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Kennedy is making good 
even better. 

The 6170 Series 8" Winchester disk drives have always 
provided unmatched performance for the lowest unit price 
in the industry. 

Now, Kennedy engineering has made the product line even 
better. And, it still remains the lowest price unit available. 

Models 6172 and 6173 have capacities of 24.5 and 40.9 
megabytes respectively. They feature a linear voice coil 
positioner and a brushless DC spindle motor located 
outside of the sealed head/disk assembly to avoid inducing 
heat into the HOA, which yields high reliability and extends 
component life. Interface options allow the OEM to select 
between SMD, ANSI , and our inexpensive Disk Bus. 

The 6170 Series has all the essentials: reliability, high 
performance, low cost, and immeaiate availability. 

If you have never evaluated one of the 6170 drives, we 
suggest that you do so today, and if you have, we think the 
product warrants another look. We believe you'll like what 
you see. We know you'll like the price. 

KENNEDY 
An Allegheny International Company 

1600 Shamrock Ave .. Monrovia. CA. 91016 

(213) 357-8831 TELEX 472-0116 KENNEDY 

TWX 91 0-585-3249 

KENNEDY INTERNATIONAL INC. 
U.K. and Scandinavia 

McGraw-Hill House 
Shoppenhangers Road 

Maidenhead 
Berkshire SL6 20L England 

Tel : (0628) 73939 
Telex: (851) 847871 KEN UKS G 
KENNEDY INTERNATIONAL 

Koningin Elisabethplein, 8 
B-2700 Sint-Niklaas 

Belgium 
Tel : (03) n7l962 

Telex: 71870 KEN CO 

KENNEDY• QUALITY• COUNT ON IT 
Write 1 on Reader Inquiry Card 







The new 970from TeleVideo. 
Nothing else looks like it. 

Nothing else performs like it. 

Productive office work depends on people 
and their equipment working efficiently together 

That's why we have engineered the exciting, 
new TeleVideo 970 to perform better than any 
other terminal. 

For instance, only our "natural balance" 
tilting mechanism lets you easily adjust the screen 
at a touch, so you avoid neck-craning, straining 
and glare. 

Our unique keyboard is designed to avoid 
user fatigue . We've created a natural palmrest, 
sculpted keys and the best ten-key accounting 
pad in the industry Our non-volatile function keys 
save time and energy 

Like every feature of the new 970, the 
screen is designed for ease of use. Our non-glare 
14-inch green screen is restful on the eyes, and 
its 132 column display can format more infor­
mation. All in highly legible double-high, 
double-wide characters. 

Our communications protocol is the industry 
standard ANSI 3.64. 

As you probably know, most terminal 
downtime is caused by overheating that results 
from extended use. There's no such problem with 
our unique vertical convection cooling tower. 

And because we wanted to extend the life 
of your CRT, we've installed a screen saving 

feature that automatically turns it off after fifteen 
minutes of idle time. 

Naturally, like all TeleVideo terminals, 
service is available nationwide from General 
Electric's Instrumentation and Communication 
Equipment Centers. 

The new 970 from TeleVideo. Nothing else 
looks like it and nothing else can perform like it 

For more information about TeleVideo's 
new 970, call 800-538-8725; in California 
408-7 45-7760. 
,---------------, 

TeleVideo Systems, Inc. 
Dept # 2200 
1170 Morse Avenue 
Sunnyvale, CA 94086 

Yes, I'd like to know more about the unique 970 from 
Tele Video: 

NAME ______________ _ 

ADDRESS _____________ _ 

CITY _______ ---'--------

STATE __________ Z!P ___ _ 

TELEPHONE( __ ), _________ _ 
L_ ______________ _J 

California/ Santa Ana 714-557-6095, Sunnyvale 408-745 -7760. Georgia/ Atlanta 
404-255 ·9338. Texas/ Dallas 214-980-9978. llhn01s/Ch1cago Area 312-351-9350. 
Boston/ Massachusetts 617-668 -6891 , New York / New Je~ey 201-267-8805, 
United Kmgdom/ Wokmg, Surrey 44-9905 -6464 . 

d TeleVideo Systems, Inc. 
Write 11 on Reader Inquiry Card 



How do Unibus*users spell 
peak I/O rate relief? 

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

So we developed a DRll-W 
module . First for the Unibus . 
Now for the Q-Bus . Both 
feature our exclusive OMA 
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 
DRll-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-OOC-03330 . 

Now for Q-Bus*users too. 
•TM D igical Equipment Corp 

M[)D 1995 N. Batavia Street, Orange, CA 92665 
I 1 I lJ 714-998-6900 TWX: 910-593-13 39 
SYSTEMS INC. 

See us at SOUTHEASTCON, ELECTRO '83, 
COMDEX SPRING, and INTERFACE '83. 

Write 8 for LSl-1 1, 49 for PDP-1 1 
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Cover 
No longer merely executive accessories, 
portable computers can now be found any­
where from the factory floor to remote geo­
logical survey sites-and on the desks of 
many system designers . This month's cover­
age of portable computers begins on p. 78. 
(Cover photo by Epson America, Inc.; cov­
er design by Henry Jackson, Benjamin 
Morse Inc.) 

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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starts with Data General. Now you can interface any 
Data General Nova or Eclipse CPU with Priam 
Winchester drives, 1 /4" cartridge tape drives, 
Centronics compatible parallel line printers, RS232 
TTY, four port MUX, serial 1/ 0 ports and real time 
clocks. And you can do it all from a single board 
multifunction controller. 

Soon you'll be able to do it for Perkin-Elmer and 
DEC computers, too. 

Meanwhile, our full line of single board emulating 
and compatible disk controllers for Data General , 
Perkin-Elmer and DEC 0-bus and Unibus computers 
will handle just about any disk drive you'd care to 
hang on - including Winchester types. Call or write 
us for complete information . Do it today. 

MINI COMPUTER TECHNOLOGY 
696 East Trimble Road 

San Jose, California 95131 
(408) 942-1616 TWX 910-338-2281 

Write 26 on Reader Inquiry Card 
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Please allow 6- 8 weeks for your change to take effect. 
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Lundy graphics terminals 
are setting standards because we set 

high standards for Lundy. 
Standards: no other 30 graphics vector work-station delivers more speed or a higher IQ than 

the UltraGrat,™only our color raster scan display products offer resolution as high as 1,536x1,024 pixels. 
But there's still another standard you should investigate--the one we set for our company. 

Be careful. The fast-paced world of high 
tech breeds a lot of companies that 
don't survive; five years from now, many 
graphic terminal manufacturers won't be 
around anymore. Which means you 
could be left without service, support 
or enhancements. 

Lundy: a company 
as good as its products. 

Thats why we think its important you 
know as much about our company as 
our products. We're a high tech com­
pany thats been able to balance stan­
dard-setting technology with solid 
business sense-no small achievement. 

Now, don't take our word for that, 
take Forbes magazines instead. Lundy 
was on Forbes' Up&Coming List for 1982, 
a select roster of companies that look 
good for the long term because they've 
paid attention to basics: low debt load, 
consistently good profit picture, sound 
management, investment in service, 
support and R&D. 

T5680 color raster, 3D UltraGraf'"and T5470. 

Lundy maintains the largest service 
infrastructure-52 locations. 

Our graphics terminals feature the 
best price/performance ratios available 
today 

We have developed a new software 
subroutine package with exceptional 
compatibility Its 300 functions deliver a 

new high in high powered productivity 
Lundy continues to invest in ex­

panded R&D each and every year. Be­
cause R&D is the name of this highly 
competitive game-and we intend to 
keep setting standards. 

We'll help you 
see more in graphics. 

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

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

ml~UNDV 
Mt. Everest, symbolic of aiming high, was generated on the Lundy T5680 raster. It offers 16 colors and 136 shades from a palette of 4,096 colors. 

Write 10 on Reader Inquiry Card 



8 

Lots of like new products 
in this free catalog! 

Money back guarantees, too! 
You can save a lot on equipment acquistion costs when you acquire 
good-as-new electronic equipment at "good-as-old" prices . More 
than 6, 100 like-new items have been removed from the North 
American inventory of Genstar Rental Electronics, Inc., and they're 
all available for purchase right now. Ask for your free copy of the 
sales catalog now. Call (800) 227-8409 ... in California (213) 
887-4000, (415) 968-8845, or (714) 879-0561 . . . or (800) 225-1008 
- in Massachusetts (617) 938-0900. 

GE NSTAR 

REI Sales Company 
6307 DeSoto Avenue, Suite J •Woodland Hills, California 91367 

~------------------------, I For your Free Catalog- Quick - Fill out and send in this coupon today! I 
I 

D I do want your free Sales Catalog D It's very important to me to get the 
right away. Send it to me . .. NOW! following good , like new equipment I 

I D I'd like a copy of the new Genstar at less-than-new prices: I 
I 

Rental Electron ics , Inc . Rental 
Catalog , too . I 

I NAME TITLE I 
I ORGANIZATION I 
I ADDRESS MAIL STOP I 
I CITY/STATE/ZIP I 
I TELEPHONE 00383 I 
I Please complete coupon and mail to: Genstar REI Sales Company, 6307 I 
L ~e~~A.:n~._:u~ :_ w.:o~~ ~s~~~:_ .::1:!'.".'.!E~i:_c.::;.= :.!2.J 
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DIGITAL DESIGN is circulated only to qualified re­
search, development and design engineers and 
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computer products and systems in OEM plants. To 
obtain a complimentary subscription, request (on 
company letterhead) a qualification card from Cir­
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old address label from recent issue to new com­
pany letterhead or note. Send this plus request for 
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Circulation Department 
DIGITAL DESIGN 
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be clear; components on all schematics and line 
drawings should be labeled. The editors assume 
no responsibility for the safety or return of any un­
sol icted manuscripts. 
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Smart Graphics™ GX-100 
The Modgraph GX-100 is the first 
low cost graphics terminal to offer 
multi-page high resolution graphics 
and alphanumerics. Designed to be 
compatible with Plot-10® (4010/4014) 
and DEC's VT-100 and VT-52 . We call 
it Smart Graphics™ and with good 
reason - powerful graphics. multi­
page alphanumerics and more. 

GRAPHICS 
As a graphics tool the GX-100 is the 
smart choice; TWO pages of 768 x 
585 viewable resolution on a 15" 
screen. Information from one 
graphics screen can be added and 
subtracted to the other with the 

push of a key. Circle, Rectangle, 
Vectors. Points, Patterns, Complex 
Area Fill and of course Plot-10® 
(4010/4014l compatibility. 

ALPHANUMERICS 
The independent alphanumeric plane 
allows alphanumeric overlay without 
overwriting graphics. Two independ­
ent pages store a total of 6 scrollable 
screens in 80 x 24 format with selec­
table scrolling methods including win­
dow scroll. This and VT-100, VT-52 
compatibility, all designed to help you 
work smarter not harder. 

• Direct access of microprocessor 
via host allows downloading of 
code for stand alone use. 

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

Write 14 on Reader Inquiry Card 

• Optional Floppy Disc Drive with 
CP/M O/S. 

To fully appreciate the Modgraph 
GX-100 you have to see it in action. 
Drop us a line, or give us a call. We'll 
arrange for a demonstration and 
show you how powerful graphics can 
be yours with Smart Graphics™ 

~) Plot· IO Trademark Tektronix 

Vf· IOO Trademark Digi ta l F.q ui p. Corp. 



Calendar 

March 30-April 27 

LSINLSI Course. "Structured Design fo r 
LSINLSI," an intensive fi ve-week course. 
SWRL Educational Research and Devel­
opment, Los Alamitos, CA. Contact: Ada 
Mae Hardeman, U. of Cali fo rnia, PO Box 
AZ, Irvine, CA 92716. (714) 833-6412. 

March 31-April 1 

VLSI Technology, Systems and Applica­
tions. International Symposium Taipei, 
Taiwan, Republic of China. Contact: Dr. 
H .N. Yu , IBM T.J . Watson Research Cen­
ter, P.O. Box 218, Yorktown Hghts., NY 
10598. 

April 4-8 

Computers/Graphics in The Building Pro­
cess '83. The Second Annual International 
Congress, Convention Center, Washing­
ton, D .C. Contact: National Computer 
G raphics Association , Inc., 2033 M Street, 
N.W., Suite 333, Washington DC 20036. 
(202) 775-9556. 

April 5-6 

Symposium on Automated Integrated 
Manufacturing. San Diego, CA . Contact: 
Symposium General Chairman, Leonard 
B. Gardner, P.E., 2406 Butte top Pl ., 
Spring Valley, CA 92078. (7 14) 464-2446 . 

April 5-8 

Communications Tokyo. Tokyo Ryutsu 
Ctr, Tokyo , Japan. Contact: Clapp & Po­
liak International, P.O . Box 70007, Wash­
ington, DC 20088. (301 ) 657-3090 

April 5-8 

lntermag Conference. Philade lphia, PA. 
Contact: C. D . G raham, Jr., Department 
Materials Science, University of Pennsyl­
vania, 323 1 Walnut St ., Philadelphia, PA 
19104. 

April 6-7 

Hewlett-Packard Productivity '83 Show­
case. Philadelphia, PA . April 19-21, De­
troit , Ml. Contact: Mary Danehower, 
Hewlett-Packard, 3000 Hanover St ., Palo 
Alto , CA 94304. (408) 996-9800 x2873. 

April 6-8 

International Optical Computing Confer­
ence. Cambridge, MA. Contact: S. Hor­
vitz, P.O. Box 276, Waterfo rd , CT 06385 . 
(203) 447-4270. 

April 7 

California Computer Show. Palo Alto Hy­
att, Palo Alto, CA. Contac t: Norm De­
Nardi Enterprises, 289 S. San Antonio 
Rd ., Suite 204, Los Altos, CA 94022. 
(4 15) 94 1-8440. 
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April 7-10 

Computer Showcase Expo. Chicago , IL. 
April 21-24, St. Louis, MO. April 28-May 
1, South Florida. Contact: The Interface 
Group, 160 Speen St., PO Box 927, Fra­
mingham, MA 01701. (617) 879-4502. 

April 11-13 

Engineering Software. Third International 
Conference and Exhibition. Imperial Col­
lege , London, England . Contact: Confer­
ence Secretary, 125 High Stree t , South­
ampton SOI OAA , England. Tel. (0703) 
21397. Telex. 47388 , Attn : CO MPM ECH. 

April 11-14 

Southeastcon '83. Conference and Ex hibit , 
Orlando, FL. Contact: Russell E. T heisen, 
Southeastcon '83 Chairman , Martin Mar­
ietta Aerospace, P.O. Box 5837 MP-3, 
2667 Fitzhugh Road, Winter Park, FL 
32792. (305) 671-4 139. 

April 11-15 

lntergraphics '83. Tokyo, Japan. Contact: 
World Computer Graphics Association, 
2033 M St. NW, Suite 250. Washington, 
DC 20036. (202) 775-9556 . 

April 12-14 

Federal DP Expo. 9th Annual Conference 
and Exposition for the Federal ADP Com­
munity, Washington, DC Convention Cen­
ter, Washington, DC. Contact: T he Inter­
face Group , 160 Speen Stree t , P.O . Box 
927, Framingham, MA 01701. (617) 879-
4502 or Toll Free (800) 225-4620 . 

April 12-15 

Computer Network Design & Protocols. 
Course in packet switching in layered ar­
chitectures . Boston, MA. Contact: Inte­
grated Computer Systems, 3304 Pico 
Blvd ., PO Box 5339, Santa Monica , CA 
90405 . 

April 12-15 

Hardware Design Course. "Designing 
Real-Time Hardware fo r Digital Signal & 
Image Processing. Boston, MA. April 26-
29, San Francisco, CA; May 3-6, Washing­
ton, DC. Contact: Integrated Computer 
Systems, 3304 Pico Blvd ., PO Box 5339, 
Santa Monica , CA 90405. (213) 450-2060. 

April 13-20 

Hanover Fair '83. Hanover, West Ger­
many. Contact: Hanover Fairs In fo rmation 
Center, P.O. Box 338, Whitehouse , N.J. 
08888. (20 1) 534-9044 or Toll Free (800) 
526-5978. 

April 14-16 

IEEE International Conference on Acous­
tics , Speech and Signal Processing. Bos­
ton, MA. Contact: Richard Kurth , Sperry 
Research Center, 100 North Rd ., Sudbury, 
MA 01776. (6 17) 369-4000 ext. 306. 

April 15-20 

IEEE Tutorials on Computers in Industry. 
H anover, Ge rm a ny. Co ntac t : Tut or ia l 
Week Europe 83 , P. O. Box 639, Silver 
Spring, MD 2090 1. (30 1 589-3386. 

April 17-22 

lnfocom '83. San Diego, CA. Contact: 
IEEE lnfoco m 83, P.O. Box 639, Silver 
Spring, MD 2090 1. (301) 589-3386. 

April 18-20 

1983 ICCCM Conference. The Fi fth Inter­
national Confe rence on Computer Capac­
ity Management. New O rleans, LA . Con­
tact : Dr. Armand Inselberg, Institu te fo r 
Softwa re E nginee r ing, 510 Oakmead 
Pkwy, Sunnyvale , CA 94086. (408) 749-
0133. 

April 19-21 

PCI Motorcon Conference and Exhibi­
tion. O rlando , FL. Contact: Earl Nickel, 
PCl/Motorcon, 2909 Ocean Drive , Ox­
nard, CA 93030. (805) 985- 1595. 

April 19-21 

Electro/83 and Mini/Micro-Northeast. 
High Technology Elect ronics Exhibi tion 
and Convention, New York Coliseum and 
Sheraton Center, New York , NY. Contact: 
Electronic Conventions, Worldway Postal 
Cente r, PO Box 92275, Los Angeles , CA 
90009. (800) 42 1-68 16. 

April 20-22 

Intelligent Copier/Printers Seminar. An­
dover Inn , Andover, MA. Contact: Inst i­
tu te of Graphic Communication , 375 
Commonwealth Ave., Boston, MA 02 115. 
(617) 267-9425. 

April 20-22 

Symposium on Computer-Aided Geome­
try Modeling. Hampton, YA . Contact: 
John Shoosmi th, MS 125, NASA Langley 
Research Center, Hampton, VA 23665 . 
(804) 827-3466. 

April 21-22 

Pittsburgh Conference on Modeling and 
Simulation. Pittsburgh, PA. Contact: Wil ­
liam G. Vogt or Marlin H. Mickle, Model­
ing and Simulation Confe rence, 348 Bene­
dum Engineering Hall , Universi ty of 
Pittsburgh, Pittsbu rgh, PA 15261. 

April 25-27 

Autofact Japan. An Interna tional Confer­
ence and Exposition of Automated Manu­
fac turing for Japanese Productivit y. Kobe, 
Japan. Contact: Computer and Automat­
ed Systems Association of SME. O ne 
SME Drive , P.O. Box 930 , Dearborn , Ml 
48 128. (3 13) 27 1-1500. 

April 25-27 

ACM Symposium on Theory of Comput­
ing. Boston, MA. Contact: David S. John­
son, Room 2C-355, Bell Laboratories , 
Murray Hill , NJ 07974 . 
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2.0MB ADD·IN 32MB BULK SEMI 
Dataram Corporation, the leader In Perkin-Elmer compatible memory, Introduces two new 
memory products for the Perkin-Elmer 3200 - with storage capacities from 256KB to 128MB. 
A dramatic demonstration of our ongoing commitment to Perkin-Elmer users, these new 
memory products are the latest In an lmpre11lve family of products that has been meeting the 
memory needs of the minicomputer market since 1967. 
Both feature speed, capacity, rellablllty, perfonnance ••• and low price. Features you won't find 
In memory from any other Perkin-Elmer memory supplier. Products such as high-performance 
BULK SEMI that are available only from Dataram. All good reasons why Perkin-Elmer users 
should look to Dataram when they're looking to perk up their 3200 Serles computers. 

Dataram 2.0MB DR-330 semiconductor ADD-IN 
memory operates acrou the complete range of 
Perkin-Elmer 3200 Serles - 3210, 3220, 3230, 
3240 and 3250. Smaller capacities of 1.0MB, 
512KB, and 256KB are also available and all are 
compatible with Perkin-Elmer memory 
management and ECC. Sockets are standard and 
a spare on-board RAM Is provided. These 
simple-to-Install, highly reliable memory boards 
are backed up by Dataram's standard one-year 
warranty. 

Write or call now for more Information: 
Dataram Corporation, 

Princeton Road, Cranbury, NJ 08512 
609-799-0071 

Dataram'• new BS-702, the Industry's only 
high-performance BULK SEMI to Interface to 
Perkin-Elmer's 3200 Serles. With everything you 
need to get optimum performance from your 3200 
system. Compact size - 32 MB In 15314''. The 1/0 
driver required to support the BS-702. And the 
Impressive capablllty to drive up to four 32MB 
chauls ..• for a whopping capacity of 128MBI 

Solid-state speed enables the BULK SEMI to run 
at the full SELCH rate of 4.0MB/sec. More than 
that, solid-state technology means high reliability, 
further enhanced by standard Dataram features 
llke error correcting and off-llne test capablllty. 

And when you talk about capablllty, you'll talk 
about the BS-702'• unique dual-port operation 
that allows you to bring your Image processing, 
array proceulng, or data acquisition Input In on 
one port and off-load to your 3200 on the other. 

·1·: .. r·~ .. ~ .. -~ .. _ .. g .. ~ .. e ... 1·~···~ .. -~-~ .. , 
Write 21 on Reader Inquiry Card 



Calendar 

April 25-27 

1983 Symposium on Security and Privacy. 
Oakland , Berkeley, CA. Contact : Marvin 
Schaefer, DOD Computer Security Center, 
Ft. George C. Meade, Maryland 20755. 
(301) 859-6880. 

April 25-27 

Workshop on Software Engineering Tech­
nology Transfer. Miami Beach , FL. Con­
tact: Richard Morton , EEIS Co ., 401 
North Washington St. , Rockville , MD 
20850. (301) 340-5278. 

April 26-27 

1983 Conference on Artificial Intelligence. 
Rochester, Michigan. Contact: Prof. Nan 
K. Loh , Center for Robotics and Ad­
vanced Automation, School of Engineer­
ing , Oakland University, Rochester, Ml 
48063 . 

April 26-28 

Info Manufacturing '83. Exposition and 
Conference . McCormick Place, Chicago, 
IL. Contact: Clapp & Poliak , Inc. , 708 
Third Avenue , New York , NY 10017 . 
(212) 661-8010. 

April 26-28 

Hi-Tech '83. McCormick Place , Chicago, 
Illinois . Contact: Clapp & Poliak , Inc ., 
708 Third Ave., New York , NY 10017. 
(212) 661-8410. 

April 27-29 

Satellite and Computer Communications 
Inte rnational Symposium. Versailles , 
France. Contact: T. Bricheteau , Secreta r­
iat de Symposium , Domaine de Voluceau, 
Rocquencourt , BP 105 , 78153 Le Chesnay 
Cedex, France . Tel 3/954 .9020; Poste 600. 

April 27-30 

Northern Computer Fair. Birmingham , 
England . Contact: Ian Carter~ Advertise­
ment Manager, Practical Compu t ing , 
Quadrant House, The Quadrant, Sutton , 
Surrey SM2 SAS. Tel. 01-661-3500 . 

May 1-3 

Document-Based Optical Mass Memory 
Systems. Highlands Inn , Carmel , CA. 
Contact: Institute fo r Graphic Com muni­
cation, 375 Com monwealth Ave ., Boston , 
MA 02 11 5. (617) 267-9425 . 

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. 
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May 9-13 

Graphics Interface '83. Edmonton , Can­
ada . Contact: Graphics Interface '83 , CIPS 
Edmonton, PO Box 1881 , Edmonton , Al­
berta, Canada TSJ 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 l'O rdin ateur, Yelodrome , 
Montreal, Canada. Contact: Jim Stein­
hart, Media Consultant , 559 Deloraine 
Ave. , Toronto MSM 2CS . (4 16) 787-2138. 

May 16-18 
Electronic Components Conference. Or­
lando , FL. Contact: Electron ic 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 In formation Processing Societies , 
Inc., 1815 N. Lynn St. , Arlington , VA 
22209. (703) 558-3612. 

May 23-25 

Computer Hardware Description Lan­
guages And Their A pplications. 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. 

Erratta 
The November Digital Design 
article entitled "Sorting Through 
The LAN Morass" was co-bylined 
"Ed Pevovar and Brian McGann" 
but was, in fact, written sole ly 
by Brian McGann . His complete 
company name and address 
should have read: Associated 
Computer Consultants, Local 
Area Network Center, 2901 Park 
Ave., Soquel, CA 95073. 

Also, our January cover, illus­
trating the world of data commu­
nications, was produced by Racal­
Milgo , Inc . (8600 N. W. 4 lst St. , 
Miami , FL 33166) and not by 
sister-company Raca l-Vadic , as 
indicated in the credit line . 

Digital Design regrets the 
errors. 



Ape~ improved X'W 
to give our competition 

eadaches. 
T

he Lexidata System 
2000. In terms of price, 
it's the most affordable 
step forward in raster 

technology since the develop­
ment of raster technology. 

In terms of performance, Sys­
tem 2000 will outdo any terminal 
near it in price and many that cost 
considerably more. 

The combination of 
which will give you an edge 
if you're an OEM. In fact, 
quite a considerable edge. 

And what will it give your 
competition? Something to 
keep them awake nights. 
More OEM flexibility 
There are five processor 
option slots in a System 
2000 terminal. They'll allow 
you to add more serial ports, 
and more program memory 
(up to 1.28 megabytes). 

A detachable keyboard 
with integral joystick is 
standard with pre­
p r o gramme d 
peripheral 
interfaces. 

(System 2000 terminals, $8,250* .) 

you can call up with simple Eng­
lish commands. 

These individual workspaces 
reduce the overall system cost by 
eliminating the need for a sepa­
rate alphanumeric display and a 
menu space on the digitizer work 
surface. 

User 
code may 
be down- ~~~--.....,,.,----.~ ....... ----.._.-...._,,,,_ __ .._. __ ___ 
loaded to augment the 
system's capabilities, off-load the 
host CPU, and increase system 
response time. 

Low price. High performance. 
And a whole new bend in 
flexibility. 
A new ergonomic policy 
On the screen, there are four 
hardware assisted work spaces. 
Each with a set of functions that 

'"PLOT-JO is a registered trademark of TEKTRONIX 
*System 2000, black and white model, $8250 in quantities 

of SO. 
System 2000, color model, $11 ,621 in quantities of SO. 

© 1982 Lexidata Corporation 

What the 4 workspaces do: 
Wl Supports pan and zoom. Ideal for 

interactive graphics. 
W2 Accommodates system-select 

menus. 
W3 Is perfect for processing text. 
W4 ls used for logging messages or 

annotating keyboard function keys. 
Note: Each workspace has graphics and 
text cursors and is adjustable in size. 

Write 16 on Reader Inquiry Card 

This feature, plus the fact that 
the System 2000 has a multitask­
ing operating system, contribute 
to two very important aspects of 
customer concern: Ease of learn­
ing and ease of use. 
Improves Tektronix '" PLOT-10'" 

four ways 
You can put the System 

2000 in a PLOT-
10 environment 
very simply. And 
very quickly, you 
can improve that 
environment. 

The System 
2000 will give 
you a 62.5% 
higher resolution 
on a 1280 by 1024 
line screen. 

In black and 
white, the Sys­
tem 2000 will 
give you steady, 

flicker-free graph­
ics. At a refresh rate 
of60 Hz. 
In color, the System 

2000 can provide you with 16 
simultaneous colors from a 
palette of 4096 shades of 

color. 
There's more, too. Standard 

features like zoom, pan, text 
scroll and independently con­
trolled cursors. And options like 
an 11" x 11" data tablet and a hard 
copy interface. 

If you're interested in a demon­
stration of all this call (617) 663-
8550 or write to us at 755 
Middlesex Turnpike, Billerica, 
MA 01865. TWX 710-347-1574. 

D LEXIDATA 
The clear choice in 

raster graphics. 
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The logical switch to color has 
never cost less. Now you can buy 
an lntecolor 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 ASCII 
codes and a VT52 mode. 

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

Our ANSI X3.64 terminal has all the 
VTIDO~aturesyou'llev~needma 
conversational terminal. 

Plus color and vector graphics. 
vector graphics. Data transmis­
sion baud rates from 50to19,200. 
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 lntecolor 2405-at 
the 100-piece price. Once you 

do, we're confident that you 'll 
enthusiastically agree with the 
growing number of OE Ms 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. 

Intecolor 
AN INTELLIGENT SYSTEMS COMPANY 

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



"l'M A 
!>TREAMER!' 

\\l'M BLOCK 
ADDRESSABLE~ 

The HCD-75. ltS both. 
Meet the high capacity X 11 cartridge 
back-up system with the split personality. 
The 3M HCD-75 does everything streamers 
do, and more! Now you don't have to choose 
between streaming and block addressability 
for data storage. The HCD-75 lets you design 
a reliable system that does both. Best of 
all, it's available right now-thousands of 
them are already in use-with the following 
high performance features: 
HIGH CAPACITY-a full 67 megabytes of 
formatted back-up storage- more than any 
other X 11 system and most Y2 11 systems. 
DATA/CARTRIDGE INTERCHANGE- un­
like some other systems, every HCD-75 drive 

will read every 3M formatted data cartridge, 
no matter where it originated. A unique 
combination of stepper head and edge seek 
features allows unlimited cartridge inter­
change between drive systems. 
COST EFFECTIVE-you get more for less. 
Total cost per megabyte with the HCD-75 
is significantly lower than any other tape 
system. 
Put it all together and you have one of the 
best friends a computer designer ever had: 
the 3M HCD-75 back-up system. For more 
information call (612) 736-9003 or write : 
Data Recording Products Division/3M, 3M 
Center 223/5N, St. Paul , MN 55144. 

Write 28 for literature Write 13 for sales 

3M hears you ... 

3IVI 
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Japanese Semiconductor Producer­
$30 Million Plant in U.S. 

Construction of a new $30 million U .S. fa­
cility for S.E.H. America will begin in the 
first quarter of 1983 near Vancouver, WA. 

S.E.H. America moved · from San Jose , 
Calif. , to Vancouver in 1980. Initial produc­
tion runs of ingots and wafers were begun in 
June , 1981. The total workforce now num­
bers approximately 150 persons , and with ex­
pansion the workforce is projected to grow 
to 400. 

S.E.H. America is a wholly-owned subsid­
iary of Shin-Etsu Handotai Co ., Ltd of To­
kyo-the largest producer of silicon semicon-

ductors in Japan . The company will supply 
4", 5", and 6" wafers to US customers . 

Gate Array Market Competition 
Increases 
International Microcircuits Incorporated 
(IMI) , a designer and manufacturer of 
CMOS gate arrays , has acquired a 6,000 
square foot building, adjacent to its current 
headquarters , for use in testing and 
administration. 

IMI is said to be the oldest and largest de­
signer and manufacturer of digital gate ar­
rays. The move may be in response to GE 
recent announcements regarding the CMOS 
gate Array Market. 
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Lo: SMALL SYSTEMS 
COST ENCLOSURE 

SA-H105 FEATURES: 
A 5.25" high small systems enclosure 
providing mounting space and power for 
an eight-row dual-wide LSl-11 compatible 
backplane and a combination of floppy/ 
Winchester/tape cartridge drives. 
Includes backplane and 
front control panel , PLUS 

+ DEC* compatibility 
+ Convenient cable egress 
+ Easy access to installed modules 
+ Tabletop and rackmount versions 
+ Heavy duty, reliable power supply 

' 

+ Custom mounting of user specified peripherals 
+ Optional dual-quad LSl-11 backplane . Supports 

4 quad boards and 4 dual boards. 

SIGMA offers a complete line of DEC* compatible 
products for the LSl-11. 

CALL your nearest sales office for information on 
§.!! products. 

ASK about Sigma's NEW 8-channel 
dual-wide DLV11 and DZV11. 

• OEM quant1ttes 
• Registered trademark of D1g11at Equipment Corporation 

~ 

8" Floppy (shown) or 
Tape Cartridge or 
2-8" Slimline Floppies 

Control ~ 
Panel -~...J.-J..I ~ c ,;q,.-aa 

lnlor,.-aalion 
$q$1e,.-a• 

6505C Serrano Avenue , Anaheim CA 92807 
Telex 183511 CSMA (714) 974-0166 

Orange CA (714) 633-0652 / (714) 771 -7320 
San Jose CA (408) 243-9112 • Valencia CA (805) 259-6559 

Boston MA (617) 938-1310 • Minneapolis MN (612) 881 -5015 
Edison NJ (201) 572-3722 •Gresham OR (503) 241-2216 

Houston TX (713) 451-0466 X71 •Salt Lake City UT (801) 355-3045 
Washington DC (301) 424-1659 • Toronto ONT (416) 499-6201 
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Technology Trends 

A Glimpse Of The Factory Of The Future 

20 

In order to compete in today's ag­
gressive disk drive market , many 
companies are investing heavi ly in 
advanced production technology. 
Shugart Associates (Sunnyvale, 
CA) has invested nearlly $18 mil­
lion in production equipment in 
1982. This equipment included 
three robots, a progressive assem­
bly line for printed circuit board 
(PCB) insertion and three Class 
100 clean rooms. This investment 
is expected to pay off in three 
seemingly disparate ways: auto­
mated drive assembly should be 
faster, cheaper, and of a higher 
quality than manual assembly. 

The robots are in various stages 
of development in an engineering 
lab. At Shugart a robot is a single 
component in an integrated work 
cell that also includes a computer 
based controller, feeders, assem­
bly jigs and fixtures , and sensors. 
The most completely deve loped 
of the three work cells has a 
PUMA robot arm and LSI/11 
based controller. It is designed to 
build a base casting sub-assembly 
consisting of 8 components. Coin­
cidentally, the controller uses a 
Shugart Minifloppy, a part it 
could help assemble easily calling 
forth science fiction images of ro­
bots cloning themselves. 

The activity in a work cell is 
very intense. The single robot arm 
places a base casting on a press . It 
fetches a flange bearing and 
stakes it in place in the casting. 
Then the drive spindle and pre­
load spring, plain bearing and 
drive pulley, and left and righ t dis­
kette guide are assembled. The 
state of the work cell is monitored 
through almost 30 sensors. The 
operator is informed of any ano­
malies through a voice synthesiz­
er. He will be told a feeder is 
empty, for example. The voice ca­
pability is an important feature in 
that it frees the operator from 
continually watching the work 
cell. He can instead occupy his 
time by running other ro botic 
work cells , up to 6 in all. A single 
work cell should be able to com­
plete the assembly in 76 secs. 

Manual assembly takes about 2 
minutes and requires 3 assem­
blers. Eventually the robots will 
be moved out of the lab and into 
a progressive assembly line. 

The company is also installing a 
progressive PCB assembly line ; 
not a surprising move for a com­
pany that makes a million circuit 
boards a year. This line uses Pana­
sert insertion equipment from 
Panasonic. It is the longest line 
using this equipment in the US-
136 ft. plus wave soldering and 
post soldering cleaning . The inser­
tion equipment eliminates se­
quencing of ICs onto tape. It can 
rotate a board allowing ICs to be 
placed along X and Y axes . The 

goal is to assemble and test an 8" 
PCB in less than 30 minutes. 

The clean tunnels are used for 
Winchester assembly. Tunnels al­
low material to flow in a progres­
sive line reducing handling and al­
lowing repeated inspections. 
Problems that are found are cor­
rected before the part moves on. 
One of the three tunnels is now 
operating. The " under the bub­
ble" HAK component is assem­
bled in this tunnel. This assembly 
includes the read/write head and 
arm of the SA600 5.25 Winnie . 
Parts flow through the tunnel in 
tubs on a conveyor to work sta­
tions where they are assembled 
and inspected. -Eidsmore 

Figure I : Robot arm 
moving base casting 
from feeder to press. 
Proximity sensors insure 
proper alignment. 

Figure 2: Interior of Class 100 clean tunnel. Tunnel allows progressive manufac­
turing within controlled environment required by Winchesters. 
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Integrated PCB Kit fo rm Chassis version 

Meet some of our new 
problem solvers. -- a 

High performance, innovative design data displays in 
9'; 12" and 15" screen sizes, for system designers like 
you . And they' re all available in integrated, chass is 
or kit versions. 

Using these basic displays, our engineers become 
your engineers! They custom design a display for 
your specific application, meeting your 
particular system design requirements. 
Scanning frequencies to 32 
KHz and more. Up to 1200 line 
resolution. TIL or composite 

AUDIOTRONICS 

video. 120 or 240V AC, or 12 or 24V DC. Give us your 
specifications and we'll solve all your display problems. 
And we'll deliver on t ime, when you want them. 

Audiotronics has been solving problems for over 25 
years, designing hundreds of custom data displays for 
important customers, large and small. Call today. Turn 
our engineers loose with your display system problems. 

North Hollywood 
California 91605 
(213) 765-2645 
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Technology Trends 

Logic Analyzer Offers New Flexibility 

22 

By using a design that combines 
dual timebase , on screen soft keys 
and ROM , RAM and COMM 
packs , the 1240 Logic Analyzer 
from the Design Automation Di­
vision of Tektronix , Inc. claims a 
new degree of flexibilit y and ease 
of use for stand-alone, mid-priced 
logic analyzers . Users can choose 
from four levels of operation (via 
a touch sensitive display) depend­
ing upon their familiarity with log­
ic analyzers. 

New features of the instrument 
include dual timebase which al­
lows concurrent data acq uisition 
from two diffferent functional 
modules. It can analyze all the 

interactions between these mod­
ules regardless of the ir timing 
relationships. 

The incorporation of soft keys 
on a t o uch- se n si tiv e di s play 
makes the instrument easy to use 
by the novice. Only the keys 
needed for a specific operation 
appear on the screen. 

Another feature is ROM , RAM 
and COMM packs which tailor 
the 1240 for different work envi­
ronments and applications. The 
packs look like Atari video car­
tridges and plug into a side slot. 
The ROM and RAM packs a llow 
portability in that users can store 
their setups and plug them into 

Apple Aims At The Office 

In making the long awai ted an­
no uncement about its new Lisa 
computer, Apple Computer Inc. 
has demonstrated a well planned 
product directed at the business 
environment. The new sys tem 
slightly resembles the much more 
expensive Xerox STAR, and in­
corporates an advanced (high lev­
e l) software interface, a mo use for 
interaction with window based 
iconic menu functions, high reso-
1 u ti o n monochrome g rap hi cs 
(720 x 364), a Motorola 68000 
processor, and a broad range of 
supporting software. The syste m 
also offe rs access to fac ilities and 

peripherals such as da isy wheel 
printers , hard disk drives, local 
area network ing, diagnostics, vi­
deotex type databases, and D EC 
compatible systems. By keeping 
the price under $ 10,000 the com­
pany has become a highly com­
petitive contender for the high 
quality office systems market. 

Co nco mit a nt a nn ounce me nts 
from Unisoft Systems Corpora­
tion , Science Management Corpo­
rat ion and Microsoft wi ll provide 
U ni x opera ting systems and a Ba­
sic Interpre ter fo r the computer. 
Other software announce ments 
are like ly to fo llow. 

another machine . COMM packs 
adapt the instrument to different 
communications interfaces includ­
ing RS-232 and GPIB (IEEE-
488). Future COMM packs will be 
developed according to industry 
needs. 

The 1240 mainframe accepts up 
to 4 data acquisition modules of 
two types: the 1240Dl , with 9 
channels and speeds up to 100 
MHz; and the 1240D2, with 18 
channels and speeds up to 50 
MHz. Available this spring, con­
figurations range from $7500 to 
$19 ,500. Write 236 

-Hawkins 

Figure I : Lisa, th e new personal com­
puter from Apple, will be a highly 
competitive contender for th e office 
systems market. 

LISA , which stands for Local 
Integrated Software Architecture , 
represents a $50 million invest­
ment in research and development 
since 1979. The six key software 
applica tions packages developed 
include an electronic spreadsheet , 
a word processo r, graphics, graph­
ing (business charts), data base 
manager, and an analytic proj ect 
ma n ager. Co mbin ed with th e 
screen based iconic menu oper­
atio n , a ll of the software packages 
are inter-operable , a llowing the 
t ransfe r of in format io n or graph­
ics between files for merging or 
calculation. Lisa will also run BA­
SIC, PASCAL, and COBOL, and 
supports the CP/M family and 
Xenix operating systems. 

Another feature th at will en­
hance use of this system is its ab il­
ity to emulate DEC VTIOO and 
VT52 terminals. Li sa can also 
communica te with any IBM o r 
IBM compatible system suppo rt­
ing 3270 bisynchronous protocols. 
The company claims that users 
may learn to operate the system 
in under 30 minutes. - Bo rrell 
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SOMETIMES, THE 
BEST PLACE TO GET 

A DEC PDP-11 SYSTEM 
ISN'T DEC 

When you buy DEC PDP-11 based System 58 from 
Cambridge Digital , it 's ready to get to work as soon as 
you hook it up . Because at Cambridge Digital , we sell 
enhanced-performance DEC systems that are fully 
integrated with DEC-compatible products. Products 
you can 't buy from DEC. So you spend your time work­
ing on your system, instead of just trying to make it 
work. It 's part of the edge you get when you buy from 
Cambridge Digital . 

Take our ready-to-run System 58 . It features a DEC 
LSl-11/02 , 21 , or 23 with internal RAM memory of 
32Kb , expandable to 1Mb. The 11/ 23 based system 
directly addresses up to 4Mb of memory. Plus you get 
an RLV12 compatible Winchester disk with your choice 
of 5, 10, 15 or 20Mb, and a floppy with usable capacity 
of l02Mb. 

And , you get a full range of development tools from 
CDS, too. Like a fully- supported and enhanced 
operating system based upon UNIX* System Ill . Also 
TSX-Plus , RT-11, µ-power PASCAL, and RSX-11M . 

It's all ready to run . Available for as little as $7,350 . 
Available in as little as 10 days. But it 's not available 
from DEC, so call Cambridge Digital , instead , and get 
The Edge . 

For more information on our System 58 and a copy 
of our DEC PDP-11 based system catalog, including a 
description of the seven guarantees you get when you 
get The Edge , call 1-800-343-5504 (in Massachusetts 
1-617-491-2700), or send the coupon to Cambridge 
Digital Systems, Dept. 7400,P.O. Box 568 , 65 Bent 
Street, Cambridge , Massachusetts 02139. 
Telex 92-1401 / COMPUMART CAM 

Cambridge Digital Systems is a division of 
Compumart Corp · ·uN IX is a trademark of Bell Laboratories. 
r-----------------------ALC, 
I want The Edge: FOR FAST FAC3T~5~4 · 

"\-800-34 -

Title ________________ _ 

Organization _____________ _ 

Address _______________ _ 

City _______ State ____ Zip __ _ 

Phone ~( ---~-----------~ 
(7400) 5 8 
L--------------------------~ 

Cambridge 
lllllllDi ital 
DNISION OF COMPUMART g 

The Edge in System Integration 
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Market Trends 

Technology Battle Seen In Growing LAN Industry 

The local area network indust ry is 
heading into a phase where com­
petitive advantages will be at­
tained on a basis of system perfor­
mance. The competitive issue will 
not be decided by the type of de­
vices which a network interfaces ; 
local area networks will be ex­
pected to accommodate to the us­
ers' requirements . 

Users will wait for the dust to 
settle before rr:aking their deci­
sions regarding local area net­
works . In 1983, however, substan­
tial shipments of local area 
networks will begin. voe pre­
dicts industry shipments of 
136,000 nodes in 1983 , where a 
node refers to a cluster of peri­
pherals such as 8 terminals , 8 mi­
crocomputers or one computer. 
Shipments are forecast to increase 
to 1,175 ,000 nodes in 1990. The 
bulk of local area network ship­
ments in 1983 will be for data pro­
cessing applications ; 95.3% of the 
networks will be primarily for 
these high performance systems. 
The proportion will decline to 
73.6% by 1990. 

Total market growth will ap­
proximate 36% annually from 
1983 to 1990 in number of nodes . 
In dollars , the annual rate of in-

1,200 ,..,.---- ----,-.----.., 

Figure 1: Local area 
network shipments 
from 1983-1990 
(thousands of 
nodes). 
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crease will be 32%, as unit prices 
decline somewhat over this time 
period . 

Many small companies are now 
in the local area network busi­
ness, and there is bound to be a 
shakeout. Starting in 1983 , the 
price of entry into the market will 
increase sharply. Future entrants 

will be large , well-funded 
companies . 

Further information regarding 
this report , "Local Area Net­
works : A Strategic Analysis 1981 -
1990," can be obtained from Ven­
ture Development Corp. , One 
Washington St. , Wellesley, MA 
02181 ; (617) 237-5080. 

Superminicomputer Shipments Escalate Rapidly 

24 

Shipments of superminicomputers 
will grow at a compounded annu­
al rate of 31.9% from $1.2 billion 
in 1981 to $4 .8 billion in 1986, ac­
cording to a recent study by 
voe. 

The term "superminicomputer" 
has been used to describe a great 
variety of computer systems; its 
usage has sometimes become 
quite vague. The VDC defini tion 
of a superminicomputer is: the 
CPU has an internal word length 
of 24 , 32, or 48 bits; the maxi­
mum main memory capacity is 1 
Mbyte or more; the logical ad­
dress space is 1 Mbyte or more ; 

the maximum program size is 1 
Mbyte or more; and the system 
uses a "bus" structure rather than 
the point-to-point structure typical 
of mainframes. 

The first true 32-bit supermini­
computers were introduced by 
Perkin-Elmer and Gould/Systems 
Engineering Laboratories in 1975 
(although the Harris SLASH Se­
ries dates from 1973) . Although 
these were the first minicomputers 
to use 32-bit data paths , IBM 
mainframes had been using them 
for many years . Early minicom­
puters were used in process con­
trol and other industrial applica-

tions. Early supermm1computers 
were designed to handle heavy 
computational and data analysis 
applications, as well as fast real­
time and large data acquisition 
projects. 

Not until Digital Equipment 
Corporation entered the market 
in 1978 with its VAX 11/780 did 
the market explode . With 8 
Mbytes of main storage and 4 
Gbytes of logical address space. 
the potential for a whole new 
realm of applications was real­
ized . CAD/CAM systems in par­
ticular thrive on the 32-bit system 
architecture. 
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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 Other advanced standard features 
resolution of one one-thousandth include semi-automatic paper 
of an inch. loading, windowing , electronic 

, f" d margin limits with indicator and 
Features you won t ~1n an LCD display used to report 
on other, more · . plot time and diagnostic 

costly plotters. ,~,;· ' ·;-- ~ - · information. 

Beginning with our • .,. ~ 
proprietary design DC If you need the 
servo-motor drive and 
linear actuator pen very best, 
system. The brains behind look no further. 
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). 

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). 
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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. 

ZCTA 
~ 
n=5:ATION 
~ A NICOLET tNSTAUMENT SU8SIOIAAY 

2300 Stanwell Drive 
Concord, California 94520 
TWX 910-481 -5951 
Tel. 415-671- 0600 

-

\ 

- . ,,.,,:,,~;,_ 'i'.';,. ~~ 

Zeta C63 Intelligent Plotter 
Complete workstation with read/wr i te 
tape drive , built -in CRT and keyboard 
and plotter contro ller. 



Market Trends 

Early superminicomputers con­
centrated on the sophisticated sci­
entific end user and OEM/system 
houses. Prime Computer, howev­
er, focused almost exclusively on 
the end user and the genera l pur­
pose business environment. First 
shipping their 350 model in 1978, 
Prime signaled their intention to 
devote themselves entirely to the 
32-bit systems . Other vendors 
have since seen the need for busi­
ness systems and have targeted 
their superminicomputer systems 
to this market segment. 

The industry has been dominat­
ed by six vendors who have 
shaped the definition of the mar­
ket segments . These market areas 
are real-time, computational , 
timesharing , and general purpose 
business systems. The first two 
areas have provided the main im­
petus for the development and 
adoption of superminicomputers. 
The last area has only recently 
turned to superminicomputers for 
high performance at lower costs . 

Real -time computer systems are 
designed to react to external stim­
ulation or demands very quickly, 
in "real time ," as their name im­
plies . These systems are used in 
time critical applications, where 
data acquisition , processing , and 
action decisions are all integral 
parts. 

Computational superminicom­
puter applications are noted for 
their large program size , large vol­
ume of data , and intensive "num­
ber crunching" capability. The 
computational superminicom-

$1 , 198,000,000 

Figure 1: 1981 market share of super­
minicomputers by application area in 
percent of dollars. 

puter plays its most important 
role in the processing of data rath­
er than in the acquisition or out­
putting of the data. Computation­
al applications are most 
common ly fo und in scientific or 
engineering laboratories , where 
complex algorithms are used to 
manipulate the raw data . 

Timesharing systems are used 
primarily for their capabi lities to 
support large numbers of simulta­
neous users. Often the supermini­
computer is used to upgrade from 
a 16-bit minicomputer system. 
Obviously, mainframes are not 
price competitive for strict ly time­
shari ng applications. 

General purpose business sys­
tems are used for exact ly what 
their name implies: for business 
purposes , rather than technical or 
scientific applications. Supermini­
computers were origina ll y de-

signed for scientific uses. However, 
it has been found that mini­
comp ut ers and superminicom­
puters can be used to advantage 
in many business environments. 

The growth rate figures for the 
superminicomputer market are 
quite high , even for the fast grow­
ing electronics industry. There are 
several reasons for this. First , 
many new vendors are expected 
to enter the superminicomputer 
industry during the next five 
years. Any minicomputer or mi­
crocomputer vendor is a potential 
superminicomputer competitor. 
Second , existing vendors of 32-bit 
systems are sure to expand their 
product lines both up and down 
the performance spectrum . Super­
minicomputer systems will be­
come the backbone of many com­
puter vendors' offerings . Third , 
prices will be falling dramatically. 

The appearance of low-cost su­
perminicomputers , perhaps incor­
porating 32-bit µPs , is anticipated 
during the next several years . 
These low-cost systems will prove 
quite popular, from laboratory in­
strumentation and data acquisi­
tion applications , to small busi­
ness computers. The low-cost 
systems will contribute to the 
quickly declining average selling 
price of superminicomputers. 

Further information regarding 
this report , "The Superminicom­
puter Industry 1981-1986: A Stra­
tegic Analysis, " can be obtained 
from Venture Development Corp ., 
One Washington St. , Wellesley , 
MA 02181 ; (617) 237-5080. 

Computer Graphics Market To Top $17 Billion By 1987 
Technology advances, cost effec­
tiveness, and sharply heightened 
demand will fuel overall market 
growth of computer graphics at a 
compound annual rate of 41 .6% 
through 1987 , when sales will top 
$17 billion. 

Trends and developments con­
tinue to spark major changes in 
industry structure and the com­
petitive environment. More di­
verse applications and new mar-
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ket niches are on the horizon as 
competitio n moves rapidly toward 
a strong focus on applications 
rather than technology. CAD/ 
CAM will be the fastest growing 
application, and a new low-end 
CAD/CAM market holds great 
promise in the 80s . 

The choice of display technol­
ogy has changed dramatically. 
Raster technology has become the 
leader in displays and is expected 

to continue gaining over the other 
display technologies. The raster 
non-image processing displays/ 
systems segment wi ll see the 
sharpest growth , with sales in­
creasing at a compound annual 
rate of over 60 % through 1987. 

The market for hardcopy de­
vices is holding relatively steady 
but may show a resurgence of 
growth when color electrostatic 
printer/plotters become avai lable 
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lllCHESTEl/BACK-UP 
You can't find a better, high- PIP II* RM02/RM05/RP06 media 

performance line of low-cost, single • compatibility-interfaces PDP-11/04 
board, disc and tape controllers for through 11/60 computers with up to 
your PDP-11 data storage system. All four Winchester, or CDC9762/9766 
Winchester disc and V2 11 tape control- equivalent disc drives employing 
lers are based on uP architecture and automated industry standard SMD interface, as well as Memorex 
design common to the thousands of DILOG controllers 677/RP06 type drives- includes th ree sector buffering, 
in use. So they consistently offer you best price/ 32-bit ECC and dual port capabil ity. 
performance. MAGNETIC TAPE CONTROLLERS 

The vital time-saving and data base protecting These V2 11 mag tape controllers/ 
features you want, including diagnostic test/self-test/ couplers handle standard start-stop and 

error correction/etc., are all built into each intelligent streaming drives with TM-11 or TS-11 
controller. You 'll also find RT-11 , RSX-11 , RSTS, emulations. 

IAS, MUMPS, DSM or VMS software 112 11 STREAMING/START-STOP 
compatibility, plus 1/0 compatibility with COMPATIBLE-Model DU130-
all popular drives. Handles up to eight 9-track, 800/1600 
WINCHESTER/SMD/CMD BPI industry standard drives at 12.5 ips 
CONTROLLERS to 125 ips-interfaces dual density 

These controllers mate with larger 
capacity hard disc drives employing 
RK, RM and RP emulations. The follow­
ing is a partial listing of models: 

NEW-UNIVERSAL SMD 
INTERFACE COMPATIBLE-Model 

DU215-lnterfaces UNIBUS to SMD 
1/0 drives-switch selectable RK06/ 
RK07-two 8" or 14" Winchester SMD/ 
CMD drives to 300 MB capacity (mix or 
match without any component change)-
56-bit ECC-88% utilization of unformat­
ted storage capacity-exclusive universa!i 
formatting . 
NEW-SMD INTERFACE 
COMPATIBLE-Model DU218-Full 

"DEC, PDP, RSX, RSTS, IAS, VMS, UNIBUS Trademarks Digital Equipment Corp. 
•"Trademark Cipher Data Products 

(NRZl/PE) drives from all manufac­
turers. TM-11 emulation. 
NEW-112" MAGNETIC TAPE 

1 COMPATIBLE- Model DU132-
Emulates TS-11 - interfaces up to four 
start-stop or streamer drives, including 
"Cache Streamer"-**12.5 ipsto125 ips 
speeds- exclusive 800/1600 BPI dual 
density-also interfaces GCR transports. 
Contact your local DILOG sales office for 
complete details and O.E.M. quantity 

discount pricing/delivery of specific models 
providing Winchester/Backup for PDP-11 . 

Corporate Headquarters 
12800 Garden Grove Blvd . · Garden Grove, Cal if. 92643 
•Phone: (714) 534-8950 · Telex 681 399 DILOG GGVE 
Eastern Regional Sales Office 
64-A White Street · Red Bank, New Jersey 07701 
·Phone: (201) 530-0044 
European Sales/Service Office 
12 Temple Square · Aylesbury, Buckinghamshire • England 
• Phone: 44-296-34319 or 34310 • Telex: 837 038 DILOGI G 
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Market Trends 

within the next 18 months. Elec­
trostatic devices are likely to dis­
place some portion of the pen 
plotter market , although 10-pen 
plotters are currently in the design 
stages. 

Other hardcopy devices - such 
as camera systems, ink-jet tech­
nology, laser photocopy, and small 
CRT copiers - are expected to 
make significant gains as users de­
mand better quality, lower prices , 
and new uses. According to the 
report , these hardcopy devices 
may increase the growth rate of 
the overall hardcopy segment 
within the year. 

Turnkey systems houses are the 

cornerstone of the computer 
graphics industry, providing com­
plete systems as well as software 
and services, and continue to ex­
perience extremely fast growth 
due to their inherently integrative 
nature. Competitors now range 
from start-up companies that spe­
cialize in one graphics product , to 
huge conglomerates that have 
been drawn by the tremendous 
market potential. 

The variations are emerging -
from turnkey systems to time­
shared databases; from special­
ized hardcopy services to retrofits 
which add graphics capabilities . 
As competition intensifies , sue-

cessful market penetration will 
depend upon a myriad of factors ; 
the primary trends are toward ras­
ter technology, color, applications 
software , 32-bit technology, and 
good-quality hard copy. 

Japanese competition is rapidly 
increasing and may soon pose a 
formidable threat. The 4% cur­
rent Japanese share of the US 
market could increase to 30% by 
1987 , with a possible 80% Japa­
nese market share by the end of 
the decade . 
For further information contact 
Creative Strategies international, 
4340 Stevens Creek Blvd. , San 
Jose, CA 95129, (408) 249-7550. 

Computer Industry's First World Marketcenter 

BOSCOM, the first permanent in­
ternational computer and commu­
nications marketcenter, is expect­
ed to attract over one million 
buyers of computer information 
equipment per year when it opens 
its doors in mid-1984 . Part of a 
billion dollar, 100-acre develop­
ment along Boston's Common­
wealth Pier, BOSCOM has the 
potential to become a total re­
source center for OEMs , resellers 
and systems integrators . Accord­
ing to G . Daniel Prigmore, Presi­
dent of FMR Properties (a subsid­
iary of the Fidelity Group and 
developer of the project) , "A 
marketcenter must provide the 
space to accommodate the entire 
industry, allowing its buyers to be­
come fully informed about avail­
able products and services by 
travelling to a single location as 
an alternative to having to travel 
to multiple trade shows , seminars 
and individual vendor sites ." 

The 1.4-million-square-foot 
marketcenter will comprise 
615 ,000 sq. ft. of permanent show­
rooms on three levels ; 300,000 sq . 
ft. of temporary exhibition space 
to accommodate conventions and 
trade shows ; eight lecture halls 
and rooms for meetings and semi­
nars of all sizes; hospitality ser­
vices ; a press and communicat ions 
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center with information database 
retrieval , electronic mail , word 
and data processing , telecom­
munications , Telex and facsimile 
services ; and international video­
conferencing facilities. 

BOSCOM has commitments 

A marketcenter 
must accommodate 
the entire industry, 
allowing buyers to 

become fully 
informed about 

available products 
and services. 

from over 60 major companies 
that will maintain permanent 
showrooms including IBM, Bur­
roughs , Western Union , Philips , 
and France Telecom. In addition , 
along with BOSCOM planned 
programs , eight major industry 
and management associations 

have committed to holding annual 
conferences at BOSCOM. In all , 
over 400 events are planned each 
year. "We have formed a BOS­
COM Program Company to de­
velop the continuous weekly 
events that will focus on the users 
of the industry 's products and ser­
vices according to management 
function or industry orientation. 
The buyers will be drawn to BOS­
COM as affinity groups, creating 
an application oriented environ­
ment meaningful for both buyers 
and sellers ," Prigmore said . 

John Cochran , BOSCOM's Di­
rector of Marketing, feels that 
this type of marketcenter may one 
day replace many of the travelling 
shows and that four or five major 
cities throughout the country have 
the potential to support this type 
of center. 

BOSCOM has run into some 
difficulties , however, involving the 
construction of its hotel and res­
taurant facilities. According to a 
recent report in the Boston Led­
ger , construction of these facilities 
conflicts with other development 
projects that are planned for the 
area . As it stands , there will be 
hotel accommodations available 
in the area but their size has yet to 
be determined. 

- Hawkins 
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The Hughes story continues ... 

Our story begins with you . Your talen t. Your 
skills. Your career and Hughes Missi le Systems Group. 

Some of the world 's most sophist icated missile 
technology can be traced to decades of Hughes 
exploration and development. 

In 1947 Hughes began work on the United States 
first air-to-air radar guided missile, Falcon . 

The advances in missile technology continued . 
Hughes employed the use of TV guided , radar guided 
and infrared detection systems. And a revolutionary 
programmable missile technology that allows the missile 
to seek its target after the pilot's withdrawal. 

Missiles like Phoenix, Wasp. 
Maverick, and AMRAAM employ some of the 
latest technological advancements in 
electronics in the world today. 

Hughes Missile 
Systems is where future 
engineering discoveries will be 
made. With over 1500 projects 
company-wide, Hughes offers 
challenge and technological 
growth . 

If you 'd like to be part 
of a story that 's still unfolding , 
write yourself in . 

Current openings: 

CAD Special ists for LSI 
Circuit Design Engineers 
Electro-Optical Engineers 
LSI Design Engineers 
Missile System Analysts 
RF Engineers 
Software Designers 
Microwave Integrated Circuit Designers 
Radome Analysts & Designers 
Antenna Analysts & Designers 
High Power Transmitter Designers 
Systems Integration & Test Engineers 

Send your resume to: 

Hughes Missile Systems 
Engineering Employment Dept. DD-3 
Fallbrook at Roscoe 
Canoga Park, CA 91304 

Proof of U.S. Citizenship Required/Equal Opportunity Employer 

Creating a neu· u·orld u·ith electronics 
r------------------1 
I I 

Missile Systems 
iHUGHES i 
I I 

L------------------~ 
HUGHES AIRCRAFT COMPANY 

Write yourself in. 



Applications Notebook 

Solutions To 8080, 8085 Problems 

In many applications , program 
stepping functions are performed 
by counting M1 states by means of 
a timer/counter. The timer is load­
ed to generate an interrupt after 
each program step . The step han­
dling subroutine displays the con­
tents of various registers , waits for 
a new command such as a new 
step and the cycle is repeated. In 
the case of the 8080 and 8085 , ev­
erything is all right until the step 
function is performed without in­
terfering with DMA (i .e. an A/N 
display using DMA for screen 
refreshing) . 

In this case , if the DMA is per­
formed in burst mode the proces­
sor occasionally fails to recognize 
the interrupt after each step. In 
non-burst mode it may miss sever­
al steps. 

The explanation of the phenom­
enon could be found in the flow 
chart of the µP. Having finished 
the DMA cycle , the 8080 begins a 
new T1 state without checking if 
the instruction is over, or if an in­
terrupt is pending. So the internal 
INT FF will not be set. The sys­
tem will not react to a pending in­
terrupt . If the DMA occurs often , 
i.e . it is done in non-burst mode , 
it is possible to perform several 
M 1 cycles until the system ob­
serves the interrupt , due to the 
random timing of the HOLD re­
quest. If the µP had been con­
structed according to the modified 
flow chart (dotted line-"needed 
way") it wouldn't have had any 
critical conflicts between DMA 
and the interrupt acknowledge­
ment. This problem could appear 
in some real time programming 
applications , and could be solved 
by inverting the priorities of the 
DMA and the interrupt during the 
step in the program . In fact , it 
would be enough to disable the 
DMA request only in the T2 of 
the instruction, but there is no 
hardware criterion for such solu­
tion (except redesigning the 
8080) . So the DMA request has 
to be disabled during a whole in­
struction execution time, in full 
knowledge of all the disadvan-
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Existing Way 

------- r---

Figure I : The effect of added hardware. 
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novv rs 
totnatch. 
ADAC offers the widest selection of complete LSI-11 
systems and function cards ... both analog and digital. And 
now two new software subroutine libraries support all of 
ADAC's extensive line of interfaces for LSI-11. ADLIBRT 
is fully compatible with RT-11 (single user) real-time oper­
ating system software. ADLIBRSX enhances RSX-HM 
(multi-tasking/multi-user) operating system software. 

Both ADLIB packages are simple to use, yet 
powerful, software tools that slash the time needed 
for program development. 

ADLIBRT and ADLIBRSX support: 
• m V Level A/D Conversion 
• Temperature Measurements 
• High Level, High Speed AID Conversion 
• TTL Level Digital 1/0 
• Discrete, High Voltage, AC/DC 

Interfaces 
• Pulse Counters and Pulse Trains Out 
• Optically Isolated Discrete 1/0 
• Contact Closure Sensing 
• Discrete High Current Outputs 
• Programmable Clock 
• Serial Interfaces 

Call, write or circle the number 
below to obtain our ADLIB data 
sheet and new catalog describ­
ing all of ADAC's LSI-11 com-
patible interfaces. 

corporation 
70 Tower Office Park• Woburn, MA 01801 

(617) 935-6668 

Write 31 on Reader Inquiry Card 
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Product Index 

To help you find the products you need, we've compiled a subject index 
of the ads and new products that appear in this issue. Organized by 
general product area, the listings include the name of the manufacturer, 
the page on which the product appears and a write number for additional 
information on that product. Bold type indicates advertised products. 

Page Write Page Write 
# # # # 

Page 
# 

Accessories, Supplies DEXPO East 105 93 Power Supplies, UPS, 
Gen star Expo Communications 111 80 8 9 Line Conditioners Micro Link 63 30 
Monolithic Systems 1 7 Cuesta Systems 109 

Add-In/Add-On Memory Pro-Log C4 3 Elpac Power Systems 103 
Zendex 100 50 Elpac Power Systems 105 

Cambex 117 43 Charles River Data Systems 99 133 Sorensen 111 
Camintonn 73 46 Corona Data Systems 115 134 
Data ram 11 21 Daisy Systems 115 127 

Write 
# 

95 
86 
85 
81 

Data Acquisition Systems 99 135 Semiconductors, ICs, µPs Future Net 115 128 

Communications GST 99 137 D.A.T.A. 103 87 
Vector General 100 150 Micro-Circuit Engineering 109 82 

Bo-Sherrel 105 92 Vector Graphic 115 151 Analog Devices 118 186 
Applied Micro Technology 118 187 General Instrument 119 196 
Bridge Communications 99 132 ILC Data Device 119 197 
Burr-Brown 118 188 
CTS 119 192 

Controllers, Interfaces Microcom 117 175 
DILOG 27 20 Software 
Mini Computer Technology 6 26 

Components, Hardware, National Instruments 62 23 ADAC 31 31 

National Instruments 107 89 Language Resources 95 37 
Packaging Cromemco 118 191 JMI Software Consultants 100 142 

Automation Products 103 91 Innovative Peripheral Pennington Systems 99 149 

Everest Electronic Systems 116 172 
Equipment 87 38 

Hettinga 119 44 
Test, Instrumentation, Panel Components 67 2 

Polyform 73 41 
Hard Copy Development 

Pro Design 101 96 
Scan be 119 45 Nicolet Zeta 25 25 B&K Precision 109 94 
Sigma Information Versatec 111 83 

Dolch C3 15 
Systems 19 33 Irwin Olivetti 117 173 Kaman 98 39 

Trompeter Electronics 101 99 Kaman 113 97 
Warner Electric 113 98 Cer-Tek 118 189 

Digilog Network Control Div. 116 164 
Essex Engineering 116 167 

Computer 110 Mass Memory Hewlett-Packard 117 170 

Femco 107 88 Control Data 49 6 

KineticSystems 50 19 Data Systems Design 56,57 17 

MOB Systems 4 8,49 Imperial Technology 94 42 Video Display, 
Mouse House 94 47 Kennedy C2 1 Image Processing 
Zeltex 77 40 Megatape 70,71 32 

Data-Stat 120 193 Micropolls 39 4 Audiotronics 21 34 

Datel-Jntersil 120 195 Moya 67 48 Elector 47 22 
Nissei Sangyo America 58 27 lntecolor (Intelligent 
TEAC 121 36 Systems) 15 

Computers/Systems 3M 16 13,28 Lexldata 12,13 16 
3M 101 84 Lundy 7 10 

Cambridge Digital 23 29 Control Data 116 163 Modgraph 9 14 
Computer Design & Disctron 116 165 Per Itek 18 24 

Applications 53 35 IMI 116 171 Tele Video 2,3 11 

This index is provided as an additional service. The publisher assumes no liability for errors or omissions. 
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ISOs 
GET DOWN TO BUSINESS 

AT COMDEX. 
It's the first major computer show of the year. 

The only show organized for Independent Sales Organizations (ISOs) and 
the products they sell. 

Where more and more new product introductions 
are made by the world 's leading manufacturers and suppliers and 

the up-and-coming stars. 

Where there 's plenty for you to see and hear, 
whether you ' re an " old pro " or new-to-market ISO . 

Where 650 exhibitors are waiting to show 
you the latest and the greatest small computer and word processing systems, office 

automation products and services, peripherals, computer furniture, packaged software, 
media, supplies and more. And where you can strike your best deal . 

s 

Where you can choose from 57 Conference sessions 
conducted by industry leaders . Sessions that cover ISO problems, productivity 

and profitability. 

All in all, COMDEX is the place to do business. 
And this year business starts early. In April, in Atlanta. 

p R I N G ' e 

Time to do business. 
April 26 to 29, 1983 

Georgia World Congress Center • Atlanta Apparel Mart 
Atlanta, Georgia 

Write today for more information: 
COMDEX/ Spring '83, ISO Registration, 

300 First Avenue, Needham, Massachusetts 02194 
(617) 449-6600 

THE 
INTERFACE 
GROUP, Inc. 

World's leading producer of computer conferences and expositions. 
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Career 
Opportunities 

in 
Digital Design 

Readership: 
Over 62,000 + qualified 

engineers and managers 
at 18,000 + important 

design locations. 

Editorial: 
Look for a new column 

on employment trends to 
accompany recruitment 

advertising. 

Rates: 
$85 per column inch 
3 column x 10" page 
-$2500 (1x B&W) 

Contact: 
Manager, Recruitment & 

Classified Advertising , 
Morgan-Grampian 

Publishing Co., 
1050 Commonwealth Ave. 

Boston, MA 02215 
(617) 232-5470. 

Applications Notebook 

Timer 
Counter 

Hold request 

M,T, 

Timer 

8259 

Rn 1-------- INT 

8080 

i------ - Hold 

(external) 
Ready (external) 

~----------------< I NTE 

Ready 
Logic 

1-------- Ready 

RET I One Step in the Main Routine I Call (from 8259) . .. ., .. 
Tw' M,T2 

Timer 

Timer-INTE 
Hold Disable 

INTA 

Figure 2: A possible hardware solution. 

tages concerning the DMA oper­
ations. A possible hardware solu­
tion is presented in Figure 2. 

When the timer is depleted the 
recognition of the HOLD request 
is inhibited for the period of the 
instructio!l execution time by the 
gates No 1 and No2 • This excludes 
all possible conflicts because the 
"TIMER" signal may appear only 
fo llowing an M1T 1 (no DMA) . 
When the µP observes the inter­
rupt and INTE goes low, a HOLD 
request will be observed (gate 2 is 
enabled by gate 1). 

The D MA will be performed 
during the step handling subrou­
tine, and the danger of multi-step 

Tw' = Tw is needed 

is avoided. For proper function­
ing, during the step, a Tw state 
should be included (Ready logic 
box). The effect of added hard­
ware is shown in Figure 1. 

The presented solution has lim­
its and disadvantages . The HOLD 
request for example in the worst 
case, would wait for a whole in­
struction execution time, includ­
ing the states Tw. Careful consid­
eration should be made of all as­
pects of system design before ap­
plying solutions. 
Istvan Szikszai, Hungarian Acad­
emy of Sciences, Computer and 
Automation Institute, Hungary, 
H- 1131 , Victor Hug6 u. 18-22 

IJ;n us your thoughts Digital Design is your 
forum - your inputs 
help keep the magazine 
interesting and vital to 

the design community. So let us know how we 're doing and how we can serve 
you better in the future . We want to know what you like or dislike about Digital 
Design, the subjects you 'd like to see us address, how you feel about the 
problems you face every day as design professionals. 

If you have thoughts your peers should know about, put them in a letter in 
Digital Design. Have your say in your magazine! Send letters and comments to : 
Editor, Digital Design, 1050 Commonwealth Ave., Boston, MA 02215. 
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With more than 20,000 deliVered, 
Micropolis is the world leader. NOwhere 
else can you get time-proven, hiqh­
perfonnance, high-capacity, 8-inch 
Winchesters, available with three different 
interlaces. 
Mii - Micropolis Intelligent Interface · 
You get 45 Mbytes of unfor~atted storage, 
a 922 Kbyte data transfer rate, 1 Kbyte of 
buffering, built-in data separation, and five 
bits of error correction - all within the 
8-inch envelope you require. 

ANSI Interface 
ANSI is the emerging industry standard 
because it permits drives of varying 
performance, even different vendors, to be 
integrated into a single system. Like the 
other options, the ANSI Interface uses our 
1200 series mechanics, respected for 
superior quality and high performance. 

Uwinq your exiltinq controllers and 
software, replace your 8-inch floppies - or 
-expand your SA-1000 based Winchesters. 
Our SA-1100 compatible interface will do 
it, with its industry standard data density, 
data rate, and disk rpm. 
For the highest performance 8-inch 
Winchesters with your interface option, 
contact Micropolis today! We're 
delivering! ! 

1220 1200ANSI 1200SA 
Unformatted 
Capacity (Mbytes) 44.6 44 .6 34.3 
Average Access 

(ms, 1h stroke) 42 42 45 

Data Transfer Rate" 7.375 7.375 4.333 
•Mb its per second . 

MICRO POLIS™ 
21123 Nordhoff Street • Chatsworth, California • (213) 709-3300 • Telex 651486 

European Operations• 210 Elgar Road, Reading, Berks• U.K. RG20PJ • (734) 751-315 •Telex 848591 

Write 4 on Reader Inquiry Card 



INDUSTRY SPOTLIGHT 

The Automation 
Evolution 

Computer integrated 
manufacturing is essential to the 
success of the industry. 

by James A. Baker 

Jim Baker joined General Electric 
in 1952 after graduating from 
Southern Methodist University 
with a BSEE degree. 

During the 1950s and 1960s, he 
held a series of engineering and 
sales assignments in the Com­
pany's industrial heating, appara­
tus service and numerical control 
businesses. 
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He was named General Man­
ager-Industrial Control Products 
Department in 1970, and then 
moved to Cleveland in 1973 as 
General Manager of the Lamp 
Products Operation. 

Jim was elected a Company 
Vice President in 1977 and later 
became Group Executive of the 
Lighting Business Group. 

He left Neta Park in 1979 to 
take over the Industrial Products 
and Components Sector, where he 
immediately reoriented that Sector 
toward electronics and the rejuven­
ation of industrial electronic busi­
nesses aimed at serving the factory 
automation market. 

Baker now heads the Technical 
Systems Sector, which includes 
electronic components, medical 
systems, aerospace, mobile com­
munications, electric motors, and 
industrial electronics businesses. 
His management strategy is to 
make GE the leading worldwide 
supplier of high-technology and 
industrial automation equipment. 

Some business leaders think the 
industrial base of the U.S. is 

going through a period of adjust­
ment ; others think we are collec­
tive victims of an industrial 
malaise. 

Regardless of who is right , U.S . 
production is too low, manufac­
turing technologies are too old , 
and too often we are guilty of 
turning out products which cus­
tomers increasingly regard as high 
in price and low in quality. 

In recent years, we've sat back 
and watched foreign competitors 
take U.S. technology, improve on 
it , and toss it back with devastat­
ing effect. As a result , American 
industry today faces three choices: 
automate, emigrate or evaporate . 

Automation holds the key to 
enabling U.S . industry to regener­
ate itself-like a phoenix from the 
ashes-to achieve a competitive 
edge once again over foreign com­
petitors. Automation is the an­
swer to lagging productivity. It 
also puts quality in and takes the 
cost out of products. 

Without automation, most 
American businesses have no fu­
ture . Smart management today 
seems to realize this. They seem 
to sense that those who hunker 
down or hibernate during these 
tough times may never get up 
again. Yet, paradoxically, industry 
in general is slow to make the 
commitment to get on with auto­
mation. Certainly, there are some 
strange priorities at work when a 
nation automates its bowling 
alleys two decades before it gets 
around to doing the same for the 
primary generators of its econom­
ic livelihood. 

Some industrial leaders feel 
they cannot afford to invest in 
automation in times of high inter­
est rates. This is a "paper tiger. " 
The capital is there, and so are 
the financial. incentives. There is a 
significant tax credit for incre-
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Figure 1: GE's Road Map to The Factory with a Future. 

mental R&D, and additional cred­
its for building rehabilit&tion, plus 
faster tax write-offs for new plants 
and equipment. Some managers 
worry about labor 's resistance to 
automation. But labor and man­
agement seem to agree in princi­
ple that automation is preferable 
to a complete plant shutdown and 
permanent layoffs. Ten years ago 
a CEO of an automotive company 
wouldn't have been caught dead 
next to a robot in a TV commer­
cial. 

The most prevalent argument 
being used by top management 
for not automating is that auto­
mation 's main contribution is in­
creased capacity. And , the argu­
ment goes, why increase capacity 
when you can't sell all the prod­
ucts you can produce now. 

Certainly it is true that addi-
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tional capacity is no longer by it­
self a valid justification for new 
equipment. But you have to look 
at automation as it affects the bot­
tom line. And today's bottom line 
is a reflection of the quality of 
your products , as well as your 
overall productivity. 

Corporate managers have 
found that product quality, not to 
mention cost, is heavily tied to the 
degree of technology and automa­
tion in the plant, and that you 
cannot wait until bad times turn 
good and capacity increases sub­
stantially to invest. GE has put a 
billion dollars in the past two 
years into automating some of its 
aging factories-including more 
than $300 million in a 75-year-old 
locomotive facility in anticipation 
of a substantial business upturn in 
the future . This level of invest-

Factory Automation 

ment is not considered a luxury, or 
a risky venture, but survival 
insurance. 

Automation Evolution 
Manufacturing managers are 
aware there are no easy or fast so­
lutions. Automation will be evo­
lutionary. It can start with a robot 
or NC controlled machine tool 
work station , grow to larger is­
lands of automation , expand to 
complete cells of automation and 
eventually become an integrated 
system. 

GE has spent another half bil­
lion dollars assembling a complete 
array of industrial automation 
products in order to facilitate 
automation of customers' plants. 
Both large and small customers 
have been asking: How much 
automation do I need? Where do 
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Figure 2: Robots ' speed, precision and repeatability lead to higher quality, 
cost products. 

I start? To answer these ques­
tions, GE formed a Factory Auto­
mation Planning Service to help 
customers identify their greatest 
productivity opportunities , and 
then to work with their manage­
ment to propose a program which 
will take into account volume 
needs, resources, competition, 
need for standardization and flexi­
bility, and a host of other factors. 

42 

Because factory automation can 
be as mysterious as ESP, a team 
of GE people devised the "Road 
Map to the Factory With A Fu­
ture " (Figure 1) . 

Systematic planning is the key 
to staying alive in today's erratic 
environment. And it works best 
when it deals with the "now" and 
the foreseeable future , not 2001 . 
For this reason , the first step is to 
develop a thorough master auto­
mation plan that reflects your 
business environment. Token ro­
bots and other isolated quick fixes 
can be a waste of time and money. 

Before you can set down a real­
istic plan , however, there is a cer­
tain amount of self-analysis to be 
performed. You should examine 
your resources , your perfor­
mance , your position against 
worldwide competitors and the 
business environment. Once you 

understand how all the equipment 
and processes in the office and 
plant can interact , you can pin­
point areas that can benefit the 
most from automation . Your goal 
is not to automate as much as you 
can , but as much as you should. 

Once you have a road map and 
timetable for automation , then 
you can begin to search out the 
best automation technology for 
your business. 

Remember, automation in your 
plant won't happen overnight. It 
is a long-range project. But the 
course can be run successfully and 
predictably if the time and talent 
are applied to develop a plan that 
"pays-for-itself-as-you-go-along. " 

Operations Management 
After the planning is completed , 
you must concentrate on develop­
ing an Operations Management 
System. Operations management 
is the "up front" part of any man­
ufacturing business. It includes 
automated order entry, purchas­
ing , cost accounting, production 
planning and control , and shop 
floor control. Any factory, no 
matter how automated or efficient 
it may be downstream , is built on 
sand if this operation is neglected . 

GE has used its own factories 

as test sites to refine this area of 
automation. One result is MIMS 
(Manufacturing Information Man­
agement System) , a software 
package which is designed to 
eliminate waste materials , ineffi­
cient inventory control , produc­
tion bottlenecks and machine 
slowdowns. 

MIMS provides tight control 
over the entire manufacturing 
process from purchasing to ship­
ping, and integrates the key as­
pects of operations into one cen­
tral data base . Other software 
programs are also available which 
can help tie together order entry, 
order release , accounts receiv­
able , shipping/billing and inven­
tory management. 

Computer-Aided Engineering 
Computer-aided engineering is an 
area that reduces the design cycle, 
Jowers the product cost and en­
hances product features and qual­
ity dramatically. It includes ·the 
design and analysis of the product 
itself, NC machine tool and robot 
work programming, design of the 
molds and tools , quality control 
and process planning. 

The weakness in most factories 
today exists because the link be­
tween design and production is 
made of paper: blueprints , draw­
ings , paper tape , etc. Paper-gener­
ated errors and inefficiency show 
up in engineering or accounting. 
They surface as chaos in manufac­
turing, causing skilled craftsmen 
to waste time fitting square pegs 
in round holes. 

You can now computerize the 
entire product development pro­
cess from the conceptual state in 
the engineer's brain all the way 
through to production without 
paper. 

CAD/CAM 
CAD is more important in im­
proving product quality and over­
all productivity than robots , com­
puters or virtually any other piece 
of equipment you could add to 
your business. The reason: it will 
enable you to create higher qual­
ity products and get them to mar­
ket faster, with higher profit 
margins. 
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CAD can give your plant so­
phisticated design capability-and 
it can be on-line in a matter of 
months. The versatility of CAD 
technology is limited only by your 
engineers' imagination. They can 
perform mechanical design , archi­
tectural work , integrated circuit 
designs, and produce complex 
piping layouts for chemical 
plants-virtually anything done 
today in blueprints. 

CAD enables engineers to cre­
ate designs with far greater accu­
racy than ever before and to ex­
plore alternative designs 
whenever they want simply by 
calling up production designs 

-from computer memory. Since 
CAD creates a common data 
base , design information can be 
shared via a paperless link with 
manufacturing and engineering, 
or even a supplier. Data for com­
puter-aided manufacturing can be 
downloaded directly to the shop 
floor to operate numerically con­
trolled machine tools and robots . 

With properly applied CAD/ 
CAM, design cycle time can be 
reduced by over 30% , and manu­
facturing productivity increased 
by 20-30%. 

Even some makers of dispos­
able diapers have discovered 
CAD. Formerly, when they wished 
to change their designs , they 
brought in scores of howling in­
fants to model for mannequins 
and then-by trial and error-fit­
ted the new diapers to the manne­
quins . Now they have every possi­
ble baby-bottom size and shape in 
the computer and can fit , stretch 
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Figure 3 : GE 
!PARS Vision sys­
tem reads charac­
ters on various 
surfaces. 

and determine load-bearing char­
acteristics under a variety of envi­
ronmental conditions in the CAD 
system. 

Product Analysis 
Special software developed by 
General Electric CAE-Interna­
tional , Inc. can enable designers 
to see the effects of stress, vibra­
tion , shock, heat and other out­
side forces on designs, allowing 
them to make structural changes 
and select different materials to 
obtain an optimum design even 
before the prototype is built. 

Instead of following the old 
process of bouncing a prototype 
around from model shop to test­
ing area and back to design , engi­
neers can now create these math­
ematical models and test these in 
the computer. They can move it, 
shake it, pull it apart and abuse it 
until it breaks. By the elimination 
of one or more conventional pro­
totypes, CAE software can re­
duce development costs by hun­
dreds of thousands of dollars , and 
allow you to get your product to 
the marketplace significantly 
ahead of schedule. 

The obvious benefits of CAE 
software as a design tool are mag­
nified when you consider produc­
tivity. By the time a computer­
generated design hits the factory 
floor, you know it can be pro­
duced and that most , if not all, of 
the "kinks" have been worked out 
of it. 

Another important adjunct to 
automated engineering is that 
now the technology is making it 
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possible to produce the NC tool 
path and program as a by-product 
of the design process. So , while 
designing and testing the product , 
you can access the same data 
bank in the computer to prepare 
tools and molds to be used in 
manufacturing the parts . And you 
can also use the electronic design 
data for quality assurance plan­
ning and to program automated 
test equipment downstream . 

A key point to remember about 
CAE software is that whether 10 
engineers or 100 are on the pro­
ject, they are all looking at the 
same data base and product at the 
same time and can relate to its 
evolution through the design 
stages-a luxury not possible with 
blueprints . 

CNC Advantages 
One of the keys to increasing out­
put and quality on the factory 
floor is the use of machine tools 
with computerized numerical con­
trols (CNC) . 

If you cannot afford new ma­
chine tools , consider retrofitting 
older ones with the latest in CNC. 

Equally flexible are program­
mable controllers , which can in­
crease machine productivity up to 
40% . Designed for the factory en­
vironment , they perform sequen­
tial functions, store large amounts 
of data and are quickly repro­
grammed as you change the prod­
uct or model mix . 

Robots 
Robots can give speed, prec1s1on 
and repeatability-which leads to 
better quality and lower cost 
products , and reduced rework, 
scrap and warranty costs. 

In Japan, robots have not been 
a major issue among the work­
force . The workers give their ro­
bots pet names and take pride in 
supervising them. Why? Because 
robots are not considered a threat 
in their fast growing industries. 

General Electric will have ap­
proximately 400 robots operating 
in its plants this year and is one of 
the major users of robots in the 
U .S. And we are expanding. In 
1983 & 1984 we'll be installing 50 
new robots to help produce high-
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Competing In The Computer Integrated 
Manufacturing Marketplace 

World business competition is becoming more and 
more intense. As a result, US manufacturing capabi li­
ty is being challenged as never before. Companies 
that offer the highest-quality, lowest-cost product at 
the best level of customer service are winning in the 
race to capture world markets. Computer Integrated 
Manufacturing (CIM) is the key strategic tool that will 
determine who the winners are in the race to capture 
the dominant competitive edge in world manufactur­
ing-those who are first in their respective industries 
to have their own "Factory of the Future:· 

The race by companies to implement CIM technol­
ogy and integrate their design and manufacturing 
functions is creating a tremendous worldwide market 
for CIM technology and systems. In the US alone we 
estimate this CIM marketplace to be worth some $28 
billion (1982 dollars) . This market will grow by about 
14% per year to approximately $104 billion by 1992. 
These figures can be multiplied by 2 1/2 to 3 times for 
the world 's total CIM marketplace. 

Such figures are meaningless, however, until tied to 
a definition of CIM. We define CIM to be the functional 
areas of Computer Aided Design (CAD) , Group Tech­
nology (GT), Manufacturing Planning and Control 
Systems (MP&CS), Automated Material Handling 
(AMH), Computer Aided Manufacturing (CAM), and 
Robotics-all integrated by Computing Technology 
(C.T.), i.e., hardware, software, database, and tele­
communications (Figure 1 ). 

Figure I : Defin ition of Computer Integrated Manufa c­
turing by fun ctional areas. 

It is the latter area-Computing Technology-which 
dominates the CIM market as computers continue to 
permeate the entire manufacturing environment. We 
estimate that over the next decade, the computeriza­
tion of engineering and manufacturing operations will 
mean that these functions account for some 50% of a 
corporation 's total computer usage-up from the 30% 
we judge to be common today. 

The tremendous CIM market size and the growth 
rate of some of its "hotter" segments such as CAD 
and Robotics, offer a golden opportunity for compa­
nies that compete in this arena, or even new entrants 
looking for new product/market opportunities. Howev­
er, the rapid pace of technological change in this func­
tionally broad and high growth market makes it essen­
tial for CIM market competitors to understand the 

quality jet engine pa rts . O ur ex­
peri ence has shown that robots 
can provide a quick payback. 

A dull , repetitive job where ro­
bots pay off fas t is welding, which 
once was rega rded as a specia l­
ized , high-paying job. Now it is 
considered no more than a te­
dious and uncomfo rtab le e ight­
hour o rdea l. Robots make better 
welds-consistently. 
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Robots also have a place in rou­
tine assembl y. The reason is that , 
unlike humans , they are madden­
ingly demanding. If materi als pro­
vided to the ro bot a ren't com­
plete , unifo rm and reasonably 
fl awless , it will e ither correct the 

problem itse lf, ca ll a human su­
pervisor, or refuse to create what 
is certain to be a future rewo rk 
problem at best , o r more like ly 
just scrap . 

Strategica ll y placed , robots .can 
be a tremendo us he lp in cutting 
costs and increasing productiv­
ity-but placing a sophisticated 
robot in the middle of an anti­
quated manufacturing operation 
is a waste of the robot 's time and 
the user 's money, and can wind up 
prejudicing everyone aga inst us­
ing them in the future. 

Automatic Inspection 
Int e llige nt vis io n sys te m s ca n 

work with robots or independent­
ly to achieve dramatic improve­
ments in quality control which will 
greatl y reduce the chance of a de­
fective product getting to the 
customer. 

Non-contacting visual inspec­
tion systems can he lp dete rmine 
that products meet specifications 
every step of the way. They have 
the capability to inspect parts fo r 
features and dimensions at speeds 
up to 900 per minute . 

One inte lligent vision system 
d eve lo ped b y GE i s IPARS 
(Imaging Processing and Recogni­
tion System , Figure 3) . This sys­
tem helps ensure proper product 
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overall CIM framework and the forces driving both 
user implementation and CIM application product 
development. 

This is especially true in a marketplace where the 
user's ability to understand and implement CIM appli­
cations, more than the demand for CIM benefits, may 
be the limiting factor in the sale of such products. 
From the vendor 's viewpoint, the sales of his products 
may also be limited by his inability to integrate his CIM 
application into the user 's overall CIM system or the 
systems offered by those companies dominating the 
CIM marketplace. 

While it is important to keep one eye on the overall 
CIM framework, the market position, competitive pos­
ture, and product development plans of CIM competi­
tors in narrow CIM market segments will also be im­
portant to understand. Finally, this knowledge must be 
understood in a global context, for many foreign com­
panies and countries are beginning to realize the size, 
growth rate , and attractiveness of the CIM market­
place. 

the CIM marketplace will be an understanding of how 
the user's buying center is changing, and the new cri­
teria that will be utilized by top management to make 
CIM product investment decisions. As the influence of 
CIM systems spreads horizontally through companies, 
the buying center moves up the corporate ladder. With 
this change, the selling process must change from an 
emphasis on product technical features to one that fo­
cuses on the strategic benefits that will accrue to the 
company buying a given vendor 's CIM equipment. 
CEO's and company directors must focus on their 
company's strategic posture. In short, how can their 
investment in CIM technology and equipment make 
them a more effective (and profitable) competitor in 
the world markets they serve. 

The CIM vendors who can answer this question will 
have a powerful entree into a market with a guaran­
teed future as the US and many other countries in the 
world rebuild their manufacturing capability over the 
next ten to twenty years. 

A key success factor for companies competing in 
Thomas G. Gunn, Manager CIM Group, Arthur 0 . Lit­
tle, Inc., Cambridge, MA. (6 17) 864-5770. 

identifi ca tio n by auto ma tica ll y 
recognizing product ID charac­
t e rs-s t a mp e d , e n g r a ve d o r 
chalked-on individual parts o r 
fini shed products. With IPARS, 
you can record the ID number of 
every component going into a 
product , such as an air condition­
er. Later, if a problem surfaces 
with a certain production run of 
one of the components, you have 
the capab ility of pinpointi ng the 
exact model numbers of affected 
products req uiring reca ll-as op­
posed to recalling the entire run 
to correct a problem that may be 
affecting only 1 or 2% of total 
production . The savings potential 
of this one application alone is 
astronomic. 

Automatic Testing 
Automated inspection and testing 
can contribute to product quality 
and eliminate DOA's (Dead On 
Arrivals) and their subsequent 
warranty costs. 

Systems can be purchased from 
suppliers, or developed in-house, 
using the sequential logic func­
tions of programmable controls. 
Fo r example , circuit breakers can 
be tested at rates of up to 5000 
per 8-hour shift usi ng a program­
mable controller to direct eight 
test stations. Circuit breakers are 
checked to determine that they 
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are operating with in prescri bed 
limits, and are reca li brated auto­
matically if they are out of the 
prescribed range. 

Intelligent Warehousing 
The average plant uses 50% of its 
fl oor space fo r storage and han­
dling, while the average cube 
space is also only half utilized . 
The opportunities for be tter space 
utilization should be obvious. 

In discrete parts manufac turing, 
the percentage of time a part is ac­
tually in process is just 5% -10%­
about two to fo ur hours a week. 
The rest of the time , material is 
being handled , moved, stored , re­
trieved , etc. 

A partial answer to this ineffi­
cient use of space and manpower 
is the automated warehouse. Here 
parts are entered into a sealed, 
co mpute r-co nt ro ll ed hi gh-rise 
storage module and are never 
touched by human hands agai n 
until they reach a workstation. 
The advantages of computer con­
tro lled storage and retri eval of 
parts a re many: it can't lose parts 
beca use a wa re ho use m a n p u t 
them in the wrong spot; it can't 
misplace parts in the wrong bin ; 
and it can't "pick" the wrong part 
and deliver it to the factory fl oo r. 

The intelligent warehouse , like 
the automated factory itse lf, isn't 

someth ing you can order off the 
shelf. Plann ing and programming 
takes time , and it is easy to spend 
a mill ion do llars or two getting it 
on line. But in the process you are 
also going to pick up a lot of new 
manufact uring space at no cost, 
which could postpone indefinitely 
the need for a costly new addition 
to your plant . 

Data Management 
Data management and communi­
cat io ns is the nervous system of 
the automated facto ry, linking in­
fo rm ation generating "islands" to­
gether. This is where people , ma­
c h i n e s and processes are 
activated . 

While every situation is differ­
ent , and specia l to the busi ness us­
ing it , there are six characteri st ics 
that a data management and com­
municat ions system must have if it 
is goi ng to work right: 

• A computer or computer ser­
vice appropriate in capability and 
cost to the customer 's goals and 
leading resources . 

• A central storage library, or 
data base , wi th common access 
that can be tapped by every ma­
chine and human in the factory. 

• Interfaces to common syste ms 
to move e lectronic data. 

• Adaptive people interfaces to 
search out the right mix of proce-
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Factory Automation 

dures between people and auto­
mation systems . 

• Data structure and data man­
agement tools to eliminate dupli­
cations and contradictory orders. 

• A set of logic switches to 
adapt common automated control 
logic to the specific needs and 
strategies of your business . 

Integration of these functions is 
the key to the ultimate success of 
factory automation, and a high­
speed electronic data highway is a 
necessary condition for such inte­
gration. Local area networks can 
be used to link PCs , NCs, interac­
tive graphics systems, and other 
intelligent products, as well as the 
various automation islands. 

The local area network replaces 
" sneaker power "-the present 
method of delivering paper and 
magnetic tapes in too many fac­
tories-to make possible real-time 
decision making. 

As factories become more auto­
mated , reactions to and contin-
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gencies for unforeseen or random 
events must be anticipated and 
programmed into the system . This 
also implies that the status moni­
toring and control execution func­
tions must be an integral part of 
the factory system . 

Summary 
Over the past few years there has 
been much hand-wringing , as well 
as gloom and doom rhetoric about 
America's inability to take on for­
eign competition in world mar­
kets , let alone our own. 

Don't buy this defeatism. We've 
taken a couple of body blows 
from abroad and we ' ll take a few 
more . But we're not down for the 
count by any means. 

Visitors at the International 
Machine Tool Show last fall, saw 
a quarter of a billion dollars 
worth of advanced µP-based 
automated machinery, a large per­
centage of it American-made , per­
forming magic. Nearly 100,000 

Write 22 on Reader Inquiry Card 

manufacturing people toured the 
exhibits , and the atmosphere was 
closer to D-Day than Dunkirk . 

On some of the exhibits, the 
American flag was prominently 
displayed and "Made in the U .S. " 
in oversized letters was clearly 
visible on many of the machines. 
That spirit is healthy, especially 
coming off a binge of national 
self-doubt. But waving the flag 
isn't what 's going to keep us in 
business. GE has found in our in­
ternational marketing skirmishes 
that "Made in America" doesn 't 
cut it anymore unless the product 
is the most technically advanced 
or the least expensive , or both. 

It's a world market with world 
class competition , and systematic 
planning, and implementation of 
electronics technology is the only 
way to play to win . 

I'm often asked , how much 
automation is necessary. My reply 
has been standard: More than 
your competition . D 
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PERIPHERALS 

by Dr. Pat O'Connell 

Almost five years ago , research 
conducted at the RD&E depart­
ment of Versatec (a Xerox com­
pany) determined the feasibility of 
a color electrostatic plotter. It 
wasn't until November, 1980, how­
ever, that a task force was formed 
to develop a new color machine. 

A survey of Versatec's customer 
base served as a catalyst to spur 
faster development. It indicated 
that more than 85% of all CAD 

Dr. Pat O'Connell is Manager, 
Electronics Research for Versatec 
(A Xerox Co.), 2710 Walsh A ve., 
Santa Clara, CA 95051. 
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and geophysical plotter users want­
ed electrostatic color. Designers 
told us that color hard copy could 
improve design quality and turna­
round. For example, a designer of 
printed circuit boards can use color 
to define circuit layers, intersec­
tions, and various device types. Yet 
while newer CAD systems offer 
color display, producing color hard 
copy has been impractical in most 
design applications. 

Although pen plotters can draw 
in color, they are extremely slow, 
especially when attempting plots 
more complex than simple bar 
graphs. Drawing IC, PCB or com­
plex mechanical drawings requires 
many hours, continuing operator 
intervention, and high maintenance 

Precise dot 
registration proved 
the most difficult 

problem in 
designing a color 

electrostatic plotter. 

Figure 1: An example of color output 
from Versatec's Electron electrostatic 
color plotter. 

cost. Plotting a million or more 
vectors as needed for VLSI designs 
is simply impossible, as are plots 
with large solid or shaded areas. 
Even with simple plots, the user 
has a limited color palette that se­
verely restricts color selection and 
utility. 

Ink jet devices are somewhat fas­
ter, but output quality is inconsis­
tent, format and plot size are lim­
ited, and maintenance is a con­
tinuing problem. Photoplotters 
provide excellent accuracy but are 
extremely expensive (typically over 
$200,000) and very slow. 

Because of the nature of electro­
static technology, producing com­
plex plots in color is inherently 
easy-at least in concept. Pro­
grammed voltage is applied to an 
array of densely spaced (200 per 
linear inch) writing nibs embedded 
in a stationary writing head . Upon 
digital command, the nibs selective­
ly create minute electrostatic dots 
on the paper passing over the head . 
The paper is then exposed to liquid 
toner, producing a permanent 
image. 

This means that any image that 
can be digitized can be plotted. 
Speed is a function of paper move­
ment, not mechanical arm move­
ment. A raster line of data can be 
sent to the plotter and be repro­
duced on hard copy within msecs . 
This is why electrostatic mono­
chrome plotters can produce draw-
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STANDARD FORM FACTOR. 
Sentinel is packaged in an 
8" floppy foot print. 

OPTIMUM SPEED. 55 ips operating 
speed ensures full capacity 
load/ restore time of less than 20 
minutes without compromising 
cartridge or data integrity. 

HEALTH CHECK 
verifies operational 
readiness on power-up 
and/ or host request. 

FULL MEDIA INTERCHANGE. Use of 
an automatically recorded servo 
reference stripe ensures cartridge 
interchangeability. 

CARTRIDGE CHECK FEATURE detects 
potentially degraded cartridges 
before data are recorded on them. 

T H E s E N T 
The Model 92190 Sentinel cartridge streamer delivers the data capacity 
needed to back up even today's higher-capacity 8" fixed disk drives. With 
a data rate (55 KBS) optimized for system requirements. Plus an optional 
ECC feature for applications requiring extremely high data integrity. For more 
information, call your local Control Data OEM Sales Representative or write: 
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Minneapolis, MN 55440. 
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KineticSystems 
offers 0 EMs and 

system integrators 
reliable process automation solutions 

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

For more than a decade, KineticSystems has been 
configuring and supplying OEMs, system integrators , 
and end users with powerful , flexible , reliable systems 
based on the I EEE-583 CAM AC interface standard 
for Computer Automated Measurement And Control. 
You ' ll find our systems used for energy management, 
temperature monitoring, blast furnace control , plant 
security , and a host of other applications . 

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

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

KINETICSYSTEMS 
11 Mary knoll Dri ve Lockport , Illi nois 6044 1 Phone: (815 ) 838 0005 

TWX: 910 638 283 1 

. . . 

Pacific Northwest Office 

P.O. Box 4 221 

Western Region Office 

4234 Fai rl ands Drive 
Pleasan to n, CA 94566 
Ph one: (415 ) 829 90 20 
TWX: 910 389 6898 

Europe (Mar keting) 

Gewerbestrasse 13 

Fremont , CA 94539 
Ph one: (4 15) 490 8544 

CH-4528 Zuchwil , Swit zer land 
Ph one: (065 ) 25 29 25 
Telex : 34 94 95 

Write 19 on Reader Inquiry Card 

... to complete 
system packages 



Electrostatic Plotter 
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Figure 2: Electron ploller block diagram. 

ings of several million vec to rs in a 
matter of minutes. 

Based o n this techno logy, pro­
ducing color was re la tive ly easy. 
We could simply run paper through 
four monochrome plo tte rs. each 
using a diffe rent co lo r fo untain . 
This approach achieved a some­
what acceptab le plo t. It was pre tty 
and colo rful , but expensive, be­
cause multiple writing heads and 
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high vo ltage drivers increased cost 
to an unaccep tab le leve l. Moreover. 
m a intainin g reg is tra ti o n a mo ng 
fo ur writing heads, eve n with the 
m os t precisely m a nufact ur ed 
heads, was difficult. The so lution 
was to use a single writing head 
with assoc iated drivers , as used in 
conventio nal mo nochro me e lec tro­
sta tic plo tters. Use of fo ur passes , 
each writing o ne co lor from o ne of 

TONER srnr:oN --
POWER DISTRIBLITIOrJ 

fou r toner fo unta ins, a llo wed over­
lay ing of co lor to produce a broad 
spectru m of co lo rs. Further, for mu­
la tio n of improved to ners a ll owed 
colo rs to become mo re additive 
and brilli ant , and made poss ible a 
se lectio n of over 400 colors. 

A Consistent Image 
Pape r registra tio n re ma ined a prob­
le m. The first hurdl e was the medi-
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Electrostatic Plotter 

Technology. 

Resolution 
Toner colors 
Writing speed 
Rewind speed 
Paper width 
Registration 
Plotting width 

VERSATEC ELECTROSTATIC COLOR PLOTTER 
Specifications 

Electrostatic 
Single stationary head and four toner fountains 
40,000 points per square inch 
Magenta, cyan, yellow and black 
1 inch per second 
10 inches per second 
42 inches 
Within 2 mils 

In color mode 40.16 inches 
In monochrome mode 40.96 inches 

Plotting length 
In color mode 50 feet 
In monochrome mode 500 feet 

Interface 
Media 

Standard Versatec 
Standard Versatec 

Table J: Versatec's electrostatic color plotter features a resolution of 40,000 points 
per square inch and full four- color plotting. 

um itself. Paper is an inconstant 
medium . Heat , humidity, and even 
the wrap on the supply roll can af­
fect the dimensionality of paper. 
The relative changes in dimension 
may be quite different in the two 
axes . Without correcting for 
changes in the paper, the machi ne 's 
ability to place a dot at a specified 
location (machine accuracy) or its 
resolution (points per square inch) 
may not improve registration. Yet 
few printers or plotters do more 
than correct for gross skew. 

Since each paper sample may 
have slightly different characteris­
tics and response to environmental 
conditions, it was necessary to use 
computer simulation techniques to 
measure variance from a known 
reference. 

Part of the solution was to im­
prove the consistency of the medi­
um. This was accomplished by pull­
ing the paper off the supply roll 
before writing an image . Pull ing 
the paper out on the flat bed ex­
poses the paper to ambient heat 
and humidity, reduces curl, and en­
ables pre-plot registration of the 
paper. While conditioning im­
proved consistency, continual sens­
ing and correct positioning in both 
the X and Y axes was also neces­
sary to assure point for point regis­
tration through multiple passes. 

A paper edge detector controlled 
skew, but it did not provide suffi­
cient registration accuracy. There-
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fore , a multi-directional sensing 
and correction system is employed . 
As the paper is conditioned, the 
machine encodes a series of regis­
tration marks and lines outside the 
plotting area. These provide a posi­
tive reference for sensing and cor­
recting plot start , registration dur­
ing plotting, and end of plot. 

This is analogous to the closed 
loop track-following technique 
used in high performance disk 
drives. With a known reference , 
both disk drive and color plotter 
can achieve great accuracy, even 
under changing e nvi ronmenta l 
conditions. 

As the web guide control sensor 
and position actuator play out pa­
per from the supply roll , the 
"Coarse X" servo and edge detec­
tor control the paper at command­
ed speed , prevent skew and keep 
the plot in the working zone. Finer 
registration is provided by sensor 
readings of the registration lines 
that run on both sides of the paper. 
Paper and head are adj usted to 
provide centering and registration 
with control parameters of 1/10 of a 
mil. To appreciate the accuracy of 
this registration , consider that each 
dot-one of 40 ,000 in each square 
inch-uses a 5 mil center, 50 times 
larger than control parameters . 

In the paper travel axis , the reg­
istration marks are used to sense 
plot start , registration to plot 
length , and end of plot. Servos for 

supply roll , capstan , and take-up 
rol l adjust speed and positioning to 
accommodate changes in data rate 
or to modify registration . Again , 
accuracy is measured in fractions of 
a mil. And while modifying regis­
tration in the direction of paper 
travel might not be necessary in a 
short plot , the difference in regis­
tration accuracy is quite apparent 
in plots from five to fifty feet in 
length . 

Although a single registration 
mark would provide greater accu­
racy than the typical electrostatic 
plotter, the use of a mark series has 
potent advantages . First , the series 
of marks provides a fai l-safe mea­
suring and correction technique . 
Secondly, it enables subtle , gradual 
correction rather than large , jump­
ing movements . 

With this accuracy in registra­
tion , the plotter can produce "elec­
tronic overlays" : rather than plot­
ting several individual overlays and 
attempting to mechanically sand­
wich several plots, layers can be 
plotted simultaneously, each in its 
own distinctive color. 

Electronic Improvements 
On the electronics side , more effi­
cient high voltage drivers require 
less power, reducing power con­
sumption and heat. Improved 
switching power supplies designed 
to meet VD E specifications filter 
out line noise better than conven­
tional power supplies. Although 
existing PCBs are used for interfac­
ing and buffers , a higher degree of 
integration has reduced electronics 
part count. 

The fi nal machine produces the 
full color spectrum with translucent 
toners in magenta , yellow, cyan and 
black. Plotting on standard Versa­
tec 42" wide roll paper, it draws col­
or or monochrome plots. It can 
produce a fu ll color E-size drawing 
(34" by 44") in eight minutes ; a 
black and white drawing in less 
than 90 seconds. Resolution is 
40 ,000 points per square inch; reg­
istration is within 2 mils. 

The result is a new plotter that 
for the first time allows users of 
computer graphics to have access to 
fast , re liable , big format color 
plotting. D 
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Picker International had a clear 
picture of their CT imaging needs. 

The MSP-5 ARRAY PROCESSOR from CDA 
gave them 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, I. 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
ment Corporation, Data General and Perkin-Elmer 
computers. Priced at $5850 in OEM quantities. If 
you need full floating point 32-bit performance, the 
very programmable MSP-3000 will meet your most 
demanding requirements. 

CDA 

Write 35 on Reader Inquiry Card 

COMPUTER 
DESIGN & 
APPLICATIONS INC. 

411 WAVERLY OAKS ROAD 
WALTHAM , MA 02154 
617/ 647-1900 
TELEX 92-2521 



For DEC* Computers, 
100°/o Compatible. · 

0 

For DEC Owners and Users, 
100°/o Essential. · 

Thousands of New Products. 
100% DEC-Compatible. 

All the latest hardware, 
software, services and sup­
plies designed to run on your 
DEC computer. All the DEC­
com pa tible s you've read 
about, heard about, but have 
never seen demonstrated. 
Plus, thousands more. Newer 
and better than anything on 
the market today. More DEC­
compatibles than at any other 
show in the world! 

*DEC and DECUS are registered 
trademarks of Digital Equipment 
Corporation. 

Over 250 Vendors. 
100% DEC-Friendly. 

Meet the vendors who can 
help your DEC system reach a 
new standard of perform­
ance. Because you never have 
to ask, "Is it DEC-Compati­
ble?" you get fast answers to 
the really important ques­
tions. It's the one Show for 
everyone who owns, man­
ages, or uses a DEC com­
puter. So bring 

Especially for DECUS* 
Conference Registrants. 

100% Free. 

It's easy to attend DEXPO 
East 83. And hard to miss. 
Especially for DECUS mem­
bers attending the St. Louis 
conference. Free shuttle 
buses will take you from the 
Show to the conference in just 
five minutes. And conference 
attendees will be able to use 

their DECUS 
the entire deci­
sion - making 
team: top man­
agement, finan­
cial manage­
ment, DP man­
agement and 
senior staff. 

Group Registration 
Discounts Available 

badges to enter 
the Show with­
out paying a 
registration fee. Bring Your 

Boss for FREE! 
Mail Coupon 

for Complete Details 

r--------------------------

DEXPO™ 
East83 

MAIL TODAY FOR MONEY-SAVING REGISTRATION 
INFORMATION 

D I want to save time and money on my DEXPO East 83 regis­
tration, air fare, hotel accommodations and car rental. Send 
complete information . 

D Send extra copies for my associates. 

NAME ______________ ~ 

The Third National 
DEC-Compatible 

Industry &position 

Kiel Auditorium, St. Lou.is 
May 22-24, 1983 

TITLE _ ______________ _ 

COMPANY _____________ ~ 

ADDRESS _____________ ~ 

CITY ______ STATE __ ZIP ___ _ 

DI am interested in exh ibiting in the Show. Call me at 

Mail to: Expoconsul International, Inc. 
19 Yeger Road, Cranbury, NJ 08512 
Tel: 609-799-1661 

--------------------------~ 



COMPUTERS/SYSTEMS 

DEC Compatibility: The Changing 
Face Of Bus Structures 

Ph oto courtesy Digital Equipment Corp . 

by Dave Wilson, Senior Technical 
Editor 

What will DEC do next? The posi­
tion that most users and , perhaps 
more importantly, third party ven­
dors must take , is just to sit and 
wait. 

Most have their ears pointed to­
ward the ether, hoping to piece to­
gether a trend from last year 's DEC 
specifications , looking at ways to 
improve existing system perfor­
mance. Or, they attend DEC sym­
posiums, hoping to catch a glimpse 
of the giant computer company's 
future plans by a slipped remark 
here and there. 

Many have made a profit by fill­
ing gaps in the market, since often 
DEC will introduce a computer 
line with some elements missing-if 
that need can be justified a third 
party will do it , often improving 
DEC sales with systems that be­
come easier to integrate. When try-
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ing to foresee new developments at 
DEC, it must be understood that 
one thing DEC tries , and succeeds 
upon capitalizing on , is continu­
ity-it has a whole family of pro­
cessors that are program compati­
ble . It is easy for a user to migrate 
from one system to another. This, 
in itself, dictates that changes to 
bus structures will be more evolu­
tionary than dramatic. 

Changes in the 
Q-bus and Unibus 
structures of DECs 
computer family 

appear to be 
imminent. 

The Q-bus 

The Q-bus has already gone 
through three evolutions. Starting 
out with 16-bit addressing and one 
level interrupt structure, it was a 
clear break from the PDP-11 that 
had 4 levels of interrupts and 18-bit 
addressing. The second step was to 
increase interrupt levels to 4 and to 
increase to 18-bits of addressing. 
Now, the user could choose an 11/ 
23 instead of an 11134, with the ad­
vantage that the micro-based prod­
uct costs less and so do its peripher­
als. Then DEC moved to 22-bit 
addressing, gaining a capability 
greater than the 11/34, as far as 
memory addressing, since the user 
could access 4 Mbytes of memory. 
That made it very powerful , espe­
cially for those applications requir­
ing large data bases. DEC has also 
recently announced a DMA en­
hancement that allows less over­
head and faster throughput for 
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Introducing the DSD 890 
DEC-Compatible Winchester/Tape. 

Last year, Digital users made a big deal about our 
880 Winchester/Floppy system, with its incomparable 
features, performance and price. And ever since then, 
they've been crying for more of the same, only with a 
tape back-up instead of a floppy. 

So be it. 
Witness the 890 Winchester/Tape. A 31.2 Mb 

Winchester and an ANSI standard %" cartridge tape 
drive for quick and inexpensive archival storage, 
back-up and software distribution. All in one neat 
package. 

To get the same kind of capacity from Digital, 
you'd need a whole rack full of equipment. 

Three RL02s and a TS-11, to be exact. 
And you still wouldn't get the same kind of 

performance. The 890 is up to 15% faster than the 
RL02, thanks to our non-interleaved data transfer 
mode. (We can even handle simultaneous instructions 
to the Winchester and tape with no, we repeat, no 
degradation in performance.) 

There's a big difference in price, too. 
The 890 is about half the Digital alternative. 
Yet it's just as compatible. 
Our Winchester emulates the three RL02s you 

don't have to buy. And our tape emulates the TS-11 so 
that you can use all of DEC®'s handy back-up utili­
ties. What's more, our emulation of the RL02 and 

TS-11 allows you to take full advantage of 22-bit 
addressing. 

We've even designed our front bezel so it goes 
nicely with a PDP®-11/23. 

And we've improved our HyperDiagnostics. TM 
Not an easy task to be sure, but on the 890, one 

button runs all self-diagnostics and testing. You don't 
even have to take off the bezel; there's a convenient 
little open/close front door instead. 

Some things remain unchanged, though. 
Like our Rapid Module Exchange,'MHyperService,™ 

and our nationwide sales and support network. 
Because, quite frankly, we think they're already 

pretty good. 
But if there's anything you think we can do to 

improve them, please let us know. 
We don't want to say we're responsive, but when 

you say "jump;' we leave the ground and wait for 
further notice. 

Which explains why we're so high on the 890. 

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 Oara, CA, (408) 727-3163. 

DATA SYSTEMS DESIGN 

POWER DRIVE ACTIVE 

DATA SYSTEMS DESIGN 
• • • ' - • • ..- ' - • ""'" • ."':IP • • ' •• .--. 

INTERNATIONAL SALES: Australia 03/544 3444; Belgium and Luxembourg 02/7209038; Canada 416/625 1907; Denmark 02/63 22 33; Finland 
90/885011; France 03/411 5454; Hong Kong and Peoples Republic of China 03/668252; Israel 03/298783; Italy 02/4047648; Japan, Osaka 06/323 1707, 
Tokyo 03/3451411; Netherlands 020/029'77-22456; New Zealand 04/693 008; Norway 02/78 94 60; Singapore, Malaysia and Indonesia 2241077; 
Spain 01/433 2412; Sweden 08/38 03 70; Switzerland 01/7414111; Taiwan, ROC 02/7719803-5; United Kingdom 7073/34774; West Germany and 
Austria 089/1204-0; Yugoslavia 61/263 26L 

Wl'lte 17 on Reader Inquiry C8rd 



Ssnaller. faster. Shugart cosnpatible. 
With a ne1M standard of reliability. 

Introducing a family of super thin, mini floppy disk 
drives that measures up to the most demanding OEM 
specifications. NSA's new FB500 Series offers 3 msec. 
track-to-track access at 96 TPI (6 msec. at 48 TPI). Their 
compact 41 x 146 x 209 mm size lets you install two in 
the space normally allotted for a single conventional 
drive. And their Shugart plug compatibility enables easy 
integration without hardware or software modifications. 

Manufactured by Tokyo Electric Company, Ltd., the 
drives are virtually maintenance-free. Offer fail-safe 
disk insertion. One-step ejection. Long-life ceramic 
heads. Advanced stepping motor design. Direct drive, 
brushless DC motors. 250-1,000 KB capacity. And a 
MTBF you'll have to test for yourself to believe. Call or 
write today for an evaluation unit and complete details. 

NIA 
Nissei Sangyo America, Ltd. 

Boston: 
40 Washington Street 
Wellesley Hills, MA 02181 
(617) 237-9643 

New York: San Francisco: 
825 Third Avenue 460 E. Middlefield Road 
New York, NV 10022 Mountain View, CA 94043 
(212) 755-2900 (415) 969-1100 

Write 27 on Reader Inquiry Card 

In Europe contact: 
Nissei Sangyo G.m .b.H. 
Mannheim (Tel. 0621-406051) 
Nissei Sangyo Co. Ltd . 
London (Tel. 01 427-5612) 



DMA operations. 
With 22-bit addressing , the user 

may need to put a larger number of 
memory boards onto the system . 
He then runs into the problem of 
how many boards he can put into a 
backplane before the power supply 
runs out. Although this problem 
has been overcome by larger back­
plane boxes with larger power sup­
plies, it may be that the drivers and 
receivers may only be able to han­
dle a certain number of bus loads. 
Third party vendors have solved 
this problem by introducing bus re­
peaters to extend the bus . 

The Q-bus is defined at the mo­
ment as a single CPU bus. Al­
though it can relinquish mastership 
to other devices, they are recog­
nized as DMA devices . If the 
CPU's were front ended to appear 
to be DMA masters to each other, 
then they could gain mastership of 
the bus , leading to a multiple CPU 
configuration . However, as many 
third party vendors will agree, it's 
hard to second guess DEC. 

Micro J-11 
Many are looking to the micro J-11 
as a possible answer to the question 
of the future of the Q-bus. The J-11 
chip set (that implements a com­
plete PDP 11/70 instruction set) 
would require a much faster bus 
than the current Q-bus and would 
be an inexpensive way to gain high­
er performance from existing sys­
tems . Another alternative may be 
found on the backplane of the sys­
tem. DEC's CD interconnect , used 
to propogate TTL signals between 
an old two board disk controller 
set, has long since been disused. 
The new disk controllers fit into a 
single board that fits on the AB 
slots , but the backplanes still in­
clude those CD slots. 

Will DEC come out with some 
backplanes that don 't include the 
CD interconnect? There is no use­
fulness for it , and it could be used 
for more Q-bus modules. Or will it 
be used for another bus? It may 
well turn out to be a Q-bus look 
alike with a higher bandwidth . 

Interest in DEC's bus structures 
is not limited to the Q-bus . There 
have been persistant rumors over 
the past six months about a high 

Digital Design • March 1983 

speed Unibus that will run at least 
twice as fast as the present Unibus, 
together with discussions about the 
death of the Massbus. DEC does 
not intend to produce any new 
products that connect to the Mass­
bus , but they do intend to sell and 
support current products. Appar­
ently, the demise of the Massbus 
was caused in part by the difficulty 
in making it conform to FCC emis­
sion standards , and the fact that it 
was an expensive architecture to 
work with. 

New drives produced by DEC 
are not compatible with the Mass­
bus architecture and have signifi­
cant price/performance advantages. 

Many are looking 
to the micro J-11 as 
a possible answer 

to the future of 
the Q-bus. 

Indeed, it would seem that DEC 
intends to take a tighter rein over 
its disk product range . Previously, 
they had always purchased disks, 
but now intend to manufacture. 
This may be a market reaction. 
DEC has been losing a portion of 
their marketplace and now intends 
to stop buying commercially avail­
able disks that third parties can 
also buy and add enhancements to 
at a later date . 

With the introduction of their lat­
est high-end disk and controller 
products , DEC has produced an in­
telligent subsystem concept that has 
moved most of the decision-making 
process away from the host. 

The host is completely isolated 
from all details of device enor, bad 
blocks and timing by the mass stor­
age control protocol, that defines 
the nature and content of messages 
that are exchanged between a com­
puter and an intelligent mass stor­
age controller. The host can receive 
information that errors have oc­
curred and have been dealt with, 

DEC Compatibility 

but has little control over the way 
errors are processed . 

The controller does not need to 
know what kind of error occurred 
or what retry strategy was attempt­
ed , but only whether or not the op­
eration was successful. It would 
seem a natural progression for 
DEC to introduce a similar product 
line for the Q-bus that may be 
packaged with a 10 Mbyte Win­
chester and a floppy. But , will they 
manufacture or buy? 

3rd Party Options 
Many third party vendors are cur­
rently offering products to link the 
Unibus and Q-bus . The generation 
of a Q-bus on a Unibus machine 
has the distinct advantage that peri­
pherals for the Q-bus are priced 
like the microcomputer itself, so 
much less expensive peripherals 
(and memory) can be placed on the 
PDP-11. The price of the Unibus/ 
Q-bus link product is leveraged 
each time another Q-bus peripheral 
is placed on it. 

When DEC first introduced the 
LSI-11 , they did not introduce a 
whole range of cards that were pro­
gram compatible with the Unibus; 
while they did have a processor 
card , they did not supply many pe­
ripheral products . 

In these early stages , third party 
vendors may have even helped to 
sell the LSI-11 system by providing 
customers with peripherals that 
they could use immediately. Due to 
program compatibility, those ven­
dors did not need to invent new 
software and diagnostics. 

Conclusion 
While the DEC compatible market 
currently offers a range of possibili­
ties for third party vendors , the 
enormous amount of R&D effort 
DEC has placed on its new con­
tollers will undoubtedly heighten 
the competition and the complexity 
of third party peripheral products. 
As yet , the undisclosed direction 
that DEC will take in implementing 
the Q-bus/Unibus changes do not 
help to keep those executive VP's 
feet on anyt hin g but shifting 
ground. For the DEC user, the 
benefits will include a wealth of 
new and innovative products. D 

59 



COMPUTERS/SYSTEMS 

A CP /M Processor For LSI-11 And 
PDP-11 Computers 
by Norman L. Rogers and 
Paul Mennen 

The PDP-11 and LSl-11 are versa­
til e , 16-bit minicomputers. A la rge 
amo unt of softwa re which runs o n 
these computers is avail able , but it 
is usuall y expensive . This may no t 
be a proble m fo r a la rge insta ll a tio n 
with ma ny users and a budget to 
match , but smalle r insta ll a tio ns, 
whose entire computer syste m may 
have cost o nl y $10,000 canno t justi­
fy the purchase of softwa re pack­
ages for tho usands, o r tens o f tho u­
sands of do ll a rs. 

One alte rnati ve fo r the sma ll 
user is to ga in access to low-cost 
software by purchasing a no ther 
computer such as the O sbo rne , A p­
ple , o r an IBM personal compute r. 
The huge, insta lled base of these 
computers has turned the soft wa re 
they use into a high-vo lume busi­
ness , the re by ma king it poss ibl e fo r 
the manufac ture rs to se ll high qua l­
ity products a t quite low prices. 
Ma king this a lte rnati ve quite a t­
tractive is tha t persona l computers 
can be inexpensive-the O sbo rne , 
for example, se ll s fo r under $2,000. 
But there's a ca tch : the perfo r­
mance of the lowe r-priced pe rsona l 
computers may be di sappo inting 
beca use they de pend upon 5 W' 
di skettes fo r mass storage. If the 
personal computer is upgraded , 
with Winchester di sks o r o the r peri ­
pherals, its perfo rma nce may be 
quite sati sfacto ry, but its cost can 
then exceed $ 10 ,000 . 

A so lutio n to the software p ro b­
le m fo r PDP-LI and LSl-11 com­
puters is to add a seco nd processor 
capable o f running lo w-cost . per­
sona l computer softwa re . The idea 

No rman L. R oge rs and Paul 
Mennen are general partners with 
Decmation , 930 Tybalt Dr., San 
Jose, CA 95 127. 
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is not a new one. The IBM 1410 
compute rs (1963), for e xa mple, 
could be made to execute the 
instructio ns set of the earli e r 1401 
compute r by flippin g a switch o n 
the console; the Digital Equipment 
Corporatio n's VAX compute r can 
execute the instructio n se t of the 
ea rli er PDP-11. 

The declining cost of ce nt ra l pro-

PDP-11 and LSI-11 . 
users can now ga1n 
access to the vast 

pool of CPIM 
soft.ware. 

cessors and me mo ries, which is no t 
matched by any decline in the cost 
o f softw are , makes the dua l p roces­
so r computer mo re and mo re at­
tracti ve . Many o f the newe r person­
a l and sma ll business computers , 
which fea ture 16-bit µ,P s, such as 
the 8086 o r 68000 , a lso fea ture a 
Z80 p rocessor which can run C P/ 
M-80. A cynic might say that thi s 
gives the purch ase rs of these com­
puters the distinct advantage of be­
ing able to run p rograms while they 
are waiting fo r the 16-bit softwa re 
to be writt en . 

C P/M-80 . develo ped a nd so ld by 
Digita l Research , is an o pera ting 
system fo r the 8080 and Z80 µ,P s 
a nd is used o n 700 diffe re nt micro­
compute rs ; it is estima ted that 3000 
different softwa re packages a re 
available whi ch run unde r C P/M-
80 . It is so pervasive . in fact , tha t 
in compute rs tha t don 't have the 
8080 or the Z80 µ,P, an a uxili a ry is 
added to a llow CP/M to run . 

Within the last yea r, a numbe r of 
compa nies have int roduced a uxil­
ia ry Z80 processors for the PDP- I I 
a nd LS I- I I computers. In each case 

these processors run C P/M-80 on a 
Z80 and a re intended to give PDP-
11 and LSI-11 use rs access to the 
vast poo l o f CP/M softwa re. Alloy 
Electronics of Natick , MA has its 
C PM-11 card for the LSI-11 ; Virtu­
al Microsyste ms of Berke ley, CA 
has its Z-board for the PD P- 11 and 
the LSl-11 ; D ecmation of Sa n Jose, 
CA , has its DlOOU and DlOOQ 
cards for the PDP-11 and LSI-11 . 

In principle , the PDP-11 o r LSI-
11 me mo ry could be used as the 
main me mory for the a uxili a ry Z80 
µ,P, but a ll the ma nufacture rs have 
elected to provide an independent 
64 Kbyte me mo ry for the ir Z 80 
µ,P s. The cost of memory is too low 
to justify the complication a nd per­
fo rm ance sacrifice which wo uld be 
required to use the 11 compute r 's 
me mory on a OMA basis . The 
choice of the Z80 , rather tha n the 
8080 , as the processor, is explained 
by the fact that the Z80 has a more 
general instructio n se t , ye t will run 
8080 programs without modifica­
tion . Ano ther facto r is tha t the Z80 
provides refre sh and timing signals 
which make it easier to inte rface to 
64K DRAMs. 

The Z 80 comes in 4-speed grades 
by maximum allowable clock fre­
quency: the Z 80 (2 MH z) , the 
Z80A (4 MH z), the Z 80B (6 
MHz), a nd the Z80H (8 MHz). A s 
it is a very recently a nno unced 
product , the Z 80H did not fi gure in 
the des ign of Decmation 's Z80 pro­
cessor ca rd . Ea rl y in the design cy­
cle it was decided that it was desir­
able , if a t a ll possible , to run at the 
maximum possible clock rate o f 6 
MHz o n the Z 80B . It is ve ry easy 
to interface d ynamic RAMs to a 
Z80 up to a µ,P clock rate of 4 o r 5 
MHz. At highe r clock rates, the 
specia l timing signals gene rated by 
the µ,P fo r dynamic RAM s no long­
er mee t the specifica tio ns o f 150 ns 
dynamic RAM s. This mea nt th a t 
additio nal timing circuitry had to 
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+ 5 

74805 

Figure I : Th e S I32 has a positive going threshold which is fast enough 10 minimize 
th e uncertainly between minimum and maximum ga1e delays. 

no ise by about 30% . The induc­
t a n ce o f th e ca p ac it o r lea d s, 
amounting to only a bout 1 inch of 
wire, was grea t e no ugh to negate 
much of the decoupling actio n . The 
so lutio n to the proble m was to use 
the fl a t decoupling capacito r, ma n­
ufac tured by the Rogers Corpora­
tio n, which fit under the IC and 
so lder into the board , sharing the 
sa me ho les as the power and 
ground leads of the IC. These ca­
pacito rs have 0.03 µF capacita nce. 
An additional 0. 1 µF capacito r was 
placed next to each dynamic RAM , 
connected by the sho rtest and 
broadest trace possible. This re ­
duced the ground no ise to a negligi­
ble 50 mY on the 2-sided PC board . 

be added to modify the timing sig­
nals generated by the Z80 if the 6 
MHz clock rate goal was to be 
achieved . 

Severa l a ttempts were made to 
come up with a synchronous design 
for the dyna mic RAM timing cir­
cuit. No sati sfactory synchronous 
solution could be found which left , 
as the only solution , a cha in of syn­
chronous time de lays. The timing 
precision required was no t high , for 
example, 30 ns ± 10 ns. In one in­
stance, the time delays required 
were typica ll y too sho rt fo r TTL 
time de lay chips such as the LS1 22 . 
De lay line modules we re investigat­
ed as a poss ible solution , but they 
have the di sadva ntage of be ing ex­
pensive and generally single sourced. 
The solution fin ally se ttled upon 
was the simple circuit shown in Fig­
ure 1. The S 132 has a positive go­
ing threshold which is stable over 
temperature, a nd the device is fast 
enough to minimize the uncerta inty 
between minimum and maximum 
ga te delays. The di sadva ntage is 
that the time de lays have to be 
checked , and in a few insta nces the 
r es i s tor v a lu es ch a n ge d in 
production . 

Another design objective was to 
use a simple 2-sided PC board. 
This proved to be difficult because 
the board was constrained by the 
require ment that it fit into an LSI-
11 form at which allowed only 40 in 2 

of usable space for 54 ICs, includ­
ing the 40-pin Z80 and a number of 
20-pin packages . Dynamic RAMs 
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are extreme ly de ma nding upon the 
power di stributi on syste m because 
of the large, fas t current surges dur­
ing no rma l operation . The IC den­
sity did not pe rmit space for ex ten­
sive gridding of ground a nd power 
traces. In the inte rests of low-cost 
ma nufacture of the PC boa rds, the 
des ign rule of o nl y one trace be­
tween the legs of !Cs was fo ll owed . 
A pro to type unit , bu ilt on a wire­
wrap board with a comple te ground 
a nd power pla ne a nd a decoupling 
capacita to r fo r each IC , exhi bited 
an unaccepta ble 0.5 Volts o f no ise 
on the ground pl ane, ca used by the 
dynamic RAMs. Even placing a de ­
co upling capacito r directl y across 
the ground and power pins o f the 
dyna mic RAMs only reduced thi s 

Another design goa l was to use 
the same PC boa rd and basic design 
fo r both the PDP-11 a nd the LSI-11 
versions. Altho ugh the PD P-11 a nd 
LSl - 11 have the same instructio n 
set and run the same softwa re, 
there is considerable difference in 
the co mputer buses . The PDP-11 
uses a less complex bus, the Q -bus, 
o n which the address and data bus­
es a re time multipl exed . In bo th 
computers the boa rd geometry and 
powe r and ground ass ignments a re 
the same. A commo n design was 
achi eved wh ich requi red a to lerable 
24 jumpers. T hese jumpers a re in­
sta ll ed in production to determine 
if the board is des tined to be a Q­
bus o r Unibus ve rsion . Since the 
two versions sha re the sa me draw­
ings , nea rl y a ll the sa me pa rts, a nd 

Figure 2: Within the last year, a number of companies have introduced aux iliary Z80 
processors fo r the PDP-I I and LSI-I I computers. 
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the same software , the result was 
two products for nearly the devel­
opment cost and overhead of one. 
If necessary, boards in inventory 
can be converted from one version 
to the other. 

The interface to the PDP-J 1 or 
LSI-11 computer was accomplished 
by means of 4 memory mapped 
registers which allow the 11-com­
puter to read and write directly in 
the Z80 memory. A control register 
allows the 11-computer to reset the 
Z80 processor to a wait state , and 
then to start a program executing 
by means of the Z80s nonmaskable 
interrupt. The 11-computer down­
loads the CP/M operating system 
and starts it. All 1/0 requests gen­
erated by CP/M are set up in tables 
within the Z80 memory which the 
11-computer monitors. These are 
fixed locations within the "BIOS" 
or 1/0 section of the CP/M operat­
ing system . The BIOS is always at 
a fixed address in memory under 
CP/M. All 1/0 operations to the 

various devices connected to the 
11-computer are performed using 
the facilities provided by the 11 op­
erating system . 

CP/M uses disks , named A, B, 
C, etc. , as its principal storage de­
vices. Files , organized under the 11 
operating system, serve as CP/M 
disks. Within the file, the organiza­
tion of data follows that expected 
for a CP/M disk, with system 
tracks , a directory, and logical data 
blocks . Diskettes in CP/M format 
can also be used . This is a diskette 
format used to exchange data be­
tween CP/M systems and for the 
distribution of CP/M software . 

A dual processor, PDP-l 1/Z80 
computer running RT/ll /CPM op­
erating systems, provides a combi­
nation of two well-supported soft­
ware systems. The CP/M system is 
good for word processing because 
there are numerous excellent pack­
ages available. Applications such as 
data base management can be ac­
complished very well on the Z80 , 

GATEWAY·488 
The OEM's DEC Computer 

Access to GPIB. 
In this demanding world of computer interfaces, it's nice 

to know that your DEC computers carry the clout of a 
GATEWAY·488 Card. The GATEWAY·488 family gives 
you the power of your own LSl-11, PDP-11, or VAX-11 
computers on any GPIB system, at speeds previously un­
available. This speed capability makes the GPIB a viable 
communications link for inter-computer transfer of mass data 
files. National Instruments provides software drivers which 
are compatible with RT-11, RSX-11, VAX/VMS and UNIX 
operating systems. 

and at a much lower software cost 
compared to the 11. Because of the 
greater depth of software support 
available , the chance of finding 
specialized packages is greatest un­
der CP/M. Examples of specialized 
packages include cross assemblers 
for other µ,Ps , circuit and logic de­
sign programs , spelling checkers, 
scheduling programs, etc. 

Since complete facilities for 
transferring data files back and 
forth between the CP/M formats 
and the 11 formats are provided, it 
becomes simpler to segment a job 
between the processors. For exam­
ple , to perform editing of 11 source 
code under a word processor run­
ning under CP/M . 

Another important advantage of 
CP/M is compatibility with most 
personal computers. A program­
mer can take work home, for exam­
ple, prepare reports under Word­
star on a home computer, then 
continue the work on a dual, CPI 
M-PDP-11 computer at work. D 

Members of the National Instruments GATEWAY ·488 
family include standard and high-speed interfaces to both 
Unibus and Q-bus computers. Support products for the 
GATEWAY ·488 family include a high-speed GPIB extender 
and a GPIB tester/analyzer. 

So when your GPIB systems demand improved capabil­
ity and high speed on GPIB/DEC compatible interfaces, 
remember ... 

The National Instruments GATEWAY ·488 ... 
T he DEC to GPIB Access Card! ~~759 

,, 800/531-5066 512 /250-9119 UNIX is a trademark of Bell Labo ratoric., 
Unihus , LSI. VAX. PDP, RT, RSX. and VMS arc all trademark:-. l l f Digirnl Equipment Corporation 

Write 23 on Reader Inquiry Card 
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You approach problems step-by-step. 
And that's exactly what we've done. We've 
engineered a computer that talks your 
language. Working on your level, one step at 
a time. With the speed of a computer. 

With a development system that starts 
with basic needs and expands as your 
needs expand. APPROACH is designed to 
be your machine. Talk your language. 
Understand everyday English. Whether 
you're a seasoned computer user-or a 
novice-APPROACH is approachable. 

For computer control applications , 
machine control, environmental control, 
laboratory testing. Even for home use. 
APPROACH can be a desk top system or 
hook into other terminals. It is fully STD Bus 
compatible. It's quickly adaptable; you can 
define your needs as you go. 

APPROACH is so easy to approach, you 
can master the software within eight hours 
. .. operate any Micro-Link STD Bus card in 
an hour. 

APPROACH I with CP/M® . APPROACH 

II with a menu driven custom package and a 
user friendly interface; also designed to 
allow simple on-line card control. Two 5 Y." 
floppy disk drives, 400K to 1.6M bytes 
storage capacity, up to 40M Winchester 
also available. RAM/ROM memory to 256K, 
8085 or Z80 CPU, 4 channel USART, 
8/ 16 slot card rack. All at a price you 
can afford. 

APPROACH. It can be your best approach 
to solving problems. 

Your approach to 
problem solving is 

what our APPROACH 
is all about. 

\ 

APPROACHll Write 30 on Reader Inquiry Card 

( r~UCR[]O U~K ) 624 s. Range Line Road. Carmel, Indiana 46032. Toll Free 1-800-428-6155. In Indiana 317 -846-1721 
coRPORAT10N CPI W is a trademark of Digital Research. 



Optical Disks­
New Media 
Promises High 
Bit Density 

Existing storage media will 
come under heavy fire 

from new developments in 
optical technology over 

the next few years. 
Figure 1: The Mnemos 12" plastic disk is produced by a pro­
cess that employs electron beam and laser technologies to 
store over 6,000 pages of images. 

by Dave Wilson 

Following the wave of 30cm optical 
disk systems comes both compact 
optical memory, in the form of 
12cm optical disks , and wallet-sized 
recordable cards . The storage ca­
pacity of these systems ranges from 
1 million to 40 million bits for the 
card , and over 3.0 G-bits for a two­
sided 12cm disk . 

Old Versus New 
Presently available data storage 
systems primarily use magnetic re­
cording on tape and disks and pho­
tographic recording on microfiche . 
The cost of optical storage per 
Mbyte is considerably less than 
magnetic disk storage, based on the 
potential for storing substantially 
greater amounts of data on a single 
optical disk than on a magnetic 
disk of the same size. 

Optical disk storage is also less 
expensive than magnetic tape stor­
age on a media-cost-per-megabyte 
basis because of its greater poten­
tial for higher density. Moreover, 
unlike disks , magnetic tape in-
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valves the time consuming process 
of rewinding the tape to find specif­
ic data. 

Magnetic recording, however, 
does have advantages such as eras­
ability of data and general commer­
cial acceptance . While most pres­
ently known optical storage media 
cannot be erased, a similar effect 
may potentially be achievable 
through the use of coding and 
space rese·rvation for additional 
data. Microfiche is an inexpensive 
method of storing data, but data 
recorded cannot be read immedi­
ately, as it can be using some opti­
cal storage media . In addition, ac­
cess to data stored on microfiche 
takes from a few seconds to several 
minutes, depending on the sophisti­
cation of the retrieval equipment 
and the number of microfiche 
stored. 

Optical Disk Technology 
Advantages of optical data storage 
systems over available media in­
clude relatively fast access, long 
storage life, and low cost per 
Mbyte . Drexler Technology, Moun-

tain View, CA, has already an­
nounced a range of optical media 
product lines that include disk , 
memory cards and optical tape. 

A single-sided 12" Drexon disk 
can store 1250 Mbytes of data that 
is recorded by a laser beam melting 
0.5-1.0 micron holes in the reflec­
tive surface of the disk . Other disk 
products available include a 5" 200 
Mbyte single sided disk , and one­
sided 5" and 12" disks encapsulated 
for protection against scratches and 
dust. 

In March 1982, Drexler an­
nounced a line of experimental op­
tical disks , called Drexon II . Using 
the same photographic emulsion 
used in the manufacture of Drexon 
I, the new material is available in 
all of the company's disk product 
configurations. 

Perhaps the product with the 
most obvious range of applications 
is the Drexon Laser memory card . 
Offered for sale in November 1981, 
it consists of a polyester-film based 
Drexon material encapsulated 
within a specially constructed card. 
Up to 5 million bits can be laser en-
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(Standard Magnetic Stripe) 

(DREXON •• Optical Stripe) 

~pe: DUAL·STRIPE• CARD 

u ... : Financial 
ATM (teller) machines 

S10RES: 5 million bits 

Plus 1, 700 bits on standard magnetic slrlpe 

SECURE FINANCIAL CARD: 
SAVES CONSUMERS' MONEY 

$1 billion lost annually in U.S. due to 
fraudulent use of cards and to credit abuse 
(costs passed on to all cardholders and to 
merchants). 

Figure 2: Drexon Laser Card configurations. 

BUSINESS SYSTEMS PERIPHERALS 
1987 

Floppy Disks - 60% 
Hard Disks • 22% 
Optical Oisks - 18% 

1992 
Roppy Disks - 48% 
Hard Disks • 12% 
Optical Disks - 40% 

Table I : A forecast of optical storage 
disks predicts it will be a $9 billion in­
dustry by 1992 (source: International 
Resource Development) . 

coded onto a standard Drexon La­
ser Memory card , in comparison to 
the 1700 bits now used on credit 
cards . For even greater storage ca­
pacity, both sides of the Drexler 
card can be covered with Drexon , 
giving the card a capacity of 40 mil­
lion bits . It can also contain a con­
ventional magnetic stripe to allow 
for upward compatibility with exist­
ing magnetic systems , such as bank 
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(DREXON '" Optical Stripe) 

~pe: SINGLE-STRIPES CARD 

U..: Financial 
Identification 
Security access 
Medical 
Equipment service 
Computer software 

S'IORES: 5 mlllon bits 

SIGNIFICANT APPLICATIONS 

PERSONAL MEDICAL RECORDS: 
SAVES HEALTH .AND LIVES 

Optical lJisks 

(Both sides of card 
covered with the 

DREXON •• material) 

~pe: MEGA·MEMORY9 CARD 

u ... : Data collection 
Data distribution 
Data storage 
Word processor storage 

S'TORES: 40 mllllon bits 

INCREASES INDUSTRIAL 
EFFICIENCY 

Medical data card in pocket: medical history, For collecting field data, for distribution of 
blood type, allergies, doctor's phone, data, for filing machine readable data, for 
Insurance status, next of kin, medication storing printout from word processors. 
usage/reactions, EKG and x-ray reports, etc. 

ATMs. The major application areas 
seen by the company include soft­
ware distribution for personal com­
puters, µ,Ps , word processors , etc, 
computer game software distribu­
tion and security. 

Drexon optical tape is the latest 
laser recording product from 
Drexler. Announced in November 
1981 , the initial product was a 50' 
reel of 35 millimeter wide tape. 
When 5 micron size holes are re­
corded on an optical tape 2400' 
long and 70 millimeters wide , a sin­
gle reel of tape can hold 50,000 
Mbytes of data . Future use of 2.5 
micron holes will allow 200,000 
Mbytes to be stored on the same 
size tape . 

The tape will be used for low­
cost , off-line storage of sequential 
data that would otherwise be on 
magnetic tape. In these kinds of ap­
plications , the emphasis is on very 

high storage capacity, permanence 
of storage and low cost per Mbyte 
of storage. 

It is the firm intention of Drexler 
to keep both feet planted in the op­
tical media field , and to allow other 
manufacturers to develop the nec­
essary R/W equipment. Last Octo­
ber Drexler announced that To­
shiba had become the first 
participant and licensee in Drexler 
Technologies Laser Memory Card 
Equipment Program , that will lead 
to prototype R/W equipment for 
the memory cards . 

Accessing large volumes of infor­
mation through the use of optical 
disk technology is also the philos­
ophy behind the System 6000 from 
Mnemos, Lawrenceville, NJ. The 
system maintains records that have 
been electron-beam written onto a 
glass master and pressed out on a 
12" disk . The disk is then inserted 
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Join these 
ATE Industry Leaders 

Accupoint Equipment 
Aerotronic 
Analog Devices 
Autek Systems 
Bemco 
Bendix 
Busch 
California Instruments 
CIS Testronics 
Computer Data ·systems 
Datatron 
Daymarc 
Delta Design 
Digalog Systems 
DIT-MCO International 
Eagle Test Systems 
EG&G Wakefield 
Electro-Fix 
Electro Mechanical 

Systems 

Exhibiting at 

ATE EAST~ 
Automated Testing for Electronics 

Manufacturing Conference 

Hynes Auditorium 
& Sheraton Boston Hotel 
Boston, Massachusetts 

June 14·16, 1983 
Electronic Systems 

& Programming 
Exatron 
FTS Systems 
GenRad 
3H Industries 
Hewlett-Packard 
Hughes Aircraft 
Idea Inc. 

Integrated Testing 
Products 

Interconnect Devices 
Keithley Instruments 
Mac Panel 
Micro Component 

Technology 
Micro Control 
National Industries 

NH Research 
Norland 
Oneac 
Ostby-Barton 
Pragmatic Designs 
Program Data 
Pylon 
Q Corp 
QA Technology 
Rod-L Electronics 
Scientific Machines 
Siemens-Allis 
SofTest Designs 
Temptronics 
Teradyne 
Trigon 
Wayne-Kerr 
Wilson Laboratories 
Wire Graphics 
Zehntel 

Sponsored by rnD@CS~[?@lliJOCS~ u®~~ Magazine 

As an exhibitor you'll be 
selling alongside these 
industry leaders to the best­
qualified ATE engineers and 
managers in the Northeast. 
They come in search of the 
best and latest products, 
materials, techniques, ideas. 
Many are enrolled in the high-level Technical Program-­
easily the most respected annual event of tutorials, 

workshops, and technical 
papers devoted to ATE. 

Secure your place with 
the leaders at A TE EAST. 
Reserve space now. Call 
the ATE EAST Exhibits 
Coordinator at 212-340-9780. 
Or mail the coupon to: ATE 

EAST Exhibits Coordinator, Morgan-Grampian Expositions 
Group, Two Park Avenue, New York, N.Y. 10016. 

r-----------------------------------------.., I ATE EAST EXHIBITOR INFORMATION REQUEST c M 383 I 

I D Please send ATE EAST Prospectus and Name 1
1 I Contract Application. 

I ru~ I 
I D Have the ATE EAST Exhibits Coordinator call Company I 

I 
me prom~~ I 

Address I I D We wish to participate in the Technical Program. 
I City/ State/Zip I 

L Telephone ( ) I 

-----------------------------------------~ 



Reflectivity 
of hole: = 6% 

Laser 
Light 

Optical Disks 

Reflectivity 
of crust: = 40% 

~ ... l Encapsulation layer: 
) 75-500 microns 

>-7~~~¥-"'7-rit"'t-i!"-r'?-'l~~~~:L__:_ Crust: = 0.1 micron 
Underlayer: 
3-10 microns 

Film substrate: 
= 150 microns 

Figure 3: Structure of Drexon material for laser cards. On top of the polyester film 
substrate are three layers: an encapsulation layer, a crust, and an under/ayer. The 
encapsulation layer is a thick , transparent, plastic coating. The crust consists of sil­
ver grains of filamentary and spherical shapes dispersed in an organic colloidal ma­
trix. The underlayer consists of the same organic colloid but is essentially devoid of 
silver particles. The underlayer thermally insulates the reflective crust and increases 
the laser recording sensitivity. Digital data bits are recorded when a laser beam 
melts holes in the reflective surface of the material. The organic colloidal matrix 
melts at under 200°C, permitting the use of low power semiconductor-diode lasers . 
Data bits are decoded as the absence or presence of holes, as determined by the 
intensity of the reflected light. 

into the System 6000 workstation , 
enabling the user to access a specif­
ic page or item on the disk . As well 
as storing digital data, laid out in 
bar codes in sectors a long the an­
nuli of the disk , the MnemoDisc 
holds page images reduced 88 times 
from the original. 

The digital information that is 
stored on the disks is read optically, 
and used to download search in­
dexes, digital data or operational 
software from the disk to the µP­
based workstation . The user can 
then retrieve the actual image of an 
entire page or an individual item on 
a page by entering requests on the 
intelligent keyboard of the work­
station. 

The keyboard includes a stan­
dard typewriter layout and 12 dedi-
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cated function keys to assist the op­
erator in retrieving specific 
information through simple or 
complex " menu " driven indexing 
structures. In addition, the key­
board 's 40-character digital display 
provides prompts , error messages, 
and "so ftkey " functions pro­
grammed to the user 's specific ap­
plication to further aid the informa­
tion retrieval activity. Typical 
access times are on the order of one 
second, with the page images dis­
played on the workstation 's rear 
projection screen. 

The Mnemos workstation can be 
directly connected to a local com­
puter system via an RS-232 com­
munications interface or to remote 
computer systems via standard 
modems . D 

MICRO DRIVE 

DCIOO CARTRIDGE DRIVE 
HAS SMART 1/ 0 
MicroDrive/ OEM now fea tures a micro pro· 
cessor based 110. This unit performs all con· 
trol and formatting for quick systems 
integration. A high level command set (22 com· 
rnands) a llows full peripheral stat us for the 
model 125110. Serial and para ll el options an· 
available priced as low as S400 in OEM qt y. 

MOY A CORPORATION 
9001 Oso, Unit B 

Chatsworth, Ca. 91311 
Tel: (2 13 ) 700-1200 

Write 48 on Reader Inquiry Card 

New 1982-83 catalog and design 
reference con ta ins detailed 
descriptions of primary circui t 
components with international and 
North Amer ican product safety 
approvals. Primary circuit connectors, 
RFI filters, international cords and 
cordsets , international plugs, sockets, 
and socket strips are covered. Each 
product section is preceded with a 
description of applicable international 
standards and requirements. 

Panel Components Corporation 
PO. Box 6626 Santa Rosa, CA 95406 
(707) 523-0600 

Write 2 on Reader Inquiry Card 

HIS YOUR ADDRESS Cllll&ED­
IRE YOU PLUlllB TO MOVE 

II THE IEIR RJTURE?? 

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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PERIPHERALS 

Advanced Streamers Solve 
Back-Up Problems 
by Bob Hirshon 

When streaming tape drives first 
came on the scene, their function 
was clear: to provide simple image 
back-up for small Winchester disks. 
In this application, the entire data 
file of a disk was transferred in its 
original form onto the tape , with 
no manipulation of individual data 
files. Streaming drives were ideal 
for this function, since they had a 
higher transfer rate than conven­
tional start/stop drives ; and, be­
cause they were relieved of the 
complex and expensive start/stop 
components, they were much 
cheaper. These two characteristics 
were crucial to the success of early 
streamers : they had to be fast 
enough to back up high capacity 
disks in a reasonable length of 
time , and they had to cost less than 
the drives they were backing up . 

Advanced 
controllers, cache, 
and compatibility 

are keeping quarter­
inch streaming 
cartridges the 

number one choice 
for VVinchester 

back-up. 

For a while, this was sufficient. 
But in the demanding small systems 
market which small Winchesters 
occupy, users wanted more. They 
wanted selective file retrieval , file 
manipulation , and interchangeabil-
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ity of data files between different 
disks and even between drives of 
different manufacturers. The an­
swer to these demands came not 
from advances in the tape drive it­
self, but from sophisticated con­
troller technology, µP-controlled 
cache memory, and intra-company 
cooperation. 

Streamer Applications 
The complex mechanics of start/ 
stop drives allow them to stop pre­
cisely in inter-record gaps, and then 
rapidly accelerate to full speed to 
read or write data as it is trans­
ferred from the computer system. 
Strea ming tape drives , lacking 
these mechanics , must slow to a 
stop, back up , and accelerate again 
to begin reading and writing data 
(Fig ure 1) . Plainly, streaming 
drives were not designed for heav­
ily interactive applications , and re­
positioning must be held to a mini­
mum for a streaming drive to be 
efficient. 

There are two basic types of 
Winchester disk back-up: image 
back-up and selective file back-up. 
With image back-up , the entire disk 
file is transferred intact onto the 
tape . Its purpose is to restore the 
entire file system after the data has 
been damaged or destroyed by an 
operator error, head crash, or other 
disaster. Image back-up serves 
purely as insurance ; using it for 
anything else is difficult. For exam­
ple, the only way to get back any 
specific file is to restore the entire 
disk image to a spare disk and then 
retrieve the specific file you want. 

Interactive Back-Up 
Selective file back-up sounds like 
exactly the sort of application one 
would want to avoid for streaming 
tape drives-interaction and reor­
ganization of data throughout the 
back-up procedure. But advanced 
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Figure I : Streaming tape drives, lacking 
precise start/stop components, must 
slow to a stop, back up, and accelerate 
again to read and write data. 

Q_ 700 
0 

Q'! ~ 600 
:ii fij 500 
iii § 400 
- 0 
ii5 ~ 300 
~CL 200 
·~ 100 

Increased Performance 
1600 BPI -380 KBS 

256 Bytes 

w o'~--~---~--~ 
1 10 100 1000 

System Latency (Milliseconds ) 

Figure 2: Cipher's µP-controlled cache 
memory increases the performance of 
their '12'' streaming drive, in some appli­
cations, over start/stop drives. As com­
panies find less expensive ways to im­
plement the technique, it will find its 
way into quarter-inch cartridge drives. 

controllers allow streaming drives 
to perform some file restructuring 
with a minimum of time-consuming 
repositions. 

Selective file back-up can be 
helpful in back-up applications. 
First of all, large portions of Win­
chester disks are often left unused , 
and a controller that allows these 
areas to be excluded from the 
back-up cycle saves both time and 
tape. New controllers allow specifi-
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Current Cassette And Cartridge Tape 
Drive Model Offerings 

Standard Standard 
Standard More Standard More 

Mini 3 KBS Than Mini 1/•·lnch 1/•-lnch Mini 3 KBS Than Mini 1/c-lnch 1/4-lnch 
US Manufacturers Cassette or Less 3 KBS Cartridge ST/Stop Stream Unique US Manufacturers Cassette or Less 3 KBS Cartridge ST/Stop Stream Unique 

Ami Ion 1 
Write 300 

Archive 
Write301 

Basic Four 
Write 302 

Braemar 4 5 
Write 303 

Cipher 
Write 304 

Control Data 
Write 305 

Datapoint 
Write 306 

DEC 
Write 307 

DEi 
Write 308 

Di com 3 
Write 309 

Digi-Data 
Write310 

EPI 
Write 311 

Exatron 
Write 312 

Fa cit 1 
Write313 

Hewlett-Packard 1 
Write314 

lnterdyne 4 
Write315 

Irwin/Olivetti 
Write316 

Kennedy 
Write317 

Memodyne 11 1 
Write318 

Memorex 
Write319 

MFE 3 10 
Write 320 

Mohawk 
Write321 

cation of the back-up starting ad­
dress and the number of blocks to 
be transferred , and even record this 
file information onto the tape . 

Often , disk drives have data par­
titioned into two or more " logical" 
disks on a single disk. Selective file 
back-up allows these "disks" to be 
backed up separately. Also , special 
data tracks can be kept separate , 
such as those containing bootstraps 
and operating system codes. 

The latest controllers also allow 
reorganization of file data blocks ; 
this means they can consolidate 
scattered data blocks into a contig­
uous section of the disk , without 
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4 
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1 
Sankyo Seiki 2 2 
Write 333 

TEAC 6 1 
Write 334 

European Mfrs. 

Feedback Data 4 
Write335 

Penny & Giles 4 
Write 336 

Perex 2 
2 Write 337 

Philips 1 2 
Write 338 

Tandberg 1 4 
Write 339 

Total Mfrs. 4 13 4 10 16 13 1 
Total Models 10 47 18 16 38 45 1 

2 Copyright 1983, Freeman Associates , Inc. 

going through host system memory. 
Then the organized data blocks can 
be transferred to the back-up tape . 
During back-up , the controller 
automatically records a user-as­
signed file ID , the total number of 
blocks in the file and the tape drive 
type . The user can then record fur­
ther filing information , such as file 
name , file type , access protection 
bits , and then insert a "header" 
section for identification purposes 
at the beginning of the file. 

New controllers can also correct 
for bad disk tracks . As disk capac­
ity increases , so too does the num­
ber of defects on the disk surface. 

With new controllers , the system 
software locates each bad track and 
replaces it with a good track some­
where else on the disk. Thereafter, 
whenever the software accesses 
blocks on the bad track, the con­
troller automatically switches to the 
replacement track . 

Not only does this work during 
Read/Write operations on the disk, 
but also for back-up and restore. 
During back-up, the bad track is 
bypassed and replaced by the good 
track. This effectively erases any 
trace of the original disk's defect; 
the tape has a perfect, defect-free 
image of the fi le . If this file is re-
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HERE'S 330 MEGABYTES 
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HIGH CAPACITY 
WINCHESTER BACKUP 

YOU'LL FIND ANYWHERE. 
With the growth of todays high­

capacity Winchester disks, you simply 
can't ignore the backup issue any 
more. 

Fortunately; MegaTape has solved 
the problem. 

Using proven, reliable 9600 bpi 
tape technology; we've built the indus­
trys most advanced file backup sys­
tem. Once you see it in action, you'll 
agree: theres really no sensible alter­
native for backing up large disks. 

MegaTape Features 
High capacity in a convenient, in­

expensive format. Your choice of 220 
or 330 megabytes in the convenient 
cartridge shown here. Cartridges use 
standard 1/2" tape, and cost around 
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Streaming and start/stop modes. 
In 200 ips streaming mode, MegaTape 
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tridge in just 24 minutes! In start/stop 
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Random access capability. Mega­
Tapes serpentine track layout and 
unique head stepping capability let it 
locate any segment of tape in an aver­
age 30 seconds, for fast, simple file 
restructuring. 

Compact, low-cost drive. The in­
geniously simple transport (pat. pend­
ing) occupies just 8%" in a standard 19" 
EIA rack. Models start at $2,300 in OEM 
quantities-about 1/3 the price of stan­
dard 1/2" GCR drives. 
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stored to another disk , the control­
ler will automatically correct for 
any defects this new disk might 
have, replacing any bad track with 
a good one. This makes it easier to 
use the tape back-up cartridge as a 
medium for transporting programs 
and data between systems. 

All of these functions have al­
ready been incorporated into sin­
gle-board controllers, such as the 
Model 2000 from Sysgen Inc. (354 
Reed St. , Santa Clara, CA 95050) , 
and are becoming increasingly 
available. 

Cache Benefits 
In addition to controller advances, 
sophisticated use of cache memory 
is also boosting the performance of 
streaming tape drives. Highly de­
veloped by Cipher Data Products 
(San Diego , CA) in a V211 format 
drive, the technology will ultimate­
ly find its way into 114'' cartridge 
drives. The technique involves 
placing a µP-controlled cache be­
tween the tape drives interface and 
its mechanics to act as a sort of 
"logical tape drive." Dubbed an 
"Electronic Capstan" by Cipher, 
the logical drive has a "head" that 
reads and writes onto electronic 
"tape" (the cache memory) . All er­
ror correction and read-after-write 
checks are performed in the elec­
tronic tape drive . 

The chief benefit of this ap­
proach is that it allows a mechani­
cally simple, and therefore inex­
pensive , streaming tape drive to 
approximate the performance of a 
start/stop drive. The µP, firmware 
and cache memory actually make 
the streaming tape drive appear to 
the computer system as if it were a 
start/stop drive, allowing it to read 
and write data in the streaming 
mode independently of the inter­
face and without special software . 
According to Larry Hemmerich , 
VP and General Manager of Ci­
pher 's OEM Marketing Division , 
this technique " eliminates the 
problems created by having the in­
terface slaved to the drive mechan­
ics. Transfer rates are no longer 
limited to tape speed or data densi­
ty and can be selectable by the 
user. Ramp delays are no longer the 
inverse of the tape speed. Where 
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Figure 3: Projected worldwide shipments of cartridge tape drives. 

(Units In Thousands) 1981 1982 1983 1984 1985 1986 1987 
Mlnlcartrldge 88.1 96.7 113.9 127.0 125.0 120.0 110.0 

Quarter-Inch 
Start/Stop 42.5 49.5 77.9 99.6 123.6 148.3 172.0 
Quarter-Inch 
Streamer 9.5 28.8 80.0 145.0 217.0 295.0 375.0 

Total 140.1 175.0 271.8 371 .6 465.6 563.3 657.0 
Growth From 
Previous Year 25% 55% 37% 25% 21 % 17% 

Copyright 1983, Freeman Associates, Inc. 

Table 1: Total sales of cartridge and cassette tape drives will increase nearly four­
fold in the next five years, according to Freeman Associates. 

decreases in ramp delays or in­
creases in transfer rates had 
reached the limitation of the ability 
to start and stop the tape in an eco­
nomical manner, these are no long­
er valid . The tape drive itself is no 
longer the limiting factor in 
throughput. " 

With a transfer rate of 380 
Kbytes/sec and a density of 1600 
bpi , Hemmerich claims that a sys­
tem writing a 256-character block 
every 10 msecs would require a 650 
ips start/stop drive (which doesn't 
exist) to give the same performance 
as drives employing the Electronic 
Capstan (Figure 2). 

Cooperative Efforts 
With increasing performance and 
decreasing prices, the only unre­
solved difficulty with quarter-inch 
streaming drives has been compati-

bility. To resolve that problem, the 
Working Group for Quarter-Inch 
Cartridge Drive Compatibility 
(QIC) was formed . Consisting of 
most of the leading industry manu­
facturers, the group indicates the 
recognition by tape drive compa­
nies that standardization, though 
often painful , is the only way to in­
sure widespread acceptance of 114'' 
tape cartridges. 

Thus far, QIC has agreed upon a 
standard interface (QIC-11) , and , 
more recently, a standard recording 
format. Called QIC-24, the format 
proposal specifies four- and nine­
track formats, a unique address for 
each written block , and a track ref­
erence burst on track zero between 
beginning of tape (BOT) and load 
point (LP) . QIC formally submit­
ted the proposal to both the Ameri­
can National Standards Institute 
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(ANSI) and the European Com­
puter Manufacturers Association 
(ECMA) for consideration as a 
worldwide standard. 

Sixteen companies currently 
comprise QIC. Eight of them-Ar­
chive , Cipher, DEI , Irwin/Olivetti , 
Qantex , Sankyo Seiki , Tandberg, 
and Wangco-generated the QIC-
24 proposal. The eight other com­
panies , who acted as observer com­
panies for this proposal , were 
ADES, Basic Four, BNR, Kenne­
dy, Nortronics , Rosscomp , Sysgen , 
and TEAC. Ray Freeman, Presi­
dent of Freeman Associates , a San­
ta Barbara consulting firm, is 
spokesman and "facilitator" for 
QIC. The format agreement, he 
claims, "will permit interchange­
ability of recorded data cartridges 
across various manufacturers' 
drives which comply with QIC-24." 

Back-Up Outlook 
Floppy disk drives have a solid grip 

on the low-capacity back-up mar.­
ket. Removable Winchester disks 
are becoming popular as fast, con­
venient integral back-up devices 
(see "Removable Winchesters Offer 
Simple Storage Solutions ," Digital 
Design, February, '83). But for 
most back-up applications in the 
medium- to high-capacity arena, es­
pecially where archival storage is 
needed, streaming tape is the num­
ber one choice, and is likely to re­
main so. And for small computer 
systems, which is where most of the 
smaller Winchesters are being in­
corporated, quarter-inch cartridges 
should remain the preferred for­
mat , especially with the success of 
current standardization efforts. 

" Interchangeability of devices 
and recording media . . . were the 
two key factors which led to wide­
spread acceptance of half-inch 
tape ," according to Freeman. He 
predicts the same will happen with 
quarter-inch cartridges. In fact, the 
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latest Freeman Associates report, 
entitled "Co mputer Tape Out­
look-1982, Volume 1" (available 
from Freeman Associates, 311 E. 
Carrillo St. , Santa Barbara , CA 
93101. (805) 963-3853. $1250.) pre­
dicts shipments of cartridge drives 
to grow at a 30% annual com­
pounded rate. This represents a 
jump in unit sales from 175 ,000 
units in 1982 to 650,000 units in 
1987. In addition, by 1987 Freeman 
expects half the volume to be in the 
streaming category (Figure 3) . 

Less than a decade ago, many 
computer forecasters predicted 
quite a different future for tape 
drives as a storage medium. With 
the advent of fast, high capacity 
disks , tape drives were not expect­
ed to survive for long . Ironically, it 
has been disk drives, and their 
need for removable media back-up 
drives, that has made tape drives 
an integral part of today's small 
computer systems. D 
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I 
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• 1 megabyte of MOS memory contained in a single quad size 
board . 
• 22 bit addressing standard with maximum of 4 megabyte 
addressing capacity. 
•Self contained CSR parity controller with LED indicator for 
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•Completely LSI hardware and software compatible. 
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PERIPHERALS 

Whitney Technology 
Moves Into Micro Winchesters 

by Jack Swartz and H.J. Kilsdonk 

Traditionally, new technology is de­
veloped and proven by the giants of 
an industry, while new applications 
of proven technology are defined 
by smaller, more aggressive compa­
nies. Such is the case in the explo­
sive, fast-moving magnetic record­
ing disk drive market. While 
companies like IBM and Control 
Data have led to the development 
of new magnetic recording technol­
ogy and disk drive design , smaller 
companies (among them Shugart , 
Tandon , Seagate , Quantum and 
Maxtor) have fueled market 
growth by incorporating those 
technologies into innovative , low­
cost products. This is because the 
focus of the mainframe disk tech-

Jack Swartz is VP of Engineering 
and H.J. "Skip" Kilsdonk is Mar­
keting Manager for Maxtor Corp., 
5201 Lafayette St., Santa Clara, CA 
95050. 
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Whitney technology, 
IBM's enhancement 

of their original 
V\ilnchester design, 
is finding its way 

into micro 
V\ilnchester drives. 

nology has essentially been to in­
crease gross storage capacity and 
data transfer rates to accommodate 
higher speed processors while the 
focus for the minicomputer and mi­
crocomputer suppliers has been 
more on low cost, small size, high 
reliability, and high manufacturabil­
ity. High performance, too, is now 
becoming an additional major re­
quirement for these suppliers. 
Whitney technology fulfills these 

basic OEM requirements and, at 
the same time , provides substantial 
potential for future capacity and 
performance growth. 

IBM's advanced Whitney 14" 
disk drive technology, for example, 
is being incorporated into smaller 
and smaller form factor disk drives 
in the same manner that its earlier 
Winchester technology was . Some 
of the same elements of Whitney 
technology incorporated last year 
by Amcodyne, Inc. in its 8" Model 
7110 fixed/removable disk drive 
have now been introduced into 51/4'' 
products with Maxtor Corp's re­
cently announced XT-1000 disk 
drive family. Engineers at both 
companies chose to use Whitney 
technology head sliders and flex­
ures instead of the more commonly 
used Winchester parts because the 
Whitney elements offered signifi­
cant design advantages over their 
Winchester counterparts. Among 
the advantages: smaller size; lower 
mass ; high load force; greater 
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structural stability; and improved 
electrical performance . 

Whitney Advances 
IBM introduced Winchester tech­
nology in 1973 on the IBM 3340; 
this was followed three years later 
by the 3350 which essentially en­
hanced the technology. Winchester 
technology was a dramatic change 
from the previously used 3330 tech­
nology ; the Head/Disk Assembly 
(HDA) concept was introduced, 
head flying heights were reduced , 
and clean room production tech­
niques were initiated . 

IBM introduced Whitney tech­
nology in 1979 with the introduc­
tion of the 3370; this was followed 
shortly by the 3380. Whitney tech­
nology embodies a small-sized, low 
mass , ceramic slider with a deposit­
ed , thin film permalloy R/W ele­
ment, an improved flexure design 
and Run-Length-Limited (RLL) 
encoding. The result was a signifi­
cant maturing of Winchester per­
formance (Figure 1) . 

Whitney Flexure. The Whitney 
flexure provides an extremely sta­
ble R/W platform. This is critically 
important since the head must be 
held rigidly in the plane of the disk , 
over the track, while at the same 
time following variations in the sur­
face of the disk in order to maintain 
a consistent flying height. 

The Whitney flexure is a small 
spring-steel suspension arm ap­
proximately l" long; the head is at­
tached to one end and the resultant 
head/flexure assembly is then at­
tached to the head-arm . The Whit­
ney flexure, when compared to the 
gimballed flexures of the older 
Winchester design (Figure 2) , is in­
herently more stable. This in­
creased stability means that there is 
less flutter during flying and hence 

Bits/inch 
Tracks/inch 
Areal Density (Mbitlin2) 
Mbytes/spindle 
Head flying height (µ.in.) 
Avg. Access Time (msec) 
Transfer rate (Mbyte/sec) 

less chance of either a head crash 
or signal variations due to head 
flying instability. 

Whitney Slider. Overall , the 
Whitney slider is much smaller and 
lower in mass than the Winchester 
slider. While the Winchester slider 
has a mass of over .10 gram, the 
Whitney slider has a 30% lower 
mass of less than .07 gram. This 
lower mass contributes greatly to 
the stability and compliance -of the 
slider during flying. 

Whitney Heads. The IBM Whit­
ney thin-film head itself is deposit­
ed on the ceramic slider by manu­
facturing techniques similar to 
those used for manufacturing inte­
grated circuits. The thin-film head 
allows a higher bit density and 
track density than obtainable with 
conventional ferrite heads because 
the gap dimensions can be made 
much smaller and more uniform 
than conventional machined gaps. 

Whitney Encoding. The IBM 
Whitney encoding scheme (Figure 
3) is a 2,7 Run-Length-Limited 
code that yields 50% more bits per 
inch than MFM encoded data. The 
2,7 code specifies that there will 
never be fewer than two binary 
ZEROS between successive 
ONES, and never more than seven 
ZEROS (hence the run-length 
limitation) . 

Design Advantages 
By using the Whitney head flexure 
and sliders, Maxtor engineers were 
able to design a SW' form factor 
product containing 8 disks and a re­
cording density of over 10 Mbits/sq. 
in . The result is a 140 Mbyte , 51/4'' 
disk drive that has higher capacity, 
higher performance , and greater 
margins than it would have had if it 
had been designed using standard 
Winchester technology. 

Whitney 
(3380) 

15,000 
800 
12.0 

1,260 
10 
16 

3.0 

Winchester 
(3350) 

6,425 
480 

3.08 
317 

18 
25 

1.198 

Figure I: IBM's introduction of Whitney technology greatly improved disk drive 
performance. 
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Figure 2: The Whitney flexure (left) is 
simpler and more stable than conven­
tional gimballed Winchester flexures 
(right). Photo courtesy Amcodyne. 

The XT-1000 family was designed 
to take advantage of all of the ele­
ments of Whitney technology; the 
initial product family, however, cur­
rently utilizes only the Whitney 
head flexure and slider technology. 
Thin film heads will be incorporat­
ed only when they are readily avail­
able in high volume quantities ; 
RLL encoding will be used as soon 
as industry agreement is reached on 
a new standard interface to support 
the higher transfer rate. 

Small Size 
The smaller size of the Whitney 
head flexures and sliders allows 
disks to be spaced .100'' closer to­
gether than when using Winchester 
heads. This closer spacing, coupled 
with the Maxtor 's integrated motor/ 
spindle combination, gains addi­
tional space inside the 5114'' package 
height to allow stacking eight disks , 
thus enabling Maxtor to achieve 
140 Mbytes of unformatted storage 
in its drive (Figure 4). The smaller 
head is also less sensitive to cross­
curvature of the disk , allowing the 
slider to fly closer to the disk sur­
face. This allows higher achievable 
bit densities than attainable with 
Winchester technology. 

The smaller size of the Whitney 
sliders, coupled with the elimina­
tion of the Winchester gimballed 
suspension, allows a higher utiliza­
tion of the disk surface at the inner 
radius of the disk because the head 
can now move closer to the spindle. 
The two rail construction of the 
Whitney sliders, with the recording 
gap at the outermost edge, coupled 
with the smaller size of the sliders 
themselves , also allows a higher 
utilization of the disk surface at the 
outer radius since the recording gap 
is now at the outermost edge of the 
slider. This allows achieving the 
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Solve 
your puzzle at 

INTERFACE '83 
INTERFACE '83 offers practical 
solutions, because it is that very special 
annual gathering of major users and 
vendors located precisely at the conver­
gence of computer and communications 
technologies. If you're a decision-maker 
involved with today's increasingly 
complex information systems, already 
planning or working with various pieces 
of the puzzle like ... 

• Local area nets 
• Front ends, modems and MUXs 
• Policy and regulatory issues 
• Network services 
• Desktop computers 
• Office systems _i ntegration 
• DDP 
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Then join your peers at the 11th annual 
INTERFACE '83, March 21-24 at Miami 
Beach Convention Center, where you 
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together for solutions to your particular 
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Once again , the INTERFACE 
Conference will point the way, 

with more than 200 experts offering 
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on the INTERFACE '83 exhibit floor. 
More than 250 leading supplier 
companies will be on the floor of 
the Miami Beach Convention Center 
with their newest hardware, software, 
services ... ready to discuss with you 
the solutions they offer. 

To round it off, you 'll want to attend 
the second annual Industry Awards 
Banquet (black tie optional) , and you'll 
also want to spend many informal hours 
exchanging views with the industry's 
leading consultants and most distin­
guished executives. 

For complete details, call us today -
617-879-4502. Or complete and 
return the coupon below. 
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maximum amount of tracks (or cyl­
inders) per surface regardless of the 
actual track density used . 

Low Mass 
The lower mass of the Whitney 
flexures and sliders, coupled with 
their higher load force when com­
pared to the Winchester flexures 
and sliders, offers a number of oth­
er significant benefits to engineers. 

The low mass slider (about 70% 
Jess than the Winchester) is better 
able to follow the minute irregular­
ities of the disk surface. Because of 
this, the head can reliably fly closer 
to the surface of the disk , yielding 
higher achievable bit densities . The 
higher load force on the heads in­
creases their flying stabi lity and re­
duces the occurrence of "head slap" 
normally encountered during han­
dling and shipping. 

RLL Recording Codes 
Run-length-limited recording codes 
are an element of Whitney technol­
ogy that have not yet been widely 
adopted in smaller drives . Al­
though the use of codes, like IBM's 
2,7 RLL code, would allow manu­
facturers to increase drive capacity 
by adding more bits per inch , the 
current de facto 5 '14'' interface stan­
dard (Seagate's ST 506/412) does 
not support the higher transfer rate 
or non-MFM interface that the in­
creased bit densities yield. Thus , 
any 5 '14'' disk drive utilizing RLL 
codes today would have a non­
standard data rate and interface . 

Manufacturers are currently dis­
cussing a modification of the stan­
dard ST 506/412 interface that 
would allow the use of RLL encod­
ing and double the current ST506/ 
412/5 MHz transfer rate . Market 
demand for such an interface is 
growing. This new standard, the 
Enhanced Small Disk Interface 
(ESDI) is expected to be adopted 
in the first half of 1983 by a major­
ity of disk drive and controller 
manufacturers . This will result in a 
broader array of drive architectures 
with higher capacities, higher per­
formance and lower cost per Mbyte 
for system designers . D 
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Figure 3: Two-of-seven run length lim­
ited (RLL) code is illustrated by the 
minimum and maximum number of 
non-transition locations (represented 
by 0) between transitions (represented 
by 1). 

.375 In. Typ. 
Winchester Type 

Head/Disk Spacing 

100000001000000010000001001001001 

Whitney Type .275 In. Typ. 
Head/Disk Spacing 

Figure 4: By using Whitney head fiexures and sliders rather than conventional Win­
chester components, disks may be spaced .JOO" closer together. 
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COMPUTERS/SYSTEMS 

Portable Computers Find 
New Applications 
by Jerry Borrell 

When considering all of the trends 
in computing today, that of increas­
ing capacity in smaller packages is 
perhaps the least remarkable . 
However, the rapid growth of the 
portable computer market is out­
pacing the predictions of even the 
most optimistic researchers . The 
numbers of units sold in the short 
time in which most portable sys­
tems have been on the market is an 
indicator that system developers 
are exploiting a sales niche unri­
valled since the first computer kits 
were made available. 

Portable computers 
have a potential 

for industrial 
applications, either 

as remote 
monitoring devices 

or intelligent 
terminals 

monitoring 
complex processes. 

The wide range of applications 
for today's portable computers is a 
major reason for their success. No 
longer are they merely accessories 
for successful executives. In the 
area of process control or industrial 
engineering, portables have a po­
tential for industry-wide applica­
tions-as remote monitoring de­
vices or intelligent terminals 
monitoring complex processes. En­
gineers using computer systems 
find that the portable computers 
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Figure 1: Texas Instruments ' Compact Computer 40 with printer/plolter, wafer tape 
and battery pack peripherals. 

sold today provide viable alterna­
tives to spending long hours in 
computer centers. The develop­
ment of so many different types of 
portable computers reflects the na­
ture of the computer industry to­
day. Portables are often being de­
signed by small firms in response to 
the need for low cost, high quality 
devices for the applications listed 
above. In turn, the computers pro­
vide professionals with new tools 
that allow small organizations to 
take on the work of larger com­
panies . 

Sudden Market Growth 
There are several reasons for what 
appears to be a rapid growth in the 
sales and development of portable 
computer systems. The most obvi­
ous is the cost of the components 
necessary for the construction of 
such a system. The most popular 
processor, the Z80, for instance , is 
available at very low cost and has 

the advantage of having accumulat­
ed a large body of applications soft­
ware based around Digital Re­
search's CP/M operating system. In 
terms of market , the demand for 
individual computers in profession­
al and personal use is the largest 
market available to computer mer­
chandisers. Since demand increases 
as cost is lowered , these factors 
have a cumulative affect upon gen­
eral market demand . 

Another important contribution 
of the new systems is their ease of 
use ; not only is the applications 
software versatile, but the effort re­
quired to acquire and put one of 
the systems into running order is 
minimal. 

Finally, the new systems are so 
powerful that a small business or 
an individual can safely purchase 
one of these less expensive comput­
ers and retain the functionality of 
much larger and more expensive 
systems. The fact that a system is 
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transportable seems to play a less 
important role than one might 
imagine-particularly in light of the 
marketing efforts by many of the 
companies. The real strengths seem 
to be in cost , size , capability, soft­
ware, and in some cases portable 
features . 

Manufacturer Sophistication 
Despite the seeming newness of 
many of the manufacturers , the 
firms have developed marketing 
strategies that would be the envy of 
much older firms. For example , 
many of the advertisements for the 
portables are found in magazines 
such as Business Week or News­
week , rather than in the trade 
press , for this is where they believe 
the majority of their customers are 
to be found . Nor have the new 
product announcements shown the 
lack of planning that often plagues 
new firms. At least six of the firms 
have designed their products to be 
compatible with the IBM PC; one 
firm (Kaypro) has announced an 
integrated hard disk , and several 
others will be providing an inter­
face for external hard disks; several 
of the companies have devised sys­
tems with high quality graphics dis­
plays or have an interface to an 
external color monitor. All of these 
demonstrate that the design effort, 
while less complex than that needed 

for much larger systems, has been 
given a great deal of examination . 

Design Considerations 
Perhaps the single most important 
factor in the design of the portables 
has been the method for providing 
a display. The type of display cho­
sen is, in fact , the primary determi­
nant of the actual physical size of 
the device . Few of the firms chose 
to provide systems entirely without 
integrated displays (Universal Re­
search and Pied Piper are two ex­
ceptions). The majority of system 
developers have followed the lead 
of Osborne and incorporated a 
CRT, although almost all allow for 
24 (or 25) lines of display with 25 
characters in doing so . Almost a 
third of the systems , however, have 
made use of one of the flat panel 
technologies : plasma; electrolumin­
escent , or LCD (LEDs and others , 
such as vacuum fluorescent devices , 
have not yet proved suitable) . 

The display is important not only 
from the point of view of the user 
who must be able to use the display 
comfortably, but from a design as­
pect, for there is a tremendous dif­
ference between the two technol­
ogies in terms of size and power 
consumption . The flat panel dis­
plays are currently available in 
smaller, line-type displays that 
force users to readjust to another 

Figure 2: STM Electronics' Pied Piper I includes 64 Kbytes of RAM, full ASCll 
keyboard, high capacity miniftoppy with 256 Kbytes of storage, and built-in printer 
interface for Centronics!Epson-type devices . 
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Figure 3: Access portable computer with 
integrated printer, acoustic modem and 
a<)" CRT display. 

constraint , and so have not been as 
popular as CRT-based systems. Only 
one of the systems available to date 
incorporates a color monitor. 

Keyboard Design 
Keyboard design is the next impor­
tant design criterion. The major di­
chotomy of designs is found in the 
selection of either a standard office­
size keyboard or a smaller, calcula­
tor-size keyboard. If a standard 
keyboard is chosen, the size of the 
entire system is going to be greater. 
However, of the nearly one dozen 
systems that might be loosely clas­
sified as "handheld" computers , 
few have full size keyboards-Ep­
son is the notable exception to the 
rule. 

The smaller keyboards not only 
prevent efficient operation of the 
systems by typists , but prove hard 
to use in all but the most stable en­
vironment. The use of a system 
while in flight on a plane might be 
a measure of the practicality of a 
keyboard. 

Of the full sized keyboards, the 
majority are designed to double as 
the lid for the computer. Only a 
few are truly detachable , as recom­
mended under new ergonomic con­
siderations. Little effort was made 
in the majority of the systems to 
provide additional logic or buffer-
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ing in the keyboard itself. 
Mass memory is one of the key 

areas of technology driving the 
practical use of these new systems. 
Portable computer designers are 
among the first to make use of 31/i'' 
drives, bubble memory, and 64K 
RAMs. The diversity of technol­
ogies used here shows the dynamic 
nature of these new firms. In terms 
of mass storage, Computer Devices 
and Tekelec (the developer of a 
portable test system) have imple­
mented the Sony 3V211 drives. Oth­
ers, such as Kaypro, have integrat­
ed a hard disk drive into the 
system, while several of the firms 
have installed half-height floppy 
disk drives. 

Pluggable Software 
The most promising area of innova­
tive design for these systems is 
found in those computers having 
modules for software which can be 
plugged in . These include Texas In­
struments, Hewlett-Packard, Te­
leram, and Epson. The Teleram 
computer is the first of the porta­
bles to incorporate Intel's 128K bit 
bubble memory. The company may 
provide additional software on 
bubble cartridges. 

Texas Instruments, the most ad­
vanced in terms of its offerings of 
pluggable software, has 8 programs 
prepared on their 128K ROM car­
tridge. Hewlett-Packard borrowed 
from its programmable calculator 
series to produce a system with 
chip-sized plug-in cartridges , but 
these are approximately 16K and 
so limited in terms of program 
housing. 

TI and Epson offer accessory 
tape drives; Epson a tape cassette, 
and TI the newer wafer type drive 
system. The latter will allow up to 
48K of storage. H-P's repertoire 
also includes some new technol­
ogies offering magnetic strips for 
storage of programs or data with 
each 811 strip containing 1300 bytes 
of data. 

The diversity of new technol­
ogies being implemented on these 
systems shows that they represent 
more than just an important mar­
ketplace for small computers. Por­
tables have, in fact, become a prov­
ing ground for new technology, 
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Figure 4: Hewlett­
Packard' s H P-75 
portable computer 
with associated desk­
top peripherals. 

possibly because of the relatively 
short time required to build new 
technology into a system. The ad­
vantages for semiconductor-based 
memory are obvious for systems 
that stress their portability ; how­
ever, most office or professional 
software applications still push the 
limits of this type of storage. 
Therefore, most systems incorpo­
rate AC operated disk drives. 
There has been difficulty with the 
introduction of hard disk subsys­
tems into portables. Kaypro, for in­
stance, registered early problems 
with 5 Mbyte drives, but this is said 
to have been resolved . 

System Compatibility 
Six of the systems are compatible 
with the IBM-PC and a few even 
have expansion slots capable of ac­
cepting PC cards intended for the 
IBM product. The intent is two­
fold: to benefit from the rapidly 
growing library of IBM software 
available for 16-bit microcomputers 
and to provide a transportable ter­
minal that is capable of communi­
cating with the host PC. The cot­
tage industry rapidly growing up to 
supply additional PC boards for the 
IBM system may provide addition­
al ,impetus for the PC compatible 
products because they are, in some 
cases, more powerful than the 
original IBM products. 

Several of the computers have 
built-in printers, including Epson , 
Computer Devices and Applied 
Technology. Some, such as the Ep­
son system and the Texas Instru-

ments system, are even able to 
print under their own battery pow­
er. These small printers are dot ma­
trix, and can make a genuine claim 
to being printer/plotters because 
they can print graphics. Others , 
such as the H-P, have a micro-cable 
interface to true plotters so that 
they can produce charts and tran­
sparencies, making them more use­
ful in business and office environ­
ments. The majority of the systems 
have RS-232 ports for printers , par­
allel ports, and some have IEEE 
488 ports, which means they can be 
interfaced with letter quality 
printers. 

Communications Features 
A more telling capability needed 
for a truly portable system is found 
in its telecommunications capabili­
ties. While all have at least one 
RS-232 port , only a few offer fea­
tures such as switchable baud rates , 
built-in modems , modular mo­
dems, auto dialer features , and, in 
the case of Epson , an automatic 
log-in feature. These are the fea­
tures already found in the existing 
body of send and send/receive ter­
minals produced by firms such as 
Computer Devices , and it seems in­
appropriate to have to accept less 
capability from more "intelligent" 
and more expensive devices. 

Several of the systems promote 
their graphics, and three-DOT, 
Hyperion, and Corona-have quite 
good display quality (i.e., over 
512 x 512 resolution). One of the 
systems, the Portable Color Graph-
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ics Computer, was designed for 
graphics, and interfaces with an 
RGB monitor for high resolution 
color graphics. Two others interface 
with color monitors, but the re­
mainder provide only monochrome 
displays. However, any of the sys­
tems can be interfaced with color 
hardcopy devices such as slide 
making systems or plotters, so that 
color graphics are available, if not 
displayable . 

It is useful to have a graphics ca­
pability, particularly in light of the 
graphics displays produced with the 
newer software packages for 
spreadsheets, income taxes, and 
business graphics. Demanding 
much more from the Z-80 based. 
systems, at least as they are confi­
gured, would not do the systems 
justice. 

System Packaging 
The packaging on the systems var­
ies widely. In terms of physical size 
there are the hand-held computers 
(the oldest of which are not consid­
ered here), the notebook sized sys­
tems (Epson, H-P, and TI) , and the 
desk-top sized systems. Ostensibly 
they will all "fit under the seat of a 
747" ; however, the weight of many 
will prove tiring for all but the most 
athletic user. The advantages of the 
smaller devices are offset by a lack 
of display, but if they can be inter­
faced with video devices in the of­
fice or home, that may prove to be 
a less-than-necessary feature . Some 
of the screens are painfully small, 
and if combined with the need to 
scroll text as it is entered , the user 
must be especially flexible. There 
are also some questions about the 
ability of the housing of many of 
the systems to provide adequate 
cushioning of the systems during 
transport. It may be germain to 
note that the systems may have 
been advertised for under the seat 
because they would never survive a 
check-in for luggage handling. If 
treated as stationary, desk-top sys­
tems, on the other hand , they seem 
less user-friendly than systems com­
mercially available. The bottom 
line may be that their low cost is at 
least partially a result of their pack­
aging. There are even more reser­
vations about applying the systems 
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Figure 5: Computer Devices' 16 bit, 
IBM-PC compatible portable computer. 

as industrial monitoring or remote 
devices in harsh environments. 

Servicing and Maintenance 
All of this relates to the question of 
services and maintenance. The ca­
veats of home and hobby comput­
ers apply to many of these systems: 
announcements for the Nth quarter 
may or may not come true , new 
systems have new problems, and 
young companies cannot be expect­
ed to supply services on as national 
a basis as established concerns . The 
approach of a company like Kay­
pro, which has trained local dealers 
to service their computers , and 
which also allows the user to send 
the system back to the factory-is 
encouraging. There are also several 
questions about the approach of 
young companies to quality con­
trol-i.e., sufficient burn-in , test , 
and shipping-that will need to be 
resolved through painful experi­
ence. Most seem to recognize that 
their potential for a market share is 
based on the quality of the prod­
ucts they sell , and there have been 
no major mishaps with systems to 
date. 

Market Developments 
Evaluations of the size of the mar­
ket vary wildly from one forecast 
to another. One source is quoted as 
predicting a unit market of 5 .1 mil­
lion systems by 1987, valued at 
$3.1 billion. In terms of evaluating 
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the existing marketplace , the fig­
ures may be more vague-mainly 
because most of the companies are 
privately held. It is, however, gen­
erally agreed that Osborne is the 
early leader in the field, with ap­
proximately 50 percent of the mar­
ket for 1982. The growth of rev­
enues for companies involved is not 
always available , but if the figures 
for a company such as Kaypro 
(Non-Linear Systems) are an indi­
cator, the market is booming. Sales 
in 1982 were over $100 million, up 
from $7 million in the previous 
year, and expected to rise to over 
$150 million in 1983. With at least 
30 firms in the marketplace, and 
many more on the way, competition 
will begin to dampen the growth at 
some point. This market segment, 
however, potentially the largest , 
may be able to absorb surprisingly 
high levels of new entries. Among 
the new systems will be Commo­
dore and Apple. 

One anomaly of the field is the 
ability of the new firms to grow 
with minimal financial support. 
Much like early Apple computers, 
many of the new companies sell 
their computers only on a "cash on 
receipt" basis. While this may limit 
the immediate growth to wider 
markets, it does provide the cash to 
fund plans and employee increases 
needed to meet demand. This may, 
in the near term, be more impor­
tant for the young companies than 
holding paper investments from 
amortized equipment. 

Summary 
While the more general purpose 
systems are benefitting from this 
era of growth , other products, such 
as test equipment (Tekelec Chame­
leon) are beginning to enter the 
marketplace initiated by the com­
puters found in this survey. The 
second generation of systems fea­
turing greater portability, 16 and 32 
bit µPs and features specific to ap­
plications will no doubt prove more 
useful in engineering and monitor­
ing uses. 

For the present , the systems offer 
the engineer more powerful desk­
top tools , and at the same time pro­
vide office equipment for the small­
er firm or entrepreneur. 
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Name/ 
Manulacturer 

Foll 
Applied 
Technology 
Ventures 
Santa Ana, ca 
Write 340 

Electric 
Brielclsel 
Compal , 
Los Angeles, Ca. 
Write 341 

COMPAQ/ 
COMPAQ 
Computer Corp. 
Houston, Texas 
Wrl1e 342 

Doti 
Computer 
Devices 
Burlington, Mass 
Write 343 

Corona PPCI 
Corona 
Communications 
Westlake, Ca . 
Write 344 

DMS-31F Foll 
Digital 
Microsystems, 
Oakland , Ca. 
Wrl1e 345 

Hyperion/ 
Dyna logic 
Info tech 
Ottawa, 
Canada 
Write 346 

Epson HX-20/ 
Epson, 
Los Angeles, 
ca. 
Write 347 

Thom11-21 
GRE RONG 
Electronics 
Taipei , Taiwan 
Write 348 

HP 75C/ 
Hewlett 
Packard 
Palo Alto, Ca. 
Write 349 

Access/ 
Matrix Corp. 
San Jose, Ca. 
Write 350 

Portable Computer Manufacturers 

CPU 

z BO 

z 80 

8088 
(16 bit) 
& BOB7 

z BO 
(B bit) & 
BOBB 
(16 bit) 
BOB7 option 

BOBB 
(16 bit) 
BOB7 
optional 

2 
Z BOA 

BOBB 
(16 bit) 
BOB7 
optional 

(2) 
Hitachi 6301 
(B bits) 

Z BOA 

HP 8 bit 
Processor 

(5) Z BOA's 

To obtain more information about the companies listed below, write in the appropriate 
Write numbers on the Digital Design reader inquiry card. 

Data Operating Software Power Price Peripherals, Size (Inches) 
Storage System Support Supply Range Options Ports & Weight 

Built-in Printer 
64K RAM S-100 adapter 16 x 21 x 7.5 
BK ROM CP/M AC 300 to 19.6K baud 4 RS-232 31 lbs. 
400K disk drive switchable 

acoustic coupler 

64K RAM 10 Megabyte 
2, 5y, disk drives CP/M $1795 to hard disk 16 x 18 x 8V2 
400K or 1 drive Basic OS Compal Software AC $4995 300 to 19K baud RS-232 25 lbs. 
& 1, 1 o Megabyte Data Comm . Link 
hard disk Printer 

(KAYPRO OEM) 

Cartridge tape 
124-256K RAM COMPAQ IBM-PC $3000 Hard Disk RS-232 20 x 8.5 x 16 
320-640K DOS Compatible AC to Plotter RS-170 2B lbs . 
disk drive CPIMB6 $4050 Modem 

USCO-P Printer 
expansion boards 

32-256K RAM IBM-PC Compatible Built-in Printer 
24K PROM CP/M 2.2 Microsoft AC $2995 to (132 Columns) RS-232 1B x 14.7x 7.5 
44BK optional RAM MS-DOS Datamension $3995 300, 30011200 RS-170 27 lbs. 
2, 3W' disks, Timberline Bell 212A modems RF Modulator 
560K Relational Systems IBM-PC card slots 

available 

12BK RAM MS/DOS Microsoft AC $2395 1 o Megabyte RS 232 1B x B.5 x 10 
2, 5y, disk drives CPIM B6 Digital Engineering to additional 2B lbs. 
740K $2995 floppy drive 

64K RAM 4 RS 232 
2K ROM CPIM 2.2 AC $3995 Switchable parallel port 17.5 x 14.7 x 7.B 
2 disk drives Baud Rates RS 422 30 lbs. 
1.2 Megabytes 

IBM color RS 232 
256K RAM MS/DOS Microsoft AC $4995 graphics board RS 423 1B.3 x 11 .3 x B.8 
2, 5y, drives 300 baud auto RS 170 21 lbs. 
640K dialer parallel port 

switchable baud 
rates 

Modem 
16K RAM RAM Expander 
32~4K ROM BOOS Epson AC/DC $895 Cassette Recorder RS 232 11 .3 x 8.5 x 1.7 

Software Built-in printer Jibs. & 13 ozs. 
40 characters 
110 to 4BOO 
baud rates 

64K RAM Osborne 1 & RS 232 400mm x 360mm 
4K ROM CPIM Apple II AC/DC IEEE 4BB x 220mm 
2, 5V. disk drives Compatible RS 170 B.O Kg . 

16K RAM 
3 expansion Plotter 
slots for 8& 16K 4BK ROM OS HP Software AC/DC $995 300 Baud RS 232 10 x 5 x 1v, 
ROM Modem RS 170 26 ounces 

64K RAM Microsoft Built-in Printer 2 RS-232 16 x 10 x 10 
2,4K EPROMS Digital Research Acoustic Coupler parallel 33 lbs. 
2, 5V• disk drives CPIM2 .2 Perfect Software ACIOC $2495 Tractor Feed IEEE 4B8 
320K Battery Pack RS 170 

Double Density 
Disk 

Display 

Plasma Display 
6 lines 
40 characters 

9 inch CRT 
Monochrome 

9" Monochrome 
25 lines 
BO characters 

9 inch CRT 
Monochrome 
132, BO, or 40 
characters in 
25 or 16 lines 

9 inch Mono-
chrome CRT 
sa x 24 
640 x 250 

9 inch CRT 
Monochrome 
BO x 25 

7 inch CRT. 
Monochrome 
80 characters 
by 25 rows 
640 x 325 

2 line -
40 character 
LCD 

7 inch CRT 
BO x 24 

1 line 
96 characters 
LCO 

7 inch CRT 
Monochrome 
BO x 25 

Digital Design • March 1983 



Portable Computers 

Name/ Data Operating Software Power Price Peripherals, Size (inches) 
Manufacturer CPU Storage System Support Supply Range Options Ports & Weight Display 

M6000P/ MC68000 upgrade 
Micro 64K RAM $3900 direct connect 
Source Inc., z 80 2. SY. disk drives CP/M AC/DC to modem , 0-1200 17 x 20x17 9 inch CRT 
New Lebanon, 772K 2.2 $7290 Baud acoustic 3S lbs . 80 x 24 
Ohio modem, RS 232. 
Write 351 parallel ports 

expansion 
card slots 

PC2000/ 
NEC 78LC06 S-16K RAM PC 8000& Not 22Smm x 2 line 
Elk Grove, (8 bit) 20-36K ROM N-Basic PC 8800 AC/DC Available RS 232 130mm x 32mm 40 character 
Illinois Compatible 600 grams LCD 
Write 352 

Kaypro/ 64K RAM 10 Megabyte 
Nonlinear 2. SV. disk drives hard disk 
Systems Z-80 400K or CP/M Perfect Software AC $179S 300 to 19K baud RS 232 16x18 x 8Y2 9 inch CRT 
Solana Beach, (8 bit) 1 drive & data comm. 2S lbs. Monochrome 
Ca. 1. 10 Megabyte link 
Write 353 hard disk printer 

Osborne 64K RAM $179S S0/801100 RS 232 20x14x8 SV. inch CRT 
Computer Corp . z 80 2, SV. disk drives CP/M Digital Research AC/DC to character display IEEE 488 26 lbs. Monochrome 
Hayworth, Ca. 416K $199S upgrade S2 x 2S 
Write 354 

Otrona/ Z-80A 64K RAM CP/M Microsoft AC $399S RS-232 12 x S.7 x 13.6 S.S inch CRT 
Otrona Corp. 9S17 4K ROM Digital Research RS-422 18 lbs. Monochrome 
Boulder, CO processor 2, SW disks Micropro RS-423 
Write 355 720K 12 selectable 

baud rates 

Portable Color 8088 (16 bit) Plotters 7 inch CRT 
Graphics z 80 & 64 to S12K RAM MP/M 86 $338B IBM card slots RS 232 7.S x 19 x 16 Monochrome or 
Computer/ 8087 2, SW disk drives, MS/DOS Basic & DOS AC/DC to RGB CRT IEEE 488 2S lbs . color monitor 
Computer optional 1 Megabyte CPIM $3688 1000 x 1000 RS 170 80 x 40 
System Battery Pack character 
St. Claire Modem 
Shores, Ml 
Write 356 

Chameleon/ Z-80-A Printer 9" Monochrome 
Seequa (B bit) BK ROM IBM-PC Hard Disk RS 232 8 x 18 x 1S.S 2S lines 
Computer, 8088 12S-2S6K RAM MS DOS Compatible AC $1900 Expansion Box RS 170 28 lbs. 80 characters 
Annapolis, Md. (16 bit) 640K disk IEEE-488 320 x 200 or 
Write 357 8087-coprocessor 640 x 200 

Pied Piper 1/ Thermal printer 
STM Electronics 64K RAM !>-10 MB disk RS 232 2 line 
Menlo Park, Ca. Z80A 4K ROM CPIM Perfect Software AC $1299 plotter RS 170 20 x 10 x 4 80 character 
Write 358 IMB disk drive Modem parallel port 13 lbs . LCD 

Video 80 x 24 

Zorba/ 6SK RAM Micropro Bell 212A Modem 7 inch CRT 
Te Icon z 80 2, 5W' disk drives CP/M Digital Research AC/DC $1S9S 14 selectable RS 232 17.S x 9 x 16 Monochrome 
Industries, BOOK Microsoft baud rates IEEE 4B8 22 lbs . BO x 24 
.fort Lauderdale , Perfect Sollware Osborne & RS 170 320 x 240 
Fla. IBM PC pixels 
Write 359 file interface 

Teleram 3000/ 12B to 2S6K Teleram Utilities RF Modulator 4 line 
Teleram Z-BO"L" Bubble Memory CP/M & File Transfer AC/DC $499S SY, disk drive RS 170 13 x 9.7x 3.5 BO character 
Communications 64K RAM 2.2 Program with 3 formats B.75 lbs. LCD 
Corp. 4K ROM expansion chassis 
While Plains, NY 
Write 360 

Compact 34K ROM (OS) 
Computer 40/ TMS 70C-20 &-16K RAM Basic OS B ROM cartridges AC/DC $249 to Cassette Drive RS 232 9.S x S.7 x 1 1 line 
Texas (B bit) 12BK plug in ROM 14 wafer tapes $600 Printer/Plotter 22 ounces 32 Character 
Instruments 4BK wafer tape LCD 
Lubbock, Texas 
Write 361 

Porta brain/ 64K RAM 
Universal Z BO 16K ROM CP/M AC $99S 110 to 19K 2 RS 232 7 x 11 x 3.7 none 
Research, 1, 5y, 192K June 'B3 baud , switchable parallel ports 6 lbs. 
Brisbane, Ca . disk drive availability 
Write 362 1,192K disk 

emulator 
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PERIPHERALS 

Character G-eneration Techniques 
For Dot-Matrix Printers 
by Donald E. Holmes 

As the need for hard copy data be­
comes more important for industri­
al processes, point-of-sale terminals 
and other related applications , the 
dot-matrix impact printer is grow­
ing in popularity. This is because of 
its ruggedness , reliability, low cost 
and the variety of characters and 
symbols it is capable of producing . 
The last feature is the most nota­
ble . In this article, we will explore 
some of the reasons why and how 
matrix printing may satisfy your 
requirements. 

Special Symbols 
In the past, special symbols had to 
be tooled and built into printer 
hardware. This was very expensive 
and time consuming. Compounding 
the problem, if a system needed to 
be upgraded or changed , artificial 
limitations were imposed because 
of additional expense and time. 

With the dot-matrix printer, char­
acters and symbols can now be gen­
erated through the use of software. 
It is possible to visualize a word of 
memory representative of a column 
of dots (Figure 1) . Each "one" bit 
of the word could cause a solenoid 
to actuate. If several of these words 
are presented to a moving print­
head in the proper sequence and if 
it is in the right position , firing the 
solenoids will cause a unique dot 
pattern to form. 

This series of patterns can form 
letters , numbers , symbols , graphs 
or pictures-whatever the desired 
output must be. As jobs or systems 
change, the printed character set 
may be changed quickly and inex­
pensively by altering the appropri-

Donald E. Holmes is an Applica­
tions Engineer for Eaton Corp ., Ri­
verton, WY. 
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The versatility of 
dot-matrix printing 

allows these 
printers to be used 

in a variety of 
special 

applications. 

ate bit patterns electronically. In an 
extreme case , these changes can 
even be made in real time. That is , 
the character set can be adjusted to 
fit a new job which may be the re­
sult of the previous one . 

Printing with a matrix of dots is 
like generating a hardcopy TV pic­
ture . Each character is a pictograph 
controlled by software . Almost any 
calligraphic style can be achieved. 

Character generation schemes 
are almost as varied as the individ­
uals creating them . Aside from the 
obvious esthetics , there are a few 
mechanical and electrical con­
straints which may enter into the 
picture. Mechanical speed , and 
limited power or memory capacity 
affect the design. Once the operat­
ing parameters are understood , you 
are free to use your artistic talents 
to design the dot patterns. 

Even the most experienced de­
signers need to engage in some ex­
perimentation. When laying out 
new characters , make the test soft­
ware as simple and flexible as pos­
sible. One point that should be 
stressed is that the first dot patterns 
tested will not necessarily look as 
they were envisioned. Some trial 
and error is usually required before 
the ideal set of characters is 
created. 

Mechanical Constraints 
As stated earlier, there are always a 
few mechanical constraints. Prob­
ably the single most critical limita­
tion is the speed of the print sole­
noid . This solenoid has to propel a 
print pin out to strike the ribbon 
and print media. Additionally, the 
pin has to return to a position 
where it can again be propelled to 
the media with adequate force. A 
typical cycle time for an Eaton M-4 
Series print solenoid is 1.11 msecs . 

Standard Eaton M-4 printheads 
sweep across a 3.33" print area at 
12.5 inches per second (ips). Con­
sidering this , if all seven solenoids 
are cycled continuously as the 
printhead travels across the print 
area , a matrix of 240 x 7 dots is 
available. Breaking this matrix up 
into smaller units , a set of " typical" 
character matrices can be derived . 
If, for example , the common 5 x 7 
matrix (5 dots across by 7 dots 
high) with one dot space between 
each character is used , then 40 col­
umns of characters can be printed 
on each line . 

By slowing the printhead travel 
speed , a denser matrix can be 
formed by overlapping adjacent 
dots . In that way, the repetition 
rate of individual solenoids will not 
be exceeded . The price paid , of 
course , is the slower printer 
throughput. Designers have 
learned that a matrix , or dot pat­
tern , can be made to look denser 
by allowing solenoids to print on 
half dot positions. In other words 
the matrix is made up of 7 x 7 dot 
positions instead of 5 x 7. These 
two types of matrices are compared 
in Figure 2. With the 7 x 7 matrix , 
rounded and sloping lines can be 
printed with much more definition. 
Printing horizontally adjacent dots 
will still require 1.11 msecs (now 
two dot positions). 
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Timing Control 
Dot-space timing for the Eaton M-
4 can be controlled in two ways : 
from the timing disk output gener­
ating a clock or by a software con­
trolled timeout. 

The most accurate method of 
printing is with the use of clocks . 
This system physically ties a dot 
position of the matrix with the posi­
tion of the printhead . This is ac­
complished because the printhead 
is mechanically coupled to the tim­
ing disk through the motor and 
drive gears (Figure 3). 

The timing disk will generate 4 
clock impulses in each dot position . . 
Since there are 240 such positions , 
the apparent matrix is then 960 x 7 
per line. In actual practice , fre­
quency division is performed by 
hardware or software to sort out 
the clocks which are required. Nor­
mally, the clock pulses are gated 
with the left and right margin sen­
sor outputs to indicate the exact 
fie ld of printing. Because there are 
4 clocks per dot position , the regis­
tration of the margin can be held to 
± Y4 dot (Figure 4) . 

Software timeout-that is , gener­
ating a software controlled delay 
for both the on and off time of the 
print solenoid-usually is adequate 
for most ordinary text printing . 
This method is possible when there 
is a constant motor speed. The ad­
vantage of this system is that it is 
usually easier and less expensive to 
implement. The disadvantage is the 
slightly inaccurate dot placement 
caused by variations in printhead 
speed due to mechanical wear, dirt , 
etc. Normally, these variations do 
not show when printing text. If 
graphics printing is anticipated, this 
timing method may not be accurate 
enough. 

Optical Considerations 
As mentioned earlier, the act of 
printing is really just drawing pic­
tures with dots . As with a TV pic­
ture , the human visual senses inte­
grate the patterns of dots into 
recognizable units. Optical illusions 
do occur. This is why experimenta­
tion is necessary for good character 
design . A simple example is the 
double wide character-one where 

Digital Design • March 1983 

Dot-Matrix Printers 

1 0 0 0 1 0 0 1 1 1 0 0 LSB 
1 0 0 0 1 0 0 0 1 0 0 0 

1 0 0 0 1 0 0 0 1 0 0 0 DATA 
1 1 1 1 1 0 0 0 1 0 0 0 WORDS (1 = PRINT) 
1 0 0 0 1 0 0 0 1 0 0 0 

1 0 0 0 1 0 0 0 1 0 0 0 

1 0 0 0 1 0 0 1 1 1 0 0 MSB 

6 7 8 9 A B c D E F 0 1 
F F F F F F F F F F 0 0 BYTE 
0 0 0 0 0 0 0 0 0 0 1 1 ADDRESS 
1 1 1 1 1 1 1 1 1 1 1 1 

Figure 1: Memory words represent dot column patterns; check the one bits to see the 
character pattern. 

•••• • • • • •••• • • • • •••• 

• • • • • • •••• • • • • • • lll11 Clk 

-J j- u ms 

• • • • • • •• • • •• ••• • ••• • • • • • • • • • •• • • 
Clk 11111111111 111111111111111111111111 

.555 ms -If-
1.11 ms -J j-

Figure 2: Characters printed with a 7 x 7 matrix have better definition; rounded and 
sloping lines are more accurately represented. 

Printhead n 12.5 In Sec. 

Left Margin D ~ Flags Right Margin O 
Drive Sensor Sensor ~ 

6~~~h~=~ I C>< ><><I :ea:s 

Timing 
Disc 

100 Clocks Per Rev. 
___J"1___J"" 

DC Motor 

Speed Control 
Electronics 

· Ratio 

Figure 3: This schematic shows the relationship of the printhead to the mechanism. 
Th e printhead is driven back and forth by a helical cam. The cam is coupled to the 
drive motor through a set of gears. The motor shaft also holds a slotted timing disk . 
The disk is read by an optical sensor which sends positional and speed information to 
the speed control electronics and the user in the form of "clocks ." Left and right 
margins are indicated by ''/fags" on the printhead interrupting optical sensors. 
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Dot-Matrix Printers 

Left Margin~J--
: 1,1--

Right Margin ! 
1

1 !i 
I r. 

!---Print Area 4 
' I' 

Clock~ !tyumn 
I I 
!:0000 : ~ 

RBCt·1t··IO 

ABCMNO 

ABCMNO 

abc:mno 

A E: c: t-·1 t --1 C • 

A ::e. G f'-11...,,1 C> 

AEC:l'-11'10 

abcmno 

Dot Columns ~ o o o 0 
: ! 

Fooo: : ! 
Figure 4: Through the use of the margin 
and clock sensors, each dot column in 
the print area is detectable. 

RE:C:t1 
Figure 5: 5 x 7 and 7 x 7 
matrices along with their 
double-wide equivalents are 
common. Blocks of dots 
can also be printed to form 
extra large 5 x 7 
characters. 

each dot is repeated to form a 
bold , wider pattern . When ob­
served, the character is not only 
wider but is perceived to be taller 
as well, which it is not. 

The fact that the eye blends the 
picture together offers a wide lati­
tude of design parameters . An un­
attractive , hand-drawn layout may 
look quite acceptable when print-

ed; however, the opposite is also 
true. Many times , a seemingly large 
gap between adjacent dots must oc­
cur in order not to exceed the print 
solenoid limitations. When printed , 
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When Selecting Printers, Reliability Comes First 
In today's character printer market, there are basically two 
types of products offering similar features and functions. 
At one end is the more costly premium quality, very reli­
able printer designed for heavy duty usage, while at the 
other end there is a low-cost, modest quality printer de­
signed for light usage. 

Leasametric Inc, a company that rents, leases and sells 
printers (as well as electronic test instruments, data termi­
nals and telecommunications equipment) carries printers 
of both types from five companies: Texas Instruments (Tl), 
Centronics, Digital Equipment Corp (DEC), Hewlett Pack­
ard, and NEC Information Systems. Because they are in­
volved with the printers they carry throughout the printers' 
lives, Leasametric has a unique insight into these printers' 
reliability, serviceability, and overall cost of ownership. 
Their observations are as follows: 

The Tl 820 Receive-Only and Keyboard Send and Re­
ceive (KSR) dot matrix printers are highly popular due to 
their user friendliness and features. These machines print 
150 characters per second (cps), have ASCII 128 charac­
ter sets and are programmable from the keyboard. Their 
reliability, however, has been marginal. Problems have 
cropped up with the printing head mechanisms and 
ribbons, making them better suited for low usage 
applications. 

The Tl 810 RO (receive only), better engineered than 
the 820 models, has performed well and is better suited 
for medium usage applications. It also prints 150 cps. 

The Centronics 353 dot matrix printer's superior reliabil­
ity has led many customers to replace their Tl 820 models 
with this recently introduced machine. This is a good ex­
ample where price is overwritten by value. Features in­
clude excellent print quality, easy maintenance (estimated 
repair time is 20 to 30 minutes), snap-in user exchange­
able printheads, cartridge ribbons, and serial/parallel inter-

face that makes the 353 suited to universal applications. 
Although it costs more than comparable machines, the 
353 is less expensive to own over the long run, at the 
same time providing a higher level of on-line time. 

Although the DEC LA120 has been a reliable performer, 
it weights nearly 180 pounds with the stand, and is there­
fore less attractive to Leasametric who must often deliver 
rental printers overnight. In addition, because DEC built 
the A120's electronics into the stand, it cannot be serviced 
easily. The machine also has some outdated technology, 
such as spool ribbons, that customers find unattractive. 

Hewlett-Packard's 2631 printer, a popular item in Leasa­
metric's inventory, features high reliability, while offering a 
low cost alternative to RO machines, especially in graphics 
applications. 

NEC Information Systems Spinwriter series of letter 
quality printers-the 7710, 7720, 7730 and 7740-feature 
excellent 'reliabi lity and solid construction. Both the KSR 
(keyboard send receiver) and RO (receive only) printers 
are letter quality and offer a variety of interfaces and op­
tions. Well-accepted by users, these machines offer good 
value. 

In summary, over years of owning and providing printers 
for rental, Leasametric has found that higher cost printers 
from brand name manufacturers offer the best value for 
most applications both technically and in quality of sup­
port. Lower cost, lower reliability printers have their place 
in the rapidly expanding hobbyist and low duty usage mar­
ket and offer many of the same features. But in the long 
run, lower priced printers can cost more than higher priced 
printers in lost performance and more frequent repairs. 
The prudent buyer or renter should not be guided by price 
and features alone, but should consider the importance of 
reliability in comparison with the level of usage and lastly, 
consider cost. 
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the gap may not only be unnotice­
able but may actually enhance the 
design. 

Pitch also has a dramatic effect 
on the printed characters . It relates 
to the number of letters, numbers 
and symbols printed in one inch of 
printhead travel. This can be con­
trolled by timing. If the time of 
printhead travel between dots or 
characters is changed , the pitch will 
be altered . Minimum solenoid cy­
cle time must always be considered 
when compressing print. 

Referring to the 7 x 7 matrix in 
Figure 2, notice that the space be­
tween letters is comprised of four, 
550 µsec clock times (two dot­
spaces) . If two of these were not 
used for the ".N' , they could be 
used to start the "B" . This would 
not exceed the solenoid cycle tim­
ing and still leave one dot/space be­
tween the letters. Effectively then , 
more characters can be formed in 
one inch . Instead of 12 pitch, the 
density now becomes 14.4 pitch; a 

40 column printer is turned into a 
48 column printer. 

Conversely, using this same ma­
trix and stretching the time be­
tween dots from 2 to 3 clock times 
(1.1 ms to 1.6 ms) will widen the 
letters. By controlling the time be­
tween characters as shown pre­
viously, pitches of 8 and 9.6, re­
spectively, are available (26 or 32 
char./line). 

This example illustrates that the 
flexibility of matrix printing is al­
most unlimited . Without even 
changing the bit patterns in mem­
ory, different type styles are possi­
ble by simply modifying a few tim­
ing routines in the software. 

Typically, systems incorporating 
matrix printers use special symbols , 
varying fonts and other simple 
tricks to alert an operator. The 
most common method of printing 
exception messages is to use the 
double wide character (Figure 5) . 
This is accomplished by printing 
each dot of the character twice. 

Dot-Matrix Printers 

Here again, without changing bit 
patterns in memory, very bold char­
acters can be printed. 

Some systems use special sym­
bols . Matrix printing allows a sys­
tem designer to specify almost any­
thing . If a message is to be flagged, 
one can draw a flag . 

For the programmer with a little 
artistic talent , designing new fonts 
for matrix printers is a great diver­
sion. No complex , multi-use algo­
rithms are required. All that is 
needed is some imagination , a 
good sense of proportion and the 
usual amount of patience. 

Free ASCII Kit 

Eaton offers a layout package for 
designing ASCII character sets. To 
receive your free layout of general­
ly used ASCII character sets, hexa­
decimal coding for dot patterns and 
special design techniques, use the 
Digital Design reader service card. 

Write 234 

D.E.C.* COMPATIBLE CABINETS 
* Complete physical and functional 

interchangeability . 
* D. E.C. * compatible power sources. 
* Shipped from stock . 
* Standard D.E.C. * colors or 

custom optional . 
* Mechanical modifying optional. 
* Competitive pricing. 
• Everest Models (D .E.C. * Models) 

• (01) EH-9642 (H-9642) 
• (02) EH-9646 (H-9646) 
• (03) EH-9602-24 (H-9602) 
• (04) EH-9602-19 (N /A) 
Not Shown: 
• EH-960 (H-960) 
• EH-967 (H-967) 

(02) 

(714) 634-2200 

(03) 

llHllllllHllHllllllHllllllllllllllllllllllll 
lllllllllllllllHllHllllllHllHlllHllffllllll 

(01) 

(04) 

'DE C. IS A RE GISTERED TRADEM ARK 
OF DI G ITA L EQUI PMENT 
CORPORATIO N 

EVEREST 
ELECTRONIC 
EQUIPMENT 2100 E. Orangewood Ave ., Anaheim, CA 92806 

Write 38 on Reader Inquiry Card 
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COMPONENTS 

Specifying Uninterruptible 
Power Systems 
by Richard Caprigno and Gurcharn 
S. Dang 

When electronic devices and sys­
tems do not perform properly, com­
mon and frequent AC power prob­
lems such as brownouts , voltage 
fluctuations , transient voltage 
spikes and noise are often found to 
be the cause. These problems can 
be eliminated or at least minimized 
through the use of line voltage 
regulators. 

Blackouts occur less often , but 
are particularly troublesome be­
cause they cannot be dealt with by 
regulators. Any power outage , 
even those lasting only thousandths 
of a second, are considered black­
outs. 50% of all blackouts last six 
seconds or less. Power companies 
do not consider a power failure to 
be a blackout until at least three 
minutes have passed . But even 
short outages lasting only 4 ms can 
damage computer hardware and 
cause the loss of important data . 

Protecting against blackout re­
quires more complex uninterrup­
tible power systems (UPS) that 
usually represent a significant in­
vestment. 

The main alternatives available 
today for protecting electronics 
from line power disruptions include 
dedicated lines, ultra-isolation and 
engine-generators. These devices 
are not designed for the total pow­
er protection that a UPS provides. 

Dedicated lines have no capabili­
ty to regulate voltage or provide 
isolation and are subject to what­
ever occurs on the line beyond its 
point of dedication . Ultra-isolation 
transformers are designed to su­
press transients and prevent line-to-

Richard Caprigno is UPS Market­
ing Manager and Gurcharn S. 
Dang is Director of Engineering at 
Sola Electric, a unit of General Sig­
nal, Elk Grove Village, IL. 
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ground leakage , but allow other se­
rious problems such as transverse­
mode noise and brownouts to pass 
through to the load . Electric motor 
generators clean incoming power 
through electro-mechanical inertia , 
but are not very energy efficient. 
Constant voltage transformers at­
tenuate electrical noise , clip spikes , 
provide regulation and protection 

Short power 
outages lasting even 
as little as 4 ms can 

cause loss of 
important data. 

Protecting against 
these blackouts 
requires use of a 

UPS. 

from brownouts-but none of the 
above can supply emergency power 
in the event of line failure . 

Of course , there are other alter­
natives that provide standby power. 
The most common is the gasoline 
or diesel engine-generator. But en­
gine-generators alone cannot pro­
vide "no-break" power unless they 
operate continually ; otherwise , 
they need two to ten minutes to 
start up and stabilize . Generator 
output is often irregular, requiring 
additional voltage regulation and 
filtering , and they have the addi­
tional expense of rising fuel costs. 

In limited applications such as 
telephone switching systems or oth­
er DC-actuated systems , standby 
battery banks are sometimes used 
alone as an emergency power 
source . When a line failure occurs, 
the power from the battery bank 

must undergo a switching process 
which creates a slight gap in power 
and electrical noise of its own 
which could be disruptive to the 
load. 

Most critical electronic loads 
such as computers , numerical con­
trols , digital instrumentation and 
µ,P systems or lamps such as high­
pressure sodium , cannot withstand 
even an infinitesimal loss in power. 
Since none of the above alterna­
tives will suffice , these loads must 
have a UPS for no-break power. 

What Is A UPS? 
A standard reverse-transfer UPS 
consists of four major compo­
nents-a rectifier/charger, a battery 
bank , an inverter and a bypass/ 
transfer switch. When the AC line 
is operating, the system protects 
the load from transients, surges , 
faults and brownouts. In the event 
of commercial AC line failure , the 
system supplies uninterrupted pow­
er from the battery bank and con­
tinues to provide regulation , isola­
tion , plus transient , surge and fault 
protection. 

Under normal conditions (Figure 
1) , commercial AC line power is 
delivered to the rectifier/charger 
stage where it is converted to DC, 
which charges the battery bank and 
powers the inverter section . The in­
verter converts the DC power to 
AC, shapes the AC sine wave and 
regulates its voltage , and provides 
clean AC power through the trans­
fer switch to the critical load . 

If the AC line fails or drops too 
far below nominal voltage ratings 
(Figure 2) , DC power continues to 
be supplied to the inverter by the 
battery bank. Since DC voltage is 
always present at the inverter in­
put, there is neither a time delay 
nor switching involved in the pro­
cess. Therefore AC output to the 
critical load is uninterrupted and 
unaffected by AC line variations or 
failures. 
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' Specifying UPS 

The bypass/transfer switch is a 
further precaution to protect the 
critical load. In the unlikely event 
of inverter failure, or if the load de­
mands an input surge during the 
availability of commercial AC line 
power, the automatic transfer 
switch will connect the load directly 
to the commercial AC source via a 
separate bypass line (Figure 3). 
Upon restoration of acceptable in­
verter output , the transfer switch 
will return the load to the UPS. 
These components will be ex­
plained later in more detail. 

Rectifier Tolerance Important 
In most UPS models, the rectifier is 
designed to provide sufficient pow­
er to the load and keep the battery 
bank charged. Input voltage vari­
ation is the key / variable-some 
UPS rectifiers will continue to 
charge the batteries and power the 
critical load despite an input line 
voltage drop as low as 20% below 
nominal in small systems (below 15 
kVA) and 15% in larger systems. 
These brownout protection capa­
bilities offer a good point of com­
parison because they differ between 
manufacturer and kVA rating. 
They are important because black­
outs commmonly follow prolonged 
brownouts; the UPS with better in­
put brownout tolerance does the 
better job of delivering full battery 
reserve when the blackout occurs. 

Most UPS designs also incorpo­
rate an AC walk-in feature in the 
rectifier stage, which allows the 
load to be gradually applied to the 
AC line during startup, or when 
AC power is being restored after a 
failure . This walk-in feature pre­
vents current inrush that could trip 
line fuses or other input protection 
devices. 

Some UPS designs incorporate 
tuned tank circuits and multiple 
pulse rectifier circuits to minimize 
harmonic feedback into the prima­
ry line. This minimizes interference 
to other sensitive equipment on the 
AC line. In addition, some rectifi­
ers have enough filtering at the out­
put to allow the inverter to operate 
directly off the rectifier with the 
battery disconnected, which is use­
ful when servicing the battery bank. 

After a line failure has occurred, 
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batteries that supplied standby 
power must be recharged by the 
rectifier while it simultaneously 
powers the inverter. Battery recov­
ery or recharge rates are expressed 
differently by UPS manufacturers. 
Most recovery rates are expressed 
relative to discharge time , but some 
UPS units also list minimum re­
charge times ranging up to eight 
hours. Recharge times based only 
on minimums can be a disadvan­
tage . If, for instance, a battery dis­
charge lasts two minutes, an eight­
hour recharge is a long recovery 
time. However, if the recovery rate 
is 8-15 times the discharge rate , 
then full recovery takes only 16-30 
minutes. Since most power outages 
are short in duration, 8-15 times 
the discharge time is a fast, practi­
cal recharge rate. 

Batteries Determine Output 
Batteries, which determine the 
time reserve of the UPS output, of-

fer two basic choices-wet or 
gelled cells. Wet-cell batteries are 
available in nickel-cadmium or 
lead-acid types. Nickel-cadmium 
types are generally considered too 
costly for UPS applications. Lead­
acid batteries may be either lead­
calcium or lead-antimony types 
with lead-calcium being the most 
widely used today in UPS units . 
Having practically replaced lead­
antimony types in new installa­
tions, lead-calcium batteries are 
preferred because they use less wa­
ter which means less maintenance. 
Lead-calcium batteries also require 
a lower floating current. 

Gelled-cell batteries are consid­
ered maintenance-free because 
they use an immobilized electrolyte 
instead of a wet electrolyte . Gelled 
batteries are generally used in tight , 
restricted areas where wet-cell 
maintenance would be difficult. 

Typically battery suppliers pro­
vide a variety of battery racks in-

Rectifier/Charger Inverter Transfer Switch 

AC 

_Battery f Bank 

Figure 1: Under normal conditions, the commercial AC line delivers power to the 
rectifier/battery charger (AC to DC conversion) section of the UPS. 

Rectifier/Charger 

AC 

DC 

Inverter 

r AC 

-:-Battery T Bank 

Transfer Switch 

Figure 2: If the AG line fails or drops more than 20% below normal, DC power will 
continue to be supplied to the inverter section by the battery bank. 
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eluding two- or three-tiered ar­
rangements. The floor plan and 
area in which the UPS and batter­
ies are to be located will dictate 
rack size and type needed. 

Specifications in regard to how 
much physical plant space the UPS 
and batteries will occupy should 
take into consideration the com­
bined weight of the two. Because 
of the battery construction-lead 
plates, electrolyte and racks-the 
battery bank will weigh more per 
square foot than the UPS circuitry 
cabinets. The UPS cabinets and the 
battery bank need not be in the 
same room, but it is generally ad­
visable to keep them in general 
proximity of one another, both to 
minimize wiring and installation 
costs. The reserve time you need 
depends upon the application or 
situation for which the UPS will be 
used. Five to ten minutes of re­
serve time is usually recommended 
to allow a generator to be brought 
on-line after a failure. Where an 
orderly shutdown is desired, 10 to 
30 minutes is recommended , de­
pending of course upon the particu­
lar application or manufacturing 
process being protected. Up to 90 
minutes is recommended when the 
application calls for the UPS to car­
ry the load through a line failure. 
A 90-minute reserve also complies 
with OSHA standards for battery­
powered emergency lighting. 

Batteries can be supplied for sev­
eral days worth of standby power, 
but aside from being impractical 
from the standpoint of bulk, an 
oversized battery bank could never 

Rectifier/Charger 

AC 

DC 

-=-Battery T Bank 

be recharged fast enough to be 
practical for most applications . 

All wet batteries under certain 
conditions can generate noxious 
gases; therefore , sufficient ventila­
tion should be provided to the bat­
tery room. Generally, if the bat­
tery-room air is changed at least 
once daily, there should be no 
problem with accumulated battery 
gases. Basic safety facilities and 
equipment also should be installed 
in the battery room , especially 
when using wet-cell batteries. 
These include such basic precau­
tions as a posed and enforced 
smoking ban , fire extinguishing 
equipment, gloves , goggles, and an 
eye wash or shower. Batteries are 
designed to operate in a rated 26° 
C ambient temperature . Colder 
ambients reduce battery efficiency 
significantly and high ambients re­
duce battery life. Keep this in mind 
when determining the battery bank 
location so you can obtain the 
maximum life and performance 
from your batteries . 

Inverter Reshapes AC Wave 
The heart of the UPS is the invert­
er, which converts DC power from 
the rectifier or battery bank into 
AC power. 

The inverter is required to pro­
duce constant regulated output AC 
voltage even though the DC input 
varies considerably when the bat­
tery is supplying power. Various 
pulse-width modulation techniques 
are available to control the magni­
tude of this output voltage. An­
other, more basic technique is to 

AC 

Figure 3: If the system is overloaded or malfunctions during availability of the com­
mercial AC line, an automatic transfer switch will bypass the UPS and connect the 
load directly to the commercial AC source. 
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use a ferroresonant transformer. 
UPS units are usually categorized 
by the type of inverter used. 

The technique used to regulate 
the output voltage affects the har­
monic content of the AC output . In 
pulse-width modulation inverters, 
the output-voltage waveform is 
nonsinusoidal and must be filtered 
to reduce the total harmonic distor­
tion to within an acceptable limit 
(usually 5% ). 

Of the various pulse-width mod­
ulation techniques available , the 
most commonly used are : (a) sin­
gle-pulse modulation; (b) multiple­
pulse modulation; (c) sinusoidal­
pulse modulation ; and (d) true 
harmonic-reduction pulse modula­
tion. In addition to pulse-width 
modulation , the outputs of several 
inverters may be combined by 
transformer connection to form a 
step-wave. With this approach , the 
individual inverter waveforms are 
shifted in phase such that specific 
harmonic components are virtually 
eliminated. 

Pulse-width modulation inverter 
circuits basically consist of SCR's 
that are switched on , and then 
forced to shut off, thereby produc­
ing an oscillating power waveform 
that is modulated and filtered. The 
techniques employed in commutat­
ing (shutting off) the SCR greatly 
influence the kind of pulse-width 
modulation technique that may be 
used and the resulting efficiency. 

Among the newest and most effi­
cient pulse-width modulation in­
verter designs available today is 
one employing impulse current­
commutation to shut the SCR's off, 
single-pulse width modulation to 
control the output voltage , and 
dual phase shifted transformer-con­
nected (step-wave) inverters to re­
duce the harmonic content to less 
than 3% total harmonic distortion . 

This inverter design , although 
quite complex, also results in 
extremely good output dynamic 
regulation (due to minimized out­
put impedance) and overload 
capabilities . 

The other major method to 
change inverter DC to an accept­
able AC output waveform is built 
around a ferroresonant constant 
voltage transformer (CVS). A CVS 
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in the inverter is simple , reliable 
and practical in low output ranges, 
no higher than 15-30 kVA , but due 
to its size limitations and low oper­
ating efficiency in larger kVA 
ranges , the CVS becomes impracti­
cal in larger systems. 

UPS units that incorporate fer­
roresonant transformers in the in­
verter offer the advantages of 
achieving excellent voltage regula­
tion without the need for feedback 
circuitry as required in pulse-width 
modulation designs. These ferrore­
sonant transformer designs inher­
ently provide a sine wave output 
with less than 5% maximum har­
monic distortion , which is ideal for 
sensitive computer applications. 
They do not need additional filter 
circuits. 

Regardless of which inverter de­
sign is used , certain desirable per­
formance characteristics of the in­
verter include voltage regulation of 
± 5% or lower and dynamic regula­
tion of + 10 - 8% or better. Other 
attractive benefits that are avail­
able include automatic voltage line 
drop compensation , adjustable AC 
output, and precise frequency 
tracking of the bypass line . 

The most important inverter per­
formance feature is the UPS 's oper­
ating efficiency. Efficiencies , how­
ever, differ between manufacturer, 
design and kVA rating. New UPS 
designs can achieve efficiencies of 
up to 90% in the large 100-150 kVA 
models . 

Automatic rransfer Switch 
The fourth and final section of a 
UPS is the automatic transfer 
switch, which determines whether 
system output will be drawn from 
the inverter or the commercial AC 
bypass line. 

Standard UPS units are equipped 
with a solid state transfer device 
that can switch from inverter to by­
pass fast enough to accomplish a 
"no-break" transition. To do this , 
the inverter must have circuits to 
make sure that the AC wave pro­
duced by the inverter is synchro­
nous with and phase-locked to the 
AC wave of the bypass line . If a 
transfer is caused by inverter fail­
ure or is manually initiated , the 
solid state switch will be locked on 
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bypass and must be manually 
retransferred. 

If the critical load is able to with­
stand up to 50-100 ms transfer 
time , an electromechanical transfer 
switch is available and may reduce 
the system 's cost. 

Important Considerations 
One of the first things to determine 
when specifying a UPS is the sys­
tem's kVA size rating. A general 
rule of thumb is to let the load, or 
protected device or equipment , dic­
tate the kVA rating. For instance , if 
a CPU is being protected by the 
UPS , are its accompanying card 
readers , terminals and printers to 
be protected also? If so , the collec­
tive power they all draw should be 
included in the total kVA rating . 

Not only should total operating 
current of the protected equipment 
during normal operation be consid­
ered , but also the power needed at 
start-up. In most circumstances, 
not all of the CPU's peripherals 
would be started at the same time , 
but it must be taken into consider­
ation nonetheless. 

Emergency lighting is another 
possible add-on to the total kVA 
rating. If the UPS is intended to 
"bridge the gap" until an engine­
generator is brought on-line and 
running , then emergency lighting 
may not necessarily have to be un­
der UPS protection . If the lighting 
is high-pressure sodium, which can­
not restart immediately, UPS pro­
tection may be essential. 

When the UPS is used to carry 
the load in order to effect an order­
ly shutdown , then minimal lighting 
should be included for safety. 

To keep UPS costs as low as pos­
sible , make sure the total kVA fig­
ure excludes anything, such as air­
conditioning, that can wait for a 
few minutes until a generator takes 
over or until commercial power is 
restored . 

The AC input service line should 
carry approximately one and one­
half times the total UPS kVA rat­
ing . This is required because fol­
lowing a line failure , the UPS must 
draw enough line power to satisfy 
the load and recharge its battery 
bank simultaneously. Your service 
line's voltage , amperage , frequency 
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and wiring configuration should be 
written into your specifications . 
Also add the minimum power fac­
tor and harmonic feedback that the 
rectifier will present to the AC line , 
as this will affect both your input 
current and other equipment in 
your facility. 

Along with total kVA , you need 
to determine the length of battery 
time required . If the kVA total 
reaches 50 and the desired standby 
time needed from the battery bank 
reaches 90 minutes , a cost tradeoff 
usually arises between additional 
batteries and an engine-generator. 
To go beyond this 50 kVA-90 min­
ute mark , it may be less expensive 
to add an engine-generator set to 
back up the UPS , and cut down the 
size of the battery bank as nec­
essary. 

If an engine-generator is used in 
conjunction with a UPS, the UPS is 
typically positioned between the 
generator and the critical load. This 
way, the generator's output is sent 
through the UPS where it benefits 
from UPS regulation, isolation , 
waveshaping and noise-attenuating 
capabilities , and also begins re­
charging the UPS batteries . 

Another key part of this type of 
combination system is an input 
transfer switch , required to connect 
the generator output to the AC line 
that provides UPS input. Input 
transfer switches are available 
which wait up to five minutes to 
determine if the AC line failure will 
last long enough to merit generator 
start-up, or can be set at predeter­
mined times to "exercise" the gen­
erator for a couple of hours on a 
weekly basis. 

Conclusion 
New, more efficient UPS designs 
are continually being introduced to 
the marketplace . Besides the total 
package cost , always consider the 
features and capabilities of various 
models and makes before purchas­
ing your UPS equipment. 

With more and more brownouts 
and blackouts in the forecast for 
the 1980's, the uninterrruptible 
power system can pay for itself 
many times over as a safeguard for 
any critical load. 0 
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Graphics System Design 

Modular Graphics Terminal Uses Multiprocessor Architecture 

Changing technology and a lack 
of established standards at the de­
vice level have created problems 
for the OEM designer using 
graphic displays . OEMs requiring 
graphics have traditionally had to 
choose between two generic prod­
uct offerings: turnkey terminals or 
dumb board level controllers . 

The board level solution , while 
relatively inexpensive on the hard­
ware side, is becoming impractical 
in many low volume applications 
due to the software development 
costs. Today's graphic controller 
boards are extremely complex , 
utilizing dozens of control regis­
ters , as well as sophisticated VLSI 
graphics controller chips. Typical­
ly, a team of highly specialized 
software engineers is required to 
write the code necessary for driv­
ing a graphics board . 

The turnkey solution also has 
its drawbacks . It can be expen­
sive , especially in volume applica­
tions. Without true device level 
standards, there is potentially a 
problem of being locked into a 
particular manufacturer 's software 
protocol. Also , the OEM may be 
forced to use the terminal manu­
facturer's keyboard , monitor and 
cabinetry, which might not fit into 
the company's total system design 
concept . The complete terminal 
solution may also be unacceptable 
to the OEM who wishes to up­
grade existing installations of 
equipment with a state-of-the-art 
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high resolution color terminal. 
His investment in host-level soft­
ware is usually massive , and his 
terminal driver routines may not 
be available in source form or 
they may be embedded in so 
many places that it is impractical 
to rewrite the drivers for a new 
terminal . 

GX Family 
The GX family of graphics prod­
ucts allows the OEM to choose 
several additional levels of prod­
uct integration between a turnkey 
system and a dumb board . The 
line was designed to meet the dis­
play requirements of a wide range 
of OEMs, including manufactur­
ers of CAD/CAM systems, engi­
neering workstations , process 
control equipment , medical elec­
tronics , and teleconferencing 
systems. 

The high end member of the 
family is a turnkey terminal , the 
GXT-1000. The terminal features 
include: a resolution of up to 1280 
x 1024 pixels; 4 to 16 planes of 
video memory; multiprocessor ar­
chitecture; complete 20 transfor­
mation software ; multiple view­
ports ; drawing speeds of up to 
5000 vectors per second; 64K x 
64K virtual addressing; local seg­
ment memory ; and extensive local 
1/0 support. The hardware and 
software organization of the ter­
minal is shown in Figures 1 and 2. 

The terminal comes with a 19" 

high resolution color monitor, a 
low profile detachable keyboard , 
display electronics , and a low pro­
file Multibus desktop or rack­
mount enclosure with integral 
floppy and Winchester disk drives . 
In keeping with the "building 
block" philosophy all of the GXT-
1000 components (monitor, key­
board, cardcage , Multibus boards, 
and software) are available un­
bundled to suit different levels of 
OEM integration requirements . 

Display Processor 
The display processor is a Matrox 
GXB-1000, (see Digital Design 
Oct, 82, "Graphics Board Gets 
Intelligent"). The display proces­
sor interfaces with the main 
graphics processor via a display 
file (using absolute screen coordi­
nates) stored in common RAM 
on the Multibus. The GXB-1000, 
which contains 4 dedicated graph­
ics CPUs, executes a powerful in­
struction set which provides for 
surface and subsurface visibility 
and priority; vector, point , arc , 
circle and character drawing; cur­
sor and marker generation; track­
ing, inking and rubber banding; 
look up tables , raster ops and 
area fills. 

The GXB-1000 also includes 
the image buffer. The buffer mem­
ory, which can be up to 2 Mbytes 
in size , is partitioned into 1024 x 
1024 x 4 bit sections, each occu­
pying a separate Multibus board . 
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Figure 1: GXT-1000 Multiprocessor hardware organization. 
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Figure 2: GXT-1000 software organization. 

The GXB-1000 provides the 
OEM with a smart graphics board 
solution . He need not concern 
himself with bit bashing at the 
raster level, but he still has the 
freedom to select any in-bus host 
CPU and software. 

Graphics Processor 
The main graphics processor is an 
8086 CPU with an 8087 floating 
point co-processor. The processor 
board , which holds 128 Kbytes of 
EPROM program memory and 
128 Kbytes of dynamic RAM seg­
ment memory, contains a real time 
operating system for multiple task 
scheduling. These tasks include 
dynamic memory management, 
high level graphic command inter­
pretation , 20 transformations, 
clipping , windows and viewports , 
and data tablet and light pen 1/0. 
The 8087 floating point processor 
provides the number crunching 
power required to perform fast 
rotations , translations, and clip­
ping. Picture data specified in vir­
tual coordinates can be complete­
ly transformed at rates of up to 
5000 vectors/second. 

The object to be displayed , be 
it the layout of a circuit board , or 
the frame of an automobile , is de­
scribed by a series of points , lines , 
circles, etc. Objects are described 
in "virtual" co-ordinate space. 
Virtual addresses (x, y values) are 
defined using 16 bit data words, 
thereby offering 64K x 64K re-

Digital Design• March 1983 

solvable points. In many applica­
tions this offers significant perfor­
mance improvements over the 12 
bit data words ( 4096 x 4096 ad­
dress space) associated with older 
terminals. 

Consider the case of a circuit 
board manufacturer who requires 
a minimum resolution of .001" to 
define the traces and pads used on 
his boards. If the virtual co-ordi­
nate unit is set at 0.001", then in a 
64K x 64K space , boards of up 
to 5' x 5' can be defined . A 4096 
x 4096 space would only allow 
for board sizes of up to 4" x 4". 
Similarly, in computerized draft­
ing applications where 200 dots 
per inch is an acceptable plotter 
resolution, drawings of up to 27' 
x 27' can be defined in 64K 
space, as compared to 20" x 20" 
in 4K space (D size drawings are 
17" x 34"). 

The significance of the lack of 
adequate resolution in the termi­
nal is that the complete object 
must be kept in host memory and 
each time the user wants to see a 
different part of the object (pan or 
scroll it) , the host must do the 
windowing transformations and 
clipping and resend a picture to 
the terminal . To make full use of 
the large virtual addresses , picture 
segments must be stored locally. 
Even though segments have tradi­
tionally been supported at the 
host CPU level , many manufac-

. turers (including Tektronix and 
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Image Table CRT 

Frame 
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Hewlett Packard) have introduced 
devices that support local seg­
ments. Local segments allow the 
user to download an entire object, 
defined in virtual coordinates, to 
the terminal. All 20 transforma­
tions (rotation , scaling, transla­
tion) , zooming, and panning, can 
then be performed locally without 
retransmitting the picture file . 
This feature greatly reduces host 
communications overhead , and 
speeds up system throughput. 

The GXT-1000 uses 128 Kbytes 
of RAM to store picture seg­
ments , and this can be augmented 
with an additional 512 Kbytes of 
RAM or local SW floppy/Win­
chester disks (providing up to 21 
Mbytes of local picture storage) . 

Because segments are stored in 
local memory, all windowing can 
be performed at the terminal lev­
el. Virtual "windows" determine 
what portion of the object data 
base is to be displayed . Expand­
ing or contracting the size of the 
window provides a zoom func­
tion . Similarly, by shifting the 
window from right to left or top 
to bottom, the data base can be 
panned and scrolled . The GXT-
1000 supports up to 64 simulta­
neous windows , allowing the op­
erator to display several different 
views of the same object. 

Associated with each virtual 
window is a screen window, or 
viewport , which determines what 
portion of the physical display is 
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to be occupied by each window. 
In addition to the graphics view­
ports, up to four alphanumeric 
viewports (high speed dialog 
areas) can also be defined on the 
screen. Dialog areas can be used 
for displaying foreground and 
background task status, menus , 
operator prompts, etc. 

The graphics processor card ex­
ecutes high level command files, 
(using virtual co-ordinates), 
stored in common RAM on the 
Multibus . OEMs using Multibus 
based systems can communicate 
directly with the graphics proces­
sor from their in-bus host. The 
combination of the graphics pro­
cessor card and the display pro­
cessor (GXK-1000) provides es­
sentially a complete terminal on 3 
Multibus boards. 

Communications Processor 
A separate Z-80-based processor 
card is used to handle all commu-

nication between terminal and 
host, as well as I/O to local peri­
pherals. A Serial RS232C/423 
communications port is used to 
communicate with the user's host. 
Several synchronous and asyn­
chronous protocols including IBM 
bisync, HDLC, and SDLC are 
supported. A bidirectional 8-bit 
parallel port tan also be used for 
block data transfers between ter­
minal and host at up to 330 
Kbytes/sec. 

Resident on the I/O processor 
card is a software module known 
as a protocol translator. The pro­
tocol translator interprets the AS­
CII data sent from the host, trans­
forming it into "standardized" 
high level graphics commands 
that can be executed by the 
graphics processor. The standard­
ized commands are stored in a 
buffer located in common Multi­
bus RAM. By implementing dif­
ferent translator software , the 

GXT-1000 can emulate many dif­
ferent graphics terminals (the 
standard protocol recognized by 
the GXT-1000 provides Tektronix 
4113 compatibility) . 

High Resolution Display 
High resolution RGB color moni­
tors capable of displaying 1024 x 
1024 pixels non-interlaced at 60Hz 
have only recently become avail­
able. The Mitsubishi C8912 moni­
tor, which can support a displayed 
resolution of 1024 x 768 at 50/ 
60Hz, can be optionally supplied 
with the GXT-1000. The standard 
monitor, a Mitsubishi C6919, will 
support resolutions of 1280 x 
1024 at 25/30Hz, 1024 x 768 at 
25/30Hz, or 640 x 480 at 50/ 
60Hz. Monitors from other manu­
facturers, including Hitachi, Con­
rac, and Ikegami, are also com­
patible with the terminal. 

Vesa Koponen and Gerry Sulli-
van, Matrox Write 235 

Choose the most advanced, reliable mouse Solid-State 
Disc 
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first digital mouse in 1972. 
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proportion to its own movement. with a resolution of 
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convement surface 
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1741 8th Stleet. Be1keley CA 94710 / ( 415 ) 525 5533 / TELEX 172029-SPX-SRFL 
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Replacement 
Dramatic increases in throughput. 
Outstanding 
reliability. 
• Capaciti es to 80 

megabytes 
• 10 megabytes in 

7-inch chassis 
• Interfaces to most 

minicomputers 
• Battery back-up 

When used as a disc replacement, the high speed , non­
rotating MegaRam provides the software compatibility of a 
disc with the performance of main memory. Ideal for 
swapping , scratch files , overlay storage, process control, 
telecommunications, graphics, data acquisition, array 
processing. etc. 

Let us show you how the MegaRam can enhance the 
performance of your computer while providing outstanding 
reliability. 

Imperial Technology, Inc. 
831 S. Douglas Street • El Seg und o, 
Californi a 90245 ·Telephone: (213) 679-9501 
Write 42 on Reader Inquiry Card 
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Apollo Introduces Engineering Workstation 

The DN300 is a 32-bit , virtual 
memory central processor with a 
half Mbyte of main memory. The 
17", high resolution bit-mapped 
graphics display supports multiple 
windows ; a low-profile , detacha­
ble keyboard; an interface to the 
12 Mbit/sec. Domain local area 
network ; and Aegis, Apollo 's net­
work-wide virtual memory operat­
ing system , at a cost of $10 ,000 in 
quantity. 

Options include main memory 
expansion up to 1.5 Mbytes , dis-
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kette and/or 34 Mbyte Winchester 
hard disk drives , and a touchpad 
cursor control. 

Compatible software includes 
Fortran 77, Pascal , and "C" pro­
gramming languages , as well as 
AUX, a software environment 
based on UNIX System III. The 
DN300 is fully compatible with 
Apollo system software , including 
the Aegis network wide virtual 
memory operating system , the 
Domain Distributed Data Man­
agement system (D3M), SIG­
GRAPH Core graphics library, 
and X.25 , HASP, and 3270 com­
munications subsystems. 

The graphics display is a land­
scape-oriented, 17" , diagonal 
black-and-white monitor with 
1024 x 800 pixel resolution , using 
bit-mapped raster-scan technol­
ogy. A dedicated 128 Kbyte dual­
ported display memory performs 
interlaced refresh at 80 cycles per 
second and features a block-trans-

fer rate of 12 Mbits/sec. 
The Domain network interface 

features a 12 Mbit/sec. baseband 
data rate using self-synchronizing, 
hardware "bi t s tuffing " tech­
niques , a ring topology, and to­
ken-passing arbitration. The net­
work interface can transmit to 
another specific node or can 
broadcast a message to all nodes 
on a Domain network. Active 
nodes can be as much as 3,280 
feet (1,000 meters) apart; com­
monly available RG6/U 75-ohm 
coaxia l cable with BNC-style 
twist-lock connectors is used for 
network communications. 

Two separate RS-232-C ports 
provide independent , software-se­
lectable transmission rates from 
50 through 19 .2 Kbits/sec. with X­
ON/X-OFF transmission control 
capability. DN300 nodes also fea­
ture software support for personal 
peripherals such as graphic tablets 
and letter quality printers. 

We have the truly 
comprehensive 
cross-support 
you need today. 
You can increase productivity , reduce capital 
expenditures and have all the portability you need 
with our PAS-68 and XDS-86 systems. 

Both are available right now on VAX and IBM 
computer families. 

Both have a Pascal language compiler and 
macro assembler that generate relocatable code; a 
resolver that links compiled and assembled 
routines ; run time support ; and comprehensive 
user documentation. 

XDS-86 additionally features a PL/M-86 language 
compiler and ICE-86™ debugger support. 

XDS-86 produces Intel -compatible object for­
mats, while PAS-68 produces Motorola S-records. 

Call and get details on these two off-the-shelf 
systems that are on the shelf waiting to be 
delivered to you . 

rnLanguage 
~Resources 
Telephone: 303/449-8087 
Telex : 4992706 
4885 Riverbend Rd., Boulder, CO 80301 

Write 37 on Reader Inquiry Card 
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Innovative Design 

'frue Memory Sharing For VAX, LSI-11 & PDP-11 Computers 

Computer users have long sought 
ways to effectively share memory 
between computer processors in 
order to permit dual CPUs per­
forming multiple tasks to use 
common data. In the past, these 
memory sharing techniques have 
had several drawbacks which 
limited their practicality, both in 
terms of increased cost and in im­
plementation problems. 

One of the early methods for 
memory sharing was the OMA 
(direct memory address) link. 
This form of link interconnected 
the buses in two CPUs but, be­
cause of its nature of operation, 
required an important level of 
software support. Software driv­
ers had to be provided for each 
end of the OMA link and inter­
faced through the operating sys­
tem of each of the CPUs. Conse­
quently, access speeds were 
slowed due to the requirement for 
data transfer. Some higher speed 
OMA links have been developed 
in recent years but as data trans­
fer speed goes up, so does the 
cost of the link. 

Another method of sharing 
memory is dual ported memory. A 
drawback of dual ported memory 
is the difficulty in resolving access 
contention problems; also, most 
dual ported memory has no inter­
rupt capability, leaving communi­
cation between the processor to 
polling. Memory capacity is limit­
ed and the types and mix of com­
puters which can be connected by 
dual ported memory are also 
limited. For example, a mixture 
of Unibus and Q-Bus computers 
is not supported. 

A New Technique 
The drawbacks of these earlier 
generations of memory sharing 
techniques have been eliminated 
in a new peripheral processor 
link. The PPL-2 incorporates new 
hardware and software modules 
that may be used with a wide vari­
ety of computers made by Digital 
Equipment Corp. It can be used 
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Figure 1: This diagram shows a typical PPL-2 installation between a VAX and 
either an LSJ-11 or PDP-11. 

to connect any LSI-11 Q-Bus 
computer or any PDP-11 Unibus 
computer with any VAX-11 com­
puter, from 11/730 to 11/780. 

The PPL-2 incorporates two 
quad height logic boards, one to 
reside in the backplane of each 
computer, connected by a SO-con­
ductor ribbon cable (Figure 1). 
The board in one CPU is specified 
as the host and the other as the 
peripheral processor. In addition, 
a specially-developed VAX/VMS 
driver module is used to link the 
VAX Unibus to other Unibus or 
Q-Bus computers. It presents user 
processes with a series of contig­
uous physical address locations 
(device registers) in the VAX pro-

cessor 1/0 space. 
The PPL-2 hardware logic es­

sentially creates a memory "win­
dow" that lets the peripheral CPU 
access up to 64 Kbytes of host 
memory as if it were its own. The 
host processor supports the actual 
physical memory that will be 
shared. There must not be any 
physical memory at the shared 
window location in the peripheral 
processor because the PPL inter­
face occupies that logical space. 

The PPL-2 differs from dual 
ported memory devices in that 
there is no memory resident on 
the PPL-2 itself. Also, unlike 
OMA links, there is no require­
ment to set up data transfers. 
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Each of the PPL boards repre­
sents just one unit load per system 
bus. A total of 16 vectored inter­
rupts eliminates polling require­
ments and provides the means for 
implementing communications 
protocol between the two comput­
ers if an application requires it. 
The same interrupts may be used 
for "watch dog" prodding in the 
~vent of a need for so-called hot 
backup. 

Real-time VAX/VMS processes 
are given the choice of either us­
ing the VAX/VMS 1/0 system to 
perform input-output operations 
or of bypassing most of the 1/0 
system by manipulating device 
registers and responding to device 
interrupts directly. When the latter 
approach is used-which is avail­
able only on the VAX-11/780-the 
protection functions that VAX/ 
VMS normally performs are 
eliminated. No checks are per­
formed to insure that no other 
VAX/VMS processes are mapped 
to a page and modifying it , and no 
reference count is maintained so 
that a process can delete a global 
section while other processes are 
still using it. 

The Unibus adapter developed 
for the PPL-2 performs the actual 
mapping of VAX virtual addresses 
to 18-bit Unibus addresses that 
correspond to device registers . It 
controls 1/0 operations by per­
forming a number of functions 
transparently for the user. 

For example , it defines the PPL 
for the rest of VAX/VMS and it 
defines the driver for the system 
procedure that both loads the 
driver into virtual address space 
and creates the associated data 
structures. It also readies the 
PPL-2 for operation at system 
startup and during recovery from 
a power failure. It performs de­
vice-dependent 110 preprocessing 
and it translates programmed re­
quests for 1/0 operations into de­
vice-specific commands. 

The driver activates the PPL-2 
and , in operation, responds to 
hardware interrupts generated by 
the device , responds to device 
timeout conditions and responds 
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Figure 2: The 16 last words of the shared memory are monitored for access. 
Above are the typical vector address locations in the system. 

to requests to cancel 110 on the 
device. It also returns status from 
the device to the process that re­
quested the 110 operation. 

Theory Of PPL Operation 
· Each of the PPL-2 logic boards fit 
into a single quad height SPC slot 

' on the backplane of each of the 
computers . The host and periph­
eral processor designations are 
made using pencil switches on 
each board . On the host side , the 
interface behaves like a DMA 
controller which can operate on 
its own, without CPU interven­
tion . The interrupt control and 
level are the same as would be 
found in any standard interrupt 
device . 

The amount. of host memory 
which can be shared is variable up 
to a maximum of 64 Kbytes, in 4-
Kbyte increments. The position of 
this window is variable as well 
and is selectable via pencil switch­
es for either port , also in 4-Kbyte 
increments . 

Because there is no physical 
memory at the window location in 
the peripheral processor, when a 
reference to share memory is 

made on that side, the PPL an­
swers as if it were memory. It si­
multaneously claims bus control 
at the host side, translates source 
address at the host side, and com­
pletes a memory cycle. All mem­
ory cycles are supported, thus 
making it possible for the periph­
eral CPU to execute code out of 
the host CPU's memory. 

Since all shared memory is lo­
cated in the host CPU, when a 
reference to shared memory is 
made at the host, the CPU simply 
completes a memory cycle within 
its own memory. 

The sixteen last words of the 
shared memory are monitored for 
access, eight words for< the host 
and eight for the peripheral pro­
cessor (Figure 2). This 16 word 
block is located at the top of the 
shared memory. READ and 
WRITE operations can occur just 
as they would in any other mem­
ory location, but they can also be 
used to trigger an interrupt to the 
other processor. This mechanism 
will avoid polling and provide the 
user application programs with a 
set of interrupt that it can control. 

An understanding of the bus cy-
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cle required to execute an instruc­
tion is needed if users wish to em­
ploy the interrupt mode 
selectively. Users can selectively 
generate interrupts using a READ 
cycle , a WRITE cycle or both. Or 
they can disable them and not 
generate any interrupts. Using the 
PPL-2 , a READ MODIFY / 
WRITE cycle may be generated 
to issue an interrupt on READ 
and WRITE (only one interrupt 
per instruction) regardless of the 
interrupt mode selection. This can 
be important to users whose older 
systems still use core memory. 

An interrupt stack keeps track 
of the interrupts requested by ei­
ther the host or the periphera l 
CPU. A sequence can trigger two 
or three interrupts , up to a maxi­
mum of eight , without having to 
give time to the other CPU to re­
spond. The PPL logic keeps track 
of all interrupts as if in a holding 
pattern , then unstacks the inter­
rupts so that none are lost. The 
interrupt stack works in both di-

rections-host-to-peripheral and 
peripheral-to-host processor. An 
INIT and RESET instruction han­
dles the initialization function at 
the local board and clears the in­
terrupt stack at both sides of the 
link so that no interrupts are 
pending from either side after 
initialization. 

Intelligent Monitor & Control 

The PPL link provides an intelli­
gent throttle control feature which 
prevents the Q-Bus or Unibus 
from being tied up by the PPL. 
When throttle control is enabled , 
the host PPL constantly monitors 
the bus activity. If the PPL is ac­
tive and another DMA device 
wants access to the bus , the host 
PPL will relinquish the bus as 
quickly as is feasible . The PPL 
will throttle the peripheral for the 
length of time the user specified 
by four jumpers (TRl, TR2, TR3 
and TR4) , thus enabling the host 
CPU to attend to other devices 
without getting bogged down. The 
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Kaman Instrumentation's new KD-4000 Series, the "smarter" displacement measuring 
systems (with resolution to better than l micro inch) do more than give you raw analog 
displacement data that you still have to process and analyze. 

With the KD-4000 Series you can specify the system functions that fit your application 
needs: ID, OD, Tilickness, Alignment. Comparator Logic (for parts sorting, computer interrupts, 
etc), TIR. and more "smarts" on the way. 

These systems are available in various packaging options (rack, lab, or NEMA type 
enclosures) or work with us to your packaging requirements. Many sensor sizes are available 
to cover measurement ranges to 2.5 inches. For single and multi-channel applications, you'll 
find that these systems can help you solve a broad range of position measurement problems. 

The KD-4000 Series, for more complete solutions to your precision measurement problems. 
For more information, please write, or call us (303) 599-1825. 

-~KAMAll 
Me~rtnq Sqstems 

KAMAN INSTRUMENTATION CORPORATION 
P.O. Box 7463 
Colorado Springs, CO 60933 

Write 39 on Reader Inquiry Card 

user thus can pre-select the num­
ber of bus cycles permitted as a 
maximum for any device , as well 
as specify the time interval be­
tween bus cycles so that no single 
device can control the bus 
indefinitely. 

The intelligent throttle works 
on the principle that any device 
may use the bus as long as re­
quired provided that no other de­
vice needs the bus. If throttle con­
trol is active but no other device 
wants access to the bus, the PPL 
will access the bus at its own 
speed. 

In addition to the sophisticated 
monitor function of the throttle 
control, the peripheral PPL-2 also 
monitors the power supply. In the 
event that a power supply prob­
lem develops , the PPL link fin­
ishes any shared memory cycle 
which may be in progress and 
then prevents the issuance of any 
other cycle until the power supply 
unasserts ACLO or BPOK. 

Implementation Flexibility 
The PPL-2 link has been designed 
to provide a great deal of user 
flexibility for creation of the 
shared memory window. All 
specifications such as window 
size, window base address, vector 
selection, vector base address se­
lection and interrupt priority se­
lection are selectable using on­
board pencil switches. Window 
base address specification for 
each side of the memory window 
is selectable using 18 bits of ad­
dress for Unibus computers and 
22 bits of address for Q-Bus 
CPUs. Vector base address speci­
fication is selectable within a 
range of 0 to 774. 

Because of the flexibility pro­
vided for sharing memory without 
any decrease in system perfor­
mance , this peripheral processor 
link is useful for applications such 
as computer front-end, parallel 
processing, clustered computer 
systems or redundant processor 
configuration. 
Roger Aouizerat, President, Ran­
yan Computer Enhancement Sys­
tems, 15239 Springdale St., Hun­
tington Beach, CA 92649. 

Write 232 
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COMMUNICATIONS 
COMPUTERS 

Unk Non-Networked Devices & 
Connect Ethernet To Long-Haul X.25 
Networks 

This family of programmable commu­
nications computers implements a dis­
tributed data processing environment 
by linking diverse devices through the 
Ethernet local area network , and 
linking Ethernet to remote devices 
across Jong-haul X.25-interfaced pub-

lie data networks . The Ethernet Sys­
tem Product Line (ESPL) has a sys­
tem throughput of 1 Mbit/sec through 
all layers of protocol , and offers ap­
proximately five times the perfor­
mance of existing network access sys­
tems. The first two members of the 
ESPL family are the Communications 
Server/1 (CS/1), which allows up to 
32 non-networked devices with RS232 
or RS423 serial interfaces to connect 
to an Ethernet network ; and the 
Gateway Server/1 (GS/1) , which con­
nects an XNS Ethernet network to a 
host or network with an X.25 inter­
face . The CS/1 is $9900; the GS/1 is 
$15 ,000; an Ethernet Controller/1 
(EC/1) is $3000. Qty discounts avail­
able . Bridge Communications, 10401 
Bubb Rd ., Cupertino, CA 95014. 

Write 132 

VAX CONVERSION PACKAGE 
Converts PDP-11 Assembly 
Language To VAX-11 Native Mode 

CONPAX Release 2 adds capabilities 
for handling system calls , floating 
point arithmetic, and other conversion 
problems. Handling of mixed operand 
integer arithmetic (by converting ei­
ther to macros or to in-line code) 
helps migration to the 32-bit environ­
ment. Some new features take advan­
tage of the more powerful VAX archi­
tecture , by helping (for example) to 
convert position-dependent PDP-11 
code to position-independent VAX-11 
form . Other features include optional 
conversion of numeric constants to 
decimal or hexadecimal. A permanent 
single-user license costs $5000 for one 
CPU; additional CPUs can be Ii-
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censed at substantial discounts . A ser­
vice bureau license is also available. 
Pennington Systems Inc., 65 S. Main 
St, Building C , Pennington , NJ 
08534. Write 149 

MICROSYSTEM 
Allows User To Build A Complete 
LSl-11 System 

The RLXlOOlB incorporates a 10.3 
Mbyte , 5114'' Winchester disk ; 1 
Mbyte , 8" RX02-compatible floppy 
disk ; a built-in Q-bus card cage with 8 
quad-height slots ; and a 7" high desk­
top or rack-mountable enclosure. 
LSI-11 processor, memory, and inter­
face cards are also available direct 
from Charles River Data Systems. It 
is directly competitive with DEC's 
newly-announced MICRO/PDP-11 
Winchester microsystem. LSI-11 users 
will be able to swap programs and 
data directly between existing systems 

and the RLXlOOlB , through their 
RX02 floppies. This will not be possi­
ble with the MICRO/PDP-11 . The 
RLX1001B runs under RTll and 
RSXllM operating systems. Base 
price is $7500. With LSI-11123 proces­
sor, 256 Kbyte memory, and DLVll-J 
quad serial interface, total system 
price is $9995 . Main memory can be 
expanded to 1 Mbyte. Qty discounts 
avail. Charles River Data Systems, 4 
Tech Circle, Natick , MA 01760. 

COLOR RASTER 
WORKSTATION 

Write 133 

Working Palette of 16-256 Colors 

From a total palette of 16.8 million 
colors , users can create a working 
palette of 16 colors for color coding 
graphic data , with expansion capabili­
ties to 256 colors. Picking a color 
from the working palette displayed on 

the screen simply by pointing to the 
desired color with the cursor, users 
may apply colors to individual data 
elements or to entire levels of data . 
Display resolution is 1280 x 1024 x 
4 pixels. Function and alphanumeric 
keyboards have been designed for 
maximum operator comfort. Separate 
command and message displays keep 
graphics uncluttered. GST, 40 Gerber 
Rd E. , S. Windsor, CT 06074. 

MEASUREMENT AND 
CONTROL SYSTEM 

Write 137 

Complete Language System For 
Data Acquisition And Analysis 

One general purpose system and 
three pre-configured systems make up 
the initial four-member DAS Series 
500 family for the Apple II µC. The 
four systems are : the modular, general 
purpose System 500, which may be 
configured for virtually any combina­
tion of analog and digital inputs or 
outputs; the System 510, a high per­
formance data acquisition system for 
applications requiring analog-to-digi­
tal conversion ; the System 520, a 
complete measurement and control 
system with analog input and output , 
digital input and output , and power 
device control capabilities; and the 
System 530, a system that combines 

unusually high resolution, -low noise , 
and speed for accurate digitization 
and generation of complex analog sig­
nals. All Series 500 systems are fully 
modular and may be expanded 
through DAS's comprehensive 1/0 
module library. All systems accept up 
to 12 modules in any combination , re­
sulting in great flexibility in tailor­
ing systems for various applications. 
$2700 for System 500 with 1/0 mod­
ules priced separately. Pre-configured 
systems are: System 510, $2900 ; Sys­
tem 520, $4100; System 530 , $4400. 
Data Acquisition Systems Inc., 349 
Congress St., Boston, MA 02210. 

Write 135 

99 



New Products• COMPUTERS/SYSTEMS 

C EXECUTIVE 

Support For National's NS16000 µP 

The C Executive is a small, execute­
only memory-resident monitor for 
programs written in the C language or 
Pascal. It is designed to meet the 
needs of users who wish to run multi­
ple C and/or Pascal programs in a 

m1mmum hardware configuration 
where disk sub-systems are not appro­
priate. It allows multiple tasks to run 
concurrently with inter-task communi­
cation, resource coordination, and 
formatted UO. Multiple user termi­
nals, if needed, can be accommodat­
ed with dynamically-defined terminal 
characteristics. With the exception of 

The Battle of the Giants Goes On! 

100 

ZX-86™Single Board Computer. 

Four ways we lick the Giant's 
86/ 05: 
• On Board Socket for 8087 

Numeric Data Processor. 
• Three SBX Expansion Connec­

tors (to their two). 
• Two Serial Ports with Optional 

MK3884 SIO (to their one). 
• Multi-layer board design pro­

vides ultra-low noise levels. 

The ZX-86 is an 8086 based single 
board computer which is fully soft-

ware transparent to code written for 
the Intel "SBC-86/ 05. The ZX-86 offers 
additional features not found on the 
Intel boards including an on-board 
socket for an 8087 numeric data 
processor, three SBX connectors 
and two serial ports. The ZX-86 can 
be ordered with 5, 8, or 10 MHz 
Processors thus providing higher 
performance, expandable and flex­
ible solution for OEM applications. 

When we beat The Giant, you win. 
"Intel and Multibus are trademarks of Intel Corporation. 

The other giant in the Multibus* market. 
6644 Sierra Lane, Dublin, CA 94568. ( 415) 828-3000.lWX 910 389 4009. 

Zendex products are available worldwide. Call or TWX for your local distributor. 

Write 50 on Reader Inquiry Card 

a few routines dedicated to disk 1/0, 
all Pascal standard procedures and 
functions and the entire standard por­
table C library are supported. Single 
unit price is $300, qty discounts avail­
able. JMI Software Consultants Inc., 
1422 Easton Rd , Roslyn , PA 19001. 

Write 142 

CAD/CAM SYSTEM 

Brings Power of CADAM To 
Minicomputer CAD Users 

The System 8000 combines Vector 
General's VG 8250 display station 
with a 32-bit IBM-compatible main­
frame computer and a full range of 
storage and other peripheral devices. 
The system runs either CADAM 
Inc.'s CADAM software or Northrup 
Corp's N-CAD software, or both con­
currently. The computer used in the 
System 8000 is the System 312, manu­
factured and supported by Motorola's 
Four-Phase Systems Group. Compa­
rable in power to the IBM 4341-1 or 

I 

the System/370 Model 148, this com­
puter can support up to 12 VG 8250 
display stations and communications 
lines in a CADAM environment. A 
full range of support options are 
available including plotters , digitizers , 
and large screen displays. Total hard­
ware cost for a 12-station system is 
$540,000, or $45 ,000 per workstation. 
This system set also includes 4 Mbyte 
active memory, 400 Mbyte disk stor­
age, a 1600 bpi magnetic tape drive , a 
600 Ipm printer, 3 selector channels , 
and an integrated communications 
controller. Vector General, 21300 Ox­
nard St , Woodland Hills , CA 
91367. Write 150 
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LOCAL AREA NETWORK 

Interconnects Vector 4 µCs 

LINC (Local Interactive Network 
Communications) utilizes telephone 
wire to interconnect the Vector 4 fam­
ily of single-user µCs into a flexible 
and expandable multi-user system. 
Also introduced is the Vector 4 Intel­
ligent Workstation , a full-function µC 
with no local disk storage that is a 

MEMORITE Ill 

""""' 

mm1mum-cost configuration for a 
LINC workstation , ready to plug onto 
the Vector LINC network. The net­
work permits the sharing of large disk 
files, high-speed printers, communica­
tions facilities and electronic mail ser­
vice by any Vector 4 Computer at­
tached to the network. Each 
workstation can support an individual 
printer and retains full capability as a 
standalone word or data processor for 
non-network functions. Any Vector 4 
system can communicate with as 
many as 15 additional Vector 4 com­
puters using standard dual twisted 
pair telephone wire , with worksta­
tions placed up to 2 ,000' apart. Daisy 
chaining stations allows LINC to ex­
tend almost two miles. The LINC Up­
grade Kit can be purchased as an op­
tion for either the Vector 4/20 or 4/30 
at $750 including the basic LINC net­
work software . The Vector Intelligent 
Workstation is $3750. Vector Graphic, 
Inc., 500 N . Ventu Park Rd , Thousand 
Oaks, CA 91320. Write 151 

CAE WORKSTATION 
Ethernet-Based, Integrates 
Engineering Office 

The LOGICIAN line of CAE work­
stations creates a unified methodolo­
gy that serves the designer from func­
tional description to simulated and 
certified design. LOGICIANS can 
share access to high-speed printers 
and plotters , mass storage peripher-
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als, and gateways to remote net­
works. These workstations also access 
files resident on other workstations. 
In addition to the Ethernet universal 
interface capability, this integrated en­
gineering office (IEO) adds a set of 
local tools: an interactive logic simu­
lator, timing verifier, virtual logic ana­
lyzer, stimulus/test pattern generator, 
text and graphics merging capability, 
and SPICE circuit simulation. It also 
offers the user complete local applica­
tion programming in FORTRAN, 77 
PASCAL and PL/M, plus data base 
access. LOGICIAN ($85,000 per ter­
minal) offers % Mbyte of RAM and a 
40 Mbyte Winchester disk. It is built 
around a Multi-Bus architecture con­
taining multiple processors , including 
an 8MHz Intel 8086 and Daisy's pro­
prietary graphics processor. A UNIX­
like operating system provides a 
multi-user networking environment. 
Daisy Systems Corp., 139 Kifer Court , 
Sunnyvale , CA 94086. Write 127 

IBM PC-COMPAT COMPUTERS 

A Portable And A Desktop System 

The units share complete software 
and hardware compatibility with the 
IBM PC, while also offering capabili­
ties for extensive expansion . They in­
clude a 320K half-height diskette 
drive, a high resolution green-phos­
phor monitor, 128K memory, both a 
serial port and a parallel port, high 
resolution graphics , MS DOS, Basic 
with graphics commands , and a 
spread sheet software package. A sec­
ond half-height floppy diskette drive 
and/or a 10 Mbyte hard disk can be 
added. In the standard-size Corona 

PC, two floppies and the hard disk 
can be installed directly into the com­
puter, with no external attachments. 
In the portable, the hard disk is a sep­
arate attachment. Standard size Cor­
ona PC with a single 320K diskette 

drive is $2595 . With a second floppy, 
the price is $2995 . A system with an 
internal 10 Mbyte hard disk and a sin­
gle diskette drive is at $4495 . The 
Portable PC is $2395 with a single 
320K diskette drive , and $2795 with 
dual diskettes . The 10 megabyte ex­
pansion for the portable is priced at 
$2695 . These prices include 128K 
memory, monitor, ports , graphics , MS 
DOS, Basic, and spread sheet pack­
age . Corona Data Systems, 31324 Via 
Colinas, Suite 110, Westlake Village , 
CA 91361. Write 134 

SCHEMATIC DESIGNER 
Turns IBM PC Into Workstation For 
EE's 

Unlike most other CAE workstations , 
the DASH I (Design Aid Schematic 
Helpmate) is not aimed at custom 
VLSI chip design. Instead , the DASH 
I schematic designer converts the 
IBM PC into a comprehensive design 
aid. Software , a proprietary graphics 

II 

controller, a "mouse ," a memory net­
work interface card , and a printer­
plotter are added to the standard IBM 
PC. The designer can create, update , 
and print schematics quickly and easi­
ly. Components can be moved or de­
leted and the circuit modified or repli­
cated in seconds . The system 
compresses the contents of a typical 
D-size schematic into an 11" x 17" 
drawing which is produced by the 
printer. All schematic data are cap­
tured on the built-in floppy disk . The 
data are then usable as input for a se­
ries of other programs that further in­
crease productivity and reduce cost. 
A built-in design checking program 
detects and flags common errors , pro­
vides loading analysis data , and ad­
vises the designer of spare chip avail­
ability. The user also has access to all 
other software available for the PC. 
Complete system is $12 ,960 ($5960 if 
the user already has an IBM PC and 
Printer) . FutureNet, Inc., 21018 Os­
borne St. , #5 , Canoga Park, CA 
91304. Write 128 

115 



New Products• PERIPHERALS 

8" WINCHESTER DISK 

Features BO MB Of Storage 

The CDC 9412 Windsor features a 
data transfer rate of 1.2 Mbytes/sec 
with an average access time of 25 ms. 
Data is recorded on three disks at 
densities of 10,161 bpi and 735 tpi . It 
is completely interface compatible 
with Control Data's Lark fam ily of 8" 
fixed/removable drives . Both units in­
corporate the standard Lark Device 
Interface (LDI) with a two-cable con­
nection between controller and drive 
that features an 8-bit bi-directional 
bus for command and status transfers . 
The units can also be adapted to the 
industry-standard SMD interface 
through the use of an optional adapt­
or board. Other standard features of 
the Windsor include: extensive use of 
LSI electronics and µP control ; head 
positioning through use of a rotary 
voice coil actuator ; and a fixed , 
sealed head disk assembly. The CDC 
9412 Windsor drive, with the standard 
LDI is $2750 in OEM qty. Control 
Data Corp., Box 0, Minneapolis , MN 
55440. Write 163 

CONTROLLER/FORMATTERS 

Mag Tape Controller And Personality 
Modules 

The Series 2600 product line permits 
users to easily and inexpensively 
move the IBM-compatible magnetic 
tape peripheral from one application 
to the other. The series offers com­
patibility among a variety of tape 
transports up to 75 ips and a host of 

computer systems. Housed in single 
standard 3W' by 19" rack-mountable 
cabinet , it typically contains two PC 
cards- an industry-compatible mag­
netic tape formatter (for unformatted 
tape transports), a µP based intelli­
gent controller ; a variety of personal­
ity modules allows it to interface with 
various standard busses , such as RS-
232C, IEEE-488 and an 8-bit parallel 
1/0. From $2495 . Innovative Peripher­
al Systems, 4060 Morena Blvd , San 
Diego, CA 92117. Write 172 

116 

DATA LINE MONITOR 

Full Keyboard Programmability 

DLM V's menu guided programming 
language consists of 15 instructions 
and 11 commands. Each test program 
can be up to 72 steps in length. Edit 
and update capabi lity permits modifi­
cations of finished programs without 
tedious rewriting. E2ROM capability 
gives operators an easier way to run 
repeatable interactive tests . Up to 10 
named programs can be stored simul-

taneously in the non-volatile E2ROM 
memory. An optional MSU IV Dual 
Diskette subsystem expands the DLM 
V's storage capacity and off-line diag­
nostic capability. Digilog Network Con­
trol Div., 1370 Welsh Rd , Montgom­
eryville , PA 18936. Write 164 

160 MB 8" WINCHESTER 
Uses Thin Film Plating Technology 

Data is carried on 4 thin film fixed 
disks . Seven surfaces , each served by 
a dedicated R/W head , carry data. 
The 8th surface is reserved for track 
followi ng servo information. Average 
access time is 30 ms . The D-1600 has 
the same form factor as a standard 8" 
floppy drive. It uses standard voltages 
( + 5, + 12, + 24) . ANSI-standard and 
SMD interfaces are available. On­
board diagnostics , accessible through 
RS-232 port , and 7-element LED 
readout provide for troubleshooting 
without requiring access to the host. 
Self-contained shock mounting, inter­
nal carriage lock , and thin film Win­
chester media allow use in portable 
and industrial systems as well as in 
conventional commercial installations. 
$1980 (OEM qty); discounts avai lable 
for larger quantities. Disctron, 1701 
McCarthy Blvd , Milpitas , CA 
95035. Write 165 

8085 µP ANALYZER 
Real-Time Diagnostic And 
Development System 

Lightweight and portable , the MI­
CRO MATE 85 is used for software 
development and debugging , produc-

tion testing and field service . It does 
not replace or emulate the 8085 ; it is 
attached by a clip to the Processor 
and provides real-time program anal­
ysis. It allows you to examine and 
modify memory locations and regis­
ters at any point in the operating pro­
gram through the use of addressable 
traps . The operating program may be 
started or stopped at any location , or 
the program may be stepped one lo­
cation at a time . Under $800 . Essex 
Engineering Co, Industrial Park , Es­
sex , CT 06426. Write 167 

42MB 5-%" WINCHESTER 
Extension Of 5000H Family 

The 5040H contains 3 disks , has 600 
tpi and is ST506 compatible . Average 
access time , including settling time , is 
68 ms. It is fully shock mounted for 

ruggedness, uses thin-film plated me­
dia for better performance and dura­
bility, has a thermally stable design 
for fewer off-track errors , and uses 
head mounted pre-amps for noise im­
munity. Comes with standard 2-year 
warranty. IMI, 10381 Bandley Dr, Cu­
pertino , CA 95014. Write 171 
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DRY INK JET PRINTER 

Low Cost Hard Copy For Desktop 
Micra's 

The JPlOl is a noise-free 80 cps print­
er. The printhead consists of a dispos­
able glass ampule that contains a dry 
ink cartridge. It has a life of between 
150,000 and 200,000 characters, and 
can be replaced for about one dollar. 

The printer consists of a single PCB , 
a power supply, and the mechanical 
assemblies for head and paper move­
ment. It measures 4.5" H by 15" W by 
10" D . Draft quality alphanumeric 
print is in three basic modes: 10 cpi 
over 80 columns in a 7 x 7 matrix , 12 
cpi over 96 columns in a 7 x 7 matrix , 
or 18.25 cpi over 146 columns in a 
7 x 5 matrix . Bit-map graphics are 
110 x 110 dpi with 880 dots/8" line. It 
has a standard 8-bit parallel interface , 
with optional RS 232-C or current 
loop interfaces: Handles roll paper 
8.5" wide and fanfold paper 8 to 9" in 
width. Irwin Olivetti , Inc, 2000 Green 
Rd , Ann Arbor, MI 48105. Write 173 

PROTOCOL ANALYZER 

Simplifies Datacom-Network 
Analysis 

The HP 4955A will serve EDP cen­
ters , computer and communication­
equipment manufacturers , and carri­
ers. In full duplex operation, it 
provides speeds from 50 bits/sec to 72 
Kbits/sec. It includes internal RAM 

mass storage of 128K words for stor­
ing data , lead status and timing. By 
using the 63 separate triggers , it can 
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search simultaneously for multiple 
events . The user has a choice of 7 dis­
play formats on the 9" CRT and the 
HP 4955A can be connected to net­
works through a variety of physical 
interface pods (RS-232C/V.24, RS-
449 , V35 , MIL-188C). In addition, 
no formal programming skill or lan­
guage is required . For many of the 
protocols or physical interfaces avail­
able today, an exact replica of events 
as they occur can be stored by the HP 
4955A on tape . When real-time analy­
sis is not sufficient, tape storage al­
lows later examination of the data in 
more detail. Set-up and measurement 
sequences also can be stored on tape , 
then down-loaded when necessary. 
$20,950. The BASIC language option 
is $2015, and the physical interface 
pods are $1110 each. Hewlett-Packard 
Co, 1820 Embarcadero Rd , Palo Alto , 
CA 94303. Write 170 

COMMUNICATIONS SYSTEM 

For The Professional Personal 
Computer User 

The Professional Communications 

Add· In 
or Add·On, 
Add CAMBEX 

System (PCS) includes a Bell 212A or 
Bell 103 compatible modem and up to 
64K RAM of message buffer. The 
PCS/1200 and the PCS/300 provide 
unattended , scheduled, error-free 
message reception and transmission 
even while the personal computer is 
running other applications such as 
word processing or Visi-Calc. The 
PCS is designed primarily for use in 
medium to large corporations, or by 
individuals who want to share file s 
with other personal computers and 
who want access to centralized data 
bases or public information utilities . 
In addition to its file and message 
communications capabilities, the PCS 
provides a user-configurable printer/ 
buffer, simultaneous printing and dis­
play of received information and an 
LCD time-of-day clock . All other 
functions of an intelligent modem , in­
cluding stored telephone number ca­
pabi lity with automatic redial , are 
performed by the PCS. The PCS/1200 
with 16K RAM is $995; with 64K 
RAM , $1095. The PCS/300 with 16K 
RAM is $595; with 64K RAM , $695 . 
MICROCOM, Inc., 1400A Providence 
Hwy, Norwood , MA 02062. Write 175 

We'll meet your needs. Our DEC compatible MicroSTOR, 
ExpandaSTOR, SuperSTOR and VA-780 memory systems 
have ten plus years of production experience behind 
them. And experience counts when it comes to im­
proving memory. It 's given Cambex versatility, creativity, 
and reliability. Whether it's a single system or volume out­
put the designer requires, we have both the technology 
and flexibil ity to fi ll the order at a competitive price. 
Beyond that only multiple source, full spec components 
will be used and each system will be individually com­
puter-tested with a one year warranty. 

So, if you've got a PDP-11 *, LSl-11 * or VAX and memory's 
a problem , call Cambex. We 'll meet your needs. 
· Re91stered trademark of Digital Equipment Corp . 

Cambex Corporation 

ca be~ 
360 Second Avenue m Waltham , MA 02154 
( 61 7) 890-6000 
Tele x: 92-3336 

Write 43 on Reader Inquiry Card 
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MULTIPLIERS & MULTIPLIER/ 
ACCUMULATORS 
Built On A Low-Power CMOS 
Process 

Four pin-compatible second sources 
to industry-standard 8X8- and 16X16-
bit multipliers and multiplier/accumu­
lators offer speed comparable to bipo­
lar and NMOS devices but dissipate 
approximately 1/20 the power. All 
models are available processed to 
MIL-STD-883B ; low-power dissipa­
tion allows the devices to be offered 
in flatpacks . All models provide 3-
state outputs , TIL-compatibility, and 
the necessary control inputs and out­
puts for interfacing to 8- and 16-bit 
µC buses. From $45 to $198 in 100 
qty. Analog Devices, Inc., Two Tech­
nology Way, Norwood , MA 
02062. Write 186 

SPEECH SYNTHESIZER/ 
TELEPHONE DIALER 

Brings Speech Synthesis to STD 
Bus 

Based upon the TI TMS5220, which 
utilizes the linear predictive coding 
method of speech synthesis , the 
ST4406 provides intelligible speech 
output with a minimal system mem­
ory requirement. Available in either 
one channel (ST4406-0) or two chan­
nel (ST4406-1) configurations , the 
board also has automatic pulse dial 
capability and relay controlled remote 
enable outputs . When connected to 

the telephone network through a reg­
istered CBT-type coupler, the device 
may be used to answer incoming 
calls , generate a spoken, pre-pro­
grammed message , and then enable a 
remote tape recorder or other device . 
The ST4406 is delivered with a com­
plete software support package. The 
ST4406-0 (1 Channel) is $335; 
ST4406-1 (2 Channel), $385. OEM 
and qty discounts avail. Applied Micro 
Technology, Inc ., PO Box 3042, Tuc­
son, AZ 85702. Write 187 
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FIBER OPTIC TRANSMITTER 

IC-Packaged Analog Input VFC 
Device 

The FOT114 analog fiber optic trans­
mitter combines high sensitivity and 
linearity with safe operation for data 
transmission applications in noisy 
and/or hostile environments. Dangers 
of sparking are eliminated in explo­
sive atmospheres such as refineries 
and chemical plants. It is capable of 

transm1ttmg analog input signals as 
small as lOm V full scale for distances 
up to 2.4km with a typical linearity 
error of only ± 0.01 % ; the powerful 
IR infrared version can transmit sig­
nals up to 9.7km. Prices (qty 1-24) 
are $116 for the "KG" version ; $120 
for the "KG-IR" infrared. A special 
introductory kit containing a FOT114 
transmitter, a FORllO TIL receiver, 
an OCA201 , 10-meter fiber cable as­
sembly, and 2 connector sockets is 
$188. Burr-Brown , Analog Products, 
Box 11400, Tucson , AZ 85734. 

Write 188 

EPROM PROGRAMMING CARD 
For The S-100 Bus Computers 

UNIPROM enables S-100 bus com­
puters with 8080, 8085 , or Z-80 µPs 

to read/program the 2704, 2758, 2508 , 
2708, 2516, 2716 (1 supply), 2532 , In-

tel's 2732, 2732A and Intel/NEC 
8755A. In addition , the system may 
be easily programmed to read/write/ 
erase the 16K EEPROMs . Further, 
the manual shows how most non-S-
100 buses can be modified to operate 
with the system . The software is user 
friendly. The system operates at rates 
in excess of 6 MHz and is port 
mapped so as not to occupy memory 
space . Personality modules are not re­
quired. The card is $199. CPM and 
CDOS compatible software is $38 on 
5v.'' Northstar diskettes or 8" IBM 
3740 diskettes, and for $55 in an 
EPROM (for non-standard systems) . 
Cer-Tek, Inc., 6020 Doniphan Dr, El 
Paso, TX 79932. Write 189 

SERIAL/PARALLEL 
INTERFACE BOARD 
Adds 110 Capability To C-Bus Based 
Systems 

The Model CSP provides 3 parallel 
ports and 2 serial ports and is capable 
of handling rapid data bursts . Two of 
the 3 parallel ports are TIL-buffered 
for general usage. The third port is 
buffered by a FIFO shift register to 
permit input and output of rapid 
bursts of data. For example , up to 16 
bytes can be stored in the FIFO at I/ 

0 clock rates up to 10 Mbytes/sec. 
The 2 serial ports are single full du­
plex serial channels designed to facili­
tate communications applications . 
One port for sync communication 
(SDLC or HDLC) at rates up to 800 
Kbits/sec. The other port is a serial 
RS232 interface for async communi­
cations and can be programmed for 
any data rate up to 9600 bits/sec. The 
CSP and peripherals connected to the 
C-Bus are controlled by a single Mod­
el IOP card. The CSP appears to the 
IOP as 12 input and 13 output ports. 
It can issue maskable C-Bus interrupt 
requests and supply interrupt vectors 
during interrupt acknowledge from 
the IOP's Z-80A processor. Cro­
memco Inc., 280 Bernardo Ave. , 
Mountain View, CA 94043. Write 191 
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CUSTOM 212A COMPAT 
MODEM 

Utilizes Digital Signal Processor 
Techniques 

The CTS Series 828 modem utilizes 
digital signal processor techniques not 
previously applied to modem design. 
Both the µP and signal processor used 
in the modem permit the replacement 
of many conventional circuit compo­
nents by software resulting in superior 
performance, reduced board size and 
competitive price. Bit error rate per­
formance is better than 1 in 105 (at a 
SIN of 12dB). Digital-to-analog and 
analog-to-digital conversion is per­
formed with a front-end · dynamic 
range of - 72dB. The dynamic range 
of the entire modem (important for 
reliable communications over poor 
quality telephone lines) is in the area 
of 0 to - 45dBm. A typical custom 
modem will operate at 1200bps DPSK 
synchronous and asynchronous plus 
300bps FSK asynchronous, full du­
plex in the originate, answer and 
automatic answer modes . Automatic 
DTMF and pulse dialing with auto­
matic redialing is provided. Two 

NEW! 
The TILT AND 

TIJRN 
CRT base 

from 
HETTINGA! 

Designed for operator 
comfort, accuracy 

and efficiency. 

USOC RJ-llC modular phone jacks 
allow both voice and data transmis­
sion over the phone line. From $200 
to $300 in OEM qty, depending upon 
the features and interface require­
ments specified. CTS Corp, 1201 
Cumberland Ave, W. Lafayette , IN 
47906. Write 192 

MIL-STD-1553 TRANSCEIVER 

Small, Dual Redundant Device 

BUS-63125 contains two custom LSI 
transceiver chips which reduce size 
substantially, requiring only 1.5 sq. in. 

of PC board space. Housed in a 36 
pin double dual in-line package, it 
contains two completely isolated 
transceivers . There are no electrical 

There's no more need ro stretch or srroin to see the CRT screen. 
No morrer how short or toll the operator, this new TllJ AND TURN 
electronics enclosure bose mokes oll of them the some size. 

• Tilr the base up ro 45 degrees 
- operorors con view the screen 
comforrobly wherher rhe rermi­
nol is on o desk or counrerrop. 

weighr-beoring surface that 
eliminates balance q_nd moin­
renonce problems. 

paths between the two circuits which 
are completely separate to maintain 
true dual redundancy. Features low 
power, improved filtering to enhance 
bit error rate, short circuit protection 
and a time-out circuit for each chan­
nel. The BUS-63125 is TTL compati­
ble and operates with ± 15V or ± 12V 
power supplies. $358 each in 100 qty. 
ILC Data Device Corp, 105 Wilbur 
Place, Bohemia, NY 11716. Write 197 

MODIFIED EEPROM 

700 Bit Serial Device 

ER1451 is a TTL compatible , 700 bit 
version of the General Instrument 
ER1400. Features include 50 word x 
14 bit organization, 10 year storage 
capability, word alterability, and lOms 
write and erase time. It is fully com­
patible with the ER1400 socket with 
minimum grounding reconfiguration. 
In all other aspects, the device is ex­
actly compatible with the existing 
ER1400. $1.65 in lOK qty. General In­
strument Corp , Microelectronics , 
Div., 600 W. John St. , Hicksville, NY 
11802. Write 196 

• Your cobiner will rurn o full 360 
degrees horizonrolly so rhe 
screen con be seen from 
onywhere in your office 

• Universol fosrening sysrem locks 
your CRT ro our base. 

• !luilr by Herringo Equipment's 
exclusive TCM process. rhe mmr 
advanced molding sysrem in 
rhe world. 

SCAN BE CAN BE ... YOUR ANSWER 

or shop. 
• Meosuring 3" x 12" x 12", rhis 

versorile base firs even the 
most restricted work area. 

• Adaptable to all CRT units. in­
cluding heavier models. Th is 
base turns on a full nine-inch 

• You save by buying directly 
from the monufocrurer. 

• 24-hour rurnoround upon re­
ceipt of your order 

• Orders welcome from one to 
5000 or more. 

Coll or write for more information todoy! 

HETTINGA, INC. 
8000 Univer>ity Avenue 

Des Moines. Iowa 50311 
515/224-11 14 
Telex 478315 

Write 44 on Reader Inquiry Card 
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The answer is as close as your telephone. Sconbe's low 
noise, high quality Micro-File '" accepts all Multibus '" cords and is 
immediately available in 4, 6, 8, 9, 12, 16, 20 and 26-s lot versions. 
These models come with or without backplanes and feature• rugged, 
anodized aluminum construction • Deep-Trok'" nylon guides • local 
distributor stock • custom applications. Coll today for more infor­
mation and a free Design Guide. 

Scanbe, Division of Zero Corporation, 3445 Fletcher Ave., 
P.O. Box 4159, El Monte, CA 91731, Phone: (213) 579-2300, TWX: 
(910) 587-3437. 

~!~!!~l!! 
The Packaging People 

Write 45 on Reader Inquiry Card 
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DIGITIZING/RECOGNITION 
DEVICE 

MULTIBUS D/A BOARD 16 bit Multibus based systems (includ­
ing the iAPX 86/12 and SBC-86/12) 
and supports 20 bit addressing . Bus 
input registers are double buffered . 
ST-716-A, 4 DIA channels , $690 ; ST-
716-B , 8 DIA channels, $995; ST-716-
C, 4 DIA channels with DC to DC 
converter, $745. Datel-lntersil , 11 Cab­
ot Blvd, Mansfield, MA 02048. 

Replaces Keyboard and Digitizer As 
Main Input Device 

An 8 Channel, 16 Bit Resolution 
Board 

AUDRE (AUtomatic Digitizing & 
REcognition) can capture an image of 
any object using a high resolution di­
gitizing camera coupled to a high per­
formance minicomputer. Input image 
resolution of 1720 x 2592 pixels 
translates to 200 points/in for an 8Vz'' 
x 11" document. The image is trans­
ferred to computer memory and dis­
play monitor simultaneously at over 1 
million pixels/sec. The minicomputer 
is a bit slice TTL processor support­
ing 768 x 1024 bit mapped display, 
tablet , 24 Mbyte hard disk , floppy 
disk, and 1 Mbyte MOS memory. 
Ethernet , RS232 and GPIB communi­
cations are supported. Applications 
include photogrammetry, mapping , 
text processing, circuit inspection, en­
gineering design and drafting , and 
CAD/CAM resource management. 
Camera, interface, minicomputer and 
utility software is $49, 700. Data-Stat 
Co., 1081 Alameda St, Suite 103, Bel­
mont , CA 94002. Write 193 

The ST-716 16-bit DIA boards (14 bit 
monotonic) are form and fit compati­
ble with Multibus based computers . 
They are memory mapped for easy 
software control and provide standard 
ouput ranges to simplify interfacing 
with industrial controls and instru-

Write 195 

Erratum 

mentation equipment. It is a "dedi­
cated" computer DIA output board 
and appears to the host computer as a 
string of contiguous memory address­
es (memory mapped) . The base or 
lowest address can be positioned by 
the user anywhere in memory allow­
ing additional ST-716 boards to be 
added. Compatible with both 8 and 

The photo appearing with the 
Hughes new product release "64K 
CMOS ROM" (Digital Design , 
January 1983, p. 86) was incorrect. 
The photo actually shows a custom 
chip designed by A/S Elektrisk Bu­
reau of Norway that was created 
using the ZyMOS standard-cell li­
brary and "ZyP" design automa­
tion system. The echo-cancelling 
device packs 5000 transistors-plus 
a lk CMOS static RAM-for mo­
dem applications. Further informa­
tion may be obtained from : Zy­
MOS Corp., 4777 N. Mathilda 
Ave., Sunnyvale, CA 94088. 

Dote: ~ii 7.1QaJ 
Place: 1-lyatt 1-lotel 

Palo Rlto, CR. 
Time: 12:00 - b:OO 

Take a look at tomorrow: meet the in ­
dustry giants as well as the innovators 
who'll be tomorrow's leaders! 

A single source computer show for 
OEMs, sophisticated end users, dealers 
and distributors, the California Com­

puter Show features the industry's newest 
developments in a one-day regional 
format. 

Featured will be the latest in com­
puters, from minis to micros. graphics, 
peripherals, systems and software. 
You're in good company at the indus­
try's only comprehensive one-day 

show with exhibitors such as IBM, 
Fujitsu. Memorex, Qume, Versatec. 
DEC, Data General. Shugart. 

Lexidata, Dataproducts, Tektronix, 
Charles River and more! 

For more Information or 
invitations please contact: 

"' Norm De Nardi Enterprises 
-:;::::' 289 S. San Antonio Road. Suite: 204 

Los Altos, CA 94022 (41 5) 941 -8440 

We're Looking 
For Authors ... 
We will JXIY 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 organized, 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 I/O, video display terminals, microcomputer 
development systems, logic analyzers, etc. 

Guidelines. For guidelines to Digital Design article 
requirements, format, submission and acceptance, 
write to: Features F.ditor, Digital Design, 1050 Com­
monwealth Ave .. Boston, MA 0'2215. 
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UPS Spec Sheet. A single page specifica­
tion sheet describes the full line of UPS, 
and gives the full range of model numbers 
manufactured by Clary Corporation. In­
cludes highlights of how various systems 
work along with detailed engineering data 
such as kVA, frequency (HZ) output am­
peres, harmonic distortion, weights and 
physical size of machines . 
Clary Corp. Write 250 

1•11111!!11••••• Ferranti ULA Gate Array Product 
Gulde. A full-color, 16 pp. ULA product 
guide describes the line of gate arrays. The 
guide features over 50 types of gate ar­
rays, providing chip complexities from 100 
to 10,000 gates and performances from 
CMOS power levels to ECL speeds. In­
cluded in the guide are a detailed explana­
tion of the Ferranti ULA concept, product 
characteristics and generic specifications 
for both digital and digital/linear arrays. 
Ferranti Semiconductors Write 257 

Keyboard Design Gulde. A 16 pp. full­
color brochure describes design consider­
ations for micromotion membrane key­
boards. The brochure details keyboard 
types, graphics and aesthetics, design and 
manufacturing, and quality assurance, as 
well as tables, checklists, and a glossary. 
The guide was developed as an aid to de­
sign engineers specifying membrane key­
boards, and explains the keyboard design 
process . 
Rogers Corporation Write 256 

Miniature IC Packages. Signetics Corp . 
has released a brochure, entitled SO Mi­
crominiature Packages . The "SO" or small 
outline microminiature package supports 
the emerging manufacturing method 
known as surface-mounted device technol­
ogy. The 16-pp. brochure catalogs nearly 
200 available products in the small packag­
ing in three major lines: TTL Logic (48 
products) , Linear (47 products) and LOC­
MOS 4000 series (96 products) . 
Slgnetics Write 262 

SAL Color Display Brochure. A 4-pp . 
color brochure describes Systems Re­
search Laboratories' Model 2106 In-line 
Color Display, that features 100 MHz vid­
eo bandwidth, preconverged tube/yoke as­
sembly and factory magnetic tuning, se­
lectable multiple line/frame rates , and a 64 
kHz horizontal frequency option . Standard 
features include differential video inputs 
and separate horizontal and vertical drive 
inputs. 
Systems Research Labs. Write 265 

Semi-Custom Brochure. A 6-pp. bro­
chure describing the Cherry Genesis line 
of digital I2L Semi-Custom Integrated Cir­
cuits features numerous charts and dia­
grams illustrating the basic I2L gates, in­
put-output interfaces , components 
available and basic layout rules for the 
three digital chip types: the,1200, 1300 and 
1400. A detailed chart gives condensed 
data for seven linear circuits as well as the 
three digital types. 
Cherry Electrical Products Write 264 
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51A" 
Floppy Disk Drives 

TEAC FD-55 
Series 

AT 15/e" HIGH, TEAC FD-55 SERIES 51/4'' 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-SSA FD-SSB 
• 48tpi • 48tpi 
• 40 track • 40 track 
• 250KB • SOOKB 
• single side • double side 

FD-SSE 
• 96tpi 
• 80 track 
• SOOKB 
• single side 

FD-SSF 
• 96tpi 
• 80 track 
•1MB 
•double side 

Power Requirements: 
DC +12V ±5% 0.3A typical, 0.7A max. 
DC + 5V ±5% 0.5A typical, 0.7 A 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 36 on Reader Inquiry Card 
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CP/M Compatible Software Catalog. 
Keeps Digital Research customers in­
formed of the number and variety of com­
patible application software products pro­
duced by independent vendors. Products 
are listed and described in detail according 
to DR language compatibility. Companies 
are also listed by the specific application 
program they produce. 
Digital Research Write 255 

Printwheel Information Guide. An 8-pp. 
comprehensive booklet outlining the im­
portant aspects of daisy printwheels , is 
now available from AGT Computer Prod­
ucts . This new guide has sections on print­
wheel characteristics, how to identify com­
patible wheels , types of daisy wheels and 
care and handling procedures . 
AGT Computer Products Write 259 

Semicustom Guide. An engineering 
guide to semicustom ICs provides design 
engineers with information for planning 
and determining design feasibility of semi­
custom integrated circuits for their appli­
cations. Included is a description of CD I's 
CMOS gate array families and their char­
acteristic data , development flow of de­
sign, and discussion of arrays from logic 
s imul atio n through computer aided 
engineering. 
California Devices Write 271 
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ADAC ..................... 31 Everest Electronic Equipment . 87 
ATE/East .... . .............. 46 Expo Communications ...... 111 
Audiotronics ........... ..... 21 
Automation Products ....... 103 Femco ... ... ............... 107 

B&K-Precision , Dynascan Genstar Rental Electronics ... .. 8 

Corp ...................... 109 Hettinga ........ ... ........ 119 
Bo-Sherrel ................. 105 Hughes Missile Systems . .. .. . 29 

California Computer Show ... 120 Imperial Technology ......... 94 
Cambex .. ...... : ....... ... 117 Intelligent Systems ........... 15 
Cambridge Digital ........... 23 Interface ............ ... ..... 76 
Camintonn .................. 73 
Comdex/Spring '83 ... . . .... .. 37 Justlee Management. ........ 107 

Computer Design & 
Application ...... .... ..... 53 

Control Data ........ ....... . 49 
Cuesta Systems ............. 109 

Kaman Instruments .... .. 98, 113 
Kennedy .. ... ............ .. C2 
Kinetic Systems ............. 50 

Language Resources ......... 95 
D.A.T.A ........ ...... ... .. 103 Lexidata . .......... . .... 12, 13 
Data Systems Design ... .. 56, 57 Lundy Electronics & Systems .. 7 
Dataram .................... 11 
Dexpo East '83 ... ..... . 54, 105 
DILOG (Distributed Logic 

Corporation) ........... .. . 27 
Dolch Logic ...... .... .. .... C3 

MDB Systems .. .......... . . .. 4 
MegaTape ............... 70 , 71 
Micro-Circuit Engineering ... 109 
Micro-Link ............. .... 63 
Micropolis .. .. .............. 39 

Elector . .................... 47 Mini Computer Technology .... 6 
Electro ............. .. ...... 66 3M, Data Recording 
Elpac Power Systems ... 103 , 105 Products Division ..... 16, 101 

122 

Connector Literature. Augat Fiberoptics' 
step-by-step instruction sheet for their JSC 
and DSC crimpless connectors includes 
simple pictorial instructions. The sheet is 
fully detailed to eliminate confusion and 
result in complete connector termination 
in under 15 minutes yielding typical con­
nector-to-connector losses of 0.9 dB (100 
µm core) . 
Augat Fiberoptics Write 261 

Power Supply Selector Guide. A new 6-
pp. Power Supply Selector Guide includes 
information on Switching Power Supplies 
and Linear Power Supplies. The new pub­
lication covers AC and DC Input Power 
Supplies, Open Frame and Modular Types 
and describes Custom Power Supply 
services. 
Bikor Corp. Write 258 

Modem Brochure. The Bi-Link 2-port 
statistical concentrator, used in conj unc­
tion with low or medium speed modems in 
full-duplex application, is illustrated in a 
new 4-pp. brochure. The Bi-Link allows 
users of 103, 202, or 212A type modem 
applications to concentrate 2 asynchronous 
interactive terminals on one phone line. 
Asynchronous network data rates may be 
up to 2400 BPS and terminal speeds may 
be switch-selected. 
Compre Comm Write 266 

Modgraph .......... ......... 9 
Monolithic Systems ........... 1 
The Mouse House - div. of 

Hawley Labs .............. 94 
Moya ...................... 67 

National Instruments ..... 62 , 107 
Nicolet Zeta .......... ... ... 25 
Nissei Sangyo America ....... 58 

Panel Components .... ....... 67 
Peritek . ... ...... .. ... ...... 18 
Polyform .................. . 73 
Pro Design ................. 101 
Pro-Log .................... C4 

Scanbe, div. of Zero Corp .... 119 
Sigma Information Systems ... 19 
Sorensen ........... . ....... 111 

TEAC ..................... 121 
Tele Video Systems . ... ... ... 2, 3 
Trompeter Electronics ....... 101 

Versatec ................ ... 111 

Warner Electric ............. 113 

Xeltex ...... . . ... ....... .... 77 

Zendex .... ................. 100 
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Dolch. 
advanced logic analysis 

Personality Plus for 16 bit microprocessors 
The Dolch 4850A Logic Analyzer has 
what it takes to analyze your 16 bit micro­
processor. 

Friendly, yet powerful, personality 
Our Trace Module connects the 4850A di­
rectly to your 16 bit operating system. 
Signal interfacing and clock formatti ng 
are already done . (In the 68000 and 
8086/88 systems, the Trace Module sepa­
rates instructions executed by the micro­
processor from all of those that were " pre­
fetched" into the instruction queue .) The 
4850A then disassembles and di splays the 

operations in assembly language mnemon­
ics . It 's that easy. 

Plus Some Powerful Pluses 
300 MHz Sampling: Besides having 48 
channels, for state or timing analysis, you 
can overlay 16 more at 300 MHz. The 3.3 
ns resolution lets you spot short glitches 
and resolve critical timing sequences . 

Advanced Triggering: Multi-level, multi­
function triggering gets you to your data 
-and analysis-quickly. 

Area Tracing: You can limit data tracing 
to specific areas of interest in your sys-

Write 15 on Reader Inquiry Card 

tern 's memory - there's no need to record 
unwanted data. 

Competitive Price: Price is a real plus 
over any other analyzer. 

For more reasons why the 4850A is ideal 
for 16 bit (and 8 bit!) microprocessors see 
a demonstration. Call (800) 538-7506; in 
California , (408) 998-5730. Or write: 230 
Devcon Drive , San Jose, CA 95112. 



No one elSe IS Pro-Logs PM9fJfJO MOS EPROM personality 
mt><Jrlltl Js. llllJJfB(/lb/I W/lh two lilJ.gtJls and n screwdnver. 
r'Wesu/ill£lffl~llll~Sl'fuptoyou). 
As .v.ou e • ~ lhf Pro-Log way IS V6IY simple­
anifis·•ittriuded on ill 1111W PMaO~. step 1: Insert the 
tlfKMed PROM into the 8lnlllY PM9080 mast8f socket. Step 2: 
Dial code "FF" with ths sefeCtion switch. Step 3: Push the 
"Duplicate" button ... Done. 
Our IUHJ!flfltng is_ EtBSY IPld=lckly makes you universal with 
aJI EPROM and f1PROM • As new PROMs appear on 
the market, you can JIK:Off)Ofate rtght away. When you 
see a swll1{J from NMOS PROMS to HMOS, you're not faced 
With the ntiBd to send your personality_ module back to the 
factory. You can U(Jf118de it yourself, the Pro-log way. 

INVENTORS OF THE STD BUS 

2411 Garden Rd., 
Monterey. California 93940 
G-312-4593 
T oil Free: 800-538-9570 

Offi~ Telex. France. 842-6963'!9. Germany, 9n624. Italy, 68/Jn; 
SWBden. 13695; SWi'tzerland. 55448; Umted Kmgdom, 858618. 


