


DYOURCRI. 
AMD' s CRT controller family wrings every 

last drop of performance out of your video screen. 
You get a dazzling, attractive display your 

customers will find irresistible. 

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

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

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

The Am8152A /53A. Make your display 
look its sparkling best. 

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

No other VLSI chip set gives you as much. 
And to top it off, the chips even take over 

many of the functions of the CPU. Like linked 
list manipulation for easier editing. Your CPU 
has better things to do. 

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

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

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

If you want the 
The International Standard of f 

Quality guarantees a 0.1% AQL on all most out 0 your 
electrical parameters, AC and DC, tube, put the 

over the entire ope~e. squeeze on 
IN'fS!D AMD. We'll show 

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

Advanced Micro Devices ~ 
901 Thompson Place, P. 0. Box 3453 Sunnyvale, CA 94088 

(408) 749-5000, outside California, call toll-free (800) 538-8450, Ext.5000. 

CIRCLE 1 



Squeeze more out of the tube. 
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SYSTEM TECHNOLOGY 

SPECIAL REPORT ON 
MASS STORAGE 
69 Mas~ memory -,ystems cPntinue to proliferate . providing a match for 

every system storage need. Disks pack gigabytes of data, tapes promise 
compact storage for these masses of data, and optical techniques offer 
sti ll untapped potential. Meanwhile, standards groups hope to gain 
agreement on compatibility issues to ensure that no matter what 
price / performance equatinn a system presents, a storage syqem will 
provide a plug-in solution . 

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

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

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

SYSTEM DESIGN 
27 Microprocessors / microcomputers: 171 Choosing the best operating system 

Multi-user AT computer creates standard~ 
overnight 

38 Interface: 
Silicon handles arbitration and message 
interrupts on Multibus 11 

44 Peripherals: 
Low cost magnetic printing technology use~ 
thin-film heads 

A number of trade-offs must be considered 
when selecting an operating system. The best 
choice depends on the intended use. 

183 Thirty-two bit micro tailored for high level 
languages 
A symmetrical architecture, multiple addressing 
modes, and slave processors support efficient 
high level language compilers in a 32-bit 
microprocessor. 

197 Nonvolatile memory gives new life to old designs 
Terminals and other equipment can be made 
more flexible, and product life can be extended 
by upgrading and customizing with NOVRAMs 
and EEPROMS. 

213 Simulator drives digital designs 
Designing complex circuitry requires 
sophisticated design aids at all levels. Logic 
simulation, from functional specs to fault 
analysis, manages and automates the process, 
freeing the designer for more creative tasks. 
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113 Cartridge disk meets needs of portable systems 
Fast access, large capacity, and removability are key data storage 
criteria. Cartridge disks combine all these in a single low power device. 

123 Two-c hi p set tack les disk co ntrol pro blems 

Oct I, 1984 

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

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

157 Effi cient 110 un leashes benefi ts of o pen bus concept 
Innate advantages of the open bus can free CPU-, bus-, and 110-bound 
systems. Peripheral controllers are the key to overcoming the devices' 
inherent limitations and lead to efficient bus use. 

SYSTEM COMPONENTS 
225 Computers: 

Personal computer benefits from 80286, networking, and software 

226 Com puters: 
Dual-processor design soups up supermicro system 

226 Test & develop ment: 
Workstations unite 32-bit processing with graphic~ 

227 Software: 
Graphics software makes dynamic data stream display possible 

227 In tegra ted ci rcu its: 
Ease of system installation highlights system clock chip 

228 Data communications: 
Seven ISO/ OSI layers covered by powerful LA boards 

228 Test & developmenl: 
Support package allows benchmarking and debugging 

DEPARTMENTS 
5 Up fro nt 

13 Edi toria l 

20 Letters to the editor 

256 Li tera ture 

257 Calenda r 

258 Designer 's bookcase 

259 System showcase 

26 1 Adve rtisers' index 

263 Recruitment 

265 Reader inquiry card 

265 Cha nge of add ress card 

WESCON/84 
5 1 Geopolitics of the 80s-and 

its effect on the entire electronic~ 
industry-will be stressed at 
WESCON /84, from the keynote 
address through the entire 
professional program. Special 
events will also be included to 
complete ILEE's year-long 
centennial celebration. 
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UPFROIT 
Data General finally enters portable market 

According to several industry sources, Data General Corp 
(Westborough, Mass) will announce its long-expected portable 
computer just after this issue of Computer Design goes to press. 
NCC scuttlebutt (see Computer Design, "Up front," Aug 1984, 
p 8) now seems to have been only minimally accurate, but the 
new system will have an LCD and built-in disk drives as reported. 
However, that display will be one of the largest yet offered with 
a portable computer-twenty-five 80-char lines. Software 
compatible with the IBM PC, the battery-powered briefcase-size 
Data General unit will be available with a choice of either one or 
two diskette drives and will weigh less than IO Ib.-S.F.S. 

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

CAE test and verification made cost effective 
Integrating test and verification into computer aided engineering 
could, until recently, only be achieved in automatic test 
equipment costing upwards of $100,000. Now, for almost a 
quarter of that price, designers can have all the hardware 
required to simulate a prototype IC and to compare the resulting 
output with a known good simulator output at rea ltime device 
operating speeds. Design Master, from Integrated Measurement 
Systems, costs $29,200 and fits into the design environment by 
interfacing with any computer system via either RS-232 or IEEE 488 

interfaces, or with a terminal through YTIOO terminal emulation. 
It will receive and execute test commands and report the resu lts 
of the test procedures. The host computer system can be most 
mainframes, mini or microcomputers, or any of the powerful CAE 
workstations. By integrating Design Master into the CAE 
environment, the designer can reduce the time required to test the 
prototype IC by 45 to 80 percent, according to the Beaverton, Ore 
company-N.M. 
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UPFRDIT 
Full ANSI Fortran on the IBM PC 

Computer system designers running their numerical computations 
on the IBM PC have found that many engineering programs 
require an IBM PC Fortran compiler that is more sophisticated 
than those from Microsoft, Inc and other firms. Many 
Fortran-based engineering programs are made to run, for 
example, on DEC's PDP-11 170 and VAX machines and their Fortran 
IV compilers. Now, Small System Services, Inc offers its 
Computer 2000 Fortran compiler that runs full Fortran IV (to ANSI 
X3.9 - 1966 standards, including double precision and complex 
variables) on the IBM PC. Fortran programs for the PDP- 11 170 and 
VAX can run on the PC with this compiler. The compi ler has 
features beyond those specified in the 1966 ANSI standard .-H.H. 

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

Professional 350 goes multi-user with new operating system 
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Digital Equipment Corp's Professional 350 personal computer has 
two limitations-it can accommodate only one user, and its 
operating system is not compatible with the PDP-I I. S&H 
Computer Systems (Nashville, Tenn) wants to change all that with 
its new PRO/ TSX-Plus operating system. This multitasking 
operating system allows the Professional 350 to support three 
users. It a lso provides access to applications and utilities under 
RT-11 , DEC's most popular operating system for the PDP-I I. User
defined priority , data and directory caching, and user-friend ly 
interface are said to be the selling points of the new operating 
system. PRO/ TSX-Plus is a logical step for S&H Computer 
Systems; it is an enhancement of the company's TSX-P lus 
operating system, a multi-user , RT-I I-compatible operating system 
for the PDP-11.-R.G. 



H you're a major league VAR, 
we want you on our team. 

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

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

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

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

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

To find out more about the advantages of 
becoming an IBM VAR, simply send in the cou
pon below or call 1800 IBM-VARS, Ext. .)62. 

If you think your company :::::=-:-:.==. =® 
can qualify, now's the time : :-:, :;:;:: 
to touch base. ==-= ~ = 
,----------------------1 
I Larry Humphreys ss2111-s4 

I IBM Distribution Channels 
I P.O. Box 76477 
I Atlanta. GA :~0358 

I Please send me your free booklet. ··Looking for Leaders:· 
I I " ame 'fitl e _____ _ 

I Company ______________ _ 

I I <\ddress, _____________ _ 

I I Cit) State Zip __ _ 

I 
L~htln:_ _____ --_ _:xiu<·~~~-_____ J 



UPFROIT 
Chip version of Lisp machine is on the way 

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

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

Pascal environment covers DEC 
A uniform Pascal-based software line, developed for all Digital 
Equipment Corp micro, mini and supermini computers, has been 
completed by Oregon Software (Portland, Ore). The recent 
addition of the company's Pascal-2 compiler for the VMS 
operating system means that a programmer can develop source 
code on any DEC computer and transport it to any or all other 
DEC machines. Also, all source-code debugging procedures are 
identical across all DEC computers.-T. W. 

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

ALTERNATIVE! 
Instead of a high priced development system ... let 
ZAX turn your IBM PC into a PROFESSIONAL 
DEVELOPMENT SYSTEM! 
For more information call ZAX at 800-421-0982 or 
714-474-1170. See us at Wescon, Booth #1325 

Zax Corporation 2572 White Road. Irvine, California 92714 
(714) 474-1170 • 800·421-0982 • TLX 183829 
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WHEN ITCOMES 
TO WINCHESTERS 

WE RUN CIRCLES AROUND 
THE COMPETITION. 

Tandon's 
made so many 
improvements 
in Winchesters 
that the rest of 

the drive industry is dizzy just trying to keep up. 
We build a wide range of drives. Open-loop 

and high performance closed-loop models. In 
both full and half-height versions ranging from 
12.8 to 36.2MB unformatted capacities. 

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

As far as our current line is concerned, the 
low-cost TMSOO line has become the most reliable 
full-height 12.8 and 19.lMB drives you can get. The 

newTM252half-height12.8MB surpasses the indus
try's most critical specifications. And our TM703 
has been increased to 36.2MB to make it the ideal 
high capacity drive for desktop business systems. 

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

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

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

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

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

lanaon 
THE DRIVING FORCE BEHIND THE SMALL COMPUTER INDUSTRY. 

Tandon Corporation , 20320 Prairie, Chatsworth, CA 91311. (818) 993-6644, TWX: 910-494-1721, Telex: 194794. Regional Sales Offices: Boston (603) 888-8612 • 
New York (20!) 851-2322 •Atlanta ( 404) 934-0620 • Chicago (312) 530-7401 • Dallas (214) 423-6260 •Irvine (714) 669-9622 • Santa Clara ( 408) 727-4545 • Kelsterback / 

Frankfurt, West Germany 6107-2091, Telex: 411547 •Reading/ London, England (0734) 664-676, Telex: 848411. Distributors: Hall-Mark, Kierulff, Schweber. 
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EDITORIAL 

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

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

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

In the International Competition of the Society for Technical Communication, two of 
our editors received an Award of Achievement for an article published in Computer 
Design. Editors also received awards from the Boston Chapter of the STC for nine of 
their entries. (The actual number of awards for these nine entries was 22 because many 
of the entries involved more than one editor.) Editors and artists receiving one or more 
awards in the STC contests were: Suki Adams, Chris Brown, Michael Elphick, 
Alan Green, Debra Highberger, Peg Killmon, Mark Lindquist, Jocelyn Melanson, 
Nicolas Mokhoff, Sydney F. Shapiro, Ken Silvia, Lauren Stickler, Leslie Ann Wheeler, 
and Tom Williams. 

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

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

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

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

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

Michael Elphick 
Editor in Chief 
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Everyone is talking about quality. 
But at National,we give you 

quality you can rely on 
year after year. 

That's reliability. 
In the last two years, ational 
has twice redefined the industry's 
standards for quality. 

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

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

Quality is important because 
it measures how well a product 
will perform. But you also need to 
know how long it will perform. 
Because the more reliable our com
ponents, the more reliable your 
product. And, of course, the less 
you spend on warranty claims. 

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

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

CIRCLE 8 

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

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

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

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

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

~National 
~ Semiconductor 

We're doing it. 
... £ 



GE NSTAR 

Rental Electronics, Inc. 
(800) 227-8409 

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

r TI,; HP 64000 .;-0;.; ;, ;,;; ,.:;,rldfT;..-;; .;,;; ;;;;;.;,;e1yil 
I D It sounds great. Tell me more! Call D I'm particulary interested in the I 
I me at following equipment: I 

o Send me your new Rental Catalog . I 
I D I'd like a copy of your "like new" 
I equipment for sale catalog , too . I 
I NAME TITLE I 
I ORGANIZATION I 
I ADDRESS MAIL STOP I 
I CITY/STATE/ZIP I 
I TELEPHONE CDG-1084 I 

Please complete coupon and mail to: Genstar Rental Electronics, Inc., 6307 
I De Soto Avenue, Suite J, Woodland Hills, CA 91367 I 
L-______________ ...! ~s!!:. R~a~e~'!!:.!:.· ~2J 
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THECOGITO 
I IAI ,F-HEIGHTS. 

Thousands of Cogito half-height 514 inch 
Winchester disk drives have already been 
delivered. All of them have one charac
teristic in common: unmatched high 
quality. This quality results from 
Cogito's philosophy that our mature 
technology will pay off for Cogito's 
customers-and for our custom
ers' customers. 

The Cogito half-heights' 
iron oxide recording media 
provides the long term 
reliability that protects 
our customers' data 
integrity in the 
marketplace. And 
Cogito half-height 
Winchesters use 
only half the 

power of regular disk drives. This is an 
achievement that has repeatedly been 

confirmed by the field. 
Cogito's management has trans

formed its wide experience in the 
mass production of Winchester disk 

drives into a product line where 
the quality is repeated in every 

disk drive that comes from 
Cogito's high volume 

manufacturing facility. 
For more information, 

call or write Cogito 
Systems Corporation, 

Sales Department, 
2355 Zanker Road, 

San Jose, CA 95131, 
Telex 171023, 

( 408) 942-8262. 

QUALITY WORTH REPEATING. 

COGITO 
CIRCLE 10 



An open-and-shut case 
for makin MiniFrame™ 
our first c oice in 
ow-cost OEM 
systems. 

IMPRESSIVE CPU SPEED. Running 
the AIM'"' Benchmark, Miniframe is 
as fast as a VAX-11 /750. The Mini
Frame's MC68010 microprocessor 
operates at lOMHz, with no wait 
states. 

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

RUNS AS MANY AS 8 TERMINALS. 
Convergent PT and/or GT, or stan
dard ASCII. Multidrop RS-422 
communications line operates at 
307 Kbit/sec. 

Copyright, 1984, 
Convergent Technologies, Inc. 

FOR HIGH-SPEED PRINTERS, a 
Centronics-compatible parallel 
printer port is standard m the 
Miniframe processor. 

ONE TO EIGHT USERS. Miniframe 
can be configured for up to 50 
Megabytes of integral mass storage: 
51/," Winchester fixed disks of 13, 
26or50Mb. 

COMMUNICATIONS EXPANSION. 
LAN capability via optional high
speed Ethernet interface module, 
and/or 8 additional RS-232 ports. 

ECONOMICAL MEMORY EXPANSION. 
Miniframe provides 1h Megabyte of 
RAM standard; up to three boards can 
be added for system expansion to 2 Mb. 



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

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

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

BACKUP STORAGE with 
integral 51/4'', 640 Kbyte 
floppy disk. Optional high
capacity backup available. 

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

Convergent 
Technologies 

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

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

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

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

The Window Manager permits viewing and 
n:ianipulating of up to four applications running 
simultaneously on Convergent's PT or GT 
terminal screens. 

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

Programming languages include industry
standarc:f High Level COBOL and BASIC, full 
FORTRAN-77, Pascal and C. 

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

Graceful upgrade path to 
the MegaFrameT.M 

The MegaFrame, Convergent Technologies' 
revolutionary super-minicomputer system, utilizes 
multiple processors; has expansion potential to 
128 users, 8 MIPS and gigabytes of disk storage. It 
enables OEMs to handle today's growing demand 

for computing services without dis
carding a single piece of hardware 
... or being forced into expensive 
CPU upgrades. 

=-'":- I(._. • . - ... . 
Applications software can be 

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

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

Where great ideas come together 
Miniframe and Megaframe are trademarks of Convergent Technologies, Inc. UNIX is a 
trademark of Bell Telephone Laboratories, Inc. , VAX is a trademark of Digital Equipment 
Corp., Ethernet is a trademark of Xerox Corp. 
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LETTERS TO THE EDITOR 

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

Brian Carpenter 
CERN 
European Organization for 
Nuclear Research 
Geneva, Switzerland 

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

I agree that HDLC has nothing to do 
with distance of transmission. The point 
of the article was to contrast HDLC 

CSMA I CD in LAN applications, not to 
imply that HDLC was only appropriate in 
LAN applications. I regret the misleading 
implication. 

92FAST 
ANSWERS. 

:, Got a complex problem? We've 
got a FAST™ answer. 92, to be 
exact. All tog ive you a wide variety 

of complex functions. 
FAST (Fairchild Advanced 

Schottky TTL) from Fairchild. 
Because high-speed 

and low-power solutions 
run in the family. 

See your nearest sales 
office 
or dis- FAIRCHILD 
tributor. A Schlumberger Company 

Fairchild Digital Products Division , 333 Western Avenue, South Portland, Maine 04106 
FAST (Fairchild Advanced Schottky TTL] is a trademark of Fairchild Camera and Instrument Corporation. 
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At Intel, we use the terms, Ethernet and 
802.3, interchangeably. In fact, Intel is 
actively encouraging the standardization 
around the 802.3 specification; Intel 
products are designed to comply with 
802.3. We expect that networks designed 
around a "Blue Book" Ethernet will not 
proliferate. On the issue of 1he type field, 
the 802.3 recommendation for byte count 
has to do with padding the frame size to 
ensure a minimum frame size of 64 bytes. 
The problem was not anticipated in the 
original Ethernet document. 

Bob Dahlberg 
Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 

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

Dale L. Jensen 
Rockwell International Corp 
PO Box 1183 
Downey, CA 90240 

Letters to the Editor 
should be addressed to: 

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



The Strategic Supplier 
Sells A Product, 

But Delivers Growth. 

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

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

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

• 
LEXAN® NORYr VALOX® 
sheet/ film/ foam/ resin foam/ resin film/ foam/ resin 

ULTEM® XENOY® 
foam/ resin resin 

We bring good things to life. 

e Registered Trademarks of General Electric Company CIRCLE 13 GENERAL. ELECTRIC 



Zt/~*4.~ 
ti# .I Catt~ a7 
/-3/z-578-g!)24 

<fju?~ 



You choose from all the best technologies at 

KEYBOARD 
HEIDlllRTERS 
DIN compatibility in the most advanced keyboard technologies. 
Only from Cherry: Where we are ready today to meet 1985 ergonomic standards. 
Only from Cherry: Where we make all the most cost-effective technologies for your application. 
Only from Cherry: Your Keyboard Headquarters. Worldwide. 

Keycap-----~1-_1 

Spring ~====~91.Dtt~~~_J Actuator 
Gold Crossbar Contacts ~+=llW ~;---,..,........,.-.., 
Cover Plate----1:.--Ji\I 
Housing--- -----\ 

PC Board .::::=:::::~~~~~~=::==:J 
Terminals 

Keycap ---------1?1"; 
Spring------___,~ 

Actuator------~ 

Cover Plate ----1=>~ 
Angled Pad------
Hou sing------~ 

PC Board ----~~~~>t=~:::'.;::::::::) 

Integral 
Keycap/Plunger -----+-1'-t--

Conical Spring ---++-IN
Elastomeric Dome 
Sealed Contact Lay:er;=:;:~~~~~ ""'~ ..... ~ 
PC Board 

U,~ IEJ§J@o:l""' \ 
§] §]§]~~~\ 

Graph ics Layer ED EJ 8 8 ~ 
Moving Contacts Layer_ • • 11 a 11. 

~i:i~e~ary Contact 

/ 

25' 8 8 8?S \ 

Full 'n-avel Hard Contact 
Gold crossbar contact configuration relied on in 
millions of applications worldwide. A first from 
Cherry more than a decade ago. Now proven and 
improved to meet the low-profile challenges 
of the 80's. 

Full 'n-avel Capacitive 
Pad capacitive in a uniquely simple design 
requ iring only five parts and a snap-in angled 
pad. Another keyboard technology alternative 
from Cherry .. . the folks with the most logical 
alternatives. 

Full 'n-avel Sealed Contact 
NEW: A next generation keyboard that combines 
full travel with the quality and reliability of sealed 
silver contacts for long life, low cost. Conical steel 
spring action with linear feel ... or elastomeric action 
with tactile feel. 

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

Layer----
Backing ------'~~ 

Termination----"====' 
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CHERRY ELECTRICAL PRODUCTS CORP. 
3614 Sunset Avenue, Waukegan, IL 60087 · 312/578-3500 

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



While everyone quit at 5 

© 1984 Seeo Technology, Inc 

2Kx8 latched 

2Kx8 latched timer, 
2816A compatible 

2K x 8 latched, 
full military temp. 

2Kx8 latched timer, 
2817Acompatible 

8Kx8 latched timer 



It's not that we're gluttons for punishment. 
It's just that at SeeQ we take the E2ROM 

business seriously. So seriously that our 
engineers insist our parts fit your designs, not 
vice versa. 

Maybe they got a little carried away. 
At last count, they'd developed 12 different 

E2ROMs. Outperforming their counterparts at 
other companies two to one. 

And they're responsible for more E2 improve
ments than any other design team. 

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

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

Plus there are plenty of ideas still on the draw
ing board. Because when it comes to designing 
new E2s, our engineers just hate to quit. 

Especially while they're ahead. 
For information on the industry's most innova

tive E2ROMs, write or call SeeQ Technology, 
1849 Fortune Drive, San Jose, California 95131. 
Telephone (408) 942-1990. Or circle number 
11 on the reader service card. 

we worked until 12. 

2Kx8 latched 

2Kx8 latched, 
lmswrite 

2Kx8 latched timer, 
2ms write 

2Kx8 latched timer, 
JM cycle endurance 

2Kx8 latched, 
full military temp. 

2Kx8 latched, 
28J6A compatible 

8Kx8 latched 

8Kx8 latched, 
lms write 

8Kx8 latched, 
full military temp. 

2Kx8 latched timer, 
28J7A compatible 

2Kx8 latched timer, 
28J 7 Aw /JM cycle 
endurance 

8Kx8 latched, lms write, 
full military temp., 
JM cycle endurance 



Tltorrios R. Fole 
President Y 
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Multi-user AT computer creates standards overnight 
IBM's new "three-user" AT computer 
establishes several de facto software 
and hardware standards for small 
business computers. Like its single
user floppy disk-based PC and hard 
disk-based XT predecessors, the latest 
product (introduced in August) from 
the Boca Raton, Florida Entry Sys
tems Division, will become an indus
try model. 

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

IBM has decided that Microsoft 
Carp's (Bellevue , Wash) DOS-3.0 
(soon to be replaced by DOS-3. 1) and 
Xenix are the operating systems best 

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

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

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

A peek inside 

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

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

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

The AT offers eight expan
sion slots (some occupied by 
such essential boards as floppy 
drivers), a socket for Intel 's 
80287 mathematics coproces
sor, an 8086-compatible real 
address mode, as well as a pro
tected virtual address mode. 

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

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

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

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

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

Feature 

Utilities 

Bug Fixes 

Shell 

SCCS 

mm 

minor utilities 

Line printer spooler 

Enhanced BSD mail package 

Visual shell 

Communications 

VPM 

User-configurable 

Machine-machine mail interconnect 

UUCP enhancements 

Software development 

ANSI 77 Fortran 

Ratfor 

Miscellaneous Fortran utilities 

MS-DOS X-development libraries 

Software generation system 

Common object format 

C compiler extensions 

Standard library improvement 

Hardware independent floating point 

Operating system improvements 

Process locking 

Messages 

Semaphores 

Shared Memory (data ) 

Record and file locking 

IK file system 

File system integrity 

System administration utilities 

Xaction process improvement 

Performance improvement 

Compatibility with System 111: 3 

Device drivers 

C compiler 

Object formats 

Executable formats 

Include files 

Source: Microsoft Corp 

Comparison of Xenix and Unix 

Xenix 

Microsoft and System V 

Microsoft and System V 

Microsoft and System V 

Microsoft and some System V 

Xenix 5.0 

Xenix 3.0 

Xenix 3.x 

No 

Xenix 3.x 

(MicNet) 

Microsoft and System V 

Optional MS-Fortran 

No 

No 

Xenix 3.x 
CMERGE1 

x .out 

Microsoft and System V 

Xenix 5.0 

Yes 

Microsoft and System V 

Microsoft and System V 

Microsoft and System V 

Microsoft and System V 

Xenix 3.0 

Xenix 5.0 

Xenix 3.0 

Xenix 3.0/PC-oriented 

Xenix 3 .0 

Microsoft and System V 
PC-oriented 

Yes 

Yes 

Yes 

Yes 

Yes 

Unix 

System V 

System V 

System V 

System V 

System V 

System V 

No 

Yes 

No 

System V 

Yes 

Yes 

Yes 

No 

System V 

COFF2 

System V 

System V 

No 

System V 

System V 

System V 

System V 

No 

System V 

System V 

System V /data processing-oriented 

No 

Primarily VAX -oriented 

No 

No 

No 

No 

No 

1 CMER GE refers to a C compiler developed at Microsoft. It is retargetable and generates optimized code. It is language compatible with 
Unix C and C Standards Committee. 

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

3 This refers to upward compatibili ty between System Ill , System V, Xenix 3.0, and Xenix 5.0. 
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software development tools that 
Microsoft has created. 

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

Multiple choices 
The AT will come with two operat

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

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

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

The niche IBM currently has in 
mind for it s AT comes clear from a 

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

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

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

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

simi lar feelings since being upstaged 
by Big Blue . 

The PC-DOS operating system soft
ware used in the PC and XT has con
tributed greatly to their success. 
Microsoft's generic MS-DOS-cus
tomized for IBM as PC-DOS-and its 
most recent DOS 2.1 version make it 
relatively easy for third-party vendors 
to provide a variety of software and 
hardware enhancements. But IBM 
might end its dependence on the 
Microsoft software. Some industry 
gurus believe IBM is working on its 
own next version of the PC's PC-DOS 
operating system. Moreover, IBM will 
introduce a version of its proprietary 
VM operating system for the AT. For 
the near and intermediate term, how
ever, IBM will use Microsoft's own 
DOS-3.0 and DOS-3.I, repectively. 
And, as IBM itself puts it, many exist
ing DOS programs (including DOS-2.1) 
will run "unchanged" on the AT with 
POS-3.0. 

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

Doing windows 
The DOS-3.0, using 36 Kbits of 

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

That IBM has taken this route
ignoring other vendors' windows
indicates its willingness to get directly 
involved in the personal computer 

(continued on page 30) 
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Multi-user AT 
(continued from page 29) 
software business and establish stan
dards in this domain. Topview will 
compete with the Apple (Cupertino, 
Calif) Macintosh's computer pro
gramming toolkit for the attention of 
third-party software developers. 
These third-party programmers may 
well opt for the IBM route to success 
rather than the iffy Macintosh road, 
given the latter's comparatively 
closed architecture and operating 
system. 

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

porting System v to the 80286 with 
AT&T and Intel. Digital is also likely 
to make its Concurrent DOS avai lab le 
for the AT. Clearly, the AT will be as 
important to future operating sys
tems as it is to those it already runs. 

IBM has not announced an operat
ing system that handles single users, 
multiple users, and networking simul
taneously. Such an operating system 
could combine the features of both 
a DOS-like and Unix-like operating 
system, and handle a variety of appli
cation programs. This kind of oper
ating system is a logical next step as 
the market grows in sophistication, 
however. Obviously, an AT user can
not run two operating systems at the 
same time. IBM will have to solve this 
problem with a proprietary system, 
probably to appear in a machine 
geared to more than five users. 

There is yet another operating sys
tem scenario. Suppose either Micro-

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

Disk madness 
IBM has settled the question of how 

many megabytes a small business 
computer's floppy disk should have. 
Its choice of half-height, 1.2-Mbyte 

Fujitsu: World-Class 
Components 

PC-Board
Type Relays 

World-Class Components 
Part of Tomorrow's 
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(1.6-Mbyte unformatted), 5 \14 -in. 
floppies establishes this size as the 
standard, ending a long-standing in
dustry controversy. Both original 
equipment manufacturers and disk 
drive manufacturