9100 50MHz logic analyzer. We build
speed and we test it.

Two Second Sources — There’s no need to worry about
being sole sourced when you deal with Universal. Both
Siliconix and Nitron have been licensed to design and
manufacture the Universal ISO 3/5 arrays. Each of
these organizations is a full service semiconductor
company with a complete wafer fabrication facility.
Both are true second sources.

Highly Competitive Prices — The Universal ISO 3/5
arrays are the densest in the Industry. High density
means smaller chips and smaller chips mean lower
prices. Check with us for a production quotation. You'll
be surprised how much you can save with a Universal
fast CMOS array.

Need More Information? — Call or write us today! We'll
send you a fully descriptive product brochure, plus, as a
bonus, a poster of Miss Universal - suitable for framing.

§ UNIVERSAL SEMICONDUCTOR INC.

1925 Zanker Road, San Jose, CA 95112 (408) 279-2830
Write 6 on Reader Inquiry Card






someday...All optical
printers, copiers and
facsimiles will be built
this way.

USING SELFOC

For now, only state-of-the-art optical printers, copiers and
facsimiles are using SELFOC Lens Arrays (SLA). Spherical lenses,
until now the only feasible way to transfer optical informa-
tion, have given way to the size reduction, fidelity and
reliability of SELFOC Lens Arrays.
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600-1200 mm T

64-74 mm <— SELFOC
Lens

_L Array

SRS o

The SELFOC Lens Array reduces
the path length to 64-74 mm.

Using conventional lenses, the
optical path is typically
600-1200 mm.

FACSIMILES reading Head PRINTERS writing Head

Original document

sensor

Typical receivers:

* Photo drums

e Image sensors

e Photo detector arrays

Typical inputs:

« Documents

« Display panels

« LED source arrays

For complete specifications and application information on
how SELFOC Lens Arrays are replacing conventional opticsin
printers, copiers and facsimiles, write or call:

NSG America, Inc.
A Subsidiary of Nippon Sheet Glass Co., Ltd.

New Jersey Office: (Technicai Representative)
136 Central Avenue, Clark, N.J. 07066
(201) 499-0939
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This Lundy has an all-pervasive
breath-takingly beautiful 4097th color
It’s called high resolution.

Lundy’s T5484 Color Raster Graphics Terminals have the highest color resolution available.
Think of that resolution as a Super Hue—a 4097th color—that mixes with all other 4096 colors
to make each as sharp as you’ve ever seen.

Our 5480 Series of color raster termi-
nals and workstations aren’t the only

ones with 4096 colors. But the colors
have never looked so good. Because

resolution has never been higher.

New standards.

The 1536 X 1024 pixels set a new
standard for displayable resolution.
Raster staircasing is significantly reduced
without the complexity of anti-aliasing.

But new standards don'’t stop with
highest resolution. Areas are filled vir-
tually instantaneously so the 5480 Series
also sets a new standard for polygon fill.

Vector generation sets a new standard,
too. The time lapse between the mo-
ment you draw until the picture is
generated is as much as 50 percent
faster than many others.

Enemy of obsolescence.

You shouldn't be forced to ditch
programs in place when you buy a new
terminal. For that reason, standard with
all 5000 Series models is a Tektronix

Lundy’s 5484 color raster design workstation.

4010 or 4014 Emulator with mixed-mode
software switch for enhancing existing
programs with color-native protocol.
Currently, our terminals can be driven
by many of the leading software prod-
ucts. And the list is growing rapidly.
Because Lundy is committed to an ag-
gressive third-party software develop-

ment program to provide the most
comprehensive application packages.

Lundy will help you
see more in graphics.

When you look at our 5480 Series,
take a close look at Lundy, too. We're a
company thats as good as its products.

A company that balances high tech
with solid business sense.

A company as proud of its service
(one of the largest service organizations
in the industry—39 locations nation-
wide) as its engineering expertise.

A company you can count on to help
you see more in graphics—and get
more out of graphics—both now and in
the long term.

For more information, write
Lundy, Glen Head, New York 11545,
or call: (516) 671-9000.

®

LUNDY

The Lundy 5688 displays 256 high resolution colors at a time. User downloadable character fonts; programmable character sizes.

Write 7 on Reader Inquiry Card




Now
your computer
can see

like a hawk...

for chicken feed!

Datacube boards give your CPU
video I/0 capability. . . economically.

Put sight in your present system by mating your computer with our
Video Graphics boards. They digitize and display information in real time
from standard video cameras for MULTIBUS™ and Q-BUS™ systems....
without host computer intervention.

Datacube boards provide reliable, low cost vision for robotics,
inspection, medical imaging, teleconferencing, animation, etc. Available
for both monochrome and color

monitors.

See how easy it is to make
your computer see like a hawk. Call
or write Datacube Incorporated,

4 Dearborn Road, Peabody,
MA 01960, Telephone:
(617) 535-6644.

2

% H

™ Datacube
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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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When you select a color graphics camera,
are you buying image quality or bells and whistles?

Crisp clear lettering. Images so sharp
that the colors seem to jump out at
you. Multiple interlace that eliminates
raster lines not just on SX-70 prints
but also on 8 x 10 Polaroid® 808,
809, and 891 film. Images that fill the
entire frame without a black border
or fuzzy corners. Our images are
judged the best — picture to picture,
demonstration to demonstration.

filters, and electronics can mean in
terms of image quality. So if you are
about to buy a color film

camera to show your

company’s image, why not

buy the camera that

produces the
pbest images. The
Modgraph Smart
Graphics™ Color

Camera.
Modgraph, the Smart Graphics™
company, wants you to know what Our color
the proper combination of optics, cameras

high resolution flat face monitor, produce the

Write 8 on Reader Inquiry Card

.
L

Modgraph, Inc., 1393 Main Street, Waltham, MA 02154 (617) 890-5764

est 35
X5.:0r

mm slides, SX-70 Polaroids®
8 x 10 color prints...You be
the judge. Drop us a

line, or give
us a call.
we'll ar-
range for a
demonstra-
tion and
show you
how the
best

image
quality can
be yours.
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Calendar

May 1-3

Document-Based Optical Mass Memory
Systems. Highlands Inn, Carmel, CA.
Contact: Institute for Graphic Communi-
cation, 375 Commonwealth Ave., Boston,
MA 02115. (617) 267-9425.

May 3-6

Unix Workshop. Human Computing Re-
source Offices, Ontario, Canada. Contact:
HCR, 10 St. Mary St., Toronto, Ontario.
M4Y IP9 Canada. (416) 922-1937.

May 4-6

Rocky Mountain Data Processing Expo.
Currigan Hall, Denver, CO. Contact: In-
dustrial Presentations West, 3090 S. Jamai-
ca Court, Suite 304, Aurora, CO 80014.
(303) 696-6100.

May 9-11

VLSI Design. A Structured Approach to
Custom IC Design. Boston, MA. Contact:
Hellman Associates, Inc., 299 S. Califor-
nia Ave., Palo Alto, CA. 94306. (415) 328-
4091.

May 9-11

MVS/XA, IBM 308x Seminar. Hyatt Re-
gency, San Francisco, CA. Hyatt Arling-
ton, May 23-25. Contact: TTI, 741 10th
St., Santa Monica, CA 90402. (213) 394-
8305.

May 9-13

Graphics Interface '83. Edmonton, Can-
ada. Contact: Graphics Interface ‘83, CIPS
Edmonton, PO Box 1881, Edmonton, Al-
berta, Canada T5J 2P3. (403) 427-9416.

May 10-12

Northcon/’83 and Mini/Micro-Northwest/
’83. Portland, OR. Contact: Electronic
Conventions, Inc., Worldway Postal Cen-
ter, PO Box 92275, Los Angeles, CA
90009. (800) 421-6816.

May 10-12

International Computer Show. Salon In-
ternational de I'Ordinateur, Velodrome,
Montreal, Canada. Contact: Jim Stein-
hart, Media Consultant, 559 Deloraine
Ave., Toronto M5M 2C5. (416) 787-2138.

May 12-13

Dataplot. Academic Center, Washington,
DC. Contact: Continuing Engineering
Education Program, George Washington
University, Washington, DC 20052. (202)
676-6106.

May 16-18

Electronic Components Conference. Or-
lando, FL. Contact: Electronic Industries
Association, 2001 Eye St. NW, Washing-
ton, DC 20006.

May 16-19

NCC ’83. National Computer Conference.
Anaheim and Disneyland Hotel Conven-
tion Centers. Contact: American Feder-

ation of Information Processing Societies,
Inc., 1815 N. Lynn St., Arlington, VA
22209. (703) 558-3612.

May 16-30

Intel Microcomputer Workshops. Various
locations. Contact: Intel Corp., 3065 Bow-
ers Ave., Santa Clara, CA 95051.

May 17-20

Engineering Seminar. Gaithersburg, MD.
Contact: R. Hocken, B104 Metrology
Building, National Bureau of Standards,
Washington, DC 20234. (301) 921-2577.

May 18-20

Man-Machine Interface. Palo Alto, CA.
Contact: Continuing Education Institute,
Oliver’s Carriage House, 5410 Leaf Tread-
er Way, Columbia, MD. (301) 596-0111.

May 22-25

PACS II. Alameda Plaza Hotel, Kansas
City, MO. Contact: SPIE, P.O. Box 10,
Bellingham, WA 98227-0010. (206) 679-
3290.

May 23-25

Computer Hardware Description Lan-
guages And Their Applications. Pitts-
burgh, PA. Sixth International Sympo-
sium. Contact: Takao Uehara,
Information Processing Laboratory, Fuji-
sitso Laboratories LTD., 1014 Kawasaki,
Japan 211 or Mario Barbacci, Dept. of
Computer Science, Carnegie-Mellon Uni-
versity, Pittsburgh, PA 15213.

May 24-26

SME Exhibition. Fort Worth, TX. Con-
tact: SME, One SME Drive, Dearborn,
MI 48128. (313) 271-1500.

May 24-26

PC Conference. New York Hilton, NYC,
NY. Contact: Morgan Grampian, 2 Park
Ave., NYC, NY 10016. (212) 340-9780.

May 24-27

Image Processing Course. Philadelphia,
PA. Contact: Integrated Computer Sys-
tems, 3304 Pico Blvd., P.O. Box 5339,
Santa Monica, CA 90405. (213) 450-2060.

May 24-27

Digital Control System. San Diego. CA.
Contact: Integrated Computer Systems,
3304 Pico Blvd., P.O. Box 5339, Santa
Monica, CA 90405. (213) 450-2060.

May 31-June 2

CAD/CAM & Robotics. Toronto Interna-
tional Center of Commerce, Toronto, Can-
ada. Contact: Macgregor & Assoc., 662
Queen St., Toronto, Ont., M6JIES. (416)
363-2201.

June 2

Personal Computer Workshop. Charlotte,
NC, June 16-18, Reston, VA. Contact:
CEC, Virginia Tech., Blacksburg, VA
24061. (703) 961-4848.

June 6, 7

IC Processing Techniques & Ion Implan-
tation. Hyatt Palo Alto, Palo Alto, CA.
Contact: Dept. 564 N, U of C Ext., 2223
Fulton St., Berkeley, CA 94720. (415) 642-
4151.

June 6-10

Optical Storage Conference. Arlington,
VA. Contact: SPIE, P.O. Box 10, Bel-
lingham, WA 98227. (206) 676-3290.

June 6-8

Intermexpo. Monterrey, Nuevo Leon,
Mexico. Contact: SME, One SME Drive,
Dearborn, MI 48121. (313) 271-0023.

June 6-10

Cell Designer Course. Melbourne, FL.
Contact: Harris Corp., P.O. Box 883, Se-
miconductor Group, Melbourne, FL
32901. (305) 724-7800.

June 6-12

Microprocessor Application Course. MIT,
Cambridge, MA. Contact: MIT, 105 Mass.
Ave., Cambridge, MA 02139. (617) 253-
7406.

June 7-9

Industrial Exposition. Milwaukee Exposi-
tion Ctr., Milwaukee, WI. Contact: SME,
One SME Drive, Dearborn, MI 48128.
(313) 271-0023.

June 7-10

Network Design Course. Washington,
D.C. Contact: ICS, 3304 Pico Blvd., Santa
Monica, CA 90405. (213) 450-2060.

June 8-10

X.25 Seminar. Hyatt Regency Crystal City,
Arlington, VA. Contact: TTI, 741 10th St.,
Santa Monica, CA 90402. (213) 394-8305.

June 9-11

Microcomputer Education Workshop. Wa-
tertown, CT. Contact: TERC, 8 Eliot St.,
Cambridge, MA 02138. (617) 547-3890.

June 13-15

Production Project. Rochester, NY. Con-
tact: The University of Rochester, Roches-
ter, NY 14627. (716) 275-3106.

June 14-16

Ohmcon Exhibition. Cobo Hall, Detroit,
MI. Contact: EC, 999 N. Sepulveda Blvd.,
El Segundo, CA 90245. (213) 772-2965.

June 14-16

Robot Conference. Long Beach Conven-
tion Ctr., Long Beach, CA. Contact:
TCMC, 143 N. Hale St., Wheaton, IL
60187. (312) 668-8100.

June 14-18

Technology Exhibition. Earls Court Exhi-
bition Ctr., London. Contact: Radcliffe
House, Blenheim Ct., Solihull, West Mid-
lands, B912B6. (021) 705-6707.
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AYCON 16/SERIES

AYDIN
CONTROLS

brings high performance color graphics down to earth.

Only AYDIN CONTROLS’
15 years of experience in raster
scan color graphics could bring
you a display computer with the
total capability of the AYCON
16/SERIES...and now at such an
affordable price!

The overwhelming accep-
tance of the AYDIN original Model
5216 allows us to offer an en-
hanced version of this field-proven
unit. Check this unmatched com-
bination of systems/hardware
features available with the
AYCON 16/SERIES:

® Upto 1024 x1024 pixelx 16 bit
(Z-axis) color display.

® Refresh at up to 60Hz.

® A variety of video modules.

® Characters in three sizes.

® Vectors at 800 ns per pixel.

® 80 x 48 character A/N overlay.

® Multiple 16-bit micro’s. AYDIN
software or you program them...
even up to 14!

® Single or multiple WORK-
STATIONS...up to four!

® High-resolution RGB monitors
- delta or in-line gun.

Andwhen it comes to Software/

Firmware:

® Graphics Firmware with filland
zoom standard!

® AYGRAF/CORE 2-dimensional
Firmware/Software with World-
to-Screen translation, rotation,
and scaling..world coordinates
of 64K x 64K!

® Plus AYGRAF/3D, AYGRAF/
LIST, and support Software.

Butifallthisis not enoughto
excite you, how about more eco-
nomy with standard PACKAGED

Aydin /A Controls

SYSTEMS, single or multiple
WORKSTATION pre-engineered
forthe most common color display
applications?

If you're ready to fly with
your color graphics display appli-
cation,we can helpyou “get off the
ground” with a system to meet
your industrial, business, scientific
or commerical requirements.

2

%
8

Command Performance in Color Graphics
414 Commerce Drive, Fort Washington, PA 19034 (215) 542-7800, TWX: 510-661-0518 Telex: 6851057

Write 27 on Reader Inquiry Card



3M Will Announce PECOS

3M will announce at the NCC a device called
PECOS which will allow its tape drive stor-
age products to emulate and act as a hard
drive (and to interface with its hard disk
drive product). This will allow for easy ac-
cess to formatted backup and require only
one controller for both devices. Both systems
will have the same operating systems and the
controller will perform data conversion and
error correction.

CADCON 83 Highlights

CADCON 83, the first annual conference
on the practices, techniques, and economics
of computer-aided technologies was held at
the Disneyland Convention Center, Ana-
heim, CA, January 17-19, 1983. The high-
level, 3-day technical program was aimed at
industrial engineers, manufacturing engi-
neers, PC designers, VLSI design engineers,
and graphics specialists.

Sponsored by the Morgan-Grampian Ex-
positions Group, the Conference included
five technical sessions with over 500 partici-
pants. The conference was chaired by Carl
Machover, an internationally known industry
consultant on CAD/CAM. Subject papers
discussed included: CAD for arclitects, en-
gineers and constructors; CAD for PC/IC/
VLSI; modular CAD/CAM; CAD Systems
and Components; and management issues.
Among those directing workshops on various
aspects of CAD were Ray Kush of Arthur
D. Little, lecturing on “Factory of the Fu-
ture: Developing a Strategic Manufacturing
Plan;” Jerry Borrell, Editor in Chief of Digi-
tal Design on Solid Modeling; and Richard
Jennings, VP Marketing of VIA Systems on
“VLSI Design and Implementation Using
CAD/CAM.”

Featured Speaker at the Keynote Lun-
cheon, “The Challenge of a Computer-Aided
Future,” was Ed Zimmerman, former consul-
tant on information handling to the Reagan
and Carter Administrations.

According to Robert A. Poggi, Director of
the Expositions Group, 3000 attended the
show. The Expositions Group will sponsor
ATE East 1983 on June 14-16, in Boston,
and ATE Central on October 3—6 in Chicago.

Intel Provides Ada Compiler

Intel Corp. announced a new family of com-
puter language translators to compile the
Ada high-level language for its iIAPX 86 se-
ries of 16-bit microprocessors. The new Ada
86 compiler is a specialized tool that simpli-
fies large-scale software development for a
variety of applications. The compiler will
meet U.S. Department of Defense standards,
and will be hosted on VAX minicomputers
and on a variety of Intel-based products.

Memorex And DMA Systems
Announce Agreement

Memorex Corp. and DMA Systems Corp.
announced the signing of an agreement today
for joint sponsorship of a family of 5%" Win-
chester disk products to meet the require-
ments of the OEM market and of Memorex’s
parent company, Burroughs Corporation.
Under the agreement, Memorex acquires a
$1.5 million minority interest in DMA
Systems.

Merger Agreement

National Semiconductor Corporation and
Data Terminal Systems, Inc. (DTS) jointly
announced that they have executed a defini-
tive merger agreement providing for the ac-
quisition of DTS by National Semiconductor,
in a transaction valued at up to approximate-
ly $50 million.

Full 32-Bit uP Available

National’s 32032 wP is now available in sam-
ple quantities, an indication that extensions
to the family are arriving on schedule. The
part has a 32-bit data bus and boasts a 40%
improvement in performance over the 16032.
It supplies ECC bus handling and is capable
of high speed parallel processing.

Digital Reduces Microcomputer Prices

Digital Equipment Corporation announced
price reductions of up to 36% for its LSI-11/
23 CPU boards and up to 18% for its PDP-
11/23 PLUS packaged CPU (“boxed”) as-
semblies. The new prices, which are effective
immediately, cover two board-level micro-
computer products and four box-level
assemblies.



- Special offer. Immediate deliv

The logical switch to color has

never cost less. Now you can buy
an Intecolor 2405 single evalua-
tion unit at the 100-piece price
of $995 (U.S. domestic only).
You get the advantage of vector
graphics on an 80 column by 24
line screen, without sacrificing
the most important capabilities
you want from a VT100 terminal.
Plus, the 2405's vibrant color
conveys more information, more
quickly and with greater compre-
hension than monochrome.

ANSI X3.64 system compati-
bility. The 2405 is the ideal
replacement or add-on terminal.
Highly compatible with VT100
and numerous other ANSI| X3.64
terminals, the 2405 is easily inte-
grated into any ANSI X3.64 envi-
ronment. It also includes ASCI|
codes and aVT52 mode.

With all the features you need.
Eight foreground and eight back-
ground colors. Terminal based

Inveny
ory
ManacEmgny [ —

Intecolor. 2409

Our ANSI X364 terminal has all the
VTI00 features youll ever need in a
conversational terminal.

Plus color and vector graphics.

vector graphics. Data transmis-

sion baud rates from 50 to 19,200.

English language menu set-up
mode. Non-volatile set-up mem-

ory. Two full pages of screen RAM.

In-line CRT. Auto degaussing.
Powerful, 6 MHz 8085 micropro-
cessor with four hardware inter-
rupts. Plus, up to 72 function key
definitions, optional.
Introductory price good
through May 31, 1983. After that,
our regular single-piece price of
$1195 goes into effect. So act
now. Take full advantage of the
color, vector graphics and flexi-
bility of the Intecolor 2405 —at
the 100-piece price. Once you

do, we're confident that you'll
enthusiastically agree with the
growing number of OEMs and
users who are making it dramat-
ically clear that, “The future
belongs to color!”

For the name of the distributor
or sales representative in your
area, or for complete specs, ask
about our $995 special:

Call 404/449-5961.

2 Intecolor

AN INTELLIGENT SYSTEMS COMPANY

Intecolor Drive, 225 Technology Park,
Norcross, GA 30092, TWX 810-766-1581




Floppy Disk Drives

TEAC s

AT 15" HIGH, TEAC FD-55 SERIES 54" FLOPPY DISK
drives use half the space and run cool at half the
power of conventional drives. High-reliability, low-
noise brushless DC motors provide an MTBF of over
10,000 hours, backed by a one-year parts and labor
warranty.

FD-55A FD-55B FD-55E FD-55F

® 48tpi ® 48tpi ® 96tpi ® 96tpi

® 40 track ® 40 track * 80 track ® 80 track
e 250KB * 500KB * 500KB ¢ 1MB

esingle side e double side esingleside edouble side

Power Requirements:
DC +12V £5% 0.3A typical, 0.7A max.
DC + 5V £5% 0.5A typical, 0.7A max.

Phone, write or wire TEAC Corporation of America for
complete technical data, price and delivery.

TEAC Corporation of America
Industrial Products Division
7733 Telegraph Road
Montebello, CA 90640
213/726-0303

©1982 TEAC Corp.
MP82501M

Write 50 on Reader Inquiry Card

$100 Million Merger

Sensormatic Electronics Corporation and
MSI Data Corporation announced an agree-
ment in principle for Sensormatic to acquire
MSI through a merger for approximately
$100 million. The agreement provides for the
exchange of nine-tenths of one share of Sen-
sormatic common stock for each common
share of MSI, but in no event will the value
of the Sensormatic stock exchanged per MSI
share be less than $35 or greater than $50.

Floating Point Systems To Support
Apollo DOMAIN

Floating Point Systems and Apollo Comput-
er announced that the Apollo DOMAIN will
be supported as a host for the FPS-164 At-
tached Processor. Availability is scheduled
for July, 1983, from Floating Point Systems.
Support will include software and hardware
interfaces, as well as Floating Point Systems’
FPS-164 Program Development Software
and FORTRAN 77 Compiler. The FPS-164
will run under the Single Job Executive
(SJE) Operating System. Floating Point Sys-
tems will develop and support all compo-
nents of the interface.

Alphacom, Timex Sign OEM
Agreement

Alphacom has signed a multi-year agreement
with Timex Computer Corporation to pro-
vide computer output printers for use with
Timex/Sinclair computers. The printer is spe-
cifically designed for Timex and will be sold
under the Timex/Sinclair trademark.

VRTX Selected By Hewlett-Packard
Hunter & Ready’s VRTX operating system is
the first product chosen by the Hewlett-Pack-
ard Logic Systems Division for recommenda-
tion to customers through the HP PLUS pro-
gram. Hunter & Ready’s VRTX is the only
operating system originally designed as a sili-
con software component. It is used primarily
for embedded systems in communications,
instrumentation, process control and other
real-time, multi-function applications. VRTX
is available for 68000-, Z8002-, 8086/88 and
186/188-based systems.



Here's a smart addit
to our family of
intelligent plotters.

A high-performance plotter

with a remarkably low
price tag.

Our newest model, a four-
pen, 36-inch intelligent plot-
ter, is just as smart as the
rest of our line — we've just
made it more affordable. To
do so we had to sacrifice a
little speed and resolution.

Even so, look what you get:
An impressive 20 inches per
second, 2g acceleration and a
resolution of one one-thousandth
of an inch.

Features you won't find
on other, more
costly plotters.

Beginning with our
proprietary design DC
servo-motor drive and
linear actuator pen
system. The brains behind
it all are two 16-bit micro-
processors.

Zeta 3620 Intelligent Plotter
A four-pen, 36-inch intelligent plotter.
Speeds up to 50 ips with 4g

acceleration and resolution of
0.0125mm (0.00049 inches).

Other advanced standard features

include semi-automatic paper

loading, windowing, electronic
margin limits with indicator and

an LCD display used to report
plot time and diagnostic
information.

.. ¥ you need the
‘o very best,
look no further.

The Zeta 3610 beats
anything in its price
range — we designed it
that way. But if you need even
greater speed and precision,

Zeta 5400 Intelligent Plotter
A four-pen, 54-inch intelligent plotter.
Speeds up to 50 ips with 4g

acceleration and resolution of
0.0125mm (0.00049 inches).

Write 25 on Reader Inquiry Card
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Zeta 3610
Intelligent Plotter

A four-pen, 36-inch intelligent
plotter with speeds up to 20
inches, 2g acceleration
and resolution of .001".

we've got it.
Our other 36" and 54"

plotters run at speeds up to
50 inches per second vector
dependent with 4g acceleration
and resolution of 0.0125mm
(0.00049 inches). And our on-line,
off-line plotter work station
makes these units even more
powerful and efficient.

ZETA

NICOLET

ZETA
m CORPORATION

A NICOLET INSTRUMENT SUBSIDIARY

2300 Stanwell Drive

Concord, California 94520

TWX 910-481-5951

Tel. 415-671-0600

Zeta C63 Intelligent Plotter
Complete workstation with read/write
tape drive, built-in CRT and keyboard
and plotter controller.



CRT Shipments Slow

The 1982 recessionary economy
and continuing deflationary pres-
sures have had an effect on the
high growth CRT terminal mar-
ket. 1982 shipments of CRT ter-
minals were up only 15.6% over
1981 levels, down from past
growth rates in the 20% range.
Dollar revenues in the CRT termi-
nal market grew a disappointing
6.5% over 1981 levels, reflecting
intense price competition in all
sectors.

According to a recent study by
Advanced Resources Develop-
ment, Medfield, MA, improved
price/performance ratios were re-
sponsible for 1982% still healthy
rate of unit shipments. Manufac-
turers have found methods to dif-
ferentiate products enough to per-
petuate use. Overall, the greatest
strength in shipments came from
new products or consistent price
cutting on existing products.
Higher priced terminals, such as
IBM 3270 type terminals and clus-
tered intelligent terminals, grew at
slower rates than lower priced
units.

“Dumb” and “Smart” (non
3270) terminals were about equal
in total 1982 wunit shipments,
with dumb units totalling 232,000
units and smart terminals totaling
234,000 units. Both categories
grew at similar rates in 1982, with
dumb unit shipments up 16% over
1981, and smart units up 17%
over 1981. Despite predictions

Editing
(Non 3270)

Conversational
25.9%

26.2%

Processing

(Clustered) Editing
(3270 &
14.5% Compatible)

29.3%

Processing
(Single Station)

Total: 895,000 Units

Figure 1: 1982 U.S. CRT Terminal
Shipments.

that shipments of dumb terminals
would drop off in favor of smart
units, dumb terminals showed a
good performance due to contin-
ued popularity of DEC’s VT100,
and new products such as the
ADDS’ Viewpoint, Hazeltine’s
Esprit, and Televideo’s 910. Com-
petitive price cuts on existing
products to combat the aggres-
sive pricing of new products
boosted unit sales but lowered
revenues. Dollar revenues grew
10.2% in 1982 for dumb termi-
nals, compared to 10.8% for
smart terminals.

Market Trends

Dumb units are not dropping
off significantly in favor of more
fully featured terminals, according
to Mary Owen, a consultant with
ARD. “Instead there has been
surprising strength in shipments in
this category in 1982. Dumb ter-
minals have rebounded based not
only on lower prices and new
products, but also on important
new applications which have ap-
peared and will ensure their con-
tinued strength through 1987.”
Owen added that the market for
terminals sold as separate units is
threatened by the buying trend
for total workstations and desktop
units.

Shipments of the IBM 3270 and
3270 plug-compatible editing ter-
minals led all terminal categories
in unit volume. Nearly 30% of
1982 CRT terminal shipments
were 3270-type editing terminals.
These terminals showed a 1982
unit growth rate of 13.9% over
1981 unit shipments.

It is projected that more than
6,500,000 CRT terminals will be
shipped from 1983 through 1987.
The highest unit shipment growth
rates will be seen in smart/editing
terminals as well as IBM 3270 and
compatible terminals.

The market study, “CRT Termi-
nals: Markets and Strategies” is
available from Advanced Re-
sources Development, 28A Park
Street Station, Medfield, MA
02052. (617) 359-8090.

Microelectronics And Computer

Technology Corp. (MCC) Begins Activities

The recent appointment of Rob-
ert Inman, formerly Deputy Di-
rector of the CIA, has enhanced
the efforts of the founding mem-
bers of MCC in the eyes of poten-
tial contributors. Original mem-
bers include: Advanced Micro
Devices, Control Data, Digital
Equipment Corp., Harris Corp.,
Honeywell, Motorola, NCR, Na-

tional Semiconductor, RCA and
Sperry.

The consortium is the offshoot
of Robert Price and William Nor-
ris of CDC who have overseen the
development of four successful
technology sharing agreements
with several other groups of com-
panies. The idea to form the
group was expressed by Price in a

speech to the 1980 CBEMA meet-
ing. This led to a 1982 invitation
from Norris to 22 CEOs of high
technology companies to meet
and work towards realizing the
program. The meeting allowed 15
of the participants’ companies to
form committees—six task forces
—to examine how the concept
would be realized, the amount of
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NOW TWO FIXED/REMOVABLE 8" DRIVES
DOUBLE YOUR STORAGE OPTIONS.

50-MBYTE VERSION ADDED. New LARK INTERFACE FLEXIBILITY. Both 16-Mbyte and 50-Mbyte LARKs
Model 9457, with 25 Mbytes of fixed come with SMD interface or LARK Device Interface (LDI).
storage plus 25 Mbytes of removable Plus new optional 9050 Control Module brings you ISI—
storage per cartridge, joins the 16-Mbyte the Intelligent Standard Interface.

Model 9455 (8 Mbytes fixed,
8 Mbytes removable).

COMPACT SIZE—STANDARD PACKAGE. Both LARK EXCEPTIONAL RELIABILITY. LARKSs are totally sealed
models are ldennccl in size, shape and mounting; during operation. No external air is forced across
both are the width of an 8" FDD—just right for more fixed module or cartridge disk surfaces.

space-efficient system.

a‘ em———
T .

"] p———

QUIET. Low noise level
designed for the office—
easy on power, too.

ELIMINATES ADJUSTMENT TWO WAYS. S 3
Embedded servo information and Y HIGH PERFORMANCE 4 WAYS. (1) low-mass,

microprocessor logic mean no need ; Iighﬁy—looded flying read/write heads.

for head alignment; no electric (2) 9.67 Mhz transfer rate. (3) 42 ms average
adjustments, even when changing access time—9455; 35 ms average time—
CBs; highly reliable cartridge . 9457. (4) linear voice coil actuators
interchange. and precision closed-loop servo system.

| B L AR K F A M SN

Now LARK doubles your options for built-in back-up with unlimited shelf storage: we've
added the 50-Mbyte Model 9457 to the16-Mbyte Model 9455. Both come with high
quality and reliability built in. For more information, call your local Control Data

OEM Sales representative or write: OEM Product Sales, HQNOSH,

Control Data Corporation, PO. Box 0, Minneapolis, MN 55440.

Write 10 on Reader Inquiry Card

(G2 CONTROL DATA

Addressing society’s major unmet needs
as profitable business opportunities




(MODEL 201SHOWN)

Memodyne
Low Power
Recorders
Are Still Doing
The Damndest
Jobs!

On ocean buoys . . . on weather
balloons . . . on off-shore cil rigs . . .
unmanned spacecraft. Our low power
incremental digital cassette recorders
end up doing the damndest jobs in the
damndest places.

We've got thousands of them every-
where you can imagine. On the ocean
floor. In the atmosphere. Even on ice
floes. They're doing boring, unexciting
jobs like measuring underwater currents,
wind velocities, and all kinds of other
activity.

And they stay there unattended for
days, weeks, even months, reliably
acquiring data in digital form from trans-
ducers, converters, computers and all
kinds of automated specialized devices.
Once it’s collected, you can transmit it,
process and analyze it or store it for
future use.

So, if you have to measure and collect
data in some god-forsaken place, or
even in your lab, you will find it worth-
while to write for our literature about
low power, high density incremental
recorders. Also request our brochures
on data loggers, high speed micropro-
cessor controlled recorders and thermal
printers. By the way, our name’s
Memodyne . . . just for the record!

Memodyne

CORPORATION
Subsidiary of Computer Products Inc.

220 Reservoir Street
Needham Hgts., MA 02194
kTel. (617) 444-7000 Telex 92-2537 )

Write 45 on Reader Inquiry Card
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funding, the location, the work to
be pursued, etc. By August of
1982, the MCC was incorporated
in Delaware to pursue four R&D
programs. In January of this year,
Inman was selected as President
and CEO and began to implement
the plans. The participants have
assured that the Justice Depart-
ment will be kept abreast of their
work so that there will be no
claim of anti-competition made
against the MCC once in place.
To date, the Justice Department
has said only that it will monitor
events.

Events leading to the establish-
ment of the MCC are complex
and involve problems internal to
the computer industry as well as
external factors. Of the external
motives, the effort of the Japa-
nese to organize a Fifth Genera-
tion project is seen as a major im-
petus, but the resulting lack of
response from Washington about
coordinating a similar effort in the
US is what actually brought the
participants together. In terms of
internal problems, the shortage of
talent, tight money, a long time
span required to design and de-
velop a computer product, and
the explosion of technologies are
the most important. In the latter
case, it has become almost impos-
sible for firms to maintain experts
in the 20 to 40 disciplines needed
(ranging from sub-atomic physics
to semiconductors) to stay on the
leading edge of computers. All of
these factors point to the need for
cooperation in basic research.

Bubble memories are cited as
one example where several com-
panies spent millions of dollars to
determine whether the bubble or
semiconductor memory would be
more productive. MCC intends to
provide its members with an op-
portunity to evaluate the “useful-
ness of a technology” and then to
allow them to use the technology
to their own specific advantage.
The final effect is seen as being
the enhancement of competition.

A basic ground rule for the
group, as is the case in other coo-
peratives in which CDC has been

Market Trends

involved, is that there shall be no
manufacturing or marketing of
the technologies by the group.
However, unlike the earlier formed
Semiconductor Research Corp.
(founded by the Semiconductor
Industries Association), which
funneled corporate dollars to Uni-
versities, MCC will be a research
organization. Staffing will be sci-
entific and technical personnel
who will do the research.

The announced goals of the
MCC are similiar to those an-
nounced by Professor Moto-Oka
in the Japanese project for a fifth
generation system: microelectron-
ics, advanced computer architec-
ture, computer aided design, and
software productivity. One of the
difficulties in pursuing such broad
areas of research will be to select
managers who can oversee the
overlap of the four areas of work.
Not all of the companies that are
underwriting the MCC will par-
ticipate in all of the programs.
Each member will be assessed by
the number of programs to which
it subscribes, and share in the ad-
ministrative and overhead costs of
the consortium.

As of January 24, there were 10
member companies; another two
dozen are evaluating participation
in the group. An associates pro-
gram is under consideration,
which is initially considered a ve-
hicle for information dissemina-
tion or as sponsors of seminars.
The basic organization has three
levels of participation: associates
who would access the type of re-
search being done at MCC, an in-
termediate group who would have
somewhat more access, and final-
ly, MCC full members who would
access the analytic and predictive
types of research performed.

William Schaffer (from Control
Data Corp.), the acting Public
Relations representative of MCC,
notes that the MCC isn’t the only
answer to foreign competition.
Other needs are regulation, legis-
lation, changes in the methods of
manufacture, and improvements
in company organization.
—Borrell Write 240
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AMDISK-li . . . the engineer’s choice:

B New 3" hard plastic encased diskette.

_ New Amdek
3" micro-floppydisk
drive system!

B Up to 1 megabyte storage.
(unformatted)

B Plug-in compatible with 5% " drives.

B Compatible with - IBM-PC.

Economically
priced for
business or
personal
computers!

Specifications
/ Unit Double Density
Capacity
Unformatted Per Surface Bytes 250K
Media :
Record Surfaces 2
Tracks 80
Recording 3
Max Recording Density Bpi 8946
Track Density Tpi 100
Transfer Rate bits/sec 250K
Access Time
Average Access Time ' msec 55
Track to Track msec 3
Setting Time msec 15
Average Latency Time msec 100
Motor Start Time sec 1
Disk Speed pm 300
Reliability
Error Rates /
Soft Error 5 10-%
Hard Error 10-'2
Seek Error 104
Media 3-inch Cartridge

Drive Interface Plug Compatible with 5.25 inch FDD

Heavy-duty power
supply

Evaluation

Interfaces via 37 - $480
pin type “D" shell Automatic door
connector protects drive unit Includes two-drive Amdisk unit with built-in

power supply, 4 diskettes and application
literature . . . Call (312) 364-1180.

External Interface

Connector: 37-pin “D" shell connector

Signal Pin No. lﬂlll}

AMDISK-Illis 4% " (H) x 7% " (W) x 8% “(D)

The AMDISK:-IIl Micro-floppydisk System is an engineering breakthrough in disk size,

Pin No.
15 Unused 13 Wiite data storage capacity, media protection and user convenience. Designed for microcom-
b " lndex 14 ¥’"‘° enable puters for many applications, the Amdek system is ruggedly constructed to provide
5 A years of trouble-free operation. Warranty is 90 days (parts & labor).
A o Ui Put the new AMDISK-Ill to test . . . its recording format, data transfer rate and disk
nable D 18 Select head 1 i y 2 v 3 . A
11 Direction 19 GND rotation speed are compatible with 5% " floppydisk drives. Call, or write for evaluation
12 Steppulse 2037 GND samples at only $480.00 . . . or circle the reader service number for full technical
*drives are single head f details. :
(312)364-1180 TLX: 25-4786
See us at NCC/83

Booth P7638

Amdek . . . your guide to innovative computing!

Write 12 on Reader Inquiry Card




Our 8 Slimline disk drives are the smallest
and our 5% half heights are rolling out by the truck load.

Thats R&D you can bank on:
Response and Delivery.

You say you need drives that are half the height but all-the-way reliable? From a source
that's equally reliable? And you want a choice of configurations too?

Our response is a line of 54" Slimline™ drives built with three different bezels and
door styles, your choice of direct or belt drive motors, and either of two densities, 48
TPI or 96 TPI. But only one quality standard: the highest.

They come single or double-sided, with capacities from 250 Kbytes to 1 Mbyte.
And for those who can do with a little less speed MPI responds with a consumer model
at a lower price tag. ,

And when you wanted smaller, compact 8" drives, we replied with the smallest
ones there are. Our 8" Slimline™ series. Only 2" thick and 11.5" deep. The selection
doesn't end there. You can also get a 4.6" bezel as well as a half size version at 2.3".

To the cry for ever-smaller disks, MPI answered with the smallest disk drive ever.
A 3" micro floppy that interfaces with 54" systems, handles 500 Kbytes of data and
uses media protected by a hard shell so you can carry it in your shirt pocket safely.

Thats how MPI operates. By responding with what you need. Then delivering. By
the truck load from the West Coast. By the ship load from Singapore. Our own second
source in the Orient that duplicates the precision production of our California plant.
What's more, we are manufacturing our own heads. S

That all adds up to MPI’s kind of R& D. Response and m p._%v
Delivery. And that makes us the company to bank on. L2

' p MICRO PERIPHERALS, INC.
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Dramatic decreases in the size of
mini- and micro-Winchesters and
flexible disk drives result from
not-so-dramatic advances in tech-
nology. “The major factor facili-
tating the design of half-height
drives and microfloppy products
is the availability of low-profile
DC spindle motors,” says David
A. Eeg, Director of Marketing
for Shugart Assoc. (Sunnyvale,
CA).

In addition to being slimmer,
these direct drive DC motors al-
low elimination of the belt, pulley
and bearings found in standard-
height floppy and minifloppy
products. This factor also contrib-
utes to higher reliability through
fewer parts, and longer compo-
nent life through less heat
dissipation.

“Other factors enabling Shugart
to design a half-height rigid series
are use of a smaller stepper motor
and a streamlined head-actuator
carriage (HAC) assembly,” adds
Heg:

The smaller stepper motor is
actually more accurate than that
of the standard-height drives. It
sends a more consistent level of
torque to the head and reduces
hysterisis: the difference between
the intended and actual location
of the head. With greater posi-
tioning accuracy, the track density

Streamlined Electronics Key to Half-Height Designs

Figure 1: Decreased height in today’s half-height Winchester drives (such as the
Shugart SA706, above right), as well as in flexible disk drives, resulted primarily
from a streamlined DC spindle motor design.

increased from 256 tpi in stan-
dard-height drives to 360 tpi in the
half-heights. With more tracks per
surface, higher capacity is
achieved: Shugart’s SA706 (Fig-
ure 1) offers a 6.67 Mbytes on one
platter and 13.33 Mbytes on two
platters—about double the
amount of their standard heights
5.25" rigids.

The new HAC assembly en-
ables the stepper pulses to be
transmitted directly from the band

actuators to the heads, rather than
through a secondary arm and ac-
tuator spindle used in full height-
drives.

Reduced-sized printed circuit
boards also facilitated the design
of half-height drives. The smaller
boards, achieved principally
through use of custom LSI circuit-
ry, occupy less space and there-
fore offer greater flexibility in the
placement of the drive’s other

components.
Write 270

Currently on the floor of the
American National Standards In-
stitute (ANSI) there are three mi-
crofloppy standards work papers
proposed: the 3", 3.25" and the
3.5". Proponents for the 3.5" mi-
crofloppy include Sony, Verbatim
and the 19-company Microfloppy
Industry Committee (MIC). In-
cluded on the side of the 3.25" for-
mat are Seagate, Tabor, Dysan
and Brown Disc. The Japanese
combination of Hitachi Ltd., Hi-
tachi Maxell Ltd., and Matsushita
Electric are pushing the 3" drive.

Microfloppy Standards—The Race Heats Up

A few months ago, the 3.5" mi-
crofloppy appeared to be the
strongest contender due to a big
push from Sony. At present, how-
ever, there is growing support for
the 3.25” design. This is evidenced
by Tabor Corp’s (Westford, MA)
recent announcement of a major
agreement to sell their TC500
Drivette 3.25" microfloppy disk
drives to Soroc Technology. Soroc
will use the Drivette in its new
Execline Series desktop comput-
er. George Rea, VP of Marketing
at Tabor said, “This is our first

OEM contract and represents a
significant step not only for Tabor,
but for all advocates of the flexi-
ble jacket microfloppy media for-
mat.” Committed to supplying the
3.25" media are Dysan, Brown
Disc, BASF and 3M. Tabor has
also licensed Seagate Technology
as a second-source manufacturer
of the Drivette.

At the January 26-28 ANSI
meeting in San Diego, there were
two papers presented. Dysan de-
scribed their 3.25" soft jacket me-
dia and the Tabor drive that is de-
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signed to use it. MIC and Sony
jointly presented a draft of the
work paper to standardize the 3.5"
hard case cartridge. There was no
additional information from 3"
cartridge proponents, who had
previously presented their paper
at the September meeting.
Official action taken by ANSI
included a letter ballot to be
mailed out to the 49 member
companies. It called for a vote on
the motion from MIC to accept
their paper as the working draft
for the ANSI committee. There
were no other motions from the
other groups, and it is anticipated

that the MIC motion will not car-
ry. According to Jim Barnes,
Chairman of ANSI Technical
Committee X3B8, “There was
some discussion that it’s much too
early to choose one of the three,
or maybe an additional fourth one
once we learn more about IBM.”

And what about IBM? Ten
minutes after the meeting ad-
journed, Roger Chenoweth re-
ceived approval from IBM, via a
phone call, to release the infor-
mation on their new 100mm
drive. It has 358 Kbyte unformat-
ted capacity, single sided record-
ing, FM encoding, 6865 bpi, 68

tpi, 46 tracks, and utilizes a con-
stant wave length recording so the
bit density is the same on all
tracks. IBM will be supplying the
media but expects other media
vendors to offer it also.

The stakes are high in the race
for microfloppy standards. A re-
cent Dataquest study projects that
microfloppy disk drive sales will
grow from approximately $30 mil-
lion in 1983 to over $200 million
in 1985. It appears that the battle
will continue for some time, both
in the ANSI committee and in the
marketplace.

—Hawkins

Gould SuperMini—Newest Addition To
Concept 32/67 Line of Products

Gould S.E.L. has announced a
mid-range supermini computer for
its Concept/32 family of 32 bit
computers in what appears to be a
substantive attempt to lead the
market for superminis. S.E.L. al-
ready claims to be the 2nd fastest
computer company in terms of
growth for 1982, with a revenue
of $170 million. The efforts are
part of a larger move by Gould
Inc. to increase revenues of elec-
tronic products from 35% of the
company total to 70% by 1993.
Of its existing computer market
share, the companies’ products
are found in simulation (54%),
utilities (33%), sci-tech (16%), oil
and gas (12%), industrial automa-
tion (14%), CAE and imaging
(10%), and security and commu-
nications (5%).

The company claims that its 32
series now provides the “broadest
range” of minicomputers avail-
able, and that it has gone to great
pains to assure that all products
for any member of the line are
compatible.

With a Whetstone rating of
1.7 to 3.0 MIPS (within the three
different configurations available
for the 32/67), the systems are
most appropriate for real time,
scientific/technical or process

Figure 1: The Gould Concept 32/67 computers provide up to 2 million instructions
per second in a compact package.

applications.

Three architectural strategies
are employed: a memory hierar-
chy, a specialization of compo-
nents, and a replication of func-
tions. The series wide S.E.L. bus
is used—a synchronous link with
up to 26.7 Mbyte/sec transfer
rate. The memory hierarchy is or-
ganized into 32 Kbyte of cache
memory (subdivided into 16 Kbyte

of data and 16 Kbyte instruction
cache), up to 16 Mbyte of main
memory, and up to 600 Mbyte of
disk memory per disk drive. The
top end (32/6780 computer),
which employs the CPU and IPU,
is 80% faster than the low end 32/
6705. The communications multi-
plexer is a Z80A-based board that
uses X.25 (level 2, synchronous)
format. The three configurations
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Picker International had a clear
picture of their CTimaging needs.

The MSP-5 ARRAY PROCESSOR from CDA
gave a clear edge.

.........

When Picker International was selecting an array
processor for their new line of CT imaging systems,
they looked for three things.

Ease of integration. Flexibility. And cost effectiveness.
Computer Design and Applications’ MSP-5 array processor met all three qualifications.
As Jim Pexa, Engineering Manager, says, “CDA’s MSP-5 array processor gives us a

full range of performance for our new systems. Our highest performance unit uses 5 MSP-5s,
our lowest, 1. So we purchase only as much processing power as we need. We really didn’t
need the more costly array processor, when it was so easy to implement our very specific
algorithm on the MSP-5. And all we have to do is plug it into the computer chassis,
and it’s ready to go.”

The MSP-5 can give you a clear edge, too. Write for more information.

CDA array processors are available for Digital Equip- COMPUTER

ment Corporation, Data General and Perkin-Elmer DESIGN &

computers. Priced at $5850 in OEM quantities. If APPLICATIONS INC.

you need full floating point 32-bit performance, the

very programmable MSP-3000 will meet your most 411 WAVERLY OAKS ROAD

demanding requirements. WALTHAM, MA 02154
617/647-1900
TELEX 92-2521
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It's easy to interface your 15" drive to a

DATARAM.

Your '2"drive
connection.

DEC computer. When you have connections.

Dataram provides tape drive connections to your
host LSI-11, PDP-11, or VAX computer, with a
family of couplers/controllers that operate in
NRZI, PE, or GCR modes. Dataram’s
couplers/controllers operate with 14” tape drives
from all major manufacturers. As slow as 25 ips
— or as fast as 125 ips. 200 BPI to 6250 BPI.
With TM11 and TS11 emulations.

Start-stop or streaming. Efficient streaming is
supported by a unique RSX-11M utility,
FASTSAVE-11M, which provides optional
backup and save capability for Dataram’s
streamer coupler. A full one-year warranty is
standard.

For more information about

15” drive connections, call (609) 799-0071.
We'll help you make the connection you need!

STANDARD AND STREAMER GCR
AMPEX KENNEDY STC
CIPHER PERTEC 1ELEX
¢ S.E. LABS
DATUM TANDBERG
DIGI-DATA TDX

Dataram Corporation. Princeton Road.

Cranbury, NJ 08512. (609) 799-0071.

LSI-11, PDP and VAX are registered trademarks of
Digital Equipment Corporation
FASTSAVE is a trademark of Computer Systems Advisors

DATARAM

Write 28 on Reader Inquiry Card




Technology Trends

are designed to fit into the same
cabinet, requiring only air cool-
ing, and may be constructed with
a reel-to-reel or multiple Win-
chester disks on user request.
The company is justifiably
proud of the software products
announced with the systems, in-

cluding: MPX-32 and UNIX Op-
erating Systems; UNIX, C, Ada,
Pascal and Fortran 77 languages;
software development tools; and
a library of programs including
graphics, math, database manage-
ment, and others to come. The
math packages are said to be of

the SPSS type to allow statistical
routines to be processed, and the
graphics packages include Versa-
plot, Template, and a Plot 10
emulator—an uncommonly wide
initial offering by any standard.
—Borrell
Write 243

Aimed at harsh environment ap-
plications where the convenience
of floppy disk is desirable but im-
practical, the emulation system
consists of a housing and plug
compatible unit. A choice of four
removable bubble memory car-
tridges is available offering 128 or
256 Kbyte capacity over the tem-
perature ranges of either 0-55°C
or 10—40°C. Connected to a p.C or
other equipment, this floppy disk
emulator operates transparently
to the host and is suited for harsh

and mobile situations. The major
advantages of using bubble tech-
nology lies in its maintenance-free

The Bubble Drive: An Alternative To Floppy Disks

operation (no moving parts), non-
volatility, extreme resistance to
moisture vibration, dust, chemical
and other field environments.

The non-removable hard disk
version is to be announced by
Targa shortly, and system level
prices for the removable floppy-
disk emulator with cartridge start
at $3,240. Targa Electronics Sys-
tems, 3101B Hawthorne Rd., Ot-
tawa, Canada KIG 3H9.

Write 241

e = : ® ®
BARCO data displays give you a choice.
in-line gun picture tubes and are available in medium

resolution, high resolution, and high resolution long
persistence tubes.

Sharp, clear display of computer characters and
graphics is assured whether your needs call for the

BARCO CD closed chassis or CF open chassis data

display series

Whether it’s your name or ours on the cabinet,
the BARCO reputation for reliability and quality goes

into every unit.

Both the CD and CF series feature modular con-

Both units are perfect for applications where high

reliability is required.
BARCO CD or CF series. Your choice. Available

only from ELECTOR. For more information, call

struction for easy on-site repair. They offer precision

In The U.S., Elector USA, Inc., 5128 Calle del Sol, Santa Clara, CA 95050 Phone: 408
Pine Brook, NJ 07058 Phone: 201/882-0584
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In Canada, Electro & Optical Systems, L

Guido Govaert at 408-727-1506.

1506 30 Chapin Road, P.O. Box 699,
., 31 Progress Court, Scarborough,
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INDUSTRY SPOTLIGHT

Technologies
And Trends

Aftecting The Military

Computer Market

Standardization and Very High Speed
Logic are two of the crucial areas of
interest to the Department of Defense.

by Dr. Jon L. Boyes

Retiring from the Navy after a dis-
tinguished thirty-four year career,
Admiral Boyes has experience in
destroyers and submarines and in
the technical and operational com-
mand, control and communica-
tions fields.

He has served in the rank of
Admiral as Plans Officer, Defense
Communications Agency; Direc-
tor Communications, Europe; Di-
rector Naval Communications; Di-

rector Naval Command, Control
and Communications; and Deputy
Director General NATO Integrat-
ed Communications Systems
Agency. His educational back-
ground includes graduate work in
communications and ADP, a
Masters degree in International
Law (Honors) and Political Sci-
ence (Honors) and a Ph.D. in In-
ternational Affairs.

He is a member of several Scho-
lastic Honor Fraternal Societies,
and belongs to Lions Internation-
al, The International City Manag-
ers’ Association, AFCEA, the
American Institute of Aeronautics
and Astronautics, the American
Society of Association Managers,
and IEEE. Admiral Boyes has
had a long association with AF-
CEA, having served as a National
Vice President, an Associate Di-
rector, and as a Regional Vice
President. He has been the author
of several articles in the AFCEA
Magazine, SIGNAL, as well as
being an AFCEA convention
moderator and panelist.

Today’s proliferation of com-
puters in the military may not
be garnering the same level of na-
tional enthusiasm that surrounded
the early space programs; how-
ever, elevated stature officially at-
tached to high-technology endeav-
ors has greatly bolstered interest
in the field.

Part of this interest is a matter
of dollars and cents. Frost & Sulli-
van (New York, NY) forecast the
market for computer equipment
produced in the U.S. for military
and aerospace applications at $4.3
billion by 1986 (Table 1).

What may cause some down-
time for the military computer
market is the projected budget
deficits and the resulting lack of
public understanding and support
of high dollar computer projects.
It would be helpful if the public
could be made aware of a Com-
puterworld estimate that, “If the
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auto industry had done what the
computer industry has done in the
last 30 years, a Rolls-Royce would
cost $2.50 and get 2,000,000 miles
per gallon.”

Due to phenomenal advances,
computers have become nearly as
important to the military com-
mander as his weapons and logis-
tics. In addition, there is less sep-
aration between the instruments
of war and deterrence and the ma-
chinery of everyday business as
usual. Many of the same skills and
processes are used by a colonel
controlling his border patrols as
by a vice president managing his
production forces.

The differences between civilian
and defense R&D also dim. So-
phisticated systems technologies
may be used on either side of the
fence, making every engineer and
manager in and out of defense an
integral part of the free world se-

Photo courtesy Motorola, Radar Operations Div.

curity picture.

It is the race to control the high
speeds and power of electrons for
the battlefield that very well may
determine the real winner of the
arms race. The winning com-
mand, control, communications
and intelligence (C’I) capability
could be the strongest factor to-
wards keeping the peace—or sur-
viving the war.

From ENIAC To VHSIC

In 1946, the U.S. Army Ordi-
nance Department contracted for
the U.S. military’s first electronic
digital computer. Known as the
Electronic Numerical Integrator
and Computer (ENIAC), it per-
formed computations of ballistic
tables with the help of 18,000
vacuum tubes. Initially, program-
ming was done by unplugging and
rearranging patchcords.

Although the system made cal-
culations hundreds of times faster
than any previous methods, its ca-
pabilities shrink in comparison to
those envisioned from the Depart-
ment of Defense’s most promising
technology: very high speed inte-
grated circuits (VHSIC).

VHSIC is a joint program to
develop very large scale integrat-
ed circuits for high throughput
data processors specifically de-
signed to support unique military
system requirements within strin-
gent military environments.

The goal of the VHSIC pro-
gram is to obtain a submicrometer
chip with a 10"* gate-Hz/cm? func-
tional throughput rate by 1986.
An estimate of military signal
processing—just one of the pro-
posed applications—calls for a re-
quirement of 5 billion arithmetic
operations per second (Table 2).

To help accomplish this, the
Defense budget is calling for
RDT&E outlays of $79.6 million
for fiscal year ’83 and $125.1 mil-
lion for fiscal year '84. The pro-
gram is developing 28 complex in-
tegrated circuits for application in
functional brassboards (Table 3).

VHSIC will allow for systems
interoperability atall tactical lev-
els and contribute to greater reli-
ability, accuracy, jam resistance,

Military Electronics

security and ultimately mainte-
nance-free systems. With the rap-
id solidifying of the technology to
be used, $220 million has been set
aside for a broad range of military
applications including: command,
control and communications (C?),
electronic warfare (EW), acous-
tics and tactical missiles.

Because of the enormous in-
vestments involved in design and
production, only large companies
such as IBM Corp., Intel Corp.,
Motorola Inc., Texas Instruments
Inc. and Western Electric will
eventually be able to enter the
manufacturing market.

Semiconductor Technology

Major research efforts are also be-
ing conducted to overcome heat
and power dissipation limitations
which restrict both the speed and
number of logic devices which can
be placed on one silicon chip.

An alternate chip material to
silicon, gallium arsenide, operates
at higher temperatures and fre-
quencies. Advanced gallium ar-
senide and silicon logic devices
operated at gigabit rates will be-
come available in the mid-80’s.

Semiconductor specialists are
now predicting that 100K bit chips
will have access times of 10 nsecs
by 1995 and eventually of only
one nsec.

Work is also being done with
charge coupled devices which may
have three or four times as much
potential storage density as con-
ventional semiconductor memory.

The electrical conductivity of
materials under near absolute
zero temperatures is known as Jo-
sephson Junction. It is the focal
point of research to make mem-
ory and logic circuits that will run
at higher speeds but that will oc-
cupy less space and consume less
power than conventional circuits.

Parallel Architectures

Since the invention of the comput-
er in the 40s, logic aspects have
been more expensive than com-
munications. In the large scale and
very large scale integration era,
that cost structure has reversed.
Due to this change, most com-
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HIGH TECH,
INDUSTRIAL
QUALITY
SINGLE BOARD
COMPUTERS

Sierra Data Sciences
SBC-100 Single Board Computer

2 ©EEDS
5100
IEEE 696

SPECGS!

Sierra Data Sciences
SBC-100 Slave Single Board Computer

High reliability is always a key factor when d
or simply upgrading existing products. The Sierra Data Sciences
SBC-100 offers the designer ease of integration, IEEE 696 com-
patibility with the hardened INDUSTRIAL quality necessary for
State-of-the-Art product development.
+ Z80A 4MHz Processor
« Zilog Dart (ZB0ADAR J serial 1/0 chlg Thls part provides two (2)
RS-232 ports with baud rates up to 1

hZPIO Parallel 1/0 chip. Two full paraltel ports are provided with
this chi
= NEC 7%5 Floppy disk controller chip. This LSI Floppy Disk Con-
troller contains the circuitry and control functions for the support
of up to four (4) full size (8") or mini (5% ") drives
« 64K Dynamic Random Access Memory. 64K of RAM is provided
with the board. Ths SBC-100 is designed to permit the on-board
RAM to execute with no wait states

« One 2732 EPROM is supgorted by the board. Ths 2732 EPROM
provides up to 4K of user PROM space. The PROM address space
may be “phantomed” on or off by a simple output command to a
special on-board global control port
« Adherence to the IEEE 696 proposed standards. The SBC-100 was
designed to meet the proposed IEEE 696 standard
« The SBC-100 was designed to meet the needs of a single-user
systems as well as multi-user systems in a number of configura-
tions (i.e., Time sliced single processor operation, loosely-coupled
multi-processor operation, etc.)
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The impl ion of multi-pr is an easy task
to accompllsh at a cost that will please any purchasmg department.
The SBC- 100 Slave brings minicomputer speed and flexibility at

“realistic” microcomputer prices. For existing 8086, Z8000 or
M68000 systems the entire SBC-100 product line offers simple
system expansion.

« Z80A Processor
. leo Dart (SIO optional) Serial I/0 chip. This part provides two
(21) 232 orts with baud rates to 19.2K bau

wo (2) ZPIO Parallel 1/0 chips. Four full parallel ports are
rrovnded with this chip.Two ports are available through a connector

cated at the top of the board. The remaining two ports operate on
the S-100 Bus as a highspeed data channel, and are used for I/0
transfer operations during multi-processor communications

« 64K Dynamic Random Access Memory. 64K of RAM is provided
with the board. The SBC-100S is designed to permit the ‘on-board
RAM to execute with no wait states

« Four (4) 2732 EPROMs are supported by the board. The EPROMs
provide up to 16K of user PROM space. The PROM address space
may be “phantomed™ on or off by a simple output command to a
special on-board global control port
+ EPROM Programmer (Optionalg. This optional allows the user to
program his or her own 2732 EPROMs. EPROM programming
software is provided with the purchase of his option

» Software Controlled Reset Inhibit. This feature permits any hard-
war reset (i.e., front-panel reset key) to be ignored or recognized
via a software control edgqlobal control port

« Adherence to the IEEE 696 proposed standards. The SBC-100 was
designed to meet the proposed IEEE 696 standard for the lines that
it accesses.
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Sierra Data Sciences
Z-S10 Four Port RS-232 Module

By establishing an interface that is STANDARDIZED, micro-
Wocessor based systems can EASILY communicate with the Real
orld. The ZSIO gives you this flexibility at minimal cost.

» Can be completely Interrupt Driven, with no additional hardware
required to process RESTART Instructions or Interrupt Vectors
« Incorporats a REAL TIME CLOCK that is programmable in incre-
ments of 1 to 255 times 1/60 second
« Can be configured to appear as a Modem or a Terminal with
solderless berg jumpers
« Unique Interrupt Vectors can be generated for the following
conditions
A. Transmitter Buffer Empty
B. External Status Change (DCD or CTS changes)
C. Received Characters Available
D. Special Receive Characters (Parity, Error, Overrun, Framing
Error, End of Frame in SDLC model
FEATURES:
« Baud rates rogrammable from 75 to 19.2K - Four Independent
Full Duplex RS-232 Channels - 0-880K Bits/Second transfer
Doubly-buffered Transmitter data registers « Quadruply-buffered
Receiver data registers « Program control of Asynchronous Charac-
teristics such as stop bits, bits/character and parity « Program
control of Sync Characters in Synchronous Mode - CRC Generation
and Checking « HDLC and SDLC Communication Protocols
Write 53 on Reader Inquiry Card
) STANDARD DATA CORP.
1500 NW 62nd ST., SUITE 508
FT. LAUDERDALE, FL 33309
1-800-327-5587

In Florida: 305-776-7177

mmmfs WELCOME  Se habla Espariol



Military Electronics

MARKET SEGMENT

Military Aircraft

Naval Shipboard

Battlefield

Military Communications and Control
Civilian Aircraft (CY)*

Missiles and Spacecraft

Air Traffic Control

TOTALS (rounded-billions)
* Values for civilian aircraft segment are for calendar year periods. Other segments are presented for U.S. Government fiscal years.

1979 1960 1951
880 1350 1560
440 520 590
340 390 480
16 54 94
30 40 60
8b. 140 180
s B

$1.8 25 3.0

1982 1983 1984 1985 1986
1780 1850 1860 1660 1600
720 820 920 1040 1180
610 590 640 700 750
106 104 122 131 64

70 100 120 130 140
270 420 480 480 480

22 48 67 75 82

3.6 3.9 4.2 42 43

Table 1: U.S. market of computers in military and aerospace equipment and systems; value of U.S. production ($ million
stated in current dollars) estimated and forecast, fiscal years 1979 through 1986 (Source: Frost & Sullivan).

puters in the mid-80s and 90s will
take a new look: they will employ
thousands of small, inexpensive
processors. These small proces-
sors will have a very limited abili-
ty to send messages; however,
they will be able simultaneously
to attack small segments of large
problems. This arrangement will
yield a new generation of highly
parallel computers (HPC).

Properly developed, HPC’s will
make major contributions in the
areas of signal processing and
large scale scientific and engineer-
ing computation, two pressing na-
tional problems. Signal processing
has developed many new tech-
niques in the area of electronic
surveillance that could be of cru-
cial value to the national defense.
However, it requires so much
computational “horsepower” that
no existing computer can imple-
ment the requirements in real
time.

It is projected that HPCs will
be able to provide hundreds of
millions of operations per second,
and will be adequate for acoustic
signal processing. Other areas,
such as radar signal processing,
require computing power which
may surpass even HPC capacities.

Software

In software the military is running
into basic problems of high cost
and poor reliability. Lines of code
per programmer per day has
shown little improvement. Right
now the technical community is
trying to look at software produc-

tion and maintenance from a life
cycle view to determine how to
better define software needs from
the start. They are also develop-
ing a more structured design pro-
cess to keep down high mainte-
nance costs.

DoD is starting a new program
beginning in 1984 and running
through 1990 to obtain higher
quality software products and im-
provements in software productiv-
ity. To make the programmer’s en-
vironment “user friendly” greater
emphasis will be put on automat-
ed methods and human engineer-
ing. Adaptation of personal com-
puters for use as intelligent
terminals with a library of soft-
ware packages will also be part of
the program.

Finally, DoD will establish a
Software Engineering Institute to
generate dialogue between the
R&D world and the real system
users.

The Perfect Language?

Classical scholars used to debate
which was the perfect language.
The search for the heavenly dia-
lect usually focused on Greek,
Hebrew or Latin. Today computer
linguists are acclaiming the arrival
of Ada", a high order, standard
programming language which will
become the standard for mission-
critical system software.

Prior to a DoD Directive in the
mid-70s which halted the creation
of new programming languages,
hundreds were developed, al-
though a vast range of DoD appli-

cations had similar requirements.

The High Order Language
Working Group (HOLWG) was
chartered to define what require-
ments were needed to meet all
software needs in the mission
critical area. They found no exist-
ing language met the require-
ments, and so sponsored an inter-
national design competition for a
language with structured pro-
gramming, top down design and
information hiding. Honeywell
eventually won a run off out of a
field of 17 competitors. Specifica-
tions for the language are con-
tained in the DoD “Steelman”
document.

Since then the Army has con-
tracted with SofTech for develop-
ment of an Ada programming
support environment called the
Ada Language Systems (ALS).
The Air Force has contracted with
Intermetrics for development of
the Ada Integrated Enviroment
(AIE). And the Navy, which plans
to go out with a procurement in
1984, has distributed their own
specification for the industry to
review.

When Ada is mature, the mili-
tary will require all future real
time embedded systems to use
Ada. As yet no compilers have
been validated, but several com-
panies have indicated they will
come in for validation in the first
half of 1983. An example of one

"Ada is the trademark of the U.S.
Government (Ada Joint Program
Office).
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of the program environments con-
taining an Ada compiler is shown
in Figure 1.

Ada is highly transportable;
simplifies program maintenance;

VHSIC technology

@ INCREASE IN FUNCTIONAL THROUGHPUT RATE

has self-documenting and user CURRENT. 15 11?” GATE'HZ/sz
friendly features; enhances soft- VHSIC-: 3 :‘310 GATE'HZ/C"‘Z
ware reusability; increases appli- VHSIC-I: 10 GATE e Hz/cm
cation program reliability and re- @ TECHNOLOGY TRANSPARENCY
duces software life cycle costs. EASY INSERTION OF NEW TECHNOLOGY

Some experts believe Ada will
expand significantly inside and ® RADIATION TOLERANCE
outside DoD with some possible DOSE: 10* rad (SI)
applications in data processing DOSE RATE: 108 rad (SI)/S
areas. NEUTRONS: 10''/cm?

In the non-tactical arena, @ AVAILABILITY
510 i tn}; S;gfrivtl'ﬁ "m”(irt"l)lrk‘flidlrlé OBTAINABLE FOR APPLICATION IN ANY MILITARY SYSTEM
place Third Generation languages @ BUILTIN-TEST
like COBOL and other traditional AT CHIP LEVEL
high level procedural languages.
These new languages are extreme-
ly user friendly. Instead of produc-
ing a “how to” program, the user
defines what he wants and the sys- there is already a shortage of  Inc.; INFO by Henco; MAPPER
tem generates the appropriate trained programmers. by Univac; RAMUS by Mathe-
software—a very important capa- The leading languages include matica and some of the newer re-
bility when one considers that FOCUS by Information Builders, lational query languages. The
Navy is conducting in-depth eval-
uation tests of FOCUS at the Na-

User val Regional Data Automation
\nterface Center (NARDAC) in Washing-
ton, D. C. and of MAPPER and
INFO at NARDAC, New Or-
leans. Evaluation is ongoing at
many Navy activities of relational
query languages like SQL/DS
from IBM.

Table 2: Goals of the Department of Defense VHSIC technology project.

Distributed Processing

A grassroots phenomenon has
spurred the development of dis-
tributed processing throughout
the armed services. It was started
by officers who began using their
own personal computers on the
job. When the officer—and his
computer—were reassigned, it left
a department desperate to regain
the missing capability.

As a result of this and other
factors, the Air Force is planning
to put out several different con-
tracts for business-size, personal
and portable computers.

Several hundred business-size
computers have already been pur-
chased from Cromenco to im-
Figure 1: ADE-Ada development environment from ROLM features full DoD prove productivity in flight plan-
Spec, and ANSI 1982 Standard Ada Compiler. ning, scheduling and other Air
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Force operations. Initially to be
used as stand-alone computers,
they will eventually be hooked
into a base level system to form a
distributed network.

The U. S. Army also is gaining
revolutionary capabilities through
the use of microcomputers. Their
Theater Target Analysis system
used commercially available desk
top systems. The diminishing
costs of wPs will undoubtedly fuel
this trend.

Distributive processing will also
move onto the battlefield. By put-
ting computing devices on the
spot, and in some cases, into the
weapons themselves, a command-
er can increase the overall com-
puting capacity while at the same
time freeing his technicians for
different tasks. For example,
when VHSIC makes fire-and-for-
get missiles a reality, the embed-
ded computer in the missile will
take over the navigation controls,
allowing the operator to move on
to the next target.

Data Based Machines

Data Based Machines (DBM),
currently being tested by the
Navy, perform data based man-
agement processing independently
of the host computer and then re-
turn the information to the host.
The DBM is a back-end processor

which takes data storage and ma-
nipulation tasks out of the host
general purpose computer.

One advantage Data Based Ma-
chines have over the older data
based management systems is that
they can interface with two or
more dissimilar hosts. Also they
can operate without competing
for time.

The Navy Data Based Machine
Working Group, chaired by the
Naval Data Automation Com-
mand, is currently coordinating a
number of tests using several Brit-
ton-Lee DBMs (IDM-500 Series)
connected to several host comput-
ers including UNIVAC, Digital
Equipment Corp. and Hewlett-
Packard Co. Evaluation of the
only other commercially available
DBM (iDBP), from Intel Corp.,
is planned in the near future.

More efficient hardware, friend-
ly user interface, improved query
capability, and portability of data
are some of the advantages
looked for in Data Based Ma-
chines. It could help solve DoD’s
growing requirement to effectively
manage, distribute and integrate
growing numbers and sizes of
data bases.

Computer Graphics

One of the first uses of computer
graphics by the U.S. armed forces

was the Air Force’s Semi-Auto-
matic Ground Equipment console
(SAGE), an air defense command
and control system installed in the
mid-50s.

As with many developing tech-
nologies in the commercial world,
raster-scan CRT5 used for most
military computer graphics are
very difficult to ruggedize. Conse-
quently, efforts by such companies
as Tektronix, Inc. focus on speed-
ing up the drawing time and im-
proving the resolution of flat-pan-
el technologies that may one day
replace CRT5 for military use.

R&D in the military concen-
trates on techniques to combine
imaging and graphics. Also charge
coupled devices may be used in
the direct storage and readout of
images optically projected onto
chips. Other areas of experimen-
tation include electro-lumines-
cence and liquid crystal displays.

Computer Switched
Communications Networks

There has already been a success-
ful push to link defense informa-
tion systems with a high band-
width state-of-the-art communica-
tions system. The new Defense
Data Network (DDN), based on
ARPANET packet switched tech-
nology, handles the large quanti-
ties of data from the intelligence

CONTRACTOR
(SUBCONTRACTOR) TECHNOLOGY BRASSBOARD DESIGN APPROACH SPECIAL FEATURES

Honeywell Bipolar-ISL, CML Electro-Optic Signal Custom Chips Based Radiation Hardness

Processor Macrocell Library Responsive Generic
Architecture

Hughes CMOS/SOS AJ Communications Standard And Custom Radiation Hardness
(Signetics) Reconfigurable Chips  Photolithography
(Perkin-Elmer) Contractor

Highly Specialized Chips
1BM NMOS Acoustic Signal Master Image With Software Strength Design
Processor Macrocell Library Approach
Tl Bipolar-STL NMOS Multimode Fire-And- Programmable Chip Set Operational Fabrication
Forget Missile Facility
Design Utility System

TRW Bipolar-3D T?L CMOS Electronic Warfare Signal Standard Chip Set Innovative Memory Chips
(Sperry-Univac) Processor Versatile Chip Set
(Motorola)

Westinghouse CMOS/Bulk Advanced Tactical Radar Standard Chip Set Highest Speeds
(National) Processor Good System Perspective
(Control Data)

(Harris)

Table 3: VHSIC phase I contractors.
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Artificial Intelligence To Enter

Commercial Market

by Dr. John Clippinger

The next three to five years will witness the commer-
cialization of Artificial Intelligence (Al) technologies.
Also known as symbolic or fifth generation computing
technologies, they are based upon symbolic and logical
computing methods rather than the standard arithmetic
and data processing hardware and software architec-
tures today.

Due to the commercialization of special computers
designed to run LISP—the unique language of Al—and
the precipitous drop in the cost of computer hardware, it
is now possible for computers to achieve new levels of
intelligence. Applications requiring the interpretative
and problem solving skills of experts in a variety of
areas such as data analysis, VLS| design, threat as-
sessment, information management, C°|, budget analy-
sis, instrument and test equipment interpretation, and
training and support are all suitable for Al technology
automation and support.

In the next three to five years, we can expect to see
speaker-independent voice recognition systems for vo-

cabularies in excess of 10,000 words, natural language
interfaces to data bases, intelligent alerting and moni-
toring systems, three-dimensional computer vision with
object recognition, and highly intelligent computer as-
sistance for software development.

The importance of Artificial Intelligence is widely rec-
ognized by major corporations such as IBM, Hewlett-
Packard, Xerox, Schlumberger and others. Govern-
ments world-wide also realize Al's potential, and have
sponsored numerous research efforts, such as the Fifth
Generation Computer Project in Japan, and the Infor-
matique effort in France. The United States Department
of Defense has earmarked Al as one of its top priority
technologies for this decade.

A major multi-client study forecasting the technology
and its applications for the next five years is currently
available. The study is authored by leading experts in
the field and covers the following areas: natural lan-
guage processing, speech recognition, expert systems,
vision, intelligence manipulation and control, and soft-
ware development technologies. Brattle Research
Corp., 6 Faneuil Hall, Boston, MA 02109. (617) 720-
0051. Write 244

and command and control com-
munities to the world of logistics,
finance and personnel. The DDN,
managed by the Defense Commu-
nications Agency, will be the de-
fense establishment’s backbone
data communications system for
the next two decades.

C?I Support

Some analysts would like to add
computers to C°I (command, con-
trol, communications and intelli-
gence). Whether or not C*I
catches on, the role of computers
will increase.

Many new systems now in
R&D such as NAVSTAR GPS
(Global Positioning Satellite);
JTIDS (Joint Tactical Information
Distribution System); sensor -and
intelligence systems, longer range
weapons systems and EW sys-
tems, to name a few, will put new
demands on computer operations
when they are fielded. In combi-
nation with systems already on
line, these newcomers will in-
crease the amount of data com-
manders and staff must rapidly di-
gest, making advanced data

processing a necessity.

Frost & Sullivan reports that
“there are a number of relatively
small companies (or divisions)
that have garnered a place in the
market by virtue of a particular
expertise. The point is, that the
competitive environment in mili-
tary C’I is such that small new
companies can successfully com-
pete.”

Defense budget figures for C°1
are shown in Table 4.

Computer Security

A significant thrust is underway to
develop trusted computer systems
that can simultaneously process
mulitple levels of sensitive or clas-
sified information. The Defense
Department Computer Security
Evaluation Center established in
1981, assists DoD departments in
evaluating computer system integ-
rity and encourages the computer
manufacturing community to de-
velop trusted computer systems.
The Center works with comput-
er vendors on a voluntary basis to
determine the security capabilities
of their commercial products.

Honeywell, IBM, DEC, Control
Data and Univac all are currently
having systems rated.

It is projected that many spin-
offs of this program will benefit
banking, insurance and other in-
dustries which process sensitive
information.

Engineering Pool
The Bureau of Labor Statistics
forecasts that the U.S. will be
short of 16,000 engineers each
year through 1990. This, along
with the absolute demand for low-
er costs, will drive the market to
produce more and more mainte-
nance-free, user friendly and self-
diagnostic systems. Computer aid-
ed design (CAD) and computer
aided manufacturing (CAM),
along with increased robotics ap-
plications, show promise for help-
ing to fill future manpower gaps.
Engineering shortages will also
cause relationships between gov-
ernment, industry and academia
to be restructured. Already cor-
porations are finding it necessary
to increase their share of the
country’s total R&D expendi-
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SUPERIOR GRAPHICS
HAVECOME DOWNTO EARTH.

“Three Atoms” Courtesy of Greg “Aurora” By Richard Katz, Vectrix “Integrated Circuit Design” Courtesy  “In The Beginning” By Richard Katz,

Abram, University of North Carolina Corporation of Floyd J. James, University of North Vectrix Corporation
at Chapel Hill Carolina at Chapel Hill
I995AHDTHE FIRST AFFORDABLE HIGH RESOLUTION COLOR GRAPHICS MACHINE IS YOURS
VX128 + USER DEFINABLE CHARACTER + SERIAL AND PARALLEL INTERFACE
« VERY HIGH RESOLUTION 672 by GENERATION built-in character set 300-19.2K baud and 8 bit parallel port
480 pixels individually addressable includes zoom, slant, and variable «USER FRIENDLY COMMAND FOR-
* EIGHT COLORS PER PIXEL 3 bit spacing, or upload your own character  MAT supports high level language and
planes of memory totalling 128K definitions hexadecimal transmissions

graphics RAM

* ON-BOARD 16 BIT MICRO-
COMPUTER Intel 8088 microprocessor
with additional PROM and RAM and
built-in expansion capability

* 3D GRAPHICS SOFTWARE PACK-
AGE built-in command set includes:
rotation, scaling, translation, perspec-
tive, clipping, viewport, polygon, and
filled polygon

* HARDWARE LINE AND ARC
GENERATION on-board VLS| graphics
display controller, 1600 nano-
seconds pixel drawing time

VX384

* 512 COLORS PERPIXEL9bit planes
of memory with 384K graphics RAM

+ COLOR LOOKUP TABLE 8 bit

gltal to-analog converters provide a
million color palette

+ INCLUDES ALL FEATURES of
VX128 for total of $5995

-Vm HIGH

| information pn VX128, VX34, VAM Monitgr or VAP Printdr call Toll Free\1-800-334-8\81, or \ \
L272-3479, orfurite Vectrix Cgrporation, 1416 Boston Road)Greensboro, NC 27407

Wfite 24 on Reafler Inquiry C‘d \
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Fiscal year ($ millions)*
80 81 82 83 84 85 86 87

Intelligence Programs 762.0 1,086.6 1,429.6 1,726.8 1,808.0 1,918.0 2,027.0 2,185.0
Strategic Surveillance and

Warning 437.2 497.5 836.4 794.4 650.5 624.0 596.0 592.0
Strategic Command and Control 193.7 223.8 266.4 4427 458.0 194.0 180.0 173.0
Strategic Communications 236.9 302.4 295.3 445.6 440.2 441.8 470.7 485.5
Tactical Reconn., Surv., and

Target Acq. 308.8 327.6 360.2 397.6 406.0 447.0 462.0 481.0
Tactical Command and Control 720.5 758.0 688.4 1,040.3 478.0 487.0 291.0 531.0
Tactical Communications

Systems 295.1 462.0 631.0 679.2 689.0 643.0 557.0 523.0
Defense Communications

System 205.0 306.0 349.9 428.4 4127 283.8 335.9 413.1
Global Positioning System 158.9 163.0 304.9 295.3 280.0 316.0 270.0 200.0
Navy Tactical C3| 164.4 183.6 215.2 254.7 299.5 8221 337.2 333.5
Space Mission Support 14.7 22.7 89.4 67.5 81.0 104.0 112.0 128.0
Other Advanced Development 82.5 81.3 111.0 135.8 142.2 147.0 153.6 162.0
TOTAL MARKET 3,579.7 44145 5.577.7 6,663.3 6,145.1 5,927.7 5,792.4 6,207.1
*Current Dollars

Table 4: U.S. military C°I market forecast summary (Source: Frost & Sullivan).

Fiber Optics In The Military

by Frederic Quan

ADVANTAGES:
Optical fibers will first replace standard copper cables in :
interconnecting military computers to retrofit systems. ® Low Loss ® Immunity to Electromagnetic
Tﬁe chief benefit in_ these applications will be fiber op- e Large Bandwidth  Interference (EMI)
tic’s Elgctromagnenc In.terfere.nce (EMI) aqd Electrp- e Small Size o Excellent Security
magnetic Pulse (EMP) immunity. The electrically quiet : 2 o
and accurate transmissions from fiber optic lines will ® Low Weight ® High Temperature Capability
ensure low bit error rates and prevent ground loop cur- ® Flexibility e Dielectric (No Electrical Hazards)
rents. As more of these systems are deployed, other ® Radiation Resistance
benefits of optical transmission will become apparent
(Figure 1).

Optical transmission will give military designers more  Figure 1: Advantages of fiber optics include large bandwidth
freedom in dispersing equipment where it will most and noise immunity.
benefit the user. Bandwidth increases will give distribut-

ed data networks more power and Speed, and make PRESENT SYSTEMS DESIGNED AROUND LIMITATIONS
the transmission medium the limiting factor for the sys- OF CABLE, RADIO, MICROWAVE, AND
tem. The small size and light weight of fiber optics will SATELLITE COMMUNICATIONS
add up to portability and ease of hookup. Lower costs
p;?lefted for optical systems should ensure cost New Transmission Media Offers New Design Freedoms
effectiveness.

At the present, the absence of low cost optical cou- Distributed Intelligent Networks Can Be A Reality
plers has been the technical hurdle limiting the growth g .
of this technology. This situation is expected to change ® No Repeaters Necessary For Most Applications
in the next few years, as more vendors recognize the ® Fast Transmission of Data, Voice, Or Video
growing market for optical transmission. ® EMP Tolerance

The next generation military computer systems will e Low Bit Error Rate
be designed with fiber optic interconnects as an integral : X
part of the system (Figure 2). This is in contrast to the ® Total Electrical Isolation—No Extraneous Ground Loops
retrofit situation today. This evolutionary change will re-

sult in new computer architectures which will maximize Figure 2: A number of new tactical network architectures
the benefits of optical transmission. are possible with fiber optics.
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BEACON"PUTS
MORE GRAPHICS AT
YOUR FINGERTIPS.

It’s a rare graphics system that can
produce business graphics and also operate
as an engineering work station for under
$20,000. The Beacon™ System from
Florida Computer Graphics puts it all right
at your fingertips.

Using Multi-Processor Architecture
(MPA) and 48-bit microcoded firmware,
the Beacon System produces virtually instan-

taneous generation of

Vvectors, arcs, circles,

rectangles,

and polygon fills. And BeaconBRIGHT™
makes those images far more visible even
in brightly lit areas.
With the addition of 640KB of option-

al graphics memory, Beacon'’s 640 X 480
resolution can create a 1280 X 960 address-
able image, typical of many CAD/CAM
applications. This higher resolution, com-
bined with the standard BeaconROAM™
and Zoom features, makes Beacon ideal for
many engineering and scientific applications.

Check these unique Beacon features,

standard on all models.

= A wide range of true graphics and
character graphics including dot

FLORIDA COMPUTER GRAPHICS

addressability, 1X zoom increments (up to
16X), horizontal and vertical scrolling in
variable speed, and more.
® A palette of 256 colors; 32 usable at one
time (16 in the graphics planes, 16 in the
alphanumeric plane).
= Superior ergonomic design. From a dis-
play that's twice as steady as those advertised
as “flicker free” to the monitor that tilts,
swivels, and adjusts in height. Beacon leads
the way in human-factors engineering.
Beacon works with joysticks, light
pens, digitizer tablets, printers or plotters. It
also interfaces with slide cameras, color cop-
iers and even large screen video projectors.
For generating either business or
engineering graphics, the Beacon System
(stand alone or host dependent), offers a
spectrum of capabilities unmatched in its
price category. To find out more write for
our full color literature:
Marketing Communications Manager
Florida Computer Graphics, Inc.
1000 Sand Pond Road, Lake Mary, FL 32746.
Or call (305) 321-3000. In the Continental
U.S. outside Florida, dial 1-800-327-3170.

~CG

VISION IN COMPUTERS
Write 4 on Reader Inquiry Card
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Now, a 46 M/Byte Digital Recorder
that Cuts Reels Down to Size.

At a tape shuttle speed of 240 ips
and a massive 46M/Byte storage capac-
ity, pound-for-pound (35 lbs.) and inch-
for-inch, 5.4"W (x)9.8"H (x)19.5"L,
the ECR-40 Digital Cartridge Recorder
proves recorder size no longer a pre-
requisite for outstanding recorder
performance.

Recording 9-track parallel phase
encoded data at 6400 bpi and a data
rate of 200K bytes, or 72K bytes, the
ECR-40 stores up to 46M/Bytes on a
single %2 " certified tape cartridge, thus
emulating the capacity and perform-
ance of reel-to-reel recorders at 125 ips,
or 45 ips, with 2400 ft. of tape.

What'’s more, the fast start/stop
time permits greater data compression
per inch of tape, setting the ECR-40
apart from existing cartridge recorders
and providing an accurate, cost effec-
tive approach to data recording,
storage, retrieval and reproduction.
Spanning undersea, ground/mobil and
airborne applications, this ruggedized
MIL-SPEC Recorder is equally at ease
in commercial aviation, geophysical
exploration, petrochemical processing,
nuclear power plants, telecommu-
nications, medical research and diag-
nostics, oceanography, numerical
machine control and numerous indus-
trial applications.

To optimize performance, the
ECR-40 powers up on 28 VDC with
only 100 watts maximum and idles at a
low 35 watts in standby. Tape contam-
ination is minimized through a quick,
easy loading cartridge design and
the positive locking mechanism of
the tape drive.

Proven Tri-Service
Performance

The ECR-10 (AN/UYH-5) Digital
Cartridge Recorder provides a rugged-
ized, MIL-SPEC alternative to its high
capacity counterpart, the ECR-40.
Offering a 4.3 megabyte storage capac-
ity on %2 " tape, the ECR-10 measures
only 4.0"W (x)8.7"H(x)12.7"L, and
weighs in at a mere 15 Ibs.

The ECR-10 has proven itself in
numerous tri-service military pro-
grams, including: TRI-TAC, the
Army’s worldwide communications
program, SEA NYMPH, TSQ-73 and
TFCC. Using a 9-track, 800 bpi NRZI
ANSI read while write format, this
computer compatible unit is available
with data transfer rate 12K bytes/
second or 20K bytes/second yet con-
sumes only 40 watts (nominal) in run
mode and 10 watts in standby on 28
VDC input voltage.

Meeting the requirements of
MIL-E-5400, the ECR-10 has an opera-
tional temperature range of 0°C to
+50°C and non-operational range
of -10°C to + 65 °C, with an operating
shock level of 15 g’s, 11 milliseconds,
half-sinewave and MIL-E-5400R
Curve 11 vibration rating.

Tough Analog Designs Too
Applications requiring analog data
(e.g., military sensor recordings; air-
craft flight test applications; air, sea
and ground data acquisition, monitor-
ing and control systems, etc.) can
also benefit from Genisco’s ECR-20
Bi-Directional Analog Cartridge
Recorder.
Utilizing 8-tracks on 4 passes of 2
channel record/reproduce electronics,

(0] (2] L] &l (2] Le] [e] [0l (o)
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GENISCO

the ECR-20features a servo capstan

" motor drive with optical tack and bi-

directional tape drive for added relia-
bility and performance. At tape speeds
of 1.875 ips and 60 ips, the ECR-20
maintains a frequency response of 100
Kz to 5 KHz., and 3.2 KHz to 160 KHz.,
respectively, and a signal-to-noise ratio
of 33 dbM {1

rmstorms [
at1.875 ips
thru 60 ips.

Additional characteristics (e.g.,
size, power consumption, temperature
range, shock and vibration specs) also
conform to the standards as set by the
ECR-10.

Cartridges For Demanding
Needs

Genisco manufactures a complete
line of certified digital and analog
tape cartridges, designed exclusively
for use with Genisco recorders/
reproducers to maximize reliability
and system performance.

To cut your reels down to size, send
for complete specifications on these
high-performance recorders, repro-
ducers and tape cartridges, call or
write to: Genisco Memory Products
Division.

v

MEMORY PRODUCTS DIVISION

A Division of Genisco Technology Corporation

18435 Susana Road, Rancho Dominguez, CA 90221 (213) 537-4750/TWX 910 346-6773/FAX (213) 537-6555

Write 20 on Reader Inquiry Card
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tures. They are also beginning to
allocate millions of dollars to fund
research laboratories in major
universities, a trend that is on the
upswing. And in the military, such
programs as The AFCEA Educa-
tional Fund and the Partnership
for the Development of National
Engineering Resources under the
leadership of LTGen. William
Hilsman, USA, are just two of
the bridges between corporate re-
sources and student needs.

Strategic Minerals

Even if the future does supply
more engineers than is anticipat-
ed, they may not have enough key
materials to work with.

Many metals which are today
considered to be on an “endan-
gered species” list are used in the
production of computers, printed

circuits, and other computer relat-
ed instruments. Like oil, these
minerals are an important factor
in U.S. security interests abroad,
where unstable political condi-
tions could tip the balance against
the U.S. It is an area to watch
closely, not only by the military
but by industry as a whole.

Technology Transfer

A recent reorganization of the
Defense Department calls for
stricter measures to control the
spread of sensitive technology to
other countries. The many reports
of export abuses and the expan-
sive level of Soviet interest in
Western technology explain why.
At the January 1983 Armed
Forces Communications and Elec-
tronic’s Conference and Exposi-
tion in San Francisco, RAdm. E.

Military Electronics

A. Burkhalter, Jr., USN, Director
Intelligence Community Staff
said, “For about 70% of its tech-
nology acquisition requirements,
the Soviet State Committee for
Science and Technology turns to
the Soviet intelligence services:
the KGB and the military intelli-
gence service, the GRU. This ef-
fort saves the Soviets billions of
dollars in research and develop-
ment costs.”

There are other moves afoot,
including the Customs Service’s
new Operation Exodus, to detect
and prevent illegal exports of
technology. However, there is one
note of caution I would add. We
must be careful to avoid the pit-
falls of technology transfer witch
hunts and other equally harmful
over-reactions that could occur.

Continued on p. 92

Window Shopping
For Government Equipment

Commerical off-the-shelf products are now available
with value added to meet specific government require-
ments. An example is State of the Art Systems’ (SO-
TAS, Inc.) Telecomputing System. The system consists
of a portable terminal designed for single button access
to data bases (Figure 1). It is probably the closest data
equivalent of the telephone.

The battery-powered unit measures only 72" x 14"
x4%,", and includes a full typewriter-style keyboard,
one-line liquid crystal display, and a built-in modem.
The unit plugs into any modular telephone jack. The Te-
lecomputer remotely accesses and communicates with
a host computer through the use of plain English
prompts and responses. A variety of peripherals are
available for use with the terminal.

Although the Telecomputing System offers a three
level security system to protect information, SOTAS can
integrate this hand-held device with various COMSEC
encryption systems. SOTAS has demonstrated the fea-
sibility of using this device in conjunction with a small,
low-cost data satellite terminal which allows the device
to be used as the keyboard to enter messages and as a -
display to receive messages. The equipment can be in-
tegrated into the satellite terminal, and the electronic
package can fit into an attaché case. If required, the Te-
lecomputing system can be detached and with its inter-
nal modem be used at remote locations for sending
and/or receiving satellite information.

Figure 1: This SOTAS terminal provides single button
access to data bases. Write 271
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At General Dynamics Pomona
Division we have the types of
challenging programs that will make
you proud of your work again.

Our involvement in the design and
development of advanced tactical
missiles and weapons systems makes us
a vital link in our nation’s security. As an
engineer at Pomona Division, you can
make important contributions to programs
like the Standard Missile and Phalanx.

Right now, we're looking for individuals
with experience in the following areas:

MANUFACTURING ENGINEER,
MICROWAVE ASSEMBLY

A Manufacturing Engineer opening
currently exists for an individual with a
strong background in the design and/or
production of microwave assemblies.
You will be challenged with the
responsibilities of analyzing production
problems, implementing corrective
actions, developing work methods, and
reviewing engineering drawings for
producibility. Experience in microstrip
and stripline assembly is an asset.*

SENIOR ELECTRONIC
ENGINEER

A senior-level Electronic Engineer
with a strong background in electronic
design, testing, and test procedures
is required to review, prepare and
implement engineering changes. An
active knowledge of missile guidance,
microwave, and digital circuitry is
required.*

ELECTRONIC ENGINEERS

Responsibilities will include
integration and acceptance test, final
assembly and failure diagnosis. RF,
analog and digital background is
desirable. Extensive experience in
printed circuit card analysis, failure
diagnosis, and analog/digital fault
isolation is required. Knowledge of basic
computer programming would be helpful .*

TEST ENGINEERS

Will be responsible for providing
engineering and technical direction for
final integration and acceptance testing
on a variety of high-technology weapon
and missile system components. Must
have the ability to analyze test results,
determine acceptability and corrective
action. ATE programming linear IC
experience helpful.*

*Please forward your resumes in
confidence to Jerry Gardner.

You can
feel prout

ot your
w}(l)lk.

Again.

SYSTEMS ENGINEERS

Weapon Systems Engineers with a
broad background in radar, servo
systems and missile systems test
requirements. Will design, and test
digital circuitry for advanced guidance
systems. Signal processing and ability to
work with data analysis and statistical
tools required.**

TEST ENGINEERS

Design and evaluate advanced and
complex Automatic Test Systems;
determine interface of test equipment
and units to be tested; develop test
programs for engineering, production
and depot; design and develop RF test
systems for both engineering and
production test equipment.**

SENIOR COMPONENT
ENGINEERS

We're seeking Component Engineers
in the following areas: Electronic
Components, RF Electronic
Components, Mechanical Components.
Responsibilities will include providing
technical support to designers in the
selection and standardization of
component parts, solving component-
related production, technical and
procurement problems, preparing and
maintaining component specifications
and verification of failure diagnosis.
Must have working knowledge of military
specifications. Three years' experience
required, degree preferred.**

RESEARCH & DEVELOPMENT

Engineers experienced in
development of silicon gate CMOS
technology; knowledge of discrete time
signal processing with emphasis on
spectral analysis; millimeter wave
component subsystem design, test and
evaluation for seeker technology related
IRAD and CRAD. Experience and
successful history of laboratory
accomplishments with electromagnetic
fields and plasma physics essential.**

SOFTWARE

Design, test and documentation of
guidance electronics software; design
and test logic all AROYS and develop
test procedures for large scale hybrid
microelectronic assemblies (HMAS);
development of software procedures for
computer graphics application
(Computer-Vision and/or Limited)

PRODUCT SUPPORT

*%x

Must have experience with MIL-Spec
tech manual and publications;
understanding of engineering principles,
drawings and electronics; prepare
provisioning parts list in MIL-STD 1552
format, prepare DLMF plans and
operating documents; hands-on
shipboard or aircraft weapon systems.*

*

MANUFACTURING

Manufacturing Engineers with
experience in production and final
assembly process involving flex harness
fabrication, tooling and CAD/CAM
fusion and heliarc resistance welding.
Quality Engineers with experience in
softward Q.A., development/production
programs, hybrid microelectronics. Must
be able to define quality requirements for
process, materials and systems.**

**Please forward your resumes in
confidence to Dick Boyle.

Not only will you feel satisfied with the
work you do here, you'll be rewarded for
your talents with an excellent salary,
numerous advancement opportunities
and a benefits package of outstanding
value.

If your present position doesn’t
provide the fulfillment you need, come to
General Dynamics Pomona Division and
take on a job you can be proud of. Send
us your resume today.

P.O. Box 3011
Drawer N- 188
Pomona, CA 91769

GENERAL DYNAMICS

Pomona Division

U.S. Citizenship Required/Equal Opportunity Employer




Applications Notebook

7 To 1 Active Communications Line Multiplexer

Plugging and unplugging, chang-
ing and redistributing time share
communications lines is not only
cumbersome to users but also
hard on equipment connectors
and cables. This multiplexer sys-
tem was designed to alleviate this e b 710 1 Actve Communications Mltelexer
problem. It was developed foruse | e .
in a multiuser environment, where .
each connected user was frequent- : ‘
ly on-line for short periods. It is 5 i ' ]
particularly useful in office con- el . |
115

figurations of small personal/busi- JJL : ] v raLsa73 7aLs14s m.ﬁ J i
1 7406
1488 Multiplexed

ness wCs which require frequent 34567] rasist
A2 —‘{E 5 >C6 - : 45’& Daloas(m

communications with a main com-
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puter system.

Up to seven users can be con-
nected via the multiplexer to one
port on thcvmain system, uﬁin_g el
RS-232 interface techniques. This Handshake
allows greater system flexibility of -
system port configuration and al-
location. Remote users have total
control over the multiplexed line I
while on-line, preventing acciden-
tal loss of line or “time out™ due
to lack of activity sensed.

One minor modification to the . ‘ Remote
system software driver is neces- . ‘ Bota O
sary for resetting the multiplexer 2 3K 30p T,
upon user log-off—the transmis- A i
sion by the host system of a 4 sec L . '
break signal after log-off. The _ o m? vos | |
break command is sensed by the w b (24, 0 10
multiplexer and the line is made = o C
available to the next user. Access
to obtain the line is accomplished 4
by any activity on the remote key-
boards. It will then accept the first 1
activity and deny all others until ‘su = mé;o o %220 Fazo 30
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the line is again made available. A o
This is a particularly useful fea- myn -t CYZD SZEZ Y |
ture when used for down loading e — ‘
and up loading programs to and
from remote pCs and the host
System. U4 G2AB

This multiplexing system allows e
using both hardware handshaking
and software control of non-hard-
ware handshaking. To use the
hardware handshaking method,
the Data Set Ready signal from
the remote user is transmitted to
request the on-line link to the
host system. If the line is avail-
able, the Data Terminal Ready Figure 1: Schematic diagram of 7 to 1 active communications multiplexer.

Continued on p. 92
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KEY TRONIC

TN

KEY TRONIC RESPONDS TO YOUR TOTAL KEYBOARD NEEDS.

Key Tronic . . . the leader in keyboard technology and manufacturing for 14 years
responds with: e Custom Enclosures eComplete Packaging  (boxes, labels, etc.)
e Warchousing eShipping Direct To Your Distribution Point

Contact your Key Tronic Representative for more information.

-
ke tronlc Come see us at Comdex, Booth #2256.
And at NCC, Booth #W6270

THE RESPONSIVE KEYBOARD COMPANY

P. 0. BOX 14687 . SPOKANE, WASHINGTON 99214 U.S.A. - PHONE (509) 928-8000 - TWX 510 773-1885
Write 19 on Reader Inquiry Card




PERIPHERALS

RFI/EMI Shielding
Scheme For
FTM Keyboard

Development of the full-travel
membrane (FTM) opens low cost
solutions to the problems of both

emitted and received energy.

by Joe Jesson and Russ Krawczyk

Some computer equipment design-
ers view the new Federal Commu-
nications Commission (FCC) regu-
lations limiting radio frequency and
electromagnetic interference to be
expensive and burdensome. Due to
these new regulations, all compo-
nents making up a computer system
have come in for attention with the
goal of designing economical RFI/
EMI barriers.

Underlying the FCC regulations
(particularly part 15, see box) are
the many interference complaints
resulting from the operation of
digital equipment near receivers.
These receivers can range from
“safe” radio and television sets
used solely for home entertainment
to communications systems used
by aircraft, where RFI/EMI inter-
ferences can be potentially life-
threatening.

Among the concerns of computer
manufacturers is the deadline im-
posed by the FCC. The problems
associated with designing into com-
puter systems the ability to meet
the interference regulations have

Joe Jesson is the Product Manager
and Russ Krawczyk is the Senior
Developmental Engineer for Oak
Switch Systems Inc., Crystal Lake,
158
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already led to two postponements:
first from January 1 to October 1,
1981, and then to October 1, 1983.
It’s widely believed that the last
date will be enforced with no fur-
ther postponements.

To meet the FCC regulations, de-
signers have been coping with the
cost of additional components, ad-
ditional labor, and overall design
and redesign efforts needed for
compliance.

Since 1981, component suppliers
have been making headway in de-
signing cost-effective, shielded
components. These needs have
been filled with various low-cost in-
terference barriers, including:
Paints (silver, carbon/silver, copper/
graphite), vacuum metallization
(aluminum), flame spray (zinc, alu-
minum), ion plating, and compos-
ite plastics.

One of the components that has
come in for a great deal of study
with respect to shielding is the key-
board. Keyboards based on tradi-
tional technologies are difficult to
shield because of the physical na-
ture of individual switches. To ef-
fectively shield nonplanar switch
elements, intricate metallization
and metal braiding must be used.
The recent development of the full-
travel membrane keyboard, howev-
er, opens low-cost solutions to the
problems of both emitted and re-
ceived energy.

Field Generation Analysis

The design of RFI/EMI shielding
schemes derives from the basic
physics of field generation in logic
switching systems.

The nonstatic current configura-
tions that exist in these systems
(Figure 1) cannot be treated with
static source considerations—that
is, the calculation of E(rt) and
B(r,t) per existing source configura-
tions at each time increment cannot
be applied for two reasons. First,
when there is a current change, the
electric and magnetic fields at some
given distance experience this
change as a result of field distur-
bances. These disturbances radiate
outward from the source at a cer-
tain velocity—C in a free space and
kC in an enclosed space (k being
the material’s dielectric constant).
The field values at some point at a
given time depend on the source
configuration at an earlier time—t
— (r/c), free-space, where r is the
distance to the point in question.
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Second, because the fields at the
arbitrary point (above) change with
respect to time, other fields are
generated. From Faraday, a chang-
ing magnetic field generates an
electric field, or:

=
B il = —B

and, from Maxwell, a changing
electric field generates a magnetic
field, or:

d
$B.dl = poco gE

This field generation also depends
on the speed of flux change—that
is, for a particular change in flux,
as the frequency of switching in-
creases, the intensity of the gener-
ated field increases. This is a prob-
lem of special concern in today’s
efforts to increase switching speeds
in logic systems.

Energy Transmitted

The amount of energy transmitted
by these fields per unit area is given
by a vector term S (the Poynting

Digital Design ® April 1983

vector). This vector is a measure of
the combined energies of the mag-
netic and electric components:

dU = dUg + dUg = (Ug + Ug)(Adx)

where Adx is an incremental vol-
ume of free space,
dU = (%e,E? +2LBZ)(Adx)
. 0
Using C=E/B,

dU = [(Y2¢,E(cB)] +L B(E/C)(Adx)

ol 2pg

After combining terms,
du = EBAdx

o€

And, finally,

-du , _ 1
—th-MExB

This equation shows that the
amount of energy is a function of
the two fields, and the direction of
propagation is given vectorially by
the right-hand rule.

Figure 2 illustrates this by show-
ing current direction, electric field,
B-field (by right-hand rule), and
the resulting Poynting vector. The
key to shielding, then, is to place
an obstacle that will attenuate the
signal in the path of the conductor.

For a simple case (normal inci-
dence), Figure 3 illustrates what
occurs when the wave encounters a
shield. The incident wave meets the
initial interface of the shield and a
loss occurs immediately through re-
flection. The energy transmitted
through the first interface is further
degraded by energy absorption
within the shield and, finally, by a
second reflection at the secondary
interface.

The absorption component is a
function of shield thickness and
skin depth, which, in turn, is a
function of applied frequency.

The total energy per unit volume
transmitted is then a function of the
incident energy. To obtain an ap-
proximation of this energy for a
uniform, homogeneous medium:

S, = C(»ed/v)et( Si
In this equation, C = constant; o
= conductivity; w = angular ve-
locity; t = shield thickness; €, =
permittivity; { = skin depth.

The permittivity constant €, may
be derived using the relation C =
(ho€o) %, since the value in-

S

FTM Keyboard

o

Atr~2 to 3, Sec
| Rise Time

At-3, Sec

Figure 1: This graph illustrates the cur-
rent switching profile of a typical TTL
output of an integrated circuit.

T

Figure 2: The amount of energy trans-
mitted by a field per unit area is given
by the Poynting vector S, which is a
measure of the combined energies of the
field’s magnetic and electric compo-
nents. The amount of energy is actually
a function of the two fields and the di-
rection of propagation is given vector-
ially by the right-hand rule.

Free
+STF Space
SRo'! Si
« 8 Shield
| st,
Free
Sg 11 Space
Siy

Figure 3: When an incident wave en-
counters a shield, the wave meets the
shield’s initial interface and a loss oc-
curs immediately through reflection.
Energy transmitted through the first in-
terface is further degraded by energy ab-
sorption within the shield and then by
another reflection at the secondary inter-
face. (Spp = Transmitted final; S =
Reflected; S,,, = Absorbed)

corporates the permeability con-
stant, which has an assigned value
(4w x 10~7 Weber/amp-m) rather
than a measured value. The con-
ductivity of the material is the re-
ciprocal of the resistivity:

o = 1p = L/RA
Angular velocity w (or, more pre-
cisely, the time rate of angular dis-
placement) is related directly to the
applied frequency of the incident
energy, ® = 2 mf.

The skin depth or depth of pene-
tration ¢ in a “good” conductor is
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am Har  optio lickers, beepers,
: {state-  LED’s, displays, lighted targets, etc.
of-the-art capacitance keyboards for ® Prompt delivery
word processing, data entry, graphics Armkey also stocks over one dozen
display, CADICAM, typesetting and Off the shelf keyboard models to choose
point of sale terminals. from, incorporating many
of the features
Amkey keyboards offer features like... listed above.
® 12 to 133+ keys
® Parallel or serial output— TTL or

A

y \ A

RS232, RS423, RS422, etc. . e

® Amkey’s silent “No-Switch” snap in Amkey, Inc.
keyswitches A Subsidiary of American Power Devices, Inc.

® Custom programs for special features 220 Ballardvale St., Wilmington, MA 01887
include different baud rates, sequential Tel. (617) 658-7800 Telex: 951-206
codes and key functions

CALL OR WRITE AMKEY TODAY WITH YOUR KEYBOARD REQUIRMENTS. AMKEY DELIVERS!

Write 14 on Reader Inquiry Card




FTM Keyboard
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Figure 4: These graphs show the shielding effectiveness in dB

of some conductive media.

tigure 5: This schematic shows the test setup used at Oak

Switch for determining shielding effectiveness.

FCC Regulations—RFI/EMI Shielding

Of Small Computers

The following is a summary of Section 15 of the FCC regu-
lations covering RFI/EMI shielding of small computers.

15.4 (n) Computing Device. This paragraph covers any
electronic device or system that generates and uses timing
signals or pulses of more than 10,000 pulses (cycles) per
second and uses digital techniques; inclusive of telephone
equipment that uses digital techniques or any device or
system that generates and uses radio frequency energy
for data processing functions, such as electronic computa-
tions, operations, transformations, recording, filing, sorting,
storage, retrieval, or transfer. Radio transmitters, receiv-
ers, industrial, scientific, and medical equipment, and any
other radio frequency device specifically subject to an
emanation requirement are excluded from this definition.

15.4 (o) Class A Computing Devices. A computing de-
vice for use in a commercial, industrial, or business envi-
ronment; exclusive of a device marketed for use by the
general public or intended to be used in the home.

15.4 (p) Class B Computing Devices. A computing de-
vice marketed for use in a residential environment notwith-
standing use to commercial, business, and industrial envi-

ronment. Examples of such devices include electronic
games, personal computers, calculators, and similar elec-
tronic devices marketed for use by the general public.

15.4 (g) Personal Computer. An electronic computer
marketed for use in the home, notwithstanding business
applications. Such computers are considered Class B
computing devices. Computers that use a standard TV re-
ceiver as a display device or meet these conditions are
considered examples of personal computers: marketed
through a retail outlet or direct mail order catalog; notices
of sale of advertisements are distributed or directed to
general public or hobbyist users rather than restricted to
commercial users; operates on a battery or 120-volt elec-
trical supply.

15.4 (r) Verification. An approval procedure where the
manufacturer or importer takes the necessary steps (in-
cluding testing) to ensure that the equipment complies with
the technical provisions of this part. The unit verified by
the manufacturer or importer shall be representative of all
future production units. The manufacturer or importer shall
be responsible for maintaining records to show what steps
were taken to ensure that each device sold complies with
the provisions of this part.
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FTM Keyboard

An important consideration to remember when reading the
FCC part 15 regulations is that they encompass the com-
plete system, not only the keyboard, whose emissions are
very small compared to the system as a whole. Differ-
ences in keyboard switch technologies cause differing
rates of emissions. In general, mechanically-based tech-
nologies emit less than solid state. This is because solid
state keyboards have an AC signal coupled through the
switch to indicate a key closure. It is the signal itself that is
the source of emissions. However, the signal that passes
through this switch has a low power value and causes mi-
nor emissions problems.

The biggest problem to be faced by keyboard manufac-
turers is shielding the electronics. Fully encoded boards
use a similar design, sharing a processor, multiplexor, and
sense circuitry. The electronics cause emission problems,
specifically the processor and crystal.

The low emission levels of the switches in a keyboard
can be masked by connecting a ground to the metal key-
board frame, if there is one. If not, a special conductive
layer or material must be added. Masking the emissions of
electronics is a much more difficult task, but they can be
reduced in several ways. By careful layout of the compo-
nents and keeping the traces as short as possible, emis-
sions can be reduced to meet FCC requirements but not
eliminated. The only way of completely masking emissions
is to place a grounded conductive shield around the elec-
tronics. This is achieved by painting the inside of the key-
board enclosure with a conductive paint and then ground-
ing it. All keyboards have some electronics, whether on a

Keyboards And The FCC'’s
EMI/RFI Regulations

daughter board mounted in the keyboard enclosure or in-
tegrated into the host system. When considering a key-
board you should know what is connected to it. The elec-
tronics are somewhere and removing them is only passing
on the problem. Remember that emissions must be re-
garded on a total system basis not just as a keyboard.

Key Tronic has had several of its keyboards tested to
the FCC Class B level and has been given FCC certifica-
tion. A result of this testing, which emphasized that the
system must be considered as a whole, is that the cable
connecting the keyboard to the host system must be
shielded. The system must make provisions for connecting
the cable shield to ground.

When a keyboard (that meets FCC requirements) is
connected to a system (that also meets those require-
ments) the combination may not meet FCC standards un-
less the interface is well designed. The primary control on
emissions, both radiated and conducted, must come from
the host system. If the host system is designed with emis-
sions in mind there should be few problems with the
keyboard.

There is no easy solution to the problem of emissions.
Because of the economics of the system as a whole,
shielding can only be taken to finite limits. Emissions can-
not be removed, only reduced to acceptable levels. The
earlier the keyboard manufacturer is involved with the de-
sign the more effective he/she can be.

lan G. Evans, Keyboard Marketing Manager, Key
Tronic, PO Box 14687, Spokane, WA 99214. (509) 928-
8000.

equal to the radian length x, or {
= x = 2lwop)”.

which the conduction current densi-
ty is much greater than its displace- limit.
ment current density. The physical

er frequencies are encountered, the
designed thickness of the material
A good conductor is one in will always provide attenuation
greater than the minimum critical

brid conductive medium on the
membrane surface. Various options
for terminating the metallic surface
include connecting the aluminum
plate directly, with several eyelets
or other fasteners, or grounding to

meaning of the depth of penetra-
tion is the depth of the material
that will attenuate the Poynting
vector by a factor of ('%?), or at-
tenuate the amplitude of the wave
by a factor of (le).

The skin depth decreases as fre-
quency, conductivity, or permeabil-
ity increases. What this tells us is
that as frequency increases, the re-
quired thickness of a given material
needed to obtain the same shield-
ing performance decreases.

This leads to a rule of thumb:
Design the shield to provide the de-
sired attenuation at the lowest fore-
seen frequency. In this way, as high-

48

Membrane Keyboard Shield-
ing Design

In the FTM keyboard designed by
Oak Switch Systems, an effective
ground plane is obtained by using a
rigid aluminum supporting plate.

When needed, the low-cost plate
functions as many distributed de-
coupling capacitors to ground po-
tential (assuming a good ground is
provided from the aluminum plate
to the host ground system).

Also, as Figure 3 implies, the
mounting plate offers a physically
lower shielding surface to the mem-
brane switch. An upper shield is
applied by simply screening a hy-

the interfacing flat flex ribbon.
Results of initial testing with this
design have shown that the typical
attenuated noise level approaches
the ambient noise level of a
screened room. The three graphs in
Figure 4 show the shielding effec-
tiveness in dB of some conductive
media plotted against applied fre-
quency. Variations in sheet resistiv-
ity range from 20 m&Q) per square
to 80 € per square. The test setup
is shown schematically in Figure 5.
Empirical results indicate the ef-
fectiveness of the polymer conduc-
tive blends when used to shield the
FTM keyboard. =
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What's unique about the GE 3000

L 2

printer family is its commonality:

,

“They’re all the same only different.” That’s
the simple advantage of General Electric’s
new GE 3000 series of printers...single de-
sign simplicity without the application limi-
tations of a single model product line.

Our basic concept is application driven
price/performance matching. Choose speeds
from 40 to over 400 cps. Single or dual mode
printing. Type quality from EDP to NLQ.
Multi-color printing. Graphics. 80 and 136
column models. Selectable type fonts. Acces-
sible, easily programmable set-up by either
the operator or the system. Multi-model flex-
ibility...all with high parts commonality.

Now, you can stock just one line of printers,
yet meet a diversity of needs. Enjoy every
advantage of single source supply. With each
printer backed by General Electric’s world-
wide service.

Take a close look at any of the GE 3000
printers. You'll find they’re easy to use, light-
weight, functionally styled, reliable tabletop
matrix printers. And when you take the en-
tire GE 3000 series altogether, they stack up
beautifully compared to everything else on
the market today.

General Electric. We introduced the first
fully electronic printer with LSI circuitry in
1969. And our complete line today makes us
the industry leader you should look to first.

First In Electronic Printing.

For the solution to your printing needs, call

TOLL FREE 1-800-368-3182

General Electric Company, Data Communication Products Department B321, Waynesboro, VA 22980. In Virginia, call 1-703-949-1170.

GENERAL @B ELECTRIC

Write 30 on Reader Inquiry Card



THE SIMPLE SOLUTION
TO COMPLEX
SCIENTIFIC COMPUTING.

Now You Can Create a .
10 to 100 Megafiop “Supercomputer” for Your VAX
Using Multiple Array Processors.

Aptec support speeds
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Real Time Graphics
With An Array

Processor

The use of an array processor
combines the speed of
specialized graphics processors
with the generality of a high
speed pipelined processor.

by Jay Zagorsky

Matrix operations are the basic
building blocks of many graphic
operations. Rotating or scaling a
three dimensional scene is easily
accomplished by changing the point
matrix that defines the picture. To
operate in real time, however, a
graphics program must be able to
change the point matrix as fast as
the display can be refreshed. By in-
creasing the number of points that
define a scene or by increasing the
number of times the scene is
changed, the illusion of a real time
response can be lost. Decreasing
speed, however, increases user
frustration and lowers productivity.
In the step-wise refinement which
follows, four methods of perform-
ing three dimensional transforma-
tions are described. The first two,
which use FORTRAN code only,
work in real time—but for a limit-
ed number of cases. The last two,
which use the SKYMNK array pro-

cally and overall scaled, and have
their perspective changed by simple
matrix operations. Any point in the
scene can be defined by a one by
four row matrix (X, Y, Z, W). X,
Y, and Z represent the point’s posi-
tion in the standard coordinate sys-
tem. W represents the homogene-
ous coordinates which are used in
the transformation of the X, Y, Z.
Homogeneous coordinates are use-
ful if the scene’s coordinate system
is different from the display’s co-
ordinate system. For example, if
the scene is internally represented
as points less than one and the
screen is addressed as integers,
changing the homogeneous coordi-
nate can map internal points like
[.1, .2, .3, 1] to displayable points
like [1, 2, 3, 10]. The graphic oper-
ations are done by multiplying the
points by a 4 X 4 transformation
matrix.

COMPUTERS/SYSTEMS

Photo courtesy SKY Computers

The transformation matrix parti-
tions into four sections: A) a3 X 3
matrix scales, shears, and rotates;
B) a 3 x 1 matrix changes the per-
spective; C) a 1 X 3 matrix pro-
duces translation; D) a 1 X 1 ma-
trix does the overall scaling. The
matrix multiplications easily code
into a FORTRAN routine with tri-
ple loops. This algorithm (Table 1)
is the slowest of the four. It takes
.60267 secs to multiply a 64 point
scene. With a display refreshing 30
times/sec, this algorithm can use
only 1.6 of the refreshes per sec. If
used in a graphics program, the
user would encounter even slower
speeds since the program would
also have to handle other
computation.

Three refinements can improve
the algorithm’s speed: First, it can
be rewritten in assembly language;
second, loops and variable sub-

cessor, perform three dimensional Number Routine 1 Routine 2 Routine 3 Routine 4
Fransformatlons at real time speed Points FORTRAN Optimized Pivot Horner’s Rule
in all cases. 32 301 215 015 013

: . 64 .602 430 .019 .015
Transformation Matrix 128 1.204 859 .030 .030
Scenes and objects can be rotated, g?g 384;3 ;Z;g ?gg ?g;
sheared, reflected, translated, lo- 1024 9641 6.875 199 243

Time in Seconds

Jay Zagorsky, Sky
Foot of John St.,
01852. (617) 454-6200.

Computers,
Lowell, MA

Table 1: The time it takes for each routine to transform six different length matrices.
The timings were run on a PDP-11/23 under RT-11 using Sky Computer's SKYMNK
Array Processor.
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Real Time Graphics

scripts can be eliminated; and
third, it can be customized for a
specific matrix. With a good opti-
mizing compiler and the use of the
second refinement, recoding in as-
sembly language will not speed up
the algorithm to any marked de-
gree. By eliminating the two inner
loops, N * 16 loop initializations
are bypassed. Time can also be
saved by using constant array sub-
scripts, which are computed during
compile time instead of during ex-
ecution time. Recoding the first
routine using these methods makes
the routine run 33% faster. The al-
gorithm can now compute 2.3 new
64 point frames per sec. But 2.3
frames per sec is still not the re-
quired real time speed of 30 frames
a sec.

A third way of increasing the al-
gorithm’s speed is to customize it to
the transformation matrix. If the
transformation matrix is sparse,
substantial time can be gained by
eliminating unneeded multiplies
and divides. With this method the
transformation algorithm can be
made fast enough for real time re-
sponse. But now it is no longer
general. Each type of transforma-
tion must now be coded separately.
Some of the time that is gained in
computing the transformation will
be lost in deciding which routine to
use.

Array Processing Power

In order to solve the problem,
many specialized graphics proces-
sors have been produced. The use
of an array processor, however,
gives the speed of these specialized
units with the generality of a high
speed pipelined processor. The ar-
ray processor efficiently handles all
operations on one dimensional ar-
rays or frequently called vectors.
The SKYMNK array processor,
used to produce these results, is
called like a FORTRAN subrou-
tine. For example, one SKYMNK
routine is the vector dot product.
The dot product routine multiplies
two vectors together element by
element and sums these products to
produce a real number. Each line
of code from the second routine
performs a dot product and then a
divide. A shortcoming of this meth-
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Point Matrix X
[ECIEEYa 21 Wi [
[ X2, Y2,2Z2, W] [ EA
[ X3,Y3,2Z3, W] X [

L Lo
[ Xn, Yn, Zn, W ]

Transformation Matrix =

[rrreeeeee

sl
; Bl [X21, Y2, 22/, W
] = [X38, Y3, 28, W]
------- ] S
D] et
[ Xn', Yn', Zn’, W' ]

New Point Matrix

[ G ot bt B T

Figure 1: Matrix multiplications code.

C----Algorithm one,

20 CONTINUE

N X 4 Matrix transform.

C----Input Matrix Point(l,1) = X Point(l,2) = Y Point(1,3) = Z
C---- Point(l,4) = Homogeneous Point = 1
C----Output Matrix PntPrm(l,1) = X PntPrm(1,2) = Y PntPrm(1,3) = Z
D20 1= ;N
DO10J = 1,4
Tmp2(J) = 0.0
DO1OK =14
10 Tmp2(J) = Tmp2(J) + Point(l,K) * Trans(K,J)
C- Homogeneous calculation
DO20K = 1,3
Point(l,K) = Point(l,K) / Point(l,4)

Figure 2: Algorithm One

C----Input vectors X, Y, Z

C----Algorithm two, N x 4 Matrix transform optimized.
Output vectors Xprime, Yprime, Zprime

DO10I = 1,N

TEMP = X(I)*Trans(1,4) + Y(l)*Trans(2,4) + Z(l)*Trans(3,4)
1 + Trans(4,4)

Xprime(l) = (X()*Trans(1,1) + Y(l)*Trans(2,1) + Z(l)*Trans(3,1)
1 + Trans(4,1)) / TEMP

Yprime(l) = (X(I)*Trans(1,2) + Y(I)*Trans(2,2) + Z(l)*Trans(3,2)
1 + Trans(4,2)) / TEMP

Zprime(l) = (X()*Trans(1, Y()*Trans(2,3) + Z(l)*Trans(3,3)
1 + Trans(4,3)) / TEMP

10 CONTINUE

Figure 3: Algorithm Two

od is that it does not take advan-
tage of the array processor’s speed
on long vectors, since the processor
is working only on vectors of length
four.

Even more useful and efficient is
the vector pivot routine. This rou-
tine multiplies a vector by a con-
stant and then adds this vector to a
second vector. This allows two dis-
tinct operations to be combined.
Instead of working with vectors of
length four, the pivot routine is
working with vectors of length N.
The element Trans(1,1) is multi-
plied by all the elements in the X
array. The element Trans(1,2) is
multiplied by all elements in the Y
array. These two new vectors are
added together. By continuing this
operation on all elements of the
transformation matrix the new ma-

trix can be derived. The vectors
and transformation elements that
are passed to the pivot routine are
each followed by a number. The
SKYMNK interprets that as the
number of elements to skip in the
vector. A zero increment means
that the same element is used re-
peatedly throughout the operation.
An increment of one indicates that
consecutive elements are to be
used, and an increment of two
means that every second element is
to be used.

Using the array processor, over
52 frames per sec can be calculat-
ed. The program is no longer com-
pute-bound but, with 12 frames per
sec excess capacity, is I/O bound.

The last routine, which uses
Horner’s Factoring Rule, elimi-
nates the need for temporary stor-

Digital Design m April 1983



_ manipulations
in seconds, not hours.

With Mini-MAP...The Array Processor
t The Graphics OEM

For tough image processing
problems like pixel rotation,
picture regeneration, or hid-
den line removal from wire
frame models, Mini-MAP
gets results in seconds, not
hours. Attach a Mini-MAP,
model MM-111, to a PDP-11
UNIBUS and you have an
interactive number cruncher
that is ideal for image processing,
CAD/CAM, solid modeling,

simulation, and animation.

Shared memory simplifies programming and
provides the unprecedented throughput necessary
for truly interactive image processing of complex
algorithms. 32-bit floating point arithmetic, along
with 7 MFLOPS of number crunching power, adapts
to any input data format with ease.

A scientific sub-
routine library
i of FORTRAN
% callable routines
including an
= expanding selection of
image processing algorithms

Courtesy of Al Barr, Raster Technologies, Inc

is available for Mini-MAP.
For optimum performance,
high-level FORTRAN
control languages are

provided for both the host
and Mini-MAP.

Memory is expandable up to

16 MBytes. Configurations

include a four-board set with

DEC-type backplane or

fully packaged systems.

System integrators are finding Mini-MAP is the most

cost-effective number crunching solution for image

manipulation. Write for information or call on our

applications engineers for assistance.

m 32-bit floating point precision

®m Shared memory UNIBUS interface

m 150 FORTRAN callable arithmetic routines

® Up to 16 MBytes of memory

@ 1024 x 1024 2-D real FFT in 8.8 seconds

®m 1280 x 1024 4-color image rotation (Raster Scan
Storage Format) in 27.5 seconds.

DEC, PDP-11, and UNIBUS are trademarks of Digital Equipment Corp.
Mini-MAP and MM-111 are trademarks of CSPI

' :s DI Write 15 on Reader Inquiry Card

THE ARRAY PROCESSORS
40 Linnell Circle, Billerica, Massachusetts 01821 « 617/272-6020 « TWX: 710-347-0176



Incubcation Complete

A Third Genercation is Born

(Pictured above)

A Z80 based microcomputer board with memory and 1/0 functions

« Fully complies with IEEE 696 Standard

*4/6/8 MHzZ80A/B/H*

« Supports CP/M® Plus

« Operates as bus master/slave for multi-user, multi-processor architecture.
« 64K on board memory, dual ported, parity checked

« 2 serial ports, 1 full SASI port

« AllI/O drivers on board

« Memory management

« Full 24 bit address capability

¢ 316 bit CTC's

ExpandoRAM IV—Random access memory board
utilizing 64K or 256K NMOS RAM chips

« Fully complies with IEEEE 696 Standard

« 256K capacity with 64K chips

« 1024K capacity with 256K chips

 Error checking and correction (2 bit detection, 1 bit correction)
* On board refresh

« Supports both 8 and 16 bit data transfers

* 24 bit addressing

SD300—A new series of compact yet expandable S-100
microcomputers.

 Compact size approximately 4" x 14" x17"

« 6Slot motherboard

* Rugged metal enclosure

* Supports up to 5 users

» 280 CPU
* 256K RAM
= Versafloppy Il with free CP/M Plus™

OEM Version: pesigned for ease of integration and maximum flexibility

Diskless Version: An ideal high performance system for disk intensive
applications. Eliminates disk wait states for spread sheets, spelling checkers,
and network operation. Utilizes SD Systems RAM Disk and ROM Disk modules.

single board controller for floppy and
disk drives

* Fully complies with IEE 696 Standard « Free copy of
CP/MPlus™ included » Up to 4 floppies and three Win-
chester drives may be controlled by VFW-3 ¢ Data

transfers to and from board under DMA or programm-

ed /0 control « Supports 24 bit address space.
CP/M PIUS™.nigh performance single user

operating system

« CP/M® 2.2.compatible—no modification! « When
used with SDSystems 256K memory board speeds are
up to 7 times faster than CP/M® 2.2. « High perfor-
mance file system « MP/M® |l file password protec-
tion « Time and date stamps on files « Support for 1 to
16 banks of RAM « Support for 1 to 16 drives of up to
512 MB each ¢ Easy to use system utilities with HELP
facility « Powerful batch facility « Sophisticated pro-
grammer utilities.

RAM Disk 256: A solid state disk emulator that
greatly increases system performance by eliminating
disk waits in disk intensive applications. Excellent for
spreadsheets, spelling checkers and software
development.

* 256K capacity 1 mb total bus capacity « CP/M® 2.2,
PLUS ™ compatible « |/0 port addresses user selec-
table » Storage locations addressed by on board 20 bit
counter  On board refresh.

ROM Disk 128: An EPROM board that replaces a
floppy disk drive for the purposes of booting CP/M
and loading application programs.

* Provides non volatile, permanent storage of pro-
grams and data e Utilizes 2732 or 2764 EPROMS, (16
max) e 128K capacity per board « 512K system capacity
* Use with SDSystems RAM disk to configure a stand
alone or network diskless system e CP/M Plus™
available in eproms e Serial port provided.

CP/ m® 2.2andCP/ m Plus™ are registered trademarkes of Digital Research, Inc.  *Z80 product of Zilog Corp

SDSYSTEM

A Syntech Company

10111 Miller Road « Dallas, Texas ¢ (214) 340-0303 ¢ TLX-682 9016
Write 11 on Reader Inquiry Card




Real Time Graphics

C----Input vectors X, Y, Z
C--- X-POINT CALCULATION
CALL VPIV (Trans(1,1), 0 X(1),1,
CALL VPIV (Trans(2,1),0, Y(1),1,
CALL VPIV (Trans(3, 1) O Z(1),
C--- Y-POINT CALCULATION
CALL VPIV (Trans(1,2),0, X(1),1,
CALL VPIV (Trans(2,2),0, Y(1),1,
CALL VPIV (Trans(3,2),0, Z(1),1,
C--- Z-POINT CALCULATION
CALL VPIV (Trans(1,3),0, X(1),1,
CALL VPIV (Trans(2,3),0, Y(1),1,
CALL VPIV (Trans(3,3),0, Z(1),1,
C--- W-POINT CALCULATION
CALL VPIV (Trans(1,4),0, X(1),1,
CALL VPIV (Trans(2,4),0, Y(1),1,
CALL VPIV (Trans(3,4),0, Z(1),1,
CALL VWAIT

)

’

C----Algorithm three, transform using the array processors pivot.

C--- CONVERT BACK TO HOMOGENEOUS COORDINATES
CALL VDIV (Xprime(1),1, Tmp1(1),1, Xprime(1),1, N)
CALL VDIV (Yprime(1),1, Tmp1(1),1, Yprime(1),1, N)
CALL VDIV (Zprime(1),1, Tmp1(1),1, Zprime(1),1, N)

Output vectors Xprime, Yprime, Zprime

Trans(4,1),0, Tmp1(1),1, N)
Tmp1(1),1 Tmpi(1),1, N)
Tmp1(1),1, Xprime(1),1, N)
Trans(4,2),0, Tmp1(1),1, N)
Tmp1(1),1, Tmp1(1),1, N)
Tmp1(1),1, Yprime(1),1, N)
Trans(4,3),0 Tmp1(1),1, N)
Tmp1(1),1, Tmp1(1),1, N)
Tmp1(1),1, Zprime(1),1, N)
Trans(4,4),0, Tmpi(1),1, N)
Tmp1(1),1, Tmp1(1),1, N)
Tmp1(1),1, Tmp1(1),1, N)

Figure 4: Algorithm Three

T1' = T(1,1) / T(2,1)
T2' = T(2,1)/ T(3,1)

(Xvector * T(1,1) + (Yvector * T(2,1) +
Horner’s Rule says that this can be converted into:
(((((Xvector * T1") + Yvector) * T2') + Zvector) * T3’ + T4
where T1' and T2' are:

(2Zvector * T(3,1) + T(4,1)

19 =161
T4' = T(4,1)

Figure 5: Solution in the X dimension.

Do Accumulator / W Vector

Do T1PRM & X vector

Do Y vector - Accumulator
Do T2PRM i Accumulator
Do Z vector + Accumulator
Do T3 F Accumulator
Do T4 + Accumulator

Accumulator
Accumulator
Accumulator
Accumulator
Accumulator
Accumulator
Answer Vector

Figure 6: Coded elements of transform matrix column.

age, and optimizes sparse matrices.
Horner’s Rule used once for each
dimension optimizes the code done
for each transformation matrix.
Solving in the X dimension, the
Pivot routine uses:

Temporary storage is eliminated
by placing the intermediate values
in the array processor’s internal ac-
cumulator, which is 64 real num-
bers long. Sparse Matrices are auto-
matically optimized by Horner’s
Rule, for it must look at all values
of the transformation in order to
avoid a host computer zero divide.
By examining the values of Trans at
the start of the routine, cases where
the transformation matrix is zero
can factor into trivial cases. For ex-
ample, if T1 and T2 are not equal
to 0 but T2 and T3 are equal to 0,
then the expression factors into
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Xvector * T1 + T4. By checking
all sixteen cases the most efficient
array processor code is executed
for each transformation. The ex-
pressions easily transform into ar-
ray processor calls. The worst case,
where all elements of a transform
matrix column are non zero, is
coded:

The Horner’s Rule takes only
.015 sec to compute the 64 point
scene. This is a rate of almost 64
frames per sec. Even with a double
buffered display the program is still
I/O bound. This rate is far faster
than the 1.5 frames/sec that the
original FORTRAN algorithm
computed.

The final step to increasing the
speed is to micro-code the algo-
rithm and implement the routine
directly in the array processor’s

firmware. One estimation is that
the times for computing the matrix
will be ten times faster than the
Horner’s Rule times. For many ap-
plications this additional speed will
not be needed, but as graphics dis-
plays grow faster and objects grow
even more complex the extra speed
will be used.

The Horner’s Rule timings were
produced using the worst case
transformation matrix. The Pivot
routine, even though it needs a
temporary vector and does not op-
timize for each transformation ma-
trix, is simple to program. It is only
16 lines of code, while the Horner’s
Rule is almost 200 lines long. Un-
less many sparse transformation
matrices are used, or memory is a
factor, the simple to program Pivot
method is superior to Horner’s
Rule.

The array processor has other
advantages, in addition to speed,
doing matrix processing. The array
processor computes the transforma-
tion in either 32 or 48 bit floating
point format so no accuracy is lost.
Secondly, the array processor
works in parallel with the host so
that other processing can occur si-
multaneously. Most importantly,
the array processor can be used to
speed set-up time. After coding the
transformation in the array proces-
sor the time taken in computing the
4 X 4 transformation matrix can
become a rate determining step.
Computing these values in the ar-
ray processor can decrease overall
time. Vectoring the algorithm
changes the transformation pro-
gram from compute bound to I/O
bound. At this point both the com-
plexity of the frame and the speed
at which it is changed can be in-
creased at no detriment to real time
graphics speeds.

Summary

Four general algorithms to do three
dimensional matrix transformations
were examined in this article. By
utilizing the array processor, real
time response is achieved in three
dimensional graphics, a response
rate which increases users’ pro-
ductivity and decreases their
frustration.

O
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COMPUTERS/SYSTEMS

FIFO Butters Insure Continuous
Array Processor Performance

by Andy Lukas

In a typical array processor, a spe-
cial purpose wC generates address-
es, the memory system provides
data at rates over 10 Mbytes/sec.,
and the floating point processor
performs the required arithmetic
operations. These independent
units are linked together through
general purpose control and data
buses. Special purpose peripherals
also have access to the memory sys-
tem. First-in, first-out buffers (FI-
FOs) may be used in the interface
between these elements to permit
continuous computation rates up to
5 million floating point operations
per second.

Array Processor Architecture

In a complex vector by vector mul-

tiply, a typical array processor func-

tion, the following operations are

concurrently performed every 1.6

psecs:

® Generate 2-input and l-output
addresses.

® Read two complex data (64-bits
each) and write one complex
datum.

® Compute 4 floating point multi-
plies and 2 floating point add/
subtracts.

A brief review of the architec-
ture will highlight the importance
of the FIFOs; Figure 1 summarizes
the key elements and buses.

The Instruction Set Processor
(ISP) is a 32-bit stored program
rC. Its eight 2901 ALUs can calcu-
late array addresses at a rate of 200
nsecs per address. It controls the
Floating Point Processor with com-

Andy Lukas, Product Manager,
Computer Design & Applications
Inc., 411 Waverly Oaks Rd., Wal-
tham, MA 02154.
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mand directives over its control
bus. The ISP microcode also imple-
ments a minicomputer instruction
set used for overall array processor
control.

The Floating Point Processor
(FPP) performs high speed arith-
metics with a 400 nsec floating
point multiplier and 400 nsec float-
ing point ALU. The FPP Memory
Interface Unit contains FIFOs
holding the addresses generated by
the ISP and FIFOs buffering the
data between the FPP and memory
system.

Today’s array
processors achieve
high performance
through the use of

multiple processing
elements.

The memory system contains the
high speed 64K X 1 bit dynamic
RAMs used for storing data, coef-
ficients and control programs. The
memory can be accessed one 32-bit

word at a time, but devices will of-
ten ask for, or provide, a burst of
data if convenient. For example,
the ISP mini-instruction pre-fetcher
always reads 64 bits of data. Simi-
larly, whenever the FPP is reading
or writing complex numbers, two
32-bit words will be burst-accessed.

This feature takes advantage of
the two banks of interleaved mem-
ory. A single memory read (32-bit)
takes 400 nsecs. In multiple word
burst reads, the next 32-bits are
available 100 nsecs later. FIFO
buffers at the requesting device
handle this high data rate.

The DPG raster display gener-
ator takes data directly from the
memory system and displays it on a
high resolution monitor. It can op-
erate concurrently with the execu-
tion of array operations.

High speed transfers of com-
mands and data between the units
are implemented using a data bus
and a control bus.

Data Bus

The Localbus is used for data trans-
fers between the ISP, FPP, or DPG
and the memory system. It is a high
speed synchronous arbitrated data/
address bus which cycles in 100
nsecs. During each cycle, a 32-bit
address or a 32-bit data can be

ADDR/Data Bus
ISP FPP MM DPG
® Generates
Array ntrol ithmeti i
Adiicsies Contrt Arithmetics Memory Display
® Mini
Instruction
Control ® Process data ® Respond to
Host in read FIFO memory requests
Interface and send out from ISP,
in write FIFO FPP & DPG
Host Bus

Figure 1: Array processor elements and buses.
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FIFO Buffers

Input
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- Figure 3: Read address/data FIFOs.
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transferred.

Similar to contemporary mini-
computers, such as DECs VAX,
deferred reads are used to ensure
that the Localbus does not become
busy due to memory access times.
In a deferred read, the requesting
device places a 32-bit address on
the bus, then releases it. After the
data is accessed from memory, it is
placed on the bus with the destina-
tion device number. Only two 100
nsec bus cycles are required for a
32-bit data read. Overlapped read
and write transactions may occur
simultaneously.

Multiple word read and write
formats take advantage of the two-
way interleaved memory. Two 32-
bit data reads or writes can be initi-
ated with a single address. FIFOs
in each of the independent proces-
sors hold the data until it is needed.

Control Bus

An additional bus provides the ISP
direct access to registers and FIFOs
in the FPP. This 32-bit bus is an ex-
tension of the ISP’s microarchitec-
ture off-board and allows intimate
high speed control where necessary.
The ISP can load FIFOs on the bus
at a 200 nsec rate.

FIFO Buffers In Computers

Stacks or last-in first-out (LIFO)
buffers are commonly used in con-
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temporary GP computers to sim-
plify user access for temporary
storage. This structure is effective
for subroutine linkage where items
are retrieved in the reverse of the
order in which they were stored.
LIFO stacks are a key element of
the PDP-11 and VAX architectures.

Multiple word read
and write formats
take advantage of

the two-way
interleaved
memory.

FIFO buffers are generally found
in computer interfaces for high
speed devices such as disks (Figure
2). In these cases, the data must be
read in the same order as it is load-
ed. FIFOs buffer data between two
devices with different speeds and
availabilities. The device loading
the FIFO makes sure space is avail-
able; the device reading the FIFO
waits for data then transfers it out
at its own rate. The depth of the

FIFO is an important design con-
sideration. It is a function of the
difference in the loading and read-
ing rate. It can vary from 2 words
for a simple control interface to
1024 or more words for a high
speed disk.

Nine FIFOs in the MSP-3000
smooth the flow of data between
the ISP, FPP, memory and display.
These buffers eliminate the “wait”
state often encountered in general
purpose computers. Table 1 briefly
introduces each of these structures.

FPP/Memory Interface

The Read and Write Address FI-
FOs hold the data addresses for the
Floating Point Processors Memory
Interface Unit. These FIFOs may
be continuously loaded by the ISP.
Each FIFO stores up to eight 32 bit
addresses.

The Read and Write Data FIFOs
are each sixteen 32-bit words. The
Memory Interface Unit attempts to
keep the Read Data FIFO as full as
possible using addresses provided
by the Read Address FIFO. Simi-
larly, the Write Data FIFO is emp-
tied as quickly as possible using ad-
dresses available in the Write
Address FIFO.

Often a single address in the ad-
dress FIFO is used to invoke a
complex read or write. For this rea-
son, the data FIFOs are twice as
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FIFO Buffers

Name Function Width Depth

Read Address 32 8

Write Address 32 8

FET Moy Read Data 32 16
Interface

Write Data 32 16

Instruction Prefetch [ISP Mini-Instruction 16 8

FPP Instruction Directives from ISP 16 4

Address 32 2

Monmary Write Data 32 4

Display Input Data from Memory 32 64

Table 1: MSP-3000 FIFOs.

long as the address FIFOs.

Getting Data Into The FPP

The combination of the read ad-
dress FIFO and read data FIFO en-
sures that data is always available
for the floating point processor
(Figure 3).

Following the path of a single
data access, the following events
occur. The ISP generates a 32-bit
data address that is loaded over the
control bus into the read address

FIFO if space is available. If not,
the ISP loops on a microcondition
until the FIFO is no longer full.
The FPP Memory Interface unit
then requests a memory read only
if the read data FIFO is not full.
When the read data is returned, it
is loaded into the Read Data FIFO.
If the FPP arithmetic section tries
to access an empty Read Data
FIFO, the FPP will automatically
suspend operation until this re-
source is available.

Putting Processed Data Back

Routing the addresses into separate
read and write FIFOs ensures that
data will be accessed from and re-
turned to the memory in the proper
order. The ISP sends 32-bit ad-
dresses of output data arrays over
the control bus to the write address
FIFO (Figure 4). These numbers
are held until the FPP arithmetic
section has processed data and
loaded the Write Data FIFO. If a
write address and write data are
concurrently available, the Memory
Interface Unit initiates a memory
write. The FPP arithmetic section
will automatically stall if the Write
Data FIFO is full. As soon as space
in the FIFO is available, FPP oper-
ation will resume.

Instruction Prefetch FIFO

To significantly increase mini-in-
struction execution speed, the In-
struction Set Processor contains an
instruction prefetcher with an eight
word FIFO (Figure 5). Microcode
interprets the instruction set while
independent logic loads the FIFO.
Mini-instruction execution rates
vary from 400 nsecs to several
psecs. As in any pipelined instruc-
tion execution architecture, the
FIFO must be cleared if a program
branch is taken.

.  Figure 5: Mini instruction prefetch FIFO.
Address/Data Bus i o — s
A
Data Bus
y 3
M Interf Unit !
rface
e | Localbus Interface T
X /

Write Write Mini

ADDR Data Program

FIFO FIFO Counter y

\ Instruction
Prefetch 8 Words
FIFO
From From FPP
ISP m Arithmetic y
Section .

Instruction
Decoder

 Figure 4: Write addressidata FIFOs.

58

!

Digital Design ® April 1983



Only

your imagination can

limit the application of Comtal's new
Vision Ten/24 Image Processing System.

Whether you're exploring the outer regions of  pretation and analysis become more precise. Comtal—a generation ahead in image
space or exploring for oil in some remote area  Best of all, the basic Vision Ten/24 system prncessmg
of the world, Comtal’s new Vision Ten/24 is  price is 30 percent less than : Our new Vision Ten/24 is a generation
& ahead of any other digital image proc-

the only dlgltal image processing system that our previous 1024 x 1024

processes and displays
1024 x 1024 high resolution
images with a elarity never
experienced before in im-
age processing. It's a pow-
erful .tool for interpreting
and analyzing images for
such diverse applications
as LANDSAT, meteorology,
seismology, graphic arts,

system because of our
design and manufactur-
ing refinements. Giving
you incomparable
price/performance. ‘
Building block

flexibility. h"
Our modular design approach with the
architecture of the Vision Ten/24 gives
you flexibility along with easier system

essing system. It's not surprising since
our systems have consistently been the
state-of-the-art in image processing.
¢ For example, our 512 x 512 systems
4 offer more exclusive features and op-
., tiens, and give you more standard
’ models to choose from, than anyone
else With a decade of expenence in |mage
processing and more
than 600 systems in-

earth resource management, medical imag- ypgrades. You can increase video paths, Stalled worldwide, only
ery, or something only you know about. memory size or processing power by simply Comtal gives you the
Four times the resolution at 30% lower cost.

The Vision Ten/24 is the only image
processing system capable of process-
ing and displaying images at a 1024 x
1024 resolution in real time (1/30 sec-
ond) with a 40 MHz video output rate.
That's four times the resolution of the
industry-standard 512 x 512 systems.
With it, whole new worlds open up. Inter-

addlng modules. Making the Vision Ten/24 leading edge of image

able to keep pace with your
image processing require-
ments. In addition, the
system can operate as a
standalone image proces-
sor or can be interfaced
to a variety of host
computers.

processing technology.

Put your imagina-
tion to work and give
Comtal a call today for
a firsthand look at our  #
new Vision Ten/24. Comtal a subsmlary of
3M, 505 West Woodbury Road Altadena,
California 91001, (213) 797-1175

COMTAL
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FIFO Buffers
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 Figure 7: Memory FIFOs.
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%&h& 6: FPE instruction FIFO.

FIFO

Input
Data
FIFO l v

Repeat
Counter

Memory

ISP To FPP Instruction FIFO

The Instruction FIFO lets the ISP
provide directives to the FPP and is
4 words deep (Figure 6). The in-
struction consists of an FPP opcode
or a repeat field. The Opcode se-
lects a particular Microroutine and
the repeat count specifies the num-
ber of times to repeat this routine.
For example, if the square root
function is applied to an array of
1000 elements, the address of the
square root arithmetic microcode
and a repeat count of 1000 are
loaded into the Instruction FIFO.

Memory Input FIFO

The key to high performance is
having data there when you need
it. This is especially true for the
memory system (Figure 7). A 2
word deep input address FIFO and
a 4 word deep input data FIFO in-
sure that the memory can be used
at its maximum rate. Before a de-
vice like the FPP writes into mem-
ory, it checks that these FIFOs are
not full.

Display Data FIFO

The MSP-3000 has a high speed
raster display controller directly on
its data bus. The display data FIFO
(Figure 8) ensures that the screen
refresh in uninterrupted. This is the
longest FIFO in the array processor
because data is retrieved in large
blocks. When the display board
gets control of the high speed bus,
it requests data in blocks of thirty-
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Data Bus

[

Localbus Interface

DMA

A

ADDR

Figure 8: Dis-
play data FIFO.

64 Words
x 32 Bit

T

IR

—

two, 32-bit words. Data is trans-
ferred from the memory system at
a rate of 4 bytes per 100 nsecs and
loaded into the FIFO. The bus is
then available for other devices
such as the Floating Point
Processor.

FIFOs And The Programmer

In many array processors, the pro-
grammer must be acutely aware of
memory and interface timing rela-
tionships. FIFOs provide the obvi-
ous direct benefit of eliminating
any concern of the sequence and
timing of data interchange oper-
ations.

Extensive use of FIFOs in the ar-
ray processor has another direct
benefit to the microprogrammer:
micro instructions control the trans-
fer of data between registers, the
sequence and timing of events, the

selection of operands and the speci-
fication of arithmetic functions.

FIFOs permit linking of the ad-
dress generator (ISP) and arithme-
tic processor (FPP) into a powerful
system. The programmer can speci-
fy independent addressing se-
quences and separate arithmetic
functions. A single ISP addressing
routine will often support a dozen
array operations. For example, the
VOPV program produces address-
es for one input vector and one
output vector. This addressing
function is used by vector move,
negate, reciprocal, scalar add, sca-
lar multiply, square, absolute val-
ue, threshold, log, exponental and
many others.

In some cases, creating a new ar-
ray operation requires only a new
addressing sequence or a new data
calculation program. O
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Analogic’s AP500, the Emancipated Array Processor

COMPARE PERFORMANCE
1024 point Complex FFT 4.7 msec.
1024 point Real FF1 2.75 msec.
100 x 100 Matrix

Inversion msec.
100 x 100 Matrix

Multiplication 365 msec.
Vector Arctangent 1 usec./pt
Dot Product 3 psec./pt.

Frees You and Your Host for Greater Productivity

The Emancipation

Analogic’s AP500 32-bit Floating Point
Array Processor is the first truly inde-
pendent array processor. It offers the per-
formance and throughput capabilities
needed to meet most time-critical, com-
plex, and I/ O-bound applications.

With little or no Host involvement, the

state-of-the-art Control Processor based
on the 32/ 16-bit MC68000 supermicro

and ultra-fast 40-bit Arithmetic Pipeline
deliver the power and flexibility to solve
most applications in real-time.

The APS500 has unprecedented 1/ O capa-
bilities for COMPLETE system expan-
sion. Now free the Host from burdensome
I/O with the IEEE-796 standard Multi-
bus, the RS-232 Serial Line Interface, and
the two 6.25MHz Auxiliary 1/O Ports.
Only Analogic provides the necessary
paths for array processor system growth.

OEM and End-User Benefits

Packaged to Fit—Contained in a 5.25"
rack-mountable chassis or available as a
card set with backplane, this AP500 is
compact/rugged power for the systems
integrator.

Easy-to-Use—Programmable in high-level
or assembly language, AP500 Software is
modularly designed to get most applica-
tions off the ground quickly and
painlessly.

Tools to Optimize—AP500 Software pro-
vides many simple programming tech-
niques for execution-time optimization . . .
customized to meet your application
demands.

Priced to Please—For comparable per-
formance, you will have to pay from two
to ten times as much for other array pro-
cessors or minicomputers.

Complete System Flexibility

The APS500 supports virtually ANY sys-
tem configuration. You can build your
system from a wide range of Multibus-
compatible peripherals including disks,
tapes, A/ Ds, D/ As, display monitors,
CPUs and LAN controllers; or configure
data acquisition and data display devices
to the high-speed Auxiliary 1/O Ports.

ANALOGIC. 1

COMPUTER SYSTEMS DIVISION

ANALOGIC CORPORATION e Audubon Road ® Wakefield, Massachusetts 01880
TEL: (617) 246-0300 ® TLX U.S. & Canada 951-070, Int’l 681-7180
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by Doug Eidsmore,
West Coast Technical Editor

If the CP/M ’83 and UNICOM
shows are reliable windows into the
software world, the trend at the
moment seems to be stability. Not
that the heady growth of the soft-
ware industry is expected to dimin-
ish, for any forecaster worth his
salt is still predicting system soft-
ware will outstrip the cost of hard-
ware in the 80s, but the industry
has matured. Buzzwords at both
shows included: documentation, ac-
cessibility, standards and support.

It was no surprise that Digital
Research and Bell Labs dominated
both shows. At CP/M ’'83 Digital
Research announced a host of new
software products. At UNICOM
Bell Labs released UNIX System
V, a refined System III. Converting
from System III to System V is ex-
pected to be much less cumber-
some than making a Version 7 to
System III conversion; one reason
is that Bell will be supporting their
software for the first time, supply-
ing license holders with transition
documents.

CP/M 83 was the first computer
conference for suppliers of soft-
ware, hardware and related ser-
vices for the CP/M operating sys-
tem. Developed by Gary Kildall in
the mid-70s using Intel’s PL/M lan-
guage, CP/M was the first disk
based 8-bit operating system and
was licensed for internal applica-
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CP/M ’83 And

UNICOM
Highlights

e ©

Operating system and
language refinements in a
stable software industry are
good news for applications

software developers.

tions at computer manufacturing
companies in 1975. By 1976 the de-
mand was great enough that Kildall
formed Digital Research to support
the product.

CP/M Compatible Hardware

Microcomputer mania owes as
much to standardized system soft-
ware such as operating systems,
graphics languages and program-
ming tools as it does to low cost,
reliable wC based hardware.

Digital Research products are
compatible with the 8080, 8085,
280, 8086, 8088, 80286, 68000, and
Z28000. Currently 700 computer
manufacturers and system integra-
tors offer the company’s products
on their uCs.

NCR (Dayton, OH) released
single and dual processor NCR De-
cision Mate V personal computers
at the show. The single processor
model runs CP/M-80 and the dual
processor model runs CP/M-80,
CP/M-86 or MS-DOS. NCR is also
licensed to make CP/M Plus, Con-
current CP/M, CP/NET and CP/M
graphics software available.

NCR also announced the Deci-
sion Net local area network. The
Omninet-based system transmits at
1 Mbit/s over a twisted pair cable.
Up to 64 devices can be linked. A
file sharer (dubbed NCR Modus)
allows personal computers to share
memory and peripherals. The LAN
sells for $9,995 plus $500 per com-
puter connection. The 8-bit mon-

ochrome computer is priced at
$2,800 and the dual processor mod-
el with color starts at $3,340. Both
machines come with dual disks, 64
Kbytes RAM and high speed
graphics. The 8-bit computer is
available now and the other prod-
ucts will be available in June.

Three companies announced
multiprocessor/multiuser systems
that allow for the addition of pro-
cessing power as the number of us-
ers increases.

MicroSystems International (Na-
tick, MA) released their CP/M
compatible computer, the MultiNet
System. Designed for OEMs and
systems integrators, the SI00/IEEE
696 based computer has a Z80A
based central processor that man-
ages up to 8 users. Each user has
his own dedicated 8- or 16-bit pro-
cessor card. The 8-bit Z80 proces-
sor runs CP/M-80 and has 128-K of
memory; the 16-bit 8086 processor
with optional 8087 runs CP/M-86,
and includes up to 1 Mbyte of
memory. 8- and 16-bit programs
can be mixed and run simulta-
neously on the distributed process-
ing system bus. The basic two-user
system with a 20 Mbyte 5%4" Win-
chester, 4" tape and 1.2 Mbyte 8"
floppy costs $9,995. Up to 16 sys-
tems can be networked and accom-
modate up to 150 users.

Molecular Computer (San Jose,
CA) demonstrated their new en-
hanced Supermicro, the " X " se-
ries. Boasting four times the File
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Processor memory and twice the
disk capacity and bus transfer rates
over their previous 64- and 32-user
systems, the Supermicro 64X and
Supermicro 32X feature a multi-
processor architecture. Each user
has an application processor with a
Z80A and 64K RAM and a file
processor that manages disk and
peripheral sharing. The application
and file processors are all linked by
a proprietary high speed contention
bus design that uses a Carrier Sense
Multiple Access with Collision De-
tection protocol to reduce system
overhead. The series is compatible
with CP/M and CP/M-86 applica-
tion software. The top of the line
64X with 136-Mbyte hard disk,
500-Kbyte floppy and 32 applica-
tion slots lists for $22,995. The 32x
with a 60-Mbyte Winchester and a
floppy is priced at $18,995.

Action Computer Enterprise
(Pasadena, CA) announced 8- and
16-bit multiprocessor systems in-
cluding a single board user proces-
sor designed to take advantage of
Digital Research’s newest 8-bit op-
erating system CP/M Plus. Desig-
nated dpc-183, the processor will
support large 32 Mbyte files and
512 Mbytes per logical drive, pass-
word protection, time/date stamp-
ing and I/O device reassignment.
The processor is used in the com-
pany’s Discovery Multiprocessor
system.

Figure 1: NCR Deci-
sion Mate V has ex-
ternal plugs allowing
users to add peri-
pherals, memory and
a diagnostic module
without opening the
cabinet.
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Running CP/M And UNIX

The ability to run programs under
both CP/M and UNIX gives appli-
cation software developers the best
of both worlds. A new Digital Re-
search “C” compiler permits inde-
pendent software vendors to write
programs that can be ported be-
tween versions of CP/M and other
operating systems. This initial ver-
sion of the “C” compiler was de-
signed for use with 16-bit 8086- and
8088-based machines, and is com-
patible with Bell Labs” UNIX Ver-
sion 7. The new language is a com-
plete implementation of “C” and
includes single and double preci-
sion floating point with 8087 math
co-processor support. A relocating
linker and assembler are part of the
package. The compiler has many
features of the UNIX program
LINT, an error checking program.
TouchStone Software (Seal
Beach, CA) has developed a
UNIX subsystem that provides
compatibility with CP/M programs
and files. It can be used either to
transfer existing systems in use on a
Z80 nC to a UNIX system, or to
use UNIX to develop CP/M appli-
cations. MIMIX modules and pro-
grams will transfer files between
CP/M and UNIX systems. It is ca-
pable of structuring CP/M files into
“pseudo-disks” running under
UNIX. It then executes the trans-

ferred control program, application
program, and related files with full
support of Z80 instructions and CP/
M calls.

For example, MIMIX was adapt-
ed for Zilogs System 8000 by
TouchStone. Simulating Z80 CP/M
operations gives the 16-bit multi-
user system compatibility with Z80
object programs which run under
CP/M and their associated files.
The Zilog package includes a set of
UNIX commands for CP/M file
transfers and features user-friendly
menu operation. The interactive
nature of this link allows the entire
CP/M system to be used as a slave
processor to the System 8000. MI-
MIX for the System 8000 will be
available from Zilog (Campbell,
CA) beginning in March 1983. It is
priced at $1,000 per copy.

Friendlier Computing

Gary Kildall is high on LOGO as
the home computer programming
language of the 80s. Most often
thought of as a programming lan-
guage for children, LOGO has
been running for some time on TI
99/4, Apple II and Radio Shack
computers and was recently made
available on Atari home comput-
ers. Digital Research’s DR LOGO
is an enhanced version of Apple
LOGO with “LISP like” features
that Kildall feels will provide a
friendly programming environment
for professionals as well.

DR LOGO is a 16-bit language
and runs on the IBM PC and on the
TI Professional Computer. It takes
advantage of the address space of
16-bit computers, with over
100,000 workspace nodes. Work-
space commands provide capabili-
ties found in Apple LOGO, plus
additional commands that allow
cross-referencing. For example,
FOLLOW is used to reorder proce-
dures. DR LOGO also features
text windowing, upper/lower case
characters, string processing, and a
full screen editor. It is expected to
sell for under $200.

User-friendly should imply a uni-
versal user interface. Such an inter-
face would allow a user to use in-
formation from one application
program in another program. Ap-
ple’s LISA has such an interface
linking its six application programs.
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MMucrefystems
e nethionet

Figure 2: Multinet is an integrated multiuser system with hard disk and streaming tape.

Direct Media
Compatibility

CP/M On-line
File Transfer

UNIX Load/Unload

Z80 Virtual Processor

Pseudo-Disk Manager

CP/M “BIOS" Simulator

UNIX System
UNIX Direct or
Pseudo-Disk Spooled
Files Reports
Multiple

CP/M and UNIX
Applications

Figure 3: MIMIX subsystem runs CPIM on UNIX systems.

Software vendors are working on
similar systems. VISICORP’s (San
Jose, CA) VISIOn, is an umbrella
interface covering application pro-
grams. Multiple windowing allows
users to simultaneously view or
combine information from a spread
sheet and word processing package,
for example.

More than 35 companies distrib-
ute RM/COBOL for CP/M and CP/
M 86 systems. RM/COBOL was
recently installed on the DECmate
II by Ryan-McFarland (Rolling
Hills, CA). Availability of RM/CO-
BOL means that users of the DEC

64

computer have access to approxi-
mately 300 software packages.

Does the world need a friendlier
BASIC? APCBASIC, from Ameri-
can Planning Corp (Alexandria,
VA), runs under CP/M and CP/M-
86, and is claimed to run 2-5 times
faster than garden variety BASIC.
The company says features such as
trace/conditional trace, cross-refer-
encing and global edit reduce pro-
gram development time up to 25%.
It is available now for $400.

UNICOM
UNICOM was the first joint UNIX

user conference. Sponsored by
O/USR/Group, the USENIX Asso-
ciation and the Software Tools Us-
ers Group, participants included
people from technical and commer-
cial communities.

UNIX is to the 16-bit mini and
high end micro world what CP/M is
to the 8-bit world. UNIX develop-
ment was begun by Bell Telephone
Laboratories in 1969, with the goal
of designing an operating system
that would support coordinated
teams of programmers in the devel-
opment of application programs.
Early UNIX users were all within
Bell Labs. As late as 1979, Bell
System installations dominated
UNIX sites with 55% of the total
user population; the bulk of the re-
maining users were universities and
government institutions. Only 3%
of the user sites were commercial.
These proportions have changed
dramatically. By the second quarter
of 1982, Bell System users were
second to commercial users who
had grown to represent 54% of the
total user population. By the end of
1983, it is estimated that commer-
cial licensees will be approximately
93% of the user population.

At UNICOM Bell announced
the availability of UNIX System V
for internal and commercial users.
(System 4.0 was an internal OS and
was never made available commer-
cially.) “Performance enhancement
is the significant improvement that
is available with the UNIX operat-
ing system V,” according to AT&T’s
W. Robert Gutfey, Director of
Technology Licensing. Of equal sig-
nificance to end-users was the an-
nouncement that Bell will support
System V; the first time the com-
pany has supported external
software.

Source code licensees can receive
several levels of support which in-
clude a hotline, system updates,
and a newsletter. Improved docu-
mentation that is targeted to end-
users, programmers, and system
developers will be offered. Bell
also expressed the desire to make
System V a machine independent
commercial operating system and,
for the first time, will work with the
software industry in determining
the evolution of future releases.
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UNIX System V incorporates
over 1,000 modifications that were
requested by System III users, and
includes a screen oriented editor
for use with asynchronous CRT ter-
minals that was developed at the
University of California at Berke-
ley. 1 Kbyte block file systems are
supported on” VAX series equip-
ment and the larger block size re-
sults in significantly improved file
system throughout. Internal algo-
rithms have been improved, result-
ing in improved computation and
data throughput. Source code for
UNIX System V is available on the
VAX 11/780, VAX 11/750 and PDP-
11/70 computers.

“C” is an integral part of UNIX
Operating Systems. System V offers
enhancements to the C language,
along with several new language
utilities which ease program devel-
opment. The operating system also
contains an enhanced version of
FORTRAN 77, containing both
compile and run-time improve-
ments OVer previous versions.

UNIX Compatible
Hardware

Cosmos Systems (Sunnyvale, CA)
revealed their MC68000 based nC
series. Designated the Starfield Se-
ries, all of the computers are Multi-
bus compatible and run Bell Labs’
V.7 UNIX with Berkeley enhance-
ments. Intended for OEMs and sys-
tem integrators, Antares was de-
signed to support large
development projects. It has been
configured with a fully integrated
40 Mbyte 8" Winchester disk drive
for program and data storage and a
Y4" streaming tape for quick
backup. A 16 channel intelligent 1/
O multiplexor interfaces the micro
to 8 or 16 modems or terminals.
The standard Antares system is
supplied with “C”; Pascal, Cobol,
Fortran and Basic are available as
options. The standard Antares con-
figuration is priced in quantity one
at $25,950 and quantity discounts
are available.

Perkin-Elmer Corp. (Oceanport,
NJ) announced the availability of a
minicomputer system based on the
Edition VII Workbench version of
the UNIX from the Woolongong
Group. The minicomputer is based
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The two major
systems software
vendors are striving
to create a stable
environment for
applications
software developers
and systems
integrators.

on Perkin-Elmer’s Model 3210.
Priced at $49,950, the system in-
cludes 2 Mbyte of memory, 64
Mbyte of disk memory, 8 communi-
cations lines, a console terminal,
and an 8-port Edition VII Work-
bench license. Options include a 96
Mbyte disk drive, substitution of 1
Mbyte or 2 Mbyte of memory ex-
pansion in place of the 512 Kbyte
offered, 8 port expansion, and one
week of installation and training.

Software Products

Interactive Systems Corp. (Santa
Monica, CA) announced a family
of UNIX-based software products
for increasing productivity in soft-
ware development and documenta-
tion efforts. The top of the line is
called the Advanced Productivity
System (APS). APS includes facili-
ties for the development and main-
tenance of programs, for the con-
trol of changes, for electronic mail,
and for the preparation of technical
publications or other documents.
Intended for use in all types of pro-
gramming groups, it can be used to
develop programs for mainframe
computers, minicomputers, and
wPs. Prices for new installations
range from $11,000 to $47,500 and
include licensing, installation,
training, and one year of support
and maintenance.

Uniq Computer Corp. (Batavia,
IL) unveiled Unibase, a high speed
database management system utiliz-
ing back-end processor technology
and UNIX System III software

Continued on p. 95

Figure 4: Basic
UNIX components.
The basic UNIX ker-
nel is now locked.
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COMPUTERS/SYSTEMS

Building A Data Acquisition
System From Board Level

by John Sylvan

The key obstacle to successful fac-
tory automation frequently lies in
the interface between the computer
and the industrial process. In typi-
cal industrial environments charac-
terized by high electrical noise,
long wiring runs, and large com-
mon mode voltages, transforming
low level, often nonlinear sensor
signals into their linearized digital
equivalents, presents a serious chal-
lenge. Digital system integrators
not well-versed in the mysteries of
analog interface can find these
challenges particularly thwarting.

Fortunately, manufacturers of
analog interface products now offer
a growing host of solutions ranging
from modular signal conditioners
to complete, fully conditioned
board-level intelligent 1/0O sybsys-
tems. Screw terminal sensor con-
nections and advanced software
drivers dramatically simplify the
system integrator’s job.

DAS Options

Figure 1 illustrates the nature of
the problem and the range of avail-
able solutions. Analog sensors such
as thermocouples, resistance tem-
perature detectors (RTDs), ther-
mistors, pressure transducers,
strain gauges, flowmeters and the
like typically operate in a harsh
analog world. Before they can be
converted to digital form, low level
sensor output signals often must be
translated, amplified, and in some
cases even linearized.
Compounding the difficulties,
these sensor signals frequently must
be separated from electrical noise,
often exceeding hundreds of peak

John Sylvan is a Systems Applica-
tion Engineer with Analog Devices
Inc., Route 1 Industrial Park, Nor-
wood, MA. 02062.
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volts, generated by motors, relays,
induction furnaces, and other plant

Linking the analog equipment, including in some cases

the data acquisition system itself.
qnd Sen.SOT And common mode voltage differ-
industrial ences of more than 1,000 volts be-

tween the ground at the sensor and

environment to the the ground at the distant computer
dlglt(ﬂ Computer must be protected against.

System integrators have a variety

environment can of options in bridging the gap be-

tween the analog or sensor world

prove Chaﬂenging and the computer world. Where

great physical distances separate

to the SyStemS sensor and computer, wP-based in-
. telligent front ends (Figure 2), lo-
designer. cated up to 10,000 feet from the

host processor, can interface direct-
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Control
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Figure 1: Manufacturers offer a host of modular and board-level analog I/0O products
to help bridge the gap between the harsh analog world and the world of the comput-
er. Where great physical distances (up to two miles) separate the sensor and comput-
er, fully independent intelligent front-ends can condition and multiplex hundreds of
sensor and control signals onto a single serial data link, thereby saving considerable
wiring installation expense. Alternatively, system integrators can pursue a building
block approach employing modular signal conditioning products in combination
with board level analog 1/O subsystems that connect directly to the host processor’s
backplane bus.
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Data Acquisition System

ly to a range of sensors providing
signal filtering, isolation, scaling,
and linearization. Under local firm-
ware control, the front end auto-
matically scans and stores in on-

board RAM the outputs of multiple
sensors. In response to host proces-
sor commands, the front end trans-
mits sensor data at rates of up to
9600 baud over a single RS-232C

Figure 2A, B: Operating
as a remote intelligent
front-end, the Analog
Devices pMAC-4000, in
combination with ex-
pander boards connect
up to 384 analog and
1088 digital sensor in-
puts, and 256 analog
and 1088 digital control
outputs to a remote host
over a single serial data
link.

or 20 mA serial communications
link (Figure 1).

With suitable expander boards,
Analog Devices’ uMAC, for exam-
ple, can connect a total of 384 ana-
log and 1088 digital sensor inputs,
and 256 analog and 1088 digital
control outputs to a distant host
computer all on that single serial
data link. With typical industrial
wiring installation costs ranging
from $3 per foot to $16 per foot for
conduit housed connections, the
wMAC can lead to substantial in-
stalled cost savings.

Available software drivers for
some of the more popular host pro-
cessors (such as the HP-85, IBM
personal computer, the Apple II,
and DEC hardware operating
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Data Acquisition System

RSX-11 software) convert all
PMAC—4000 commands to high
level callable subroutines. This
frees the system integrator from
having to write I/O software.

But for applications where less
distance separates sensors and the
host computer, many designers pre-
fer the building block approach
also depicted by Figure 1. This ap-
proach employs modular signal
conditioning products in combina-
tion with board level analog 1/O
subsystems connected directly to
the host processor’s backplane. Sig-
nal conditioning products (Figure
3) convert low level, noisy, often
nonlinear sensor outputs to their
low noise, high level equivalents,
thereby facilitating analog to digital
conversion and further signal
processing.

That analog to digital conversion
typically takes place on the analog
I/0 board, which in turn provides a
direct memory mapped interface
between popular microcomputer
buses and analog input and output
signals.

Bus Selection

Design of a board level data acqui-
sition system often begins with a
designation of the host processor
and/or bus structure. However,
since analog 1/0O product manufac-
turers do not support all buses
equally well, the system integrator
must fully consider the application’s
analog I/O requirements before set-
tling on a bus and processor. In ad-
dition, the user should select his
bus carefully in light not only of the
present, but perhaps equally impor-
tant, future system needs. In this
regard, most DAS designers prefer
the more popular industry standard
bus structures that allow for maxi-
mum system flexibility in incorpo-
rating future options.

For simple low cost control appli-
cations involving repetitive tasks
and minimum computation, such as
might be found in discrete process
control or in control of a single ma-
chine, an 8-bit bus usually suffices.
Of available 8-bit buses, the STD
bus has perhaps the best hardware
and software support among both
computer and analog I/O product
manufacturers. Other popular 8-bit
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(a)

(b)
Figure 3: Data acquisition system build-
ing blocks such Analog Devices’ 3B
Signal Conditioning Subsystem (a) and
the 2B series of modular signal condi-
tioners (b) convert low level often noisy
sensor signals into high level voltages or
currents providing isolation and input
protection as well.

buses supported by analog I/O
product makers include the Multi-
bus (which also supports 16-bit
processors), and Motorola’s Micro-
module/EXORcisor bus, among
others.

For applications demanding
greater speed, computational capa-
bility, or memory capacity, such as
might be found in continuous pro-
cess control environments, or labo-
ratory/scientific applications, a 16-
bit bus makes the most sense.
Here, the system integrator can se-
lect from a variety of buses. Intel’s
Multibus (IEEE-P796) was the
first bus to provide 16-bit back-
plane support. In fact, Multibus
can support processors from 8 to
32-bits. DEC’s LSI-11 and Texas
Instrument’s TM-990 receive popu-
lar support from both hardware,
software, and analog I/O product
vendors. Motorola’s Versabus, ori-
ginally geared for the 68000 proces-
sor, also handles other 8, 16, and
32-bit processors.

The agreement between Motor-
ola, Mostek, and Signetics/Phillips
to support the Versa Module Eu-
rope, or VME bus may be the most
significant recent development in
bus structures. The VME bus han-
dles 8, 16, and 32 bit processors

and calls for boards, connectors,
and card cages in the Eurocard
physical format. Its ability to han-
dle almost limitless multiprocessor
applications, combined with its
speed, flexibility, and detailed sys-
tem error status recording account
for its growing popularity not only
in Europe, but in the United States
and other markets as well. Al-
though the VME bus is not yet
widely supported by analog I/O
product manufacturers, this will
undoubtedly soon change.

Board Selection

Available board level analog I/O
products from a variety of manu-
facturers range in capabilities from
completely dumb boards lacking
even modest intelligence to wp-
based fully independent intelligent
subsystems with on-board sensor
signal conditioning. Analog signal
handling capabilities range from 4
to 64 channels with signals digitized
to 8, 10, 12, 14, or 16-bits at con-
version rates exceeding 100 kHz in
some cases.

Low cost so-called dumb analog
I/O boards were developed with an
eye toward simplifying the system
integrator’s hardware development
efforts. However, with many such
components, the host processor
must directly control all I/O func-
tions including channel addressing,
A/D conversion start time, and
transfer of converted data to or
from memory. Although initial
board costs may appear low, use of
dumb analog I/O boards entails sig-
nificant system software develop-
ment costs and hidden system over-
head expenses.

In response, analog I/O board
manufacturers have recently ad-
dressed the needs of the system
software designer in developing in-
telligent data acquisition board lev-
el products. As wp-based products,
they resemble dedicated single
board computers. Although analog
signal handling capabilities vary,
most fully intelligent analog 1/O
boards automatically scan analog
sensor outputs, adjust channel
gains, linearize sensor signals, con-
vert raw data to engineering units,
and store the results in on-board
RAM. Some boards detect mini-
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Data Acquisition System

mums or maximums, or set limits
for alarm purposes. The analog I/O
RAM maps to the host processor
as a contiguous block of memory
which the host accesses when nec-
essary. The fully intelligent analog
I/O therefore almost completely
unburdens the host from routine
analog I/O tasks.

Intelligence and Conditioning
Combined

Analog I/0 product manufacturers
pack increasing functionality onto
bus compatible boards. For exam-
ple, Analog Devices’ recently in-

Figure 4A: This board set combines sig-
nal conditioning, A/D conversion, and
wP-based intelligent data manipulation
onto STD bus compatible boards.

Figure 4: The system integrator can cas-
cade up to four RTI 1271 Signal Condi-
tioning Cards (c) to handle up to sixteen
sensor inputs.
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Figure 5: An accurate thermocouple temperature measurement requires at least one

temperature referenced junction.

troduced Series RTI-1270 intelli-
gent analog I/O for the STD bus
brings all sensor signal conditioning
in addition to intelligence onto
the board. With the series RTI-
1270, the STD bus system integra-
tor need only plug the I/O boards
into the STD bus backplane, attach
sensors directly to screw terminal
connectors on the boards, and turn
on the power.

The series RTI-1270 allows STD
bus system integrators to interface
to thermocouples (J,K,S,T type),
RTDs (100-ohm platinum types),
mYV, V, or mA signals in the pres-
ence of electrical noise, ground
loops, and high common mode vol-
tages. The product performs all
sensor signal conditioning including
cold junction compensation for
thermocouples, excitation for
RTDs, scaling and linearization of
sensor outputs, and automatic con-
version of data to engineering
units. Sensor data is stored in on-
board RAM that maps as a 1K
block of STD bus memory. The sys-
tem provides up to 1000 volt input
to output isolation, 16-channel ana-
log multiplexing, and 13-bit analog
to digital conversion. It requires a
single 5-volt supply.
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The series (Figure 3) consists of
a RTI-1270 A/D-CPU Base card
and up to four RTI-1271 Signal
Conditioning / Multiplexer cards,
all electrically and mechanically
compatible with the STD bus. Each
of the Signal Conditioning / Multi-
plexer cards accepts four differen-
tial analog signals and provides
analog signal conditioning such as
input overvoltage protection, I/O
isolation, common mode noise re-
jection, filtering, signal amplifica-
tion, and channel multiplexing.
The system integrator can config-
ure the cards to accept a wide range
of analog inputs by simple jumper
and DIP switch programming.

The A/D-Base Card forms the
heart of the system. It includes the
analog to digital converter, wp,
memory, and STD bus interface
logic. On-board firmware drives
the RTI-1270 independent of STD
bus control, automatically scanning
the channels, performing the A/D
conversion, linearizing and scaling
the results as necessary, and con-
verting the digital output into engi-
neering units. The system then
stores the data in three formats—
binary, BCD, and ASCII in 1K of
RAM addressable by the STD bus

as a 1K ROM. The system integra-
tor jumper selects the location of
the memory within the STD mem-
ory map.

Simple Sensor Interface

Digital system designers not exper-
ienced in analog interface often de-
spair at connecting their systems to
sensors located in harsh factory en-
vironments. Electrical noise,
ground loops, and high common
mode voltages can lead to faulty
sensor readings, and can even seri-
ously damage equipment. The new
generations of analog I/O boards,
however, eliminate most of these
concerns.

For instance, take the case of
perhaps the most common of in-
dustrial sensors, the thermocouple.
Thermocouples operate under the
principle that two pieces of dissimi-
lar metal in contact generate a
small yet repeatable voltage (often
only microvolts) as a function of
temperature. Yet, since every pair
of dissimilar metals in contact con-
stitutes a thermocouple (even cop-
per/solder junctions), successful
use of thermocouples requires a
minimum of extraneous connec-
tions, and the use of at least one
temperature referenced junction.
Furthermore, many thermocouples
generate voltage as a nonlinear
function of temperature.

Figure 5 illustrates a further and
potentially disastrous difficulty in
the use of thermocouples. Since
thermocouples often electrically
contact the object whose tempera-
ture they measure, ground loops
and large common mode voltages
between the ground at the sensor
and the ground at the instrumenta-
tion can result. These voltages can
sometimes rise as high as 1000
volts. If instrumentation circuitry
exhibits insufficient isolation,
equipment damage and even shock
hazards can ensue.

The new generations of analog I/O
products defy such obstacles there-
by greatly easing the system design-
er’s job. Signal Conditioning / Mul-
tiplexer cards now available
(Figure 5) automatically protect
against common mode voltages of
1000 volts. The user simply con-
nects his thermocouple to screw
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STD System Cuts Software Costs

by Larry Hanger

Engineers involved with develop-
ment work, whether machine con-
trol or facility management (lights,
heating, robotics, home manage-
ment), soon realize that the real
cost is in software. These costs can
range from $35 to $150 per hour.
Assuming $50 per hour per pro-
grammer, a project requiring
twelve weeks with four program-
mers would cost $96,000. If the
project runs over budget and re-
quires two additional programmers
for two weeks, the cost now ap-
proaches $104,000. Add in the cost
of a development system(s) and the
expense could easily reach
$120,000 to $150,000.

The Approach Series of STD
Development Systems can cut these
costs through the use of a user
friendly menu driven software
package which aids the user during
development. A resident software
package leads the user through yes/
no decisions covering each facet of
the STD cards set-up procedure.
These answers literally configure
the system (Table 1).

A software library contains pre-
programmed control words such as:
PRINT, TRANSMIT/RECEIVE,
TIME, STORE/RETRIEVE, A/D,
D/A, etc. These words are de-
signed to make use of the functions
of the cards selected in the menu.
A program could be as simple as
METER READ DISPLAY. The
user no longer needs to know the
hardware configuration of the card
to talk to it. Time is spent “driving”
the application vs. “building” the
wheel.

Using the previous example and
the Approach II System, the same

Larry Hanger is Director of
Engineering, Micro-Link Corp.,
624 S. Range Line Road, Carmel,
IN 46032.
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The systems
integrator may find
his main expense is

in software

development.

project is estimated to require six
man/days or about $3,600.

A typical example of such a pro-
cedure would be a system designed
to continuously scan several chan-
nels of analog information and dis-
play it on a CRT screen. Perhaps
this information consists of seven
independent temperature measure-
ments and three related voltage
measurements in a stand-alone en-
closure. The traditional approach
would require the purchase of a
CPU, CRT and a 16 channel ana-
log-to-digital card and many hours
of learning to operate them before
beginning software development.

As engineering projects generally
progress, the warranty may run out
before any successful measure-
ments have been made, or the cards
may have to be returned to the
manufacturer because the user
could not understand all the docu-
mentation. With the Micro-Link
menu driven Approach Software
and the Approach II Development
System, the user could almost im-
mediately determine that the hard-
ware (at the board level) was func-
tioning correctly.

Through the menu, the Ap-
proach II asks questions which al-
low the user to set-up the card for
the application. As shown in the
“set card” routine (Figure 1) the
user is queried as to the I/O ad-
dress of the card, the number of
channels, full scale range, and al-
lows each channel to be perma-

nently named. For example, rather

than sending out the proper codes

(perhaps 10 or 12 assembly lan-

guage statements) to read channel

7, the user could name channel 7

“TEMP-PROBE” (or anything

else) and declare TEMP-PROBE

READ.

The TEMP-PROBE READ
statement is the entire program
which then provides the following
sequence of events:
1. Get the channel

temp-probe (7).

2. Index in to the I/O map address
of the A/D card and set input
stages to channel 7.

. Tell the converter to make a
reading.

. Wait until reading is completed.

. Get data (12 bits).

. Store reading in variable for fur-
ther processing.

7. Display if desired.

8. Return to calling program.

Approach performs the functions

diagrammed in the “READ” rou-

tine on channel 7 (Figure 2).

Since the basic routines (read—
wait for end of conversion—set
channel) are inherent to the Ap-

number of

W

N B

CARD SELECTION MENU

WHICH CARD DO YOU WISH TO
CONFIGURE?

1) STD-098 CRT CARD

2) STD-134 64 CHANNEL TTL I/O CARD

3) STD-135 MASTER USART CARD

4) STD-136 SLAVE USART CARD

5) STD-137 8085 CPU CARD

6) STD-138 MODEM CARD

7) STD-140 32 CHANNEL MED POWER CARD
8) STD-14112 BITATO D CARD

9) CONTINUE

Table 1: To aid system configuration,
the Approach 11 resident software pack-
age leads users through yes/no decisions
covering the Micro-Link STD cards set-
up procedure.
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Figure 1: The “SET CARD” routine asks questions which allow the user to set-up the card for the application.
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A/D Card

Read
Routine

( sStart )

Put Channel
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Put Range
On Stack

?

Put Card
Address
On Stack

Setchan

f

Convert

Wait End
Of Conversion

Get Data

Di

7]

play

End

Figure 2: Approach performs the func-
tions diagrammed in the “READ’’ rou-
tine on channel 7.

proach, the user may spend time
developing the flow of the particu-
lar application.

Once the application has been
fully tested, the user may then pro-
gram EPROMs directly from the
Approach keyboard for insertion in
thesCPU card of the tatget
machine. O
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New Concepts in Dynamic and
Static Memory Cell Storage

by Al Reddy

Spurred by a much broader cus-
tomer base than was the case with
16K RAMs, demand for the 64K
RAM devices could grow more
than tenfold in three years, from
$61 million in 1982 to $710 million
in 1985, according to the latest Ro-
sen Research Letter. A major part
of this increase is due to rapid ero-
sion in the price structure of the
64K RAM. Currently some TTL
interface devices are more expen-
sive and harder to get than thou-
sand-times-more-complex devices
like the 16K dynamic memory. Due
to the ever-increasing demands be-
ing placed on memory size by soft-
ware, the 5 volt, TTL compatible
single supply 64K RAM is being in-
corporated more and more into de-
signs that were once the realm of
the static memories.

Dynamic memories have come of
age and are no longer the domain
of the mainframe or mini-computer
manufacturer alone. Several new
horizons in their applications are
being pursued. The memory de-
signer today is no longer intimidat-
ed from using dynamic memory,
due to its inherent refresh charac-
teristics that are essentially asyn-
chronous to the CPU operations.
In this article memory refresh op-
tions available will be explored, as
will implementation of refresh in
typical systems.

RAM Progress

Semiconductor random access
memories developed at a very rap-

Word

Line ‘L -L

Al Reddy is a Staff Engineer with
Motorola, Memory Applications
Division, 3501 Ed Bluestein Blvd.,
Austin, TX 78721. (512) 928-6804.
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Figure 1: A typical four-transistor static
storage cell.

Figure 2: A single-transistor dynamic
storage cell.

Dynamic Memories
have come of age;
no longer are they

in the domain of the

mainframe or mini-
computer
manufacturer
alone.

id pace throughout the last decade
and continue to do so today, with
NMOS process being the dominant
manufacturing technology. The
breakthrough of storing binary
data by using a single transistor
memory cell to increase storage
densities is a direct result of the
rapid pace of development in the
field of very large scale circuit inte-
gration (VLSI) techniques. VLSI

monolithic semiconductor technol-
ogy has allowed increasingly dense
packing of chip elements. Memory
applications have proven to be the
natural fit of these inexpensive high
density chips.

During the last decade, the pro-
cess used to manufacture the data
storage cells was also used to im-
plement overhead functions like ad-
dress decoding, data sensing and
clock generation. In this decade, in
addition to the housekeeping func-
tions already covered, there are
companies like Motorola who have
additionally implemented intelligent
functions such as optionally select-
able Pin 1 refresh mode and trans-
parent substrate bias generation on
their 64K dynamic memory. Thus
the 64K RAM provides a compati-
ble single TTL power supply re-
quirement of 5 volts and at the
same time eases the refresh design
task, by using the Pin 1 function
described later in this article.

All the above functions have
been supported by keeping the
number of leads on a memory
package at 16 pins, which is the
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Memory Cell Storage

smallest pin count for a memory
device today when compared to
storage density. For large memory
systems where low cost per bit and
minimum size are the dominant de-
sign considerations, dynamic
RAMs are the obvious choice.
They offer the lowest cost and
package count per bit of any semi-
conductor memory component.
The high density memory devices
individually packaged may easily
be combined to yield very large
memory systems tailored to the de-
sired word width and memory
depth.

MOS Technology

The process used to manufacture
dense memories today has pre-
dominantly been N-Channel MOS
technology for the following
reasons:

® Manufacturing ease through
ion implantation for accurate con-
trol in the injection of impurities to
reduce internal MOS thresholds to
manageable external TTL levels.

® Performance advantages of low
operating voltage and higher speed,
especially when scaling of device
internal geometries is performed.
NMOS technology is inherently fas-
ter than PMOS technology, as elec-
tron mobility is the medium of
charge transfer in NMOS and this
medium is two to three times faster
than hole mobility (the medium
employed in the PMOS process).

® NMOS structures are smaller,
thereby permitting greater circuit
density.

Due to the above factors NMOS
has become the dominant process
and is being used in the manufac-
ture of state of the art memories to-
day. A close look at a typical cell
structure that is being implemented
at present on both static and dy-
namic memories will help explain
the function of storing and retriev-
ing data from the cell.

Static Memory Cell

Early memory devices had static
storage cells with data being re-
tained as long as the device was
powered-up. The bistable flip-flop
is the basic storage unit for a static
MOS memory cell (Figure 1).

The flip-flop consists of a pair of
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cross-coupled transistors with one
or the other conducting depending
upon the data stored. In the mem-
ory array, all cells in a column
share the bit lines while all cells in
a row are selected by a common
word line. Bit lines are normally
held at a higher potential than the
non-energized word line and the
cell is maintained in a deselected
mode by not providing any gate
drive to the two word line transis-
tors Q3 and Q4. When the potential
of the word line is raised, the gates
of transistors Q3 and Q, allow the
proper connection to be made to
their respective bit lines, thereby
enabling the state of the storage
cell to be read. The write operation
is similarly carried out by turning
on Q3 and Q4 and setting the logic
state desired to correspond to vol-
tages on the two bit lines. Since ei-
ther transistor Q; or Q, is always
turned on in the bistable flip-flop,
the static cell is dissipating power
constantly even when the cell is not
accessed, thereby consuming con-
siderable power when the complete
memory array is taken into ac-
count. A static cell is therefore
characterized by high power dissi-
pation and a much larger cell struc-
ture compared to a dynamic cell.

Dynamic Memory Cell

Dynamic NMOS memory cells
have evolved ever since they have
been introduced in the early 70s
from a four transistor cell to the
present single transistor storage
cell. The simplest charge storage
random access cell is illustrated in
Figure 2. It consists of a capacitor
upon which information is stored
as charge and is accessed through a
single gating transistor. The cell is
written by establishing the bit line

level on the capacitor through the
gating transistor, and reading oc-
curs by connecting the capacitor to
the bit line again through the gating
transistor. Sensing the change on
the capacitor is usually done by
means of detecting a quasi-voltage
change on the bit line capacitance.
One of the drawbacks of this cell is
that the readout is destructive, but
in actual practice there are restore
circuits that transparently write
back the original charge stored in
the cell before the cycle in progress
is completed. Another major draw-
back inherent with the dynamic
cell, is that there are junction leak-
age currents, at the capacitive
nodes in the cell, which work
against the stored charge of the cell
capacitor and cause the charge to
degrade with time and
temperature.

The single transistor cell there-
fore must have its initial charge re-
stored periodically to maintain cor-
rect stored data, and overcome
charge loss—this essentially is the
reason for calling the cell “dynam-
ic.” The periodic restoration, or re-
inforcement, of the cell charge in
dynamic devices is termed “re-
fresh” in semi-conductor parlance,
and at present the standard require-
ment is to refresh all the cells in the
memory array at least once every
two msecs.

Mechanics of Refresh

In a dynamic memory device the
particular row address decoded (se-
lected) during any valid memory
cycle, be it a read, write or refresh,
serves the additional function of re-
freshing all the cells that are assocj-
ated with that single row decoded.
The available address pins on dy-
namic memory devices today are
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exactly half of the total number of
address pins required. Reduced ad-
dress pin count is achieved by uti-
lizing a time multiplexing scheme
of the address pins with two sets of
address fields to decode a single
cell. The first address field is called
the row address field, whereas the
second is known as the column ad-
dress field, with only the row ad-
dress field needed to do a refresh.
A 64K dynamic memory device
with a refresh requirement of 128
refresh cycles every 2 msecs, im-
plies that for the device to maintain
correct data, refresh cycles must be
performed on the memory cells us-
ing all 128 combinations of the low-
er order 7-bit row address field.
Thus one refresh cycle must be per-
formed on each of these row ad-
dresses in 128 separate cycles with-

in the maximum allowed refresh
internal of 2 msecs. The 128 cycle
refresh devices are not affected by
the most significant address Pin A,
(Pin 9 of device). There are, how-
ever, some 64K RAMs that do re-
quire address A5, for an 8-bit ad-
dress field, to perform 256 cycle 4
msec. refresh, which has an equiv-
alent refresh overhead as the 127
cycle 2 msec. refresh. The 256K
RAMs that have been announced
by major vendors have a refresh re-
quirement of 256 cycles in 4 msecs.

A refresh only cycle (Figure 3) in
which only the row addresses occur
should not be confused with nor-
mal data store and retrieve cycles
where both row and column ad-
dresses occur. The implementation
of a memory refresh can be per-
formed in one of two methods: dis-
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Cycles Refresh Cycle
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Figure 4: Memory refresh may be

burst mode (b).

implemented in a distributed mode (a) or in a
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Figure 5: Memory hardware refresh control.
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tributed mode where the cycles are
spaced in intervals of approximate-
ly one every 15 usecs over the de-
fined refresh period (2 msec. or 4
msec.) in discrete non-adjacent cy-
cles; or the burst mode, where all
the 128 or 256 refresh cycles are
performed consecutively until com-
plete (Figure 4).

The selection of these two re-
fresh techniques is based upon the
time memory available, and also
the ease of integrating it into the
system. During both burst as well
as distributed refresh modes, the
normal central processor cycles are
interrupted while the higher prior-
ity refresh cycles are performed by
some means of arbitration between
processor and refresh controller.
The problem that has to be tackled
during memory refresh is to syn-
chronize the refresh cycle, which is
occurring asynchronous, with the
normal processor cycles.

Hardware designers of wPs and
small computers were initially re-
luctant to take on dynamic memory
that required additional complicat-
ed hardware to implement refresh,
and thus used the simpler static
memory instead. To an extent, stat-
ic memories at the time made sense
for the small memory size required
for wPs and small computers, be-
cause the refresh hardware needed
could not justify the cost. This was
not the case with large mainframe
memory system designs where the
external circuitry and complex tim-
ing required for dynamic RAM re-
freshing is not a severe disadvan-
tage. The added cost of refresh
circuitry is spread over a large
number of memory devices on
mainframe memory, which again
yielded a cost per bit that was low-
er than expensive static RAMs,
with the added bonus of lower
power.

Memory refresh operations de-
tract from system performance
since data cannot be accessed dur-
ing a refresh interval. Therefore,
system hardware to do refresh must
be designed such that minimum
system latency results due to re-
fresh overhead. The designer
should study the various options
open and select a design that cor-
rectly addresses his needs with the
highest system performance.
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Figure 6: Processor hardware refresh control.

Methods of Implementing
Refresh

Refresh requirements of dynamic
memory can be satisfied by using
one of two distinct methods: soft-
ware refresh technique or hardware
refresh technique. In software re-
fresh the burden of providing the
refresh cycle falls entirely on the
processor, and it must execute
some kind of software routine to
refresh dynamic memory. To ac-
complish refresh, an interrupt ser-
vice routine of the processor can be
used such that whenever the inter-
rupt is recognized, a hardware en-
able will allow the refresh routine
to be executed. Another method
that could be used is to employ a
software counter that directs the
processor to halt all I/O operations
and to execute instead a subroutine
of 128 dummy reads during each 2
msec interval.

Advantages to software refresh
are that it is very simple to imple-
ment and requires little, if any, ad-
ditional hardware. Disadvantages
include the use of vital storage
space in main memory for the re-
fresh subroutine, and lower perfor-
mance due to the time spent in ex-
ecuting the refresh subroutine.

Hardware configured refresh of-
fers system performance with very
minimal impact on data throughput
of the processor. The additional
hardware can be added to the
memory card (Figure 5) or onto the
processor card (Figure 6) so that at
the appropriate time the refresh
controller will generate the refresh
request cycle and simultaneously
place on the address bus a unique
low order 7- or 8-bit refresh ad-
dress to enable the memory compo-
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nent to decode the row to be re-
freshed. The advantage in having
the refresh hardware on the mem-
ory card is that the card can be
made to emulate static memory
with universal application to most
Processors.

The disadvantage with refresh
hardware on the memory card is
that arbitration has to be accom-
modated, to decide bus access pri-
ority at the beginning of each cycle.
Arbitration can add up to 75 ns of
access latency on each cycle and
lower system performance. The
better approach is to provide re-
fresh logic on the processor card
where processor cycles will be in-
terrupted only during a valid re-
fresh request cycle, thereby im-
proving system performance with
the elimination of refresh arbitra-
tion overhead and interface bus de-
lays on every cycle.

Before discussing the different
hardware refresh options possible,
the characteristics of the processor
and the available bus handshake
signals for interfacing must be eval-
uated. Interconnecting the two sys-
tems (Memory, CPU and/or MPU)
and providing for their suitable
communication must achieve the
proper synchronization of the two,

because the refresh operation is ba-
sically an asynchronous function.
In systems where all operations are
occurring sequentially with respect
to a system clock, the interface
problems are minimal; the interface
designs are not as complicated as
the synchronization between the re-
fresh controls, and the MPU is han-
dled by a common clock. There-
fore, processors where all system
functions considered are being
timed by the same clock are called
synchronous systems. Conversely,
in asynchronous systems, data
transfer manipulations or informa-
tion exchanges are not timed by a
common clock but events occur in-
dependently in multiples of proces-
sor clock. For proper synchroniza-
tion in these systems, some form of
handshake and acknowledge rou-
tine is required to provide effective
system level communication be-
tween various subsystems.

Table I gives a listing of various
refresh options and the validity of
their usage for the type of CPU
selected.

Pin 1 Refresh

Under hardware refresh options,
the user of a Motorola 64K dynam-
ic RAM (MCM 6664A) has the ad-
ditional benefit of a refresh assist
available on the device. This re-
fresh feature on Pin 1 of the mem-
ory component is in addition to the
regular RAS only refresh cycles al-
ready discussed. Pin 1 refresh cy-
cles offer the user the benefit of
making use of an on-chip refresh
counter that generates the required
refresh addresses internal to the de-
vice and an internally generated
RAS strobe. The only hardware
conditions that have to be met for
this mode of operation are that the
RAS and CAS strobes have to be
inactive (high) and Pin 1 must be

PROCESSOR TYPE
HARDWARE REFRESH TYPE SYNCHRONOUS ASYNCHRONOUS
1) PIN 1 CYCLE ' YES YES
2) TRANSPARENT OR HIDDEN YES NO
3) CYCLE STRETCH YES YES
4) CYCLE STEAL YES YES

Table 1: Listing of various refresh options and the validity of their usage for the

type of CPU selected.
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pulsed low for refresh to be accom-
plished at the internal row address
generated.

Both distributed and burst mode
refresh cycles are possible with Pin
1 cycles and, in addition, memory
devices can be kept in an indefinite
refresh mode by keeping Pin 1 ac-
tive low. Using the latter feature
available on Pin 1, memory refresh
can be performed while saving con-
siderable hardware to the system
designer contemplating memory
battery back-up type applications.
As a direct result of using the Pin 1
feature, considerable savings in
power dissipation on the memory
card can be realized, as the RAS
and CAS strobes are the only mem-
ory device inputs that must remain
high plus Pin 1 maintained low
(steady state conditions).

The drivers to the other pins can
be powered down because their
functions are a “don’t care” in this
mode. As long as'RAS and CAS
remain high and Pin 1 remains low,
the RAM will save data by per-
forming refresh cycles internally.
This internal sequence repeats
asynchronously every 12 to 15
psecs. At the end of each 2 msec
interval, the on-chip refresh-ad-
dress counter will advance through
all 128 combinations of the low or-
der seven bit row addresses. Pro-
cessor constraints to this mode of
refresh are once again dictated by
the type of refresh being imple-
mented as shown in types 2, 3, and
4 of Table 1.

Transparent Refresh Mode

Transparent refresh implies that
during regular central processor cy-
cles, a refresh cycle is also being
performed on the memory, with no
interference with the processor cy-
cles. Another name for this refresh
scheme at the system level is also
called “hidden refresh” because the
refresh cycles are occurring during
the time when no processor cycles
can occur. This type of refresh is
performed during the early or first
half of a processor clock phase, as
there are no valid memory address-
es occurring during that portion of
the cycle.

With a transparent refresh
scheme, the processor clock speeds
will be limited to around a maxi-
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memory  with

mum of 1.5 MHz or less when used
with the dynamic RAMs available
today. The inclusion of all gate de-
lays to the RAM and back to the
CPU adds to the cycle time of the
memory component; in addition,
the refresh cycle has to be fitted
into the processor clock phase
when the CPU is not executing.

The complete absence of system
interference is possible in designs
that use a refresh cycle which is
transparent or hidden to normal
processor cycles. An example of
transparent refresh design is shown
in Figure 7, where the MC6800 syn-
chronous processor clock is also
being used to generate the refresh
request. The timing (Figure 8) ex-
plains the action of the refresh
function.

There is a new connotation to the
term “hidden refresh” which ap-
plies to the function available at the
memory device level. This so called

hidden refresh on the device is an-
other mode of refresh wherein the
refresh cycle is disguised with a
normal read cycle in progress.
After the read cycle is initiated, the
data-out from the device is held
valid by holding the CAS strobe ac-
tive low, while the RAS strobe is
being clocked with the appropriate
row address to refresh the memory.
The hidden refresh feature allows
the saving of a data latch in low
performance systems where data
has to be maintained valid until the
data can be accepted. .

Cycle Steal Mode

In asynchronous systems it is not
possible to do a refresh cycle with-
out interfering with the processor
cycles. With this type of processor,
a high priority refresh request is
generated and a refresh cycle is ini-
tiated at the completion of a pro-
cessor cycle in progress. This re-
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fresh scheme involves the interrup-
tion of a memory request from
processor and, in its place, inser-
tion of a refresh cycle. This results
in stealing a cycle from the normal
processor cycles to accommodate
refresh. In doing a cycle steal re-
fresh scheme, the loss in processor
throughput will be around 2% to
4%, due to refresh requests being
done in a distributed mode, which
results in lowering the probability
of a refresh and a processor request
occurring simultaneously.

Cycle steal refresh can easily be
designed into a multiprocessor sys-

tem also, but the design must in-
sure that a refresh request gets the
highest priority in acquiring the sys-
tem bus once the request is assert-
ed. The highest priority for refresh
should be built into the arbiter cir-
cuits so that the direct memory ad-
dress (DMA) controller is prevent-
ed from gaining control of every
bus cycle once the processor re-
quests are not being processed.

In a system that is using a cycle
steal refresh scheme and having a
500 nsec execute cycle, one refresh
cycle is required out of -every 30
processor cycles. When this refresh
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Figure 9: Cycle steal refresh scheme for asynchronous processors.
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technique is applied in small sys-
tems with only one bus master, the
arbitration overhead at the front
end of each cycle can be eliminat-
ed, as the arbitration is replaced by
a simple handshake approach of a
request, grant and acknowledge
routine occurring only when need-
ed. An example of a cycle steal re-
fresh scheme that could be used on
asynchronous processors such as
the MC68000 is shown in Figure 9.

Cycle Stretch Mode

Certain components and functions
of the sytem affect the system clock
requirements. If slow dynamic
memories are being used in a syn-
chronous system with clock speeds
in excess of 3 MHz, then the clock
may have to be stopped momentar-
ily (stretched). This same stretch
method could be used to advantage
in implementing refresh of dynamic
memory by holding the clock off
and completing the refresh request-
ed cycle at the end of a cycle in
progress. A word of caution in us-
ing this technique is that the pro-
cessor clock should not be held off
too long beyond a psec, as it is
possible that dynamic nodes in the
processor might decay. Therefore it
goes without saying that a burst re-
fresh scheme should be avoided
with stretch clock cycles. The clock
stretch mode can be implemented
on processors such as the MC6809.

Another variation of cycle
stretch involves the introduction of
WAIT states, such as in an asyn-
chronous processor, to accommo-
date the pending refresh cycle re-
quest and then granting the bus
back to the processor. This method
could be used on any clocked CPU
such as the MC68000.

Not discussed in this article are
the use of memory controllers
which can simplify the task of man-
aging dynamic memory. The limita-
tion in using memory controllers is
that they might not have all the fea-
tures that you need, especially if
you are considering the interleaving
of memory banks. The system de-
signer should carefully weigh the
contributing factors to optimize
system cost and performance- as
there are a large number of trade-
offs which must be made. ]
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Graphics Chip Makes

Low-Cost, High

Resolution

Color Displays Possible

by Mark Olson and Brad May

The making of displays that are
both high-resolution and low-cost is
the key to producing equipment for
both the automated office and the
engineering workstation. Through
the introduction of 16-bit wPs such
as Intels iAPX 8088, 80186 and
80286, the processing power has
been made available to perform
very sophisticated functions for the
user while making the human inter-
face very simple.

That processing power can be
unnecessarily drained, however, if
the wP is burdened with the entire
task of graphics display. Such a
burden can fill up a significant part
of the processor’s I/0O bandwidth,
slow down the refresh rate of the
display, and decrease the computa-
tional power of the CPU.

Intelligent
peripheral ICs
offload processing
tasks from the CPU.

The logical way to avoid such
limitations is to dedicate a special-
ized processor to the handling of
display function. It should be capa-
ble of accepting high-level com-
mands to minimize the burden on
the CPU, as well as optimizing
the execution of such commands
through raster operations imple-

Mark Olson and Brad May are
Product Marketing Engineers for
Peripheral Components Operation,
Intel Corp., Santa Clara, CA 95051.
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mented in hardware at the device
level.

Such a chip is Intel’s 82720
Graphics Display Controller (GDC).
It has features that give systems a
fast drawing speed while reducing
graphics display costs by 60% or
more. It achieves these results by
taking over the drawing and refresh
functions from the CPU, by allow-
ing the use of dynamic RAM’s in-
stead of static RAM’s, and by re-
ducing the overall parts count
needed to create a complete graph-
ics system.

The implementation of the draw-
ing task is a major feature of the
GDC. Other graphics chips per-
form only the display refresh func-
tion, leaving the more complicated
drawing function entirely to the
CPU. Since the CPU is doing every
pixel of the drawing function on
these systems, they also require fas-

ter bit map RAM than with the
GDC. The GDC, on the other
hand, is capable of handling the
drawing function itself, drawing
such objects as characters, slanted
characters, points, lines, arcs, rec-
tangles, and slanted rectangles
based only upon lengths, slopes,
and arc centers supplied by the
CPU. The GDC’s processing,
moreover, takes place concurrently
with the processing of the CPU.

2048 X 2048 Resolution

With its 4 Megapixel addressability,
one GDC can handle a mono-
chrome display with resolution as
high as 2048 x 2048, and multiple
GDC’s can be linked to provide
even higher resolution, such as col-
or displays at 2048 x 2048. The
chances are, however, that the
GDCs full power will not be used
in most applications. The typical
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product considered high resolution
for office automation applications
is a 512 x 512 pixel monochrome
or color display.

These latter restrictions are not
imposed by the GDC, but rather
have more to do with the cost of
display monitors, the amount of
RAM memory needed to support
such displays, and the adequacy of
such displays for most applications.
It is possible to build “super graph-
ics” boards with a GDC, such as
the 1K by 1K pixel by 8 color plane
graphics display designed by Phoe-
nix Computer Graphics (Lafayette,
LA). Such a display is capable of
rendering 256 different colors on a
high resolution screen.

Even higher performance can be
achieved through the use of multi-
ple GDC’s to support multiple dis-
play windows, increased drawing
speed, or increased bits per pixel.
For multiple display windows, each
GDC can be used to control one
window of the display. For in-
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creased drawing speed, multiple
GDC's can be operated in parallel.
For increased bits/pixel, each GDC
can contribute a portion of the
number of bits necessary for a
pixel.

Although the GDC is intended
primarily for raster-scan graphics, it
can also be used as a character dis-
play controller. It is capable of sup-
porting up to four screens of data
containing 25 rows by 80 columns,
or one screen containing up to 100
rows by 256 characters.

Office Automation Display

High performance applications can
stretch the usage of the GDC from
low-end to high-end engineering
displays, but research has shown
that for office automation prod-
ucts, a 512 x 512 pixel display is
quite acceptable, and that color is
often a requirement. These require-
ments mesh with a major factor in
display—the cost of the CRT. In

OEM quantities, for example, one
could expect to find a 512 x 512
monochrome display for under
$100, a 256 x 256 color display
(TV quality) for about $150, a 512
X 512 color CRT in the $300 range,
and a 1K x 1K color display in the
$800-$1000 category.

To give an example of the type of
display that can be built for new of-
fice products using the GDC, con-
sider a 512 x 512 pixel by 3 color
plane combination CPU and graph-
ics display on a single 12" by 12"
board. Such a display is capable of
generating 8 colors.

The list of parts (Table 2) comes
to about $175 for 85 IC’ taking up
104 square inches of board space.
Even that parts count could be re-
duced by replacing the 48 16K
DRAMs with 12 64K DRAMs—if
a 4K x 16 bit DRAM were avail-
able. A very important note about
the parts list is that the design is
implemented with inexpensive 2118
dynamic RAMs. The design does
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not require the faster, more expen-
sive, and less dense static RAMs.

The parts count is low enough so
that the processor and graphics
controller can be placed together in
a single 12" by 12" board. This is
important because small overall
size and footpad are selling points
for desktop workstations. System
speed is also enhanced when the
graphics controller and CPU are on
the same board, because their com-
munication need not take up bus,
inter-board bandwidth or experi-
ence any additional delays.

Pipelining Transformations

More important than putting the
graphics display on the same board

as the CPU is the level of commu-
nication between the CPU and
graphics controller. If the burden of
transformation processing is left
entirely to the CPU while the
graphics chip is used only as a CRT
controller, then the CPU must com-
municate one bit per pixel to up-
date a display. With the GDC, the
CPU input takes higher level forms
such as the slope and length of a
line, the length and center point of
an arc, or the key coordinates of a
rectangle. Since the average line on
a screen is about 25 pixels, that
means that 25 times fewer CPU bus
cycles are required to draw a
graphical object with the GDC.
These CPU cycles (an average of
50 s each to calculate the graphi-
cal object and communicate it to

the GDC) are the determining fac-
tor in drawing rate.

Viewed from a larger perspec-
tive, there are four tasks that must
be performed by a CPU-graphics
chip combination:

(1.) The CPU must calculate the
higher-level graphics operations.
This is done by the CPU and it in-
volves the processing of macro-op-
erations such as the CORE, GKS,
PMIG or other graphics protocols.
These general graphics commands
are translated into an intermediate
level, the VDI interface level (Fig-
ure 1) and then into device driver
commands by software in the CPU.

(2.) Then, these lower-level
graphical objects such as the key
parameters for lines, arcs, charac-
ters, and rectangles, must be trans-

The concept of co-processing is not a new one. Intended
as a way of offloading computationally intensive tasks from
a host CPU, it has been around at Intel since the introduc-
tion of the 8087 numerics processor and the 8089 I/O ma-
chine. A more recently developed product, the 82720
Graphics Display Controller is designed to bolster system
performance by offloading graphics control chores from
the CPU. The chip accepts high level commands from the
CPU and, using its own drawing processor, accesses the
required positions in the bit-map and handles the process-
ing and display control functions.

Building on the success of these parts come two new
co-processors designed to partition system intelligence
even further. The 82586 is a communications co-
processor designed to bridge the characteristics of CPU
and network data rates. Its FIFO buffer and DMA facilities
make it possible for a CPU to operate at the full Ethernet
10 Mbits/s transfer rate even in the face of continuous
bursts of network data traffic.

Intel's most recent introduction is the 82730 text co-pro-
cessor. Printers and other hard copy peripherals have sup-
ported additional text processing features such as propor-
tional spacing and simultaneous superscript and subscript
for some time. Implementing these features on the display
screen has traditionally been a costly procedure. Thus, it is
typically not done and screen displays often are not identi-
cal to their hard-copy printouts. Aimed to solve this design-
ers headache, the 82730 has its own DMA capability and
communicates asynchronously with the CPU via shared
memory messages. It supports the generation of high
quality text displays through features like proportional
spacing, simultaneous superscript/subscript, dynamically
reloadable fonts and user programmable field and charac-
ter attributes. In addition, when coupled with the 82720
Graphics Display Controller (Figure 1) the 82730 provides
flexible mixing of text and graphics simultaneously on the
same display.

—Wilson

VLSI Takes Aim At Text Processing

| 82586 | Data
LAN w5 Communications
| Coprocessor | Block
L e |
. 82720
- | N?: = Graphics 1 '
| p Processor | pi
isplay
I | Processing
| 82730 Block
Text - I
| Coprocessor |
SRR U T o, L]
iAPX 186
General | |
Purpose
Processor
||
Memory
I IAPX 286 |
Hi-Performance |
| Processor |
Data
| | Processing
I 80287 Block
Numerics 1 I
| Processor |
Data- | I
Base Lo Sy By oy

Figure 1: Offloading system tasks is simplified by new VLSI
devices.
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DRAWING SPEED
~50 psec ~50 psec
Set up Draw 1 Set up Draw 2 Set up Draw 3 Set up draw 4
80186 < 3¢ 5¢ >
(25 pixels) (100 pixels)
Draw1 Draw1 Draw1 Draw2 Draw2
GDC (2.5MHz) < ¢ ), .8 3¢ > 3
Calculate Bit 2 Bit 3 Bit25 Bit1 Bit 2
Next bit
< 40 psec >
Dr1 Dr1 Dr1 Dr1 Dr2 Dr2
GDC < 3¢ 5 ¢ 3¢ > 5 ¢ >
R/M/W Bit1 Bit2 Bit24  Bit25 Bit1 Bit100
< 40 psec >
~50 psec ~50 nsec
Set up draw 1 Calculate R/M/W Bit1 Calc R/M/W  Set up draw 2
Other < 3¢ 3¢ 3¢ 3 .8 3¢ >
CPU Bit1 Bit2 Bit25
£reo s oo 375-500 psec ?

Table 1: The 80186 and the GDC work together to accomplish the drawing function.

formed into changes in the actual
bits. This function is performed in
hardware in the GDC concurrently
with any level one processing done
by the CPU. Other graphics con-
trollers leave this task to the CPU
to execute in software. The con-
trast is that, in such systems, the
CPU must resolve the graphical ob-
ject down to every point on a line,
while with the GDC it need only
designate the endpoints.

(3.) With the actual bits for the
bit map calculated, they must be
placed in the bit map memory. This
involves a read-modify-write oper-
ation that requires three CPU cy-
cles using other methods. With the
GDC these operations are not the
responsibility of the CPU. The
GDC pipelines its execution so that
it is calculating the next bit to
change while it is executing the
read-modify-write cycles.

(4.) Finally, the bit map memory
must be dumped into the CRT. This
is the refresh function performed
by other graphics chips as well as
the GDC.

The summation is that other sys-
tems require the CPU to process
steps one to three serially, leaving
only step four for the graphics con-
troller. Systems with the GDC re-
quire the CPU to process only step
one, with the GDC concurrently
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processing steps two through four.
The GDC has another advantage in
that during the transformation pro-
cess in step three, the GDC ex-
ecutes the algorithms in hardware
while a CPU must execute the al-
gorithms in software. The algo-
rithms are exactly the same in both
cases. They are the Bresenam algo-
rithms from IBM, in which the next
pixel to be drawn becomes a binary
decision between two pixels.

The execution of these algo-
rithms is a crucial drawing time fac-
tor, because they are invoked many
times for each updated screen.
Consider that, in the inner loop of
Bresenam’s “line drawing algo-
rithm,” there are two or three addi-
tions, two comparisons or tests,
and the masking of the proper val-
ue into the word for each pixel.
The algorithms for drawing circles
or filling areas are even more com-
plex. In the inner loop of a fill algo-
rithm, the old word must be read
from the bit map, then tested to see
if all, some, or none of the pixels
are within the area to be filled.
Next, it tests whether some or all of
the pixels must be modified. Final-
ly, the word must be returned to the
bit map.

These algorithms are heavily
used and the speed with which they
can be executed has a direct effect

upon the overall system efficiency.
If they must be executed by a uP,
the instruction fetching process
slows down the calculations to a
drawing rate of 15-20 ws per pixel.
With a hardware implementation of
these algorithms in the GDC, the
calculations can be speeded up to
achieve a drawing rate of 1600 ns
(2.5 MHz version) or 800 ns (5
MHz version) per pixel.

Methods Of Refresh

In the fourth step, the dumping of
bit map memory into the CRT,
there are some differences between
graphics controller chips. Motoro-
la’s MC6845 CRT controller, for ex-
ample, uses a split-cycle refresh
method in which each refresh cycle
is alternated with a drawing cycle
in which the wP updates the bit
map. This gives the MC6845 a 50%
drawing bandwidth.

With the GDC there are two
drawing modes. The first is a “draw
anytime” mode which replaces
CRT refresh cycles with drawing
cycles. This is the fastest mode, but
it does result in on-screen disrup-
tions. The second mode, which
does not disrupt the on-screen dis-
play, draws only during the vertical
and horizontal retracing periods.
This gives the GDC about a 25%
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1 80186 1 74LS04 1 20 MHz Clock
1 82720 1 741873 2 27128
2 7418157 9 7415244 2 2186
1 74L8139 8 74LS166 1 8274
1 74L8161 3 74LS32 1 8042
1 7481 2 8286 3 Connectors
1 74LS00 1 8 MHz Crystal 1 12x12 2 Layer PC
SUMMARY:
4 VLSI Controllers 80186 Processor
82720 Graphics
8274 Serial Link
8042 Keyboard
4 VLS| Memory 27128 EPROM
2186 IRAM
4816K DRAMs 2118 DRAM
29 MSI/ssI — Buffers/Glue
TOTAL: 85 IC’'S —»104 Sq. Inches
Parts Cost —»About $175
Table 2: Parts list for 512 x512 x4 Color Display.
16 MHz To Dot Clock
0 (2.5 MHz)
58 59
w K s 2XCCLK
WR WR
RD RD
PCS1
Al =1 AO
80186 Data 82720
jed Buffer DBO-7
N
DTR
PCS1 DACK
DRQO DREQ
® Asynchronous Processors
® DMA Access to Bit Map
e 4 Buffers, 1 Glue IC

Figure 3: The two chip selects are OR’d together to qualify the R/W signals.

drawing bandwidth. At first glance
that gives the GDC a disadvantage
in drawing rate, but the fact is,
with its pipelining and hardware
execution of transformations, the
GDC makes much more efficient
use of its bandwidth. The critical
timing factor is the amount of CPU
participation in the drawing pro-
cess, not the refresh bandwidth of
the graphics controller. Another
tradeoff is that, with its split-cycle
architecture, the MC6845 requires
RAM memory that is twice as fast
as that required by the GDC in the

same application.

Inexpensive RAM Is Fast
Enough

Applying this perspective, one can
begin to build the display with parts
listed in Table 2. First one notes
that a square display, as indicated
by the 512 x 512 pixel initial specifi-
cation, is not pleasing to the eye. It
is much more appealing to have an
aspect ratio of about 4:3, in which
the number of pixels horizontally is
4/3 the number vertically. If the res-
olution is such that the total num-

ber of pixels is not a power of two,
it will be necessary to round up to
the next power of two and waste
the extra bits.

The pixel arrangement which
best meets this requirement is one
with a 432 X 576 pixel format. It
also meets the requirement that the
number of pixels horizontally be an
even number of 16-bit words. With
three color bits per pixel (red,
blue, and green), the total display
memory is then about 500 x 500 x 3,
or 750k bits.

It makes the most sense to break
the memory up into three planes,
with each plane feeding one of the
primary color guns of the CRT
(Figure 2). This leads to a memory
arrangement of 16K X 16 X 3,
using 16K dynamic RAMs with a
1K X 16 architecture. When draw-
ing graphics figures, the memory
can be treated as one large plane,
split into the three primary colors.
Drawing in low-order memory
could represent red, middle-order
could be used for green, and high-
order for blue.

One advantage of this-3D mem-
ory is that drawing with a primary
color requires setting only one bit
per pixel. Drawing with a secon-
dary color such as cyan, yellow, or
magenta would take two GDC cy-
cles, and creating white from all
three colors would take three GDC
cycles. If this were an issue, addi-
tional hardware could be used to
draw more than one plane at a
time. As the results will show, how-
ever, the drawing speed require-
ments can be exceeded without any
added hardware.

Calculate The Drawing Rate

To see if the proposed design is
practical, one should first calculate
the drawing rate to see what the
user interface will be like. Then
one should check the refresh rate
to make sure the design is uninter-
rupted and without flicker.

The proof of the assumption that
CPU participation is the dominat-
ing factor lies in the 50 ws average
time that it takes the CPU to calcu-
late a graphical object and commu-
nicate its key parameters to the
GDC. Assume that the graphical
object is an average line containing
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25 pixels, and that there are about
500 vectors on the average screen
display.

The GDC'’s normal clock rate is
2.5 MHz, giving it a 400 ns period
(the maximum clock rate is 5 MHz,
with a 200 ns period.) It takes four
GDC cycles to execute a read-
modify-write on a bit (because two
read cycles are required), so that
the GDC’s normal drawing rate is
one pixel per 1600 ns. To draw the
25 pixels involved in the average
line, then, would take 25 x 1600 ns,
or 40 ps. Since this operation is
done concurrently with CPU pro-
cessing, the GDC will be waiting
for the next graphical object by the
time the CPU is ready.

If the screen were filled with
nothing but 25-pixel vectors, then
the drawing rate would be deter-
mined by the 50 ws average CPU
calculation and transfer cycle, aver-
aging about 2 ps per pixel. If all
the vectors were white (worst
case), then it would take 1.5 secs of
drawing time to update the white
screen. Since, in the undisturbed-
screen mode, drawing is only done

during the 25% of the time that the
screen is undergoing horizontal or
vertical blanking, this would mean
6 secs between updates.

In reality, however, the screen
will not be filled with vectors. It
will have an average of 500 vectors,
and the color distribution could be
presumed to be evenly distributed
as one-third primary colors, one-
third secondary colors, and one-
third white. The 500 vectors will re-
quire the drawing of 12.5K pixels
in monochrome, or 25K pixels with
distributed colors. At a drawing
rate of 2 s per pixel, this takes 50
ms to draw. Drawing only during
blanking, the screen would be up-
dated in 200 ms.

Under these conditions, it would
not help to use the maximum clock
rate GDC (5 MHz), but if in some
applications the average vector
length is 100 pixels, then the CPU
calculation-and-bus cycle (50 ps)
would remain the same and the
GDC'’s drawing cycle (1600 ns X
100 = 160 ws) would become a
limiting factor. Using the 5 MHz
GDC would cut that drawing time

down to 800 ns/pixel, or 80 ws/vec-
tor. The 500 vector average screen
would then contain 100K pixels
with distributed colors and could
be drawn in 80 ms. Multiplying by
four because the drawing is done
during blanking (25% of the time),
that is 320 ms. That is a screen up-
date in less than one-third second
for a “busy” screen.

Calculate The Refresh Rate

These calculations are of little im-
portance if the display flickers due
to lack of refresh. This exercise is
actually a demonstration of how
the basic GDC clock rate was de-
rived. Assume a non-interlaced dis-
play that must be refreshed 60
times per second. That gives a
screen refresh rate of 16.67 ms, but
on a typical CRT some 4.27 ms of
that is blanked, leaving 12.4 ms of
active display time. The dot sweep
period is the 12.4 ms divided by the
number of pixels (432 x 576 =
248.8K), or 49.8 ns. The inverse
gives a 20.07 MHz dot clock.

Since the GDC dumps 16 bits
from the bit map memory into the

DRQO DREQ
PCS0 DACK
DRQ1
TMR OUT 0.1 "
28 % G
RD ( )
AFt% MONITOR
LQESH ADDRESS BUS
PCS3 82720
PCS2 GDC
ARDY VIDEO
REFRESH
80186 LOGIC
P
AD j
i BUS DATA Gt e DBO-7 MEMORY BUS
— BUFFER
TR o
1S otR
RXC
E 1 e | TXC
eprom]  [EPROM iRAM iRAM 3279 e |8
27128 || 27128 [ U] 2186 || 2186 KEY- o
== BOARD SERIAL|RPYBTXDRGA | L
o8 Low HIGH LOW HIGH CON- 10
8K x 8 8K x 8 8K x 88K x 8]  TROLLER
[ce CE WE |Cs READY]CS READY | CS cs BIT MAP MEMORY
16K x
Y 3 PLANES
T0 DMA
MONITOR SERIAL PORT
KEYBOARD TO HOST
TO
OPTIONAL
TABLET

Figure 4: Completed graphics system uses the 80186 and 82720 GDC.
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\ Dino-DiNts Do D, D2 Dss
O 2118
Ag-Ag > | AcAs
VIDEO
- o 2118 out
RAS » | RAS 2118
2118 Soutput
CAS » | cas
INys
WRITE o il
WE 2X
Dout 74166
IN,
IN
INo
BSEL v v Y ’ ,CLOCK
- S
N Y 2X74LS244 o
si I T
[ ) -
DOT CLK
\J \ \/ \
[ Db D D Dys
SHIFT/LOAD 900173

Figure 5: Since the 186 is a fully byte addressable machine, it is possible to write bytes as well as words into the RAMs.

16-bit shift register during each
read, and since the shift register
then feeds these bits out serially to
the CRT, it makes sense that the
GDC’s read period should be 16
times the dot sweep period. That
gives a GDC read period of about
800 ns. With each GDC read taking
two cycles, the basic GDC clock
period is then 400 ns, or 2.5 MHz.
This gives a rock-solid display, and
one would only want to go to the 5
MHz GDC to improve drawing
rate.

For those who want to examine
the blanking intervals to see if the
CRT is indeed “typical,” the blank-
ing can be further broken down.
The vertical blanking interval is
1.25 ms, leaving 15.42 ms to scan
the 432 lines on the active portion
of the display. Dividing 15.42 ms by
432 lines gives a 35.7 ws period per
line, or a horizontal sweep rate of
28 KHz. Time is also needed for
horizontal retrace, in this case, 7
ps of horizontal blanking per line.
This leaves 28.7 ws to scan the 576
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pixels on each line, resulting in the
dot sweep period of 49.8 ns. Using
a 20 MHz CRT helps keep the costs
down, but the GDC can use CRT
displays as fast as 80 MHz when
higher resolution is required.

Mixed Mode

While it is possible to generate
8 x 8 characters and slanted charac-
ters in the graphics mode, the GDC
also offers a mixed mode memory
organization to display both charac-
ters and graphics drawn from sepa-
rate windows in the display mem-
ory. The advantage of this mode is
that it allows characters to be ma-
nipulated as 8-bit entities instead of
the 64 bits that each would require
in graphics mode. Of necessity, the
graphics window display memory is
reduced in this mode (64K 16-bit
words instead of 256K), but even

the reduced maximum graphics

memory is still a megapixel and
quite sufficient for both office auto-
mation and engineering display
purposes.

In the character window, the
GDC operates as it does in the
pure character mode, with the ex-
ception that the line counter must
be implemented externally. In addi-
tion to the two windows used for
graphics and characters in the
mixed mode, two other windows
can be supported. These can be
designated as either character or
graphics windows by a selection on
the A17 line.

Panning, Zooming, Light Pen

As special features, the GDC al-
lows both panning and zooming in
either graphics, character, or mixed
modes. The zoom is accomplished
by effectively increasing the size of
the dots on the screen. Vertically,
this is done by repeating the same
display line. The number of repeat
times is determined by the display
zoom parameter. Horizontally,
zoom is accomplished by extending
each display word cycle and dis-
playing fewer words per line, ac-
cording to the zoom factor.
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Panning is accomplished simply
by changing the starting address of
the display window. In this way,
panning is possible in any direc-
tion, vertically on a line by line ba-
sis and horizontally on a word by
word basis.

The GDC also features a light
pen input with built-in debouncer
circuitry. Only if two rising edges
on the light pen input occur at the
same point during successive video
fields are the pulses accepted as a
valid light pen detection. A status
bit indicates to the system wP that
the light pen register contains a val-
id address.

Finishing The Design

With the basic graphics parameters
of the GDC in hand, one can look
back at the parts list in Table 2 to
complete the design of the graphics
section. Interfacing the 82720 to the
80186 is an easy task, since the
data, read, and write signals are
completely compatible. However,
there is no chip select input on the
graphics chip. This requires that
the R/W signals be qualified with a
chip select signal. This can be done
with two gates. The DMA channel
on the 80186 uses a second chip se-
lect as an acknowledge signal, and
the two chip selects are OR’d to-
gether to qualify the read and write
signals (Figure 3).

Another piece of interfacing that
must be done is the buffering of the
2.5 MHz version of the GDC on
the 80186 bus. The 2.5 MHz ver-
sion accesses the bus for 100 ns,
while the 80186 requires that peri-
pherals and memory be off the bus
in less than 85 ns. A couple of buff-
ers take care of this, and they are
more cost-effective than going to
the 5 MHz version of the GDC
with its attendant faster ROMS.

Serial communication to the host
system and the optional joystick
and data tablet are provided by the
8274. It handles the tablet’s asyn-
chronous requirements and a host’s
synchronous requirements. Its in-
terface requires the connecting of
the buffered data bus, the latched
lower-address lines, the R/W sig-
nals, and the chip select. One last
connection brings the time/counter
output from the 80186 to the 8274
to be used as the baud rate clock.
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No buffering of TTL glue is need-
ed. (Figure 4)

The 8042 keyboard controller is
used because of its clean interface
to the wP. In addition, it can be
programmed to scan and interpret
many special function keys as well
as standard alphanumeric keys.

Finally, 32 Kbytes of EPROM
and 16 Kbytes of RAM are added
for the wPs program and display
list. The EPROM’s are two 27128’
which provide 32 Kbytes in two,
28-pin packages, thereby saving
board space.

Interfacing the RAM chips takes
more care. Since the 186 is a fully
byte addressable machine, it is pos-
sible that it will want to write bytes
as well as words into the RAMs.
The chip select for the low (even)
address RAM must be qualified
with address AO at logic zero. The
high (odd) address RAM must be
qualified with the processor’s Byte
High Enable (BHE) signal. The
RAMs used are the 2186 integrated
RAMs; these are dynamic RAMs
with built-in controllers. (Figure 5)

Since dynamic memories latch
the address at the leading edge of
the chip select, they must be quali-
fied with the processor’s address
latch enable signal to insure that
they are selected only after the ad-
dress is valid. The 2186 latches the
data to be written on the leading
edge of the write pulse. This means
that the 80186’ write signal must
be delayed by half a clock cycle to
guarantee that the data is valid at
the correct time.

Faster, Lower-Cost Graphics

The net result of this example is
putting the graphics function on the
same board as the processor at low-
er cost and with a much higher
drawing rate than is possible with
other graphics controller chips. The
lower parts count results in higher
reliability, greater ease of design,
and a faster development cycle for
getting product to market. The
drawing rate can be clearly seen
from a comparison to a wP-CRT
controller combination. Such a sys-
tem was measured at a drawing
rate of 15-20 ws per pixel, com-
pared to 1.6 s per pixel using the
standard GDC, and 800 ns per
pixel using the 5 MHz GDC. [
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Continued from p. 40

Acquisitions

The traditional weapon/platform
acquisition process, still used for
many command and control sys-
tems, follows a sequential ap-
proach from requirements defini-
tion, to advanced development, to
engineering development, to field-
ing and support. It is a method
that gives the real user little influ-
ence over the systems upon which
he will eventually depend.

A new process known as Evolu-
tionary Acquisition will provide
flexibility to accommodate growth
and insertion of new technology
within existing systems’ architec-
ture, hardware and software. It
was the subject of an official study
conducted by AFCEA for the De-
partment of Defense. In EA, a
basic requirement is established,
and “core” equipment designed
and fielded as early as possible.

Problems of hardware and soft-
ware obsolescence, saturation,
decreasing maintenance support
and personnel shortages will be
minimized by another idea. When
the United States Army decided
to modernize its ADP resources,
they adhered to the A-109 Major
Systems Acquisition process as
promulgated by the Office of
Management and Budget. This re-
quired evaluation of technical
proposals representing the best
ADP technology available, testing
alternate solutions prior to selec-
tion, and contracting with a com-
puter services firm to ensure that
the hardware and software re-
sources procured remained state-
of-the-art throughout the 10 year
life-cycle.

The project, known as VIA-
BLE, represents the first OMB
Circular A-109 Major Systems
Acquisition successfully complet-
ed by the federal government.
Many believe this approach to be
a positive trend in the acquisition
and utilization of ADP resources,
and one of the best ways to en-
sure that proven technology is
transferred from the private sec-
tor to the federal government.
The 10 year, $656 million dollar
project managed by the U.S.

Army Computer Systems Com-
mand will propel the Army 20
years in ADP technology.

Problem Areas

New acquisition strategies may
solve some Service-wide prob-
lems, but others remain.

With dozens of computer
makes and numerous languages in
use, standardization will be re-
ceiving a top priority. Ada will
help in some areas, but some be-
lieve it is not the best language for
all applications. Furthermore, the
high costs involved with a mam-
moth standardization drive make
it a very political issue.

The management problem of
achieving standardization while
encouraging new commercial
technology transfer is enormous.
The balancing act calls for a pro-
jection of inventory changes to
keep pace with high technology
opportunities without sacrificing
standardization while at the same
time maintaining a training base
that provides qualified personnel.

Another important area that
causes grave pessimism in some
circles about the utility of microe-
lectronics is the succeptibility of
chips to EMI and EMP. Major ef-
forts are underway to find practi-
cal ways of hardening electrical
circuits of all types.

Conclusion

The hardening of Free World elec-
tronic defense systems, the inser-
tion of VHSIC into a variety of
military platforms, the standard-
ization of technologies through
Ada and other means, and the in-
corporation of state-of-the-art
commercial systems into the De-
fense Department lead the list of
concerns in the military computer
field.

If there was ever a budget item
for the time and energy spent
searching for solutions, it would
probably be the biggest portion of
the Defense pie. Much of the next
two decades will be spent looking
for the answers that will bring all
of these systems to maturity. [

Applications

Continued from p. 42

signal is sent back to that remote
location allowing the communica-
tions link to be established. Both
these signals are of RS-232 EIA
levels. This method works very
well if the necessary software on
the user’s end is available to ac-
knowledge or deny use of the
communications line.

The other method of non-hard-
ware handshaking is somewhat
easier to implement since no user
software is required for control.
This increases flexibility, particu-
larly where computer terminals
are the remote devices, rather
than pCs. This involves direct
connection of the remote termi-
nals Transmit Data line to it’s as-
sociated Data Set Ready line on
the multiplexer inputs. This will
allow any keyboard activity to ac-
cess the communications line to
the host system. Since there is no
“time out” provision in the multi-
plexer, the user has complete con-
trol of the communications link.
Any other access attempts will be
ignored during this “line busy”
time. When the on-line user logs
off, the host system must be pro-
grammed to transmit a 4 sec
break signal on this port.

This configuration has proved
very successful in office situations
where it has been implemented
and where the parameters de-
scribed above are required. One
minor drawback is the initial ac-
tivity to access the communica-
tions link—the transmitted code
does not necessarily correspond
to the key pressed. This is due to
the delay of the line latch-up dur-
ing the serial transmission of that
first character. After that, the
communications link is estab-
lished and all codes are complete-
ly transparent to the multiplexer
and transmitted correctly. Since
all remote devices are essentially
sharing the same host port, they
should all be configured to the
same serial communications format.

Theory of Operation
The multiplexing system is accom-
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plished in the following manner.
Assuming that no hardware hand-
shaking is to be used, the remote
devices—Transmit Data and Data
Set Ready inputs—are jumpered
together. As the first keyboard ac-
tivity is sensed, that associated
Data Set Ready input goes high
and is translated to TTL level low
by U101. This is presented to
U102, which is in the output fol-
low input mode. U103 goes high,
clocking U104 to generate the ac-
tive low enable signal. This enable
latches the outputs of U102 to
their present states regardless of
what the inputs do. U105 priority
encoder then generates a unique
address code determined by which
input went low. This code in turn
decodes the outputs of U107,
U108, and U109 which deter-
mines which remote device is to
be connected on line to the host
system.

U112 and U113 are EIA level
transmitters and receivers for the
common communications line.
U109 decodes the light emitting di-
odes and the Data Terminal Ready
acknowledgement transmitter.

Upon log-off, the host system
must transmit a 4 sec break com-
mand. This signal is translated to
TTL level by U113 and presented
to U110. Since this is an undis-
playable code, the remote device
ignores it. U110, R1, and C1 com-
prise a 2 sec delay to trigger only
on the break command. This out-
put is then sent to Ulll, a 555
high input impedance device, re-
sulting in a high impedance state
of U102. U103 changes state back
to logic zero causing U106 to gen-
erate a 200 nsec low pulse to
U104. This in turn presets U104
to its high state on the enable sig-
nal. U102 is now unlatched and
U105 decodes this as an address
which indicates the line is now
free for the next user. Power sup-
ply requirements for this circuit
are +5V at 1A and +/—12V at
500mA each.

Michael Sjulstad, St. Olaf College,
Northfield, MN 55057.
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Data Acquisition System
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Figure 6: For highly nonlinear powered sensors such as platinum RTDs, the analog
1/O provides excitation as well as all the necessary signal conditioning and

linearization.

terminals on the board, and sets
on-board DIP switches and jump-
ers to specify the thermocouple’s
type. With input from a reference
temperature sensor located at the
screw terminals, on-board firmware
provides linearization and cold
junction compensation of the ther-
mocouple’s output.

For highly nonlinear powered
sensors such as platinum RTDs
(Figure 6), the analog I/O board
automatically provides excitation
as well as all the necessary signal
conditioning.

Software, Hardware, and
Service

When comparing board level ana-
log /O offerings from competing
manufacturers, the system integra-
tor should look carefully at both
the product and manufacturer’s ca-
pabilities in hardware, software
and in service and support.

In comparing hardware, for in-
stance, the user must carefully
match his requirements against
each analog I/O product’s ability to
handle the needed sensors, quantity

of channels, conversion speeds,
etc. In addition, bus compatibility,
available on-board memory, ease of
sensor interconnect and board in-
stallation, and board operating
temperature range should be
compared.

Although often subtle, software
differences can lead to substantial
savings in system development
costs. On-board preprogrammed
linearization, scaling, cold junction
compensation, and data manipula-
tion and format routines signifi-
cantly unburden the host processor.
For remote systems operating over
long distance serial communica-
tions links, prospective users
should closely examine the manu-
facturer’s support of host processor
communication software drivers.

Finally, and perhaps most impor-
tant, the prospective user must con-
sider the availability and reliability
of technical support and service.
Although factory automation can
lead to substantial increases in pro-
ductivity and appendant cost sav-
ings, prolonged down-time of cru-
cial control elements can devastate
the user’s profitability. O

93



WHERE ELSE CAN YOU FIND
SPECIFICATIONS FOR 35000 ICs?

Lots of places. That’s the problem.

You could spend hours sifting through hun- down into functions. More than 1,000 applica-
dreds of integrated-circuit catalogs, data sheets, tions notes, currently available, are given capsule
and advertisements. Eventually, you might find descriptions.
what you are looking for. Or you could turn to IC The mysteries of part number systems are
MASTER and find the device closest to your decoded for each IC manufacturer in the Part
needs in a matter of seconds. Number Guide. All types of functions ICs can

Because of the unique methods used in IC perform are listed in an index that also directs
MASTER to organize ICs by function performed the user to their location in IC MASTER.
and key specifications, the engineer is quickly As a special bonus, your IC MASTER will
directed to the right memory, microprocessor, include a free one-year subscription form for
operational amplifier, gate array, interface IC, Integrated Circuits Magazine, the only publica-
etc. tion that reveals how leading designers select

IC MASTER is two volumes, weighing nine and apply integrated circuits.
pounds, packed with data. It has 11 main
technical data sections, nine supporting informa- Typical Use of IC MASTER

tion sections, and thousands of data-sheet pages.
Its alternate-source directory with approximately
55,000 IC substitutes is the world’s complete
second-source listing. Its organized tables of data
describe ICs, microcomputer boards, support
boards, microprocessor development systems,
and PROM programmers available from 225
manufacturers.

A special military section describes screening
capabilities of IC manufacturers, provides a cross
reference between part numbers and military
specifications, and breaks the Qualified Parts List

All functions provided by ICs are carefully
organized for easy look up. As an example, suppose
an engineer needs to find the part numbers and
manufacturers for all 64K dynamic RAMS with
access times of 120 nanoseconds or faster. He can
find this information in less than 30 seconds by
turning to the memory section of IC MASTER and
looking for the 64K organization (words and bits per
word) that he needs. Because each device is listed
in order of access time, he can easily determine the
devices that satisfy his speed requirements.

Circulation Department
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Continued from p. 65

combined with Digital’s VAX. Uni-
base claims to process data man-
agement functions up to 10 times
faster than conventional software-
based DBMS. Unibase consists of
two processors: host and back-end.
The host processor may be any
member of the VAX series of inter-
active computers. Actual database
management functions are carried
out by the back-end processor, a
Britton-Lee Intelligent Database
Machine (IDM). Unibase prices
start at approximately $120,000, in-
cluding VAX 11/730, IDM 200, Un-
ibase Software Package and 100
Mbyte of disk storage capacity.

New UNIX Ports

UniPlus, a UNIX-like operating
system, has been ported to Apple’s
LISA personal office computer by
UniSoft Systems Corp. (Berkeley,
CA). UniPlus is derived from Bell
Laboratories” UNIX System III
and incorporates enhancements de-
veloped at the University of Cali-
fornia, Berkeley. The Apple LISA
port was completed in June 1982 to
prototype hardware provided by
Apple.

Human Computing Resource
Corp. (Toronto, Canada) an-
nounced the availability of its ver-
sion of the UNIX Operating Sys-
tem (UNITY) for the National
16032 wP. This development places
the National 16032 WP, with its
unique demand paging, under
UNIX in a competitive position
with the other major wPs, the
78000, Intel 8086, and MC68000
running versions of the UNIX Op-
erating System.

Conclusion

The software industry seems ' to
have passed through its adoles-
cence. The two major systems soft-
ware vendors are striving to create
a stable environment for applica-
tions software developers and sys-
tems integrators. Documentation,
training and after-the-sale technical
support are more than after-
thoughts. The emphasis on stan-
dards, portability and common in-
terfaces is an indication that the
industry is willing to post some
signs in the wilderness.
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Figure 5: Starfield
computers combine
UNIX, MC68000
and the Multibus.
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Graphics System Design

The concept of totally integrated
computer IC design parallels the
developments in computer aided
mechanical design. Both fields
have opened market niches that
have been attacked by start-up
companies offering solutions to
specialized sections of the design
problem. These systems offer an
inexpensive way for the engineer-
ing manager to introduce his staff
to the concept of computer aided
design since many are based
around pP board level products.

However, a closer examination
of the engineering problems in-
volved in both IC and mechanical
design shows that there is no
quick “stand-alone” or “under
$10,000 solution™ at present.

For this reason, some managers
are wary of entering the field at
all, preferring to wait until the

IC Design: Stand Alone Systems Are Now The Way To Go

“perfect solution” walks through
the door.

A more positive approach may
be to invest in a system that offers
the capabilities for inexpensive
expansion and utilization of exist-
ing computer power. CAE Sys-
tems of Sunnyvale, CA feels that
the purchase of a stand alone sys-
tem with proprietary hardware
will restrict the “room for expan-
sion” concept. For this reason
they have chosen to offer a system
(the CAE 2000) based around the
Apollo Domain that incorporates
a Multibus backplane.

When they defined the engi-
neering workstation, they ad-
dressed the electrical design cy-
cle from behavioral definition
through physical layout and test-
ing. Other companies have con-
centrated on the front or back end

Figure 1: A “mouse’’ guides the CAE 2000 workstation.

of the process. Some have limited
themselves to PCB or IC design,
but not both.

On the 2000, users are guided
by a series of menus using a
“mouse” and graphics tablet,
which positions the cursor over
the on-screen menu instructions.
The user then touches a button on
the mouse to execute the com-
mand. Using a component library,
a designer can call up models and
structures previously defined and
use them to construct schematics.
Chip area, power estimates, resis-
tance, and signal path timing pro-
vide the designer with compara-
tive measures to aid in the design
process.

Analysis spreadsheets can be
placed anywhere on the screen.
As an engineer modifies a design,
he can observe the values change
on screen and try a number of de-
sign possibilities. The CAE 2000
emulates both a programmable
pulse generator for stimulus input
and oscilloscope for circuit out-
puts. The programmable pulse
generator lets the designer con-
struct each waveform and change
the time domain. Setting param-
eters specifies pulse waveforms
for logic stimulation; continuous
waveforms for circuit stimulation
can be generated mathematically
or drawn with a movement of the
input device.

The CAE 2000 is available in
two configurations: the CAE
2000-A, priced at $88,690 (quanti-
ty one) comes with four software
packages that contain a basic
schematic capture capability with
on-line help and electronic mail,
documentation for an engineering
notebook, waveform capability
and a modeling language that lets
users interface to mainframe sim-
ulators. It also includes the timing
verifier and the logic simulator.

The CAE 2000-B priced at
$39,990 includes a software pack-
age that contains the basic sche-
matic capture capability with on-
line help and electronic mail.

—Wilson
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Innovative Design

Following quickly behind the an-
nouncements of the iLBX and
Multichannel enhancements to the
Multibus will come six new board
level products from Intel.

The new family contains the
iSBC 286 single board computer,
three high performance RAM
boards, a new universal memory
expansion board, and a link to the
high speed Multichannel 1/0O Bus
(Figure 1). The iSBC 286/10 SBC
sits at the high end of Intel’s SBC
spectrum. Fully compatible with
software written for the iSBC 86
and 88, the iSBC 286/10 improves
performance two to three times
over the earlier system.

The iSBC 286/10 provides what
Intel calls Universal memory site
expansion, allowing the designer
to custom configure memory on
the board. Designers can mix dif-
ferent kinds of byte-wide memory
devices such as RAM, iRAM,
EPROM and EEPROM through-
out the boards eight, 28-pin
JEDEC sockets. Each site is orga-
nized into two 4-site blocks, one
of which can be dual ported.

In these configurations, EPROM
memory is expandable to 192
kbytes using twelve 27128 16k X 8
EPROMs. On board RAM can
be upgraded to 80 Kbytes using
ten 2186 iRAMs.

Adding to the versatility of the
Multibus iLBX bus environment
are the new iSBC CX memory
boards. Three CX memory expan-
sion boards are supported with
capacities of 128k, 256k, and 512k
bytes. Each has error correction
and detection capabilities via
Intel’s 8206 ECC device. Dual
porting gives the board access to
both the Multibus and the iLBX-
bus. In addition, a new iLBX bus
compatible universal site memory
board, the iSBC 428, will be
available for flexible EPROM,
EEPROM and RAM configu-
rations.

New Hardware Supports
Enhanced Multibus Architecture

o

iLBX

Three High
) Performance
iSBC 286 RAM Boards
Single Board
Conpder iSBC 028CX
iSBC 056CX
iSBC 286/10 iSBC 012CX

iLBX

A New A Link
Universal To High Speed
Memory Multichannel
Expansion 10 B
iLBX iSBC 428 iISBC 580

Multibus

¢

iLBX
iLBX >

Figure 1: Six new board level products are available to support 286-based designs.

Figure 2: Microbar Systems development vehicle, the DV286, supports software de-

velopment for the 286 processor.

Total system performance can
be further enhanced by combining
the Multichannel with the iLBX
bus, with a new board (the iSBC
580) supplying the link. Acting as

a talker and listener on the Multi-
channel, the iISBC 580 transfers
data between the Multichannel
and system memory via the iLBX
bus, thus bypassing the Multibus.
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Innovative Design

This procedure allows other sys-
tem tasks to use the Mutibus re-
source while high speed 1/0 block
transfers are taking place.

Operating system support
comes from iRMX 286R and
Xenix. Each has features suitable
for real time or general purpose
data processing systems in indus-
trial and commercial markets.
Further, the iSBC 286/10 is sup-
ported by Intel’s Intellec Series 111
development system via a new de-
bug monitor, the iSDM 286.
There is also a host of program-
ming languages including ASM
86, PL/M 86, Pascal and Fortran
in the 8086-compatibility mode.
Pascal and C will be available
later for the protected mode.

In advance of the iSBC 286/10,
customers can begin software and
system development with the
iISBC 286/10ES evaluation Kkit.
Included are the iISBC 286/10ES
CPU board, an iSBC 012CXES
512 Kbyte RAM board, an iSDM
286ES System Debug Monitor
and system documentation.

Software development for the
286 processor is also supported by
Microbar Systems recent develop-
ment vehicle, the DV286, that
works with CP/M 86 and CP/M 80
based development systems, or
Intel development systems run-
ning the 8086 assembler.

The 80286 Development Vehi-
cle is utilized by first installing
MACRO286, Microbars 80286
instruction macro package, and by
installing the “execution vehicle”
on a host development system.
The “execution vehicle” is a Mul-
tibus, IEEE 796, compatible
board (Figure 2) containing the
1APX286 wP and has full virtual
memory capability.

Software can be developed on
the host system and then loaded
to the execution vehicle over an
RS-232 port for execution, testing
and debugging. Debugging is
facilitated with PROM based
DEBUG286 which provides sin-
gle instruction execution, break-
point setting, memory disassem-
bly, and examine/modify of

memory, I/O, and registers.

The DV286 is priced at $2495
and consists of the “execution vehi-
cle,” a single Multibus board featur-
ing the Intel 80286 wP, 128 Kbytes
of on board memory expandable

to 16 Mbytes; DEBUG286, a
PROM based 80286 debugger;
MACRO286, a set of 80286 in-
struction macros; and documen-

tation.

—Wilson

S

The highest technology has yet to be
fully explored. Human Physiology ...
a system of incomparable complexity
and subtlety. The human body has
uncounted miles of vasculature and
billions of microcircuit-like neurons.
Over the years it has reluctantly
yielded its secrets—mysteries
capable of improving the quality
of life.

Advanced Technology Labs in
Bellevue, Washington, is committed
to expanding the scope of knowledge
surrounding the human body and its
component systems. Its diseases. Its
Physics. We produce diagnostic
instrumentation used by medical
professionals in research and clinical
applications. This equipment uses
state-of-the-art architectures and
processing technology to obtain two-
dimensional real-time images of
internal structures and:systems.

If you are interested in expanding
your research, engineering or sales
and marketing horizons in the highest
of technologies send your resume to
Gabe Immordino, ATL, P.0. Box 6639,
Dept. DD-1-0483, Bellevue, WA 98007.
An equal opportunity employer.

A Squibb Medical Systems Co.
Building on a Sound Foundation
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SPEECH DEVELOPMENT
SYSTEM

Real-Time Speech Processing
Capabilities

As a real-time speech-development
system, the SDS50 can instantly trans-
late spoken words into LPC (linear
predictive coding) speech data and
produce synthesized speech. It also
allows users to edit LPC speech data
via any RS-232C compatible terminal.
The pitch, energy, and vocal-tract

configuration can be modified by the
user, then produced through the loud-
speaker to immediately hear the re-
sult. Commands can also be given to
store the results in EPROMs by use
of an optional built-in EPROM pro-
grammer. Words and phrases pro-
cessed by the SDS50 require less than
1.8 Kbit/sec of memory space. Up to
12 sec of speech can be accommodat-
ed in the system’s 16 Kbytes of avail-
able RAM. The SDS50 consists pri-
marily of 4 pC boards: a custom
processor board, TM990/101MA CPU
board, TM990/201-43 memory board,
and one of a choice of speech synthe-
sizer boards. The enclosure can also
accommodate a TM990/302 PROM
programmer for users that want the
EPROM programming option. Texas
Instruments, PO Box 401560, Dallas,
TX 75240. Write 149

MEASUREMENT SYSTEM

Fully Automated, Multi-Channel
System

Optilog PLUS incorporates the Opti-
log Integrated Data Acquisition and
Control System, the Apple II Plus
Computer with dual floppy disk
drives and Optim’s MAGS (Measure-
ment And Graphics System) software,
Featuring 16-bit resolution and scan-
ning speeds up to 250 samples/sec, it
can be configured with 10 to over
1000 channels (analog or digital/input
or output). Integral signal condition-
ing includes internal cold junction
compensation and constant current
and constant voltage and energization

sources which are fully programmable
on a channel-by-channel basis. Inter-
active software routines allow menu
selection of functions. Additional pro-
grams can be written in BASIC or
FORTRAN and any Optilog units in
the system can be connected to other
host computers. Optim Electronics
Corp, 16021 Industrial Dr., Gaithers-
burg, MD 20877. Write 142

EPROM PROGRAMMING
SOFTWARE

Automates Use Of IM Multi-Master
EPROM Programmers

For the production manager who has
large quantities of EPROMs to burn,
this software package can solve
“housekeeping” problems associated
with EPROM production inventories.
Software is written in “C”. It pro-
duces user-friendly graphics on most
operating systems to facilitate down-
loading to the programmer, identifies

human and EPROM errors and maxi-
mizes throughput. The system elimi-
nates the need for master EPROMs
in the production environment. The
program allows operator interaction
on three levels of computer control.
The first level permits setting the typi-
cal parameters associated with every

set of EPROMs. The second level in-
corporates the first with the addition
of logging pass/fail information. The
third level adds complete external
computer control of the production
programmer’s display and keyboard.
Interfacing is compatible with the
IM3016 Multi-Master EPROM  Pro-
grammer featuring 16 programming
sockets. The system is capable of pro-
gramming any number of sets and set
sizes by using a series of IM3016s.
Complete systems including software
and one IM3016 Multi-Master
EPROM Programmer with 16 socket
EPROM module begin at $9,985.
Software only for installed IM3016s is
$2,995. International Microsystems,
Inc., 11554 C Ave., Auburn, CA
95603. Write 135

RELATIONAL DBMS

For Use On Mainframe, Mini, And
nCs

As a large-scale DBMS, ORACLE
offers multi-user capabilities and
automatic recovery from system fail-
ure in batch and on-line environments
involving data bases as large as bil-
lions of characters of data. In addi-
tion, ORACLE provides an interac-
tive application generator; report
writer; word processing and document
preparation system; and integrated

data dictionary. Version 3 currently
runs on IBM mainframes with the
VM/CMS  operating system; DEC
VAX-11 and PDP-11 minicomputers;
Data General 16- and 32-bit Eclipse
minicomputers; and Motorola 68000-
based wCs running under UNIX.
ORACLE will soon be available on
other 68000-based operating systems,
as well as on Intel 8086-based operat-
ing systems, as well as on Intel 8086-
based pCs and on IBM mainframes
with the MVS operating system. The
Version 3 ranges between $600-
$48.,000. Oracle Corp, 3000 Sand Hill
Rd., Menlo Park, CA 94025.Write 143
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CAD SYSTEM
For VLSI Design Verification

Logic may be simulated more com-
prehensively—up to 99 states are pos-
sible—with virtually no restriction on
device size due to LOGCAP 400% 10
million node capacity. Multiple logic
states are generated to discern inter-
actions between logic level, logic
mode and logic strength at each node.
There are three levels (0, 1, X), three
modes, (Driven, Stored and Un-
known) and 16 strengths for each
driven and stored mode. Its fault sim-
ulation capability verifies design sim-
ulation integrity; faults may be intro-
duced singly or concurrently. After
fault simulation, LOGCAP’s test
grading feature reports the percentage
of faults detected. The input patterns
and simulated ouputs may be saved
and automatically converted into
VLSI tester programs. The system
also provides an English-like lan-
guage with subcircuit nesting, an ex-
tensive element library and user-de-
fined network descriptions. Phoenix
Data Systems, Inc, 80 Wolf Rd, Alba-
ny, NY 12205. Write 145

MULTI-USER
Support 32 or 64 Users

The Supermicro 64X supports 64 con-
current users and has a 136 Mbyte
disk capacity expandable to
272 Mbyte. The Supermicro 32X sup-
ports 32 concurrent users and has a

ity § Ui

60 Mbyte disk capacity expandable to
240 Mbyte. Both systems feature
Z80B-based File Processor with 256K
of RAM and doubled bus transfer
rates of 400 Kbytes/sec. New “X" se-
ries Application Processors (individ-
ual Z80A 64K processing boards, one
for each Supermicro user) are avail-
able. Operating under its own propri-
etary n/STAR Network Operating
System, the Supermicro series is com-
patible with all CP/M and CP/M-86
application software packages. n/
STAR provides extensive file manage-

New Products ¢ COMPUTERS/SYSTEMS

ment facilities including all CP/M op-
erations plus powerful record locking
features for concurrent file sharing,
system password security, private and
common user files and print spooling.
All Supermicros are modularly de-
signed to support increased disk ca-
pacity, streamer tape backup and 16-
bit shared processing options. The
basic Supermicro 64X with 136 Mbyte
disk capacity. 500 Kbyte floppy and
32 Application Processor slots lists for
$22,995. The Supermicro 32X with 60
Mbyte capacity, S00 Kbyte floppy and
32 Application Processor slots lists for
$18,995. “X” series Application Pro-
cessors list for $995. Molecular Com-
puter, 251 River Oaks Parkway, San
Jose, CA 95134. Write 137

ANALOG MULTIPLEXING
SYSTEM

Provides Parallel Or Serial Interface

The 1874-S Serial Version of the 1874-
MUX interfaces to the host device via
an RS-232C, RS-422, or isolated
20mA current loop (user selectable).
It features selectable baud rates from
110 to 19.2K baud, throughput speeds
of 300 channels/sec (at 19.2K baud),
and a pre-formatted ASCII com-
mand/reply set. Multiple 1874-S units
may be connected via a multidrop

configuration providing a maximum
capacity for interfacing up to 16,384
analog channels. The 1874-P Parallel
Version provides a parallel digital in-
terface for analog I/O signals. It em-
ploys a simple “handshake” protocol
and interfaces directly through the
host’s thumbwheel switch cards or
TTL I/O cards. The data is trans-
ferred between the host and the 1874-
P over logic lines, on a per-channel
basis, in either 12-bit binary code, or
as a 3- or 4-digit (field selectable) bi-
nary coded decimal (BCD). Acromag,
Inc, 30765 Wixom Rd, Wixom, MI
48096. Write 132

INTEGRATED SOFTWARE
SYSTEM

Automatic Placement and Routing

The SL-2000 software set accommo-
dates the entire gate-array or stan-
dard-cell-based design cycle from ar-
chitectural definition to chip layout
without the need for device physics
expertise or topological design experi-
ence. The system can also assist in the
design of printed circuit boards, back-

planes and programmable logic ar-
rays. Automatic functions are design
iterations, interface to simulators, in-
teractive hierarchical mapping, auto-
matic placement and routing, and de-
sign-rule checks. SL-2000 is designed
to execute VLSI designs on any IBM-
compatible CPU, DEC and PRIME
minicomputers, APOLLO worksta-
tions and a wide variety of graphics
terminals. Output tapes from the de-
sign program interface directly with
interactive graphics systems from
CALMA, COMPUTERVISION and
APPLICON, for generation of
artwork. Silvar Lisco, 1801 Page Mill
Hill Rd., Palto Alto, CA 94304.
Write 148

PASCAL COMPILER
For PDP-11 UNIX Systems

Pascal-2, a second-generation Pascal
compiler, features a multipass oper-
ation. It generates compiled code that
is 30% to 40% smaller and twice as
fast as the Pascal-1 compiler. Pascal-2
compiler and debugger are targeted to
users of PDP-11 hardware with the
UNIX-operating system. The debug-
ger allows the programmer interac-
tively to solve—at the level of the
source program—Iogic errors in appli-
cations, thus simplifying and speeding
development. The debugger runs sep-
arately from the application code
being debugged, keeps track of multi-
ple compilation units and performs
breakpoint debugging without slow-
ing the application code. The profiler
aids the applications programmer
by identifying execution bottlenecks.
License fees for Pascal-2/UNIX be-
gin at $3950. Oregon Software, 2340
SW Canyon Rd., Portland, OR 97201.

Write 144
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New Products ¢ COMPUTERS/SYSTEMS

MULTIUSER p.C SYSTEM

Multiworkstation Computer For The
Business Environment

This desktop business system sup-
ports up to four user workstations
with 19 Mbytes of Winchester stor-
age, up to 1 Mbyte of user RAM, and

E P ¥ob, y,vf;,y # o
nﬁﬁq‘r‘:‘v':‘!"{‘l' ¥

8 and 16-bit wPs to run 8 and 16-bit
applications software concurrently.
The multitasking operating system is
compatible with both 8 and 16-bit
versions of popular CP/M and MP/M

programs—plus PC-DOS as used on
the IBM Personal Computer, 16-bit
implementations of BASIC, COBOL
and Pascal are supported, as well as
electronic spreadsheet, word process-
ing, database management and com-
munications packages. Each worksta-
tion comprises an ergonomic low-
profile keyboard and high-resolution
color display. Optional workstation
printers are available eliminating the
need for sharing a central printer. An
entry-level, single-user system, confi-
gured with 19 Mbyte Winchester and
1 Mbyte floppy drives and 256 Kbytes
of RAM is $8,500. Memory upgrades
in 256 Kbyte increments are $1,500.
User workstations are $1,500. Quan-
tity, OEM and dealer discounts avail-
able. RAIR Computer Corp, 4101 Bur-
ton Dr., Santa Clara, CA 95050.
Write 146

CAD/CAM SYSTEM

2D System For Precision Layout
This system, designed around the
Wild TA2 precision plotting table, can
produce either pen plots, scribed
Mylar or cut Rubylith with .0008" ac-

curacy and in any scale up to the full
48 x48" table surface. The Fortran
software program uses English lan-
guage prompts and incorporates lin-
ear and circular interpolation, scaling,
rotation, macro generation and stor-
age, on-line editing and cutter offset
(etch factor compensation). Uses in-

clude the production of precision
artwork and layouts, such as optical
comparator charts, site gauges, tem-
plates, circuit masks or chemical ma-
chining masks. Completing the CAD/
CAM system is a DEC LSI 11/23
computer, a DEC VTI100 terminal
with graphics board, a 10 Mbyte Win-
chester disk and additional 1 Mbyte
floppy disk. Complete turnkey system
is $99,950. Wild Heerbrugg Instru-
ments, Inc., 465 Smith St., Farming-
dale, NY 11735. Write 155

DAISY WHEEL PRINTER
Adjustable Typing Pitch

Features include adjustable typing
pitch, bi-directional printing and will
handle 17" wide paper. Minute hori-
zontal (%5") and vertical (%y")

movements allow a range of printing
functions. The PR5500 has bold-face,
subscript, superscript, double strike,
underline as well as microjustifica-
tion to interface with the software
supplied with the computers. The
PRS5500 is compatible with most word
processors and any other computer
offering a centronics parallel inter-
face. $995. Sanyo, 51 Joseph St.,
Moonachie, NJ 07074 Write 178

DISK EMULATING SYSTEM
Rotating Unit Equivalent

The MegaRam-11 is configured with a
Unibus interface and can be used on
the PDP-11, PDP-11/70 and VAX se-
ries of computers. The system is avail-

B by Totabigy i

able with a dual port capability and
can be equipped with an internal bat-
tery back-up option. The unit is pack-
aged in a 19" rack-mounted chassis re-
quiring only 7" of vertical rack space
and up to 8 Mbytes of storage. Ex-
pansion up to 28 Mbytes can be ac-
complished by daisy-chaining chassis.
the system can be configured in 2
Mbyte increments. Imperial Technol-
ogy, Inc., 831 S. Douglas St., El Se-
gundo, CA 90245. Write 173

New Products e PERIPHERALS

MAGNETIC TAPE SYSTEMS
Compatible With H-P Computers

Features include tape speeds to 125
ips and densities of 800/1600 or 6250
bytes per inch, reel sizes of 102", 82"
and 7" fit any H-P computer system.

The family also includes HP-IB and
IEEE-488 controllers for 4" reel to
reel and V4" cartridge recorders. Dy-
lon, 9561 Ridgehaven Court, San

Diego, CA 92123. Write 180
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GET THE POWER YOUR @-BUS SYSTEM
WAS DESIGNED TO GIVE

It's Plug-In Simple with Remarkable DEC-Compatible
Technology from Andromeda Systems

The WDCI11 Triple Function Compatible Controller:
Its Power is Amazing Versatility

Interfaces with 8- and 5%-inch Winchester and floppy disk drives, and
includes an intelligent bootstrap ROM. This LSI-11 compatible Control-
ler emulates these standard DEC devices: RK-05, RL-01/2, RP-02, RX02

That's only a sampling of the freedom of selection you have with the
WDCI11 Controller. It adds performance to your LSI-11 computer
system. Easily and cost-effectively.

Winchester Add-On Subsystems: Their Power is Speed,

Storage Capacity, Reliability, Compactness,
and Low Cost

Get major throughput gains from your LSI-11 floppy-based system at
a cost you can live with. Andromeda’s popular MDS series, with a
5%-inch Winchester drive, has a data transfer rate over eight times
that of an RX02 floppy! Standard DEC emulations are available.
Includes built-in bootstrap and formatting.

All Andromeda Winchester Subsystems will quickly and conveniently
cover your mass storage needs for today and tomorrow

Complete Turn-Key Computer Systems:
Their Power is Big Overall Performnance
gw for Small Space and Cost

One totally integrated package includes computer
and disk drives. For example, the 11/M1-W (pic-
tured) holds a standard 5%-inch Winchester disk
drive, 2 x 5§ card cage, control panel, and power
supply.

Andromeda Turn-Key Computer Systems are easily
expandable, and may be custom-configured to

fit your processing requirements, space constraints
and budget. Specify 8-inch disks if you wish, or
dual drives, or floppies...or a combination

Andromeda is the Q-Bus specialist. Our single objective is to develop fine products that
unleash the power that is inherent in your DEC LSI-11 system.

ANDROMELDA

Call or write today (] N Y%
for more information. St S-IEMNSC \!\Q(!/'Iu/'
We'll be in touch 9000 ETON AVENUE : /’f)|§‘\~

» CANOGA PARK, CA 91304 e\

DEC, LSI-11, RK-05, RX-02, RLO1, RP02 are Ph: [213] 709-7600
trademarks of the Digl;al Equip'mem Corp. TWX: [910] 494-1248

Write 36 on Reader Inquiry Card
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APERTURE CARD RASTER

Translates Card Images To Hard
Copy Plots

Scanning 200 lines per second, ACRIS
reads up to three card/min. with out-
put resolution of 200 by 200 scans per
inch. Plots can be scaled up or down
in size. Features include thresholding,

background adaptability, line detec-
tion, and line growth minimization.
Self calibration of lamp and denity
concurrent with the initial lines of
each scan maintains image quality.
Functional diagnostics provide con-
tinuous monitoring. Versatec plotters
offer compatible 200 point resolution,
selectable line enhancement, and a
paper and polyester film media.
ACRIS connects directly to Versatec
11, 22, 24 and 36" plotters via stan-
dard Verstec interface. Communica-
tions interface supports line speeds
from 1200 to 56K baud via RS-232 or
RS-449 modems. Data is sent in com-
pressed raster format under SDLC
subset protocol. ACRIS Model 930 is
$13,500. Versatec, 2710 Walsh Ave.,
Santa Clara, CA 95051. Write 174

5%4" FLOPPY DRIVE
Half Height

The RFD 485 (48 tpi) and RFD 965
(96 tpi) double-sided drives (single-
sided versions are available) are half
the height of a standard minifloppy
drive. Measuring 1.61" behind the be-
zel, these new drives allow users to
expand existing capacity by replacing
one full-size drive with two half
heights. 1 Mbyte of capacity is avail-
able on the RFD 965 and 500 Kbytes
on the RFD 485. Features include a
self-centering clutch and spindle de-
sign which improves media to spindle
registration and LSI circuitry that re-
duces the size of the logic board. The
bezel is removable and interchange-
able with three sizes which can be in-
stalled in the field. One model pro-
vides complete interchangeability
Lwith existing full size units and can re-

duce problems in the transistion from
full to half size drives. The head(s) on
the RFD 485/96 is loaded onto and
unloaded from the media surface via
a mechanism engineered into the door
operation. The RFD 965 drive has a
3ms track-to-track access time (Sms
for RFD 485), and the MTBF of the
direct drive brushless DC motor is
30,000 hours. Remex Div., 1733 Alton
St., Irvine, CA 92713. Write 177

PLOTTER MODULE
For Handheld Computers.

The HP-41 handheld computer, with
the plotter module, is connected to
the HP 7470 graphics plotter via the
Hewlett-Packard Interface Loop (HP-
IL). For remote applications, the HP-
41C is attached to the HP-IL interface
loop during the actual recording of
measurements. The module stores in-
formation gathered by instruments in
the HP-IL loop and the HP-41C is
brought back to a central base where
it is attached to the HP 7470 to pro-

duce plots. For bench-top use, the
plotter and HP-41C with a plotter
module are linked together with the
HP-IL. With the plotter module con-
nected to an HP-41 handheld comput-
er and an HP 7470 graphics plotter,
bar code can be created for the HP
82153A optical wand and scanning
devices in other bar-code systems.
Multi-color line graphs, bar charts
and text pages also can be created
with the HP-41, plotter module and
HP 7470 graphics plotter. The plotter
module is $75. Hewlett Packard, 1820
Embarcadero Rd., Palo Alto, CA
94303. Write 185

5Y4" WINCHESTER DRIVE

Removable Media, Fixed Media,
Dual Media

The Cardiff family of 5/4"” Winchester
drives are fully compatible in size,
power requirements, interface and
data transfer rate with currently avail-
able wCs and controllers. Features in-

clude a Closed Loop Servo Positioner
with a voice coil linear motor that
makes high speed positioning of the
R/W heads possible with no increase
in drive depth over standard 5%" flop-
py drives. Dynamically loaded R/W
Heads are loaded on a rotating disk
surface. Any possibility of damage
during shipment is eliminated. Low
power consumption and the use of
only +5V and + 12V supplies allows
drive to be powered by any standard
S5¥%" floppy or Winchester disk drive
power supply. Demonstration units
will be available during the first quar-
ter of 1983. Innovative Data Technol-
ogy, 4060 Morena Blvd., San Diego,
CA 92117 Write 166

COLOR PRINTER

Pen Plotter Capability And Letter-
Quality Printing.

The VectorPrinter combines pen plot-
ter capability with high-speed, letter-
quality alphanumeric printing, with-
out the need for vector-to-raster
converter. Its features include: a sim-
ple software interface for easy pro-
gramming, compatible with Hewlett-
Packards HGL plotter protocol for
color graphics, letter-quality alphanu-
merics, printed at 125 cps, and high-
resolution graphics, using 300 dots
per inch horizontally. It also includes
a variety of type fonts, including elite,
pica, orator, italics and bold, and an
ability to print multi-part forms. Envi-
sion, 505 Hamilton Ave., Palo Alto,
CA 94301. Write 184
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| 1983
NATIONAL
COMPUTER
CONFERENCE

MAY 16-19
ANAHEIM, CALIFORNIA

THE EMERGING
INFORMATION AGE:
COMPUTERS,
COMMUNICATIONS
AND PEOPLE

Experience the premier conference
for computer technology— NCC ’83.

Expand your knowledge of the latest
ideas and developments in this
constantly changing industry.

Explore over 650 exhibits from
nearly every company in the com-
puter field, and a most challenging
and informative technical program
presented by key professionals, as well
as top-rated Professional Development
Seminars. Imagine — 100,000 people
seeing and experiencing every aspect
of computer technology.

Blast off for NCC ’83!

Sponsored by American Federation of Information Processing Societies, Inc.; Association for Computing
Machinery; Data Processing Management Association; IEEE Computer Society;
Society for Computer Simulation. Photo: Courtesy of NASA

For information about NAME
NCC 83,
please write to:
AFIPS COMPANY NAME
P.O. Box 9658 e
Arlington, VA~ ADDRESS
22209 CITY

TITLE




New Products ¢ PERIPHERALS

OSCILLOSCOPES

Front Panel Layout

The 2445 and 2465 analog scopes are
designed to replace the 465B and 475.
The 2465 has 300 MHz bandwidth,
500 picosecond per division sweep
speed, and an auto-level trigger fea-

ture with trigger bandwidth greater
than 500 MHz. The 2445 has 150
MHz bandwidth, 1 ns per division
sweep speed, and the same triggering
features with trigger bandwidth to 250
MHz. The 20.3-pound scopes have
four full-bandwidth vertical channels,
each with calibrated scale factors and
positioning controls. The CRT read-

out generates cursors which the user
can superimpose on the waveform to
measure delta voltage, delta time, fre-
quency, phase, and ratio. The readout
displays trigger threshold voltage,
sweep delay and delta delay times,
and vertical and horizontal scale fac-
tors. Tektronix Inc., PO Box 500, Bea-
verton, OR 97077. Write 171

2" TAPE DRIVE

File Sort Capabilites And Tape
Processing

Cache Tape 75 ips tape drive provides
file sort capabilities and tape process-
ing, in addition to the traditional file
save/restore functions of 2" backup
and performs backup functions in an
on-line environment. It allows users
to continue primary processing with-
out interruption, and provides back-
ground file save/restore functions.
The tape drive backs up 80 to 300
Mbyte high performance Winchester
disk drives. A 3200 bpi version is also
available for increased capacity. Its
functional capabilities include: file-
oriented disk backup, physical disk
image backup, transactional journal-

ing, tape merge/sort, tape inter-
change, data archiving, and data ac-
quisition. $2,820. Cipher Data
Products, Inc., P.O. Box 85170, San
Diego, CA 92138. Write 165

LOW PROFILE KEYBOARD
Full Surface Multistation Keytop

Features of the FC 2500 keyboard are
solid state ferrite core linear or tactile
“feel” keyswitches and full multista-
tion keytop, as well as +5VDC oper-

taion, LED indicator, and selectible
baud rates. The keyboard is TTL
compatible with ergonomically de-
signed keytops and has a multiple
mode selection. Cortron, 400 W.
Grand Ave., Elmhurst, IL 60126.
Write 163

New Products e COMPONENTS

PRESSURE TRANSDUCER
For wP Based Applications

The EAF pressure transducer’s out-
put signal is a frequency modulated
square wave with a nominal SkHz
range, set from 1kHz to 6kHz. The

&

EAF features 11 pressure ranges from
0-6 psi to 0-5000 psi. Each unit is
computer trimmed for calibration and
temperature compensation to insure
unit to unit interchangeability of +/—
1% . Unit accuracy, including effects
of non-linearity, hysteresis and repea-
tability, is within +/— 0.5% of span
from best fit line. Typical applications
include refrigeration systems, agricul-
tural sprayers, engine controls and
Monitors, compressors, transmissions
and medical instruments. $68 in 1000

piece quantities. Data Instruments
Inc., 4 Hartwell Place, Lexington,

MA 02173. Write 200
32K ROMs

Electrostatic Discharge Protection
Designated the RO94132B,

R0O94132C and RO94132D, the
ROMs feature MOS N-Channel Sili-
con Gate ION-implanted technology,
4096 x 8 organization, fully static op-
eration (no clocks required), single
+5V * 5% operation, and TTL
compatibility. Access times are 450ns
for the RO94132B, 300ns for the
R0O94132C, and 250ns for the
RO94132D. Pricing in 10,000 piece
quantities is $1.65 for the RO94132B,
$1.71 for the RO94132C, and $1.82
for the RO94132D. General Instru-
ment Corp., 600 W. John St.., Hicks-
ville, NY 11802. Write 198

OPTICAL MOUSE
Uses 5 Volts of Power

The OptoMouse requires SV of power

from the host system. Controlled by

its own P, it can emulate existing
graphics protocols such as Tektronix
Plot 10 and Summagraphics bit pad,

and the required host interface is re-
duced to a simple RS-232C serial
port. OptoMouse functions include
scaling, relative position or direction-
al speed and will address any pixel on
the CRT screen. It is available in sev-
eral configurations to meet specific
user needs and CRT types. USI Inter-
national, 71 Park Lane, Brisbane, CA
94005. Write 197
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FLOATING POINT HARDWARE
For MC68000

The SKYFFP single card processor is
capable of a 3.0 psec floating point
add/subtract/multiply on 32-bit single
precision data, and 12.0 psecs for 64-

N

bit double precision data. The
SKYFFP performs basic operations
such as add. subtract, multiply, and
divide, as well as square root, loga-
rithmic and trignometric functions on
IEEE standard 32-bit single precision
and 64-bit double precision floating-
point data. It is designed to be com-
pletely transparent to the user, requir-
ing no modification to existing
FORTRAN, Pascal or C programs.
Under $1000. SKY Computers, Inc.,
Foot of John St., Lowell, MA
01852. Write 189

MEMORY MODULE
12 Byte Wide Sockets
The board provides 12 byte wide
memory sockets that can be individ-
ually configured for any type of byte
wide memory device. Each socket can

be positioned independently any-
where in the processors address space
on 4K boundaries. The card supports
memory paging through the use of a
high speed mapping RAM allowing
use with either the Z80 or 8088 pro-
cessor on the STD bus. The DSTD-
503 allows the use of a variety of byte
memory devices including RAM,
ROM, EPROM and EEPROM in 2K
x 8,4K x 8, 8K x 8 and 16K x 8
configurations. The DSTD-503 is

New Products e COMPONENTS

available in both 2.5 and 4.0 MHz
version. dy-4 Systems Inc., 888 Lady
Ellen Place, Ottawa, Ontario, Can-
ada K1Z 5SM1. Write 194

GRAPHICS CONTROLLER
Programmable Color Look-Up Table

MLZ-VDC is an intelligent graphics
controller with Z80-A CPU, DMA
controller, 132 byte FIFO on the Mul-
tibus for buffering command flow. It
has up to four 28-pin sockets allowing
up to 32K of EPROM/ROM and 16K
of RAM, 24 bit addressing with com-
plete master/slave or multimaster ca-
pabilities, bus map to define board
position, and one Intel compatible
iISBX expansion module connector. It
has a pPD7220 Graphics Display
Controller for both graphics and char-
acter generation, 512 Kbytes of on-
board memory organized as
1024 x 1024 x 4, standard display win-
dow of 640 x 480 x 4 either interlaced
or non-interlaced, programmable col-
or look-up table allowing a display of
16 colors out of a palette of 4096, and
an integral light pen interface. Heuri-
kon Corp., 3001 Latham Dr., Madi-
son, WI. Write 199

EMILRFI '

A PROBLEM?

Here's a new shielded cord for
CRT’s and other interface
devices. Interference is
controlled to comply with
FCC Docket, 20780.

Custom-engineered cables and

assemblies to meet your needs.

Call collect R03-677-2657.
Ask John Douglass for
technical information and
design assistance. Or send
specifications for quotation
to: AWC Dept. DD

ADIRONDACK

ch WIRE AND CABLE CO,, INC.

FARMINGTON,CONN.06032

Write 47 on Reader Inquiry Card
Digital Design ® April 1983

of Digital Equipment Corporation.

1 ISESSI |
g i
L AR
I CMV-1000 CMV-500 I
I I 1 / . MEGABYTE I
§ CSR MEMORY FOR %
I *DEC LSI-11/23, PDP-11/23 & l
PDP-11/23 PLUS
I CMV-1000 CMV-500 I
Max. memory capacity 1 MByte 512 KByte
I Board size Quad Dual I
22 Bitaddress Yes Yes
I CSR Parity controller Yes Yes l
Min. starting address block | 64 KWord 4 KWord
l Depopulated version 512 KBYTE 256 KBYTE l
CAMINTONN CORPORATION
P.O. Box 5190 @ Hacienda Heights, Ca. 91745
(714)895-4568 ® (213)544-2994
I * DEC, LSI-11/23, PDP-11/23 & PDP-11/23 PLUS are registered trademarks I

Circle No. 529
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Go one-on-one with the key systems
integrators, assemblers, designers, and
software specialists in the hard-to-reach
high technology OEM.

Make the best use of your marketing
dollars in 1983. Exhibit in Mini/Micro.

If you supply or manufacture com-
puters, peripherals, data communica-
tions equipment or software services,
we offer you four major opportunities
to reach one of the nations largest
markets, on a regional basis.

Over 50,000
Projected Attendance.
Marketing in the 80s can be little more
than a shell game. Take the chance out
of your market planning. Select any
(or all) of four key shows, sited at the

regional centers of the U.S. market.

AA

¥*
Mini/Microz:s

Reach the Decision Makers.

Talk to the buyers and specifiers of your
products and services, on their own
terms, and in their own back yards. They
represent the Whos Who of high tech:
nology. These are individuals with
demonstrated buying power, and a
demonstrated need for your kind of
product.

You'll be in Good Company.
Exhibit with companies such as Apollo
Computer, Atari, Digital Equipment,
Hewlett-Packard, Intel, MDB Systems,
Micom Systems, Rockwell International,
Radio Shack/Tandy and Zilog.

These companies recognize this
unique opportunity to reach the OEM
in a manner no other exhibition or
convention can offer, and the added

Mini/Micro Northeast April 19-21
New York Coliseum, New York, NY
Mini/Micro Northwest May 10-12

Portland Coliseum, Portland, OR

benefit of holding these exhibitions in
conjunction with, but separate from, the
nation’s leading regional electronics
symposiums.
Make Plans
to Reserve Space Now.

Call our sales department today. Ask for
complete details on how to crack the
OEM, and why it should be important
to you. The show prospectus and com-
prehensive audience profile (detailing
the 1982 Mini/Micro audience) are
yours for the asking. Act now. And get a
clear picture of where your sales are
coming from in 1983.

Call Toll Free:
800/421-6816.
In California, dial
800/262-4208.

Mini/Micro Midwest Sept.13-15
0'Hare Exposition Center. Chicago, IL

Mini/ Micro West
Brooks Hall, San Francisco, CA

Nov. 8-11

Produced by Electronic Conventions, Inc., 8110 Airport Blvd., Los Angeles, CA 90045, 213 772-2965.




SINGLE BOARD COMPUTER
For STD Bus

The RSD-8088 features the 8088 wP
whose internal architecture provides
16 bit wide registers, a 16 bit ALU
and a set of 16 bit instructions identi-

cal to that found in the 8086 wP. Fea-
tures include: 16 bit 8088 CPU run-
ning at 4.77 MHz; RS-232 serial I/O
channel with software programmable
baud rate; 20 programmable parallel
I/O lines usable with or without hand-
shaking; five 28 pin bytewide memory
sockets jumper configurable for 24
pin or 28 pin EPROM or RAM. It
also has bytewide memory sockets to
support nonvolatile EEPROM; 256
bytes of additional on-board RAM;

New Products e COMPONENTS

wait state generator, and on-board in-
terrupts for serial and parallel 1/O.
Robotrol Corp, 1250 Oakmead Pkwy,
Suite 210, Sunnyvale, CA 94086.
Write 191

ENCODER
Integral Coupling

The E25 Series has patent pending in-
tegral coupling that allows the user to
have less than perfect mechanical in-
terface, accepting axial play to =+

.030", radial misalignment to .010"
and angular misalignment to 5°. De-
signed for the OEM market, this unit
is available in resolutions up to 2540

counts per turn in quadrature with or
without zero reference. It features
easy mounting, no alignment, self-
centering, no signal degradation with
time or temperature (0° to 70°C) and
is a warranted separable product. BEI
Electronics, Inc., 7230 Hollister Ave.,
Goleta, CA 93117. Write 202

SWITCHING POWER SUPPLIES

Use UL/CSA Components For High
MTBF

RES800 Series features include: 24V,
semi-regulated forth channel avail-
able for motors, solenoids, relays,
etc.; auxiliary output currents of up to
30A (RE802); industry standard 5" x
8" x 11" profile, mounting patterns
and connections; wide input range
(90-132 VAC, 165-250 VAC, 180-264
VAC), user selectable; and a com-
plete 800W family of singles, duals,
triples and quad output models. The
range of standard options include AC
power fail, output-out-of-tolerance,
and direct parallel. From $875, OEM
discounts available. ACDC Electronics,
401 Jones Rd., Oceanside, CA
92054. Write 203

We're Looking

DCS High Reliability Multibus
Microcomputer Systems for Industry

Software
The DCS/86 utilizes standard
operating systems such as

For Authors...

We will pay authors an honorarium for articles
and Applications Notebooks at a rate of $35 to $75 per
printed page for feature articles and $70 for Applica-
tions Notebooks. The amount depends upon how
well the article is written and orgamized, the amount
and quality of artwork (we prefer camera-ready art),
and how much extra work must be done by our edi-
tors and artists on your text and figures. You will re-
ceive payment upon publication.

Topics. What do we want? Problem and solution top-
ics include, but are not limited to: microcomputers,
minicomputers, buses and interfaces, power sup-
plies, software (Ada, Pascal, Assembly, etc.), print-
ers, plotters, tape drives, floppy and hard disk drives,
voice J/O, video display terminals, microcomputer
development systems, logic cnalyzers, etc.

Guidelines. For guidelines to Digital Design article
requirements, format, submission and acceptance,
write to: Features Editor, Digital Design, 1050 Com-
monwealth Ave., Boston, MA 02215.

=3
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i
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DCS/86L

16-bit (8086) microcomputer
system with CDC Lark 16
megabyte (Winchester)
removable cartridge disk.
(DCS/86 system prices start
at $6900.00).

DCsS

Distributed Computer Systems
is @ manufacturer of high relia-
bility, rugged Multibus systems
for industrial control, factory
and laboratory automation,
data communications and soft-
ware development. Since 1979
DCS has been praised by
hundreds of customers for its
systems reliability and rugged
design. DCS offers the best
industrial microcomputer sys-
tem value in the industry and
we welcome your comparison.

CPM/86, MPM/86 (multi-user,
multi-tasking), Concurrent
CPM/86 (single user, multi-
tasking), MS-DOS (original
operating system selected for
IBM PC), Xenix (UNIX) and
iRMX86 (Intel multi-tasking
DOS). High level languages
include Fortran, Basic, Pascal,
PL/1 (subset G), PLMX, Cobol,
“C" and ADA. DCS offers the
largest selection of software
available for 16-bit micro-
computer systems and a staff
to provide customer support.

Field Proven

Hundreds of DCS systems are
in use throughout the United
States and Western Europe in
demanding industrial
applications. Whether it is a
complete system or OEM
components, please be
assured that DCS is first in
quality, support and price/
performance.

Distributed Computer Systems

223 Crescent Street, Waltham, Ma. 02154
617 899-6619 Toll Free 1-800-225-4589
TWX 710-324-6476
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Point Array Processor Brochure. A
new 16-page, four-color brochure, intro-
ducing the new APS500 Series Floating
Point Array Processor available from
Analogic. The brochure contains sections
on hardware/software design concepts,
configuring a system, application versatil-
ity, as well as complete specifications.

Analogic Corp. Write 261

- Automation Systems Pamphlet. Six-

page full-color brochure details the design,

- engineering, and project installation capa-

bilities of the SPS Technologies Automat-
ed Systems Division. The hardware sub-

| systems include rotating carousel storage,
| miniload stacker cranes, storage shelving,
' wireguided order pickers, robotic vehicles,

and pneumatic tube transport. Realtime
data management and control systems
maximize total system productivity.

SPS Technologies Write 260

DC/DC Converter Data Sheet. A two-
page technical data sheet provides product
descriptions, applications information, and
electrical/mechanical specifications on Ste-
vens-Arnold’s new WR Series 30-watt DC/
DC converters. The WR Series consists of
six dual output DC/DC converters that
provide entputs of +12VDC @ 1.25A or
+15VDC @ 1.0A from inputs of 12, 24,
or 48VDC.

Stevens-Arnold Write 259

Data Communication Devices Catalog.
Black Box Catalog, Inc. announces the
publication of the 1983 Edition of their
Black Box Catalog of Data Communica-
tion Devices. This Data Communicator’s
“Bible™ contains 282 data communications
oriented products, many never before of-
fered. Every product is carefully described
and illustrated with photos and diagrams
and includes prices.

Black Box Catalog Write 258

Circuit Board Brochure. An §-page bro-
chure describing double-sided and multi-
layer printed circuit board production ca-
pabilities is being offered by Microfab.
Illustrated with color photos, the 4-color
brochure lists all major equipment for pro-
totype to production quantity manufacture
of PCBs with 7 mil or greater lines and
spaces for a wide range of commercial and
military applications.

Microfab Write 257

Monitors And Accessories. Six new
Amdek monitors with special interface ca-
bles are featured in a new 4-color, 10-page
catalog. The new monitors (Models Video
300, Video 310, Color I, Color II, Color
III, and Color 1V) are designed for use
with most personal or small business com-
puters. The catalog includes compatibil-
ity charts and specifications for all the
monitors.

AMDEK Corp. Write 256

Keyswitch Series. A 4-page brochure de-
scribes the new DN series keyswitch series
from Mechanical Enterprises Incorporat-
ed. The series features SilverLock, a pro-
prietary contact design using a silicone
rubber tube to protect high performance
silver contacts from the effects of the envi-
ronment. It shows the range of switch
styles and mounting configurations.

MEI Write 255

Membrane Keyboards Brochure. SMK
Electronics is offering an 8-page brochure
that details their custom membrane key-
boards. The brochure provides technical
information including membrane types,
typical specifications, membrane keyboard
construction, conductive circuitry, graphic
overlays, shielding, special features and
more.

SMK Electronics Corp. Write 254

Access Control Products. Cardkey Sys-
tems full-color brochure was designed to
highlight each product on separate insert
pages. The products shown range from a
simple two-door card access system to a
computer-based system that can monitor
multiple high-rise buildings and assist in
facility management.

Cardkey Write 252

VMEbus Compatible Products Catalog.
Bicc-Vero Electronics, Inc. has designed a
wP bus for the Motorola 68000 series pro-
cessors to implement the current 16 bit de-
vices as well as future 32 bit devices. The
8-page catalog contains all the mechanical
items needed by the designer working with
the VMEbus including backplanes, ex-
tender boards, prototyping boards, card
cages, power supplies, and connectors.

Bicc-Vero Electronics, Inc.  Write 266

Commercial Motors Catalog. Clifton
Precision has published a 30 page catalog
of control motors. The line of servomo-
tors, tachometers, encoders, and stepper
motors have found applications in digital
tape transports, line head, and disk mem-
ory head positioners. Variations of models
are available as well as designs for unique
applications.

Litton Write 251

Winchester Disk Drive Manual. SyQuest
manufactures and markets 100mm remov-
able and fixed Winchester disk drives.
Model descriptions for the drives are as
follows: 100mm removable Winchester
disk drive, 100mm fixed Winchester disk
drive, and cartridge disk for the SQ306R.
SyQuest Write 250
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New Literature

MODEL 320
kil Programmatsc ool

B2/83 entrelec

DATA COMMUNICATION
PRODUCTS

Sequential Controller Brochure. A
comprehensive 8-pp. brochure describes
the new 2020 programmable controller
featuring 24 general-purpose inputs, 16
open-collector outputs and a switch mode
power supply for world-wide compatibility.
The brochure contains sections on system
capabilities, and a programming work-
sheet to set up 256 steps of machine con-
trol operations including time delays,
monitoring and counting functions.

Control Technology Corp. Write 268

V-Switches Catalog. Entrelec, Division
of Cogenel, Inc., has published a detailed,
36-pp. catalog of its cam-operated, type V,
modular rotary switches for on/off, selec-
tor, and power control operations in in-
strumentation, motor control, distribution
panels, and machine tools. Included in the
catalog are complete technical specifica-
tions, mounting diagrams, and application
drawings for 10, 18, 32, and 55 ampere
sizes.

Entrelec Write 267

Semiconductor Update. Sprague Electric
Company’s expanded line of discrete semi-
conductors for hybrid-circuit assembly is
described in a newly revised short-form
catalog, CN-164). The updated 20-pp.
catalog contains dice geometries and tech-
nical information on hundreds of popular
U.S. and European transistors and diodes,
jumper chips and MOS capacitor chips,
and a description of semiconductor-chip
packaging.

Sprague Electric Co. Write 263

CM2020 Card Modem Brochure. Inter-
tel's CM2020 modem, the smallest 1200
bps single-card modem commercially avail-
able, is featured in this 4-pp. brochure.
The CM2020 is an FCC-registered Direct
Connect device compatible with Bell’s
202S for half duplex operation on a 2-wire
switched network. The brochure highlights
the modem’s microprocessor-based design
which allows full on-board auto dialing,
self testing and auto answering.

Intertel Write 262

OEM Electronic Components Catalog.
Complete electrical and mechanical speci-
fications for 46 CTS OEM electronic com-
ponent lines are detailed in a new 36 page
condensed catalog just published by CTS
Corporation. Products covered include
cermet resistor networks; trimmers; DIP
and rotary switches; hybrid circuits and
loudspeakers. Each product series has ful-
ly detailed photographs and illustrative
drawings.

CTS Corp. Write 264

Data Communication Products. [DS’
complete line of data communications
equipment, including a variety of synchro-
nous and asynchronous limited distance
modems, terminal, port and modem shar-
ing devices, and modem eliminators is de-
scribed in an expanded, free catalog. This
current catalog represents the consolida-
tion of the company’s several guides into
one 41-page publication.

International Data Service  Write 265
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Tape subsystems?
IDT has the
right solution...

Series 1012 TMS “Virgo”
Streaming Tape Transports
TD 1012-1

Basic vertical transport with reels up
to 10%2", 9-track, IBM compatible,
Read-after-\Write; 100 ips streaming,
12.5 ips start-stop. Integrated indus-
try-standard formatter, 1600 cpi
(PE.). Rack mountable. Available without front door.
TD 1012-2

Drawer mounted version of the TD
1012-1, incorporating identical spec-
ifications and performance, with
drawer slides.

TD 1012-3

Table-top mounted version, includ-
ing same specifications and perfor-
mance of TD 1012-1.

Series 1050 Magnetic
Tape Drives and Subsystems

TD 1050
Basic tension arm magnetic tape
subsystem with up to 10%" reels, L

speeds from 18.75 to 45 ips, 9-track,

PE. (1600 cpi) and/or NRZI (800 cpi). Available in 21
separate models which are compatible with a variety of
host systems, for example: GPIB, RS232C, parallel /O,
Multibus and others.

TD 1750
75 ips tension arm magnetic tape sub-
system, Read-after-\X/rite, 9 track, PE.
[1600 cpi). Same interfaces available as
TD 1050.

Series TDC 3000

Digital Cartridge Drives
and Subsystems

Digital cartridge drives featur-
ing DC-300 %" tape or 450 ft.
tape cartridges, integral power supply, 4-track raw head
and track protect. 10 to 30 ips read/write; 90 ips search.
1600 bpi packing density. Available with formatters and
interfaces compatible with a variety of host systems.

i IDT: Where
innovation puts
you ahead.

INNOWATIVE
DATA
TECHNOLOGY
4060 Morena Blvd. * San Diego, CA 92117
(619) 270-3990 « TWX: (910) 335-1610
Eastern Regional Office:

PO. Box 1093 » McLean, VA 22101-1093
(703) 821-1101 « TWX: (710) 833-9888

Write 42 on Reader Inquiry Card
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Why do
the best
component
engineers choose
Ford Aerospace?

Most take pleasure in the perserverance. Some enjoy the
continuity. All value the opportunity to share a multitude
of ideas.

The Ford Aerospace environment is planned for the op-
timal exchange of information. The chance for tenacity.
This liberty of pursuit and expression holds true on all levels
of management.

Our Aeronutronic Division is a critical resource for America
in the vital aerospace and defense technologies.

Let’s talk about why you should be here.

Semiconductor Specialists

Experienced in Hybrids, LSI/MSI, 1.C.'s and standard tran-
sistors and Diodes to be involved with initial selection,
qualifications documentation and failure analysis of these
parts. You should have a minimum of five years experience.
BSEE or equivalent.

Component Engineers

For Electro-Mechanical switching devices, transducers,
motors and other rotating devices. You should have five
years experience and a BSEE/ME or equivalent with ex-
tensive knowledge of selection, application and failure
analysis of these devices.

Component Test Engineers

For the LSI Programming and Test Section. Requires hands-
on experience with components, program coding and in-
terface circuit design. Desire EE with Tektronix S-3200
series IC tester experience and analog device testing.
Ford Aerospace offers long-term project stability and a com-
prehensive benefit package. Our facility is located in
beautiful Newport Beach, 45 miles south of Los Angeles.

For immediate consideration, please send your resume to:
Susan Fletcher, Professional Placement, Dept.
A784-001, Ford Road, Newport Beach, CA 92660.

The bottom line.
Stability.

Ford Aerospace &
Communications Corp.
Aeronutronic Division

U.S. Citizenship Required/An Affirmative Action Employer
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LARGE CAPACITY LCD
MODULES FROM EPSON...

MEETING THE CHALLENGE OF THE MICRO COMPUTER AGE

Epson, the world’s leading manufacturer of
large-area, alphanumeric liquid crystal infor-
mation display systems, adds five new formats
to its growing product line. Both alphanumeric

and graphic formats are available.

Contact Epson LCD Marketing for information
on how these intelligent large-area LCD mod-
ules can meet your application requirements.

o8

' ® e e e e

’S LARGEST SX7 ALPHA-NUMERIC LCD MODULE (ER-88946RT) 1T FEATURES

LINES, 80 CHARACTERS/LINE.

:
&%
=F

CHARAC
| COMPRTIBLE WITH U.S. STANDARD

.0 UOLT POWER SUPPLY_AND ALL UNITS ARE
OR HEADER CONNECTORS. IMAGINATION + (!

Features

® Compact size and light weight

Low power consumption

5V single power supply

High contrast and wide viewing angle
Easy-to-read character size

(5x7 dot matrix format)

® Built-in DATA RAM and CHARACTER

I B .m?mﬁuw.@m e

EA-Y80040AT

EPSON adds model ER-Y48836AT to its 9rou

ing line of high capacity LCD inforna-
tion disrlay syvstens. This unit features

320,547 dot-matrix characters (+cursor),
in a format of 8 lines X 4@ characters/
line. On-board DATA RAM, C/G (96 ASCIID).
+5.0U power surprly & comratibility with
.5, connectors make EPSON modules HO.1!

EA-Y40080AT

EPSON’S MODEL ER-Y48@15AT FERTURES FOUR
LINES OF INFORMATION WITH 48 CHARACTERS

PER LINE3
CHARACTERS IN THIS HIGH-CAPACITY MODULE

A TOTAL OF ONE-HUNDRED SIXTY

GENERATOR (96 character ASCII)
e Backlighting possible with EL panel

Applications

Hand-held Terminals (portable)
Computer Terminals

Word Processors/Typewriters
POS Terminals

® Instrumentation

® Telecommunications

e Games/Toys

EG-Y84320AT

EA SERIES Model ER-Y20@88RT is

Model Character Format Character Size ‘Ejfechw Module Size a 20%8:high capacity

Number (characters X lines) (with cursor) tewing Area (W x Hx D) LCD module (188, SXF

EA-Y16015AZ 16x 1 29 x 4.8 (6.2) 62 x 20 84 x 44x 14.2 characters & cursarm

EA-Y16025AZ 16 x 2 29x 4.1(5.3) 62 x 20 84x 44 x 14.2 + on-board DATA RAM-

EA-Y20015AZ 20 x 1 3.4 x 5.15(6.65) 88.2 x 20 125x 44 x 14.2 C#G,+5.0U Power sur-

EA-Y20025AZ 20 % 2 3.4 x 515 (6.65) 88.2 x 20 125% 44 % 142 Flys and comratible

EA-Y20080AT 20 x 8 3.0 4.8(6.2) 84 x 64 140 % 95 x 19.2 with U.S. connectors

EA-Y24015AZ 24 x 1 29x 445(5.75 93 x 20 125% 44 % 14.2

EA-Y40015AT = 40 x 1 3.0x 48 (6.2) 156 x 20 192 x 45x 14.2

EA-Y40025AT 40 x 2 3.0 x 4.8 (6.2) 156 x 20 192 x 45x 14.2

EA-Y40040AT 40 x 4 3.0x 48(62) 156 x 34 200 x 71 % 25.4

EA-Y40080AT 40 x 8 3.0x 48(62)  157x 63 205 93 x 19.2

EA-Y80015AT 80 x 1 2.1 3.38(4.32) 212x 18 264 x 53 x 20.7 ;

EA-YB0025AT 80 x 2 21x3.38(432) 212x 18 264 x 53 x 20.7

EA-YB0040AT 80 x 4 2.1x 3.38(4.32) 212x 28 293 x 80 x 31.0 EPSON

EG SERIES

Model Dot Format B ffectioe ™ Module Sie, EPSON AMERICA, INC.

T B T RS 1 T Y TR 3415 Kashiwa Street ® Torrance, CA 90505
Ok e Telephone (213) 534-0360 e TELEX 182412

Write 16 on Reader Inquiry Card



ONE SLOT SHOPPING.

INTRODUCING

THE WINCHESTER/FLOPPY/ TAPE |
THREE-IN-ONE MULTIBUS CONTROLLER.

Try this on for size.

DSD’s new 7215 single-board Multibus®
controller/interface handles two SA1000-type 40Mb
Winchesters, a ¥4 streamer, and two 8" floppies.

Plus on-board data separation, 32-bit ECC, and
self-diagnostics. All on the same board.

There’s also a version for 5% drives, the 5215,
with similar capabilities.

And both are very, very quick.

Thanks to a pipelined architecture that moves
data at non-interleaved speeds.

Top-of-the-line performance.

The 7215 and 5215 are the highest performance
controllers on the market for 8” and 5%" drives.

And that makes them ideal for multiuser and
UNIX™ applications.

They also emulate Intel®iSBC® 215 and iSBX ™
218 controllers so you can run RMX 86 anytime.

And with 24-bit addressing support, you can
take advantage of high performance microprocessors
like the 68000 and the new inexpensive memory chips
to address larger physical RAM memory.

To tune system performance, both boards offer
four alternatives for bus arbitration. As well as having
the capability to boost system performance by per-
forming overlapped seeks and multisector operations.

Plus the convenience to match.

The best part about all this performance is that it
comes on one board. So it only takes up one back-
plane slot. And there are no extra boards to fool with.

As easy as that sounds, there are those of you
whod rather not do-it-yourself. For you, the 7215
controller is also available in our 770 storage systems.

And like all DSD products, our Multibus boards
and systems are supported by our exclusive Rapid
Module Exchange ™ and regional service centers.

Shop around.

Compare our incomparable Multibus boards and
systems to anything else you like. To make it easy, just
send your business card to DSD Corporate Head-
quarters, Marketing Communications Department,
for a free copy of “The Multibus Buyers Guide?’

Corporate Headquarters: 2241 Lundy Avenue, San Jose, CA
95131. Eastern Region Sales and Service: Norwood, MA, (617)
769-7620. Central Region Sales and Service: Dallas, TX, (214)
980-4884.Western Region Sales: Santa Clara, CA, (408)
727-3163. International Sales: San Jose, CA, (408) 946-5800.

®Intel, Multibus, and iSBC are registered trademarks of Intel Corporation. *iSBX is a trademark of
Intel Corporation.

“UNIX 1s a trademark of Bell Laboratories

“Rapid Module Exchange is a trademark of Data Systems Design, Inc

A R O
DATA SYSTEMS DESIGN
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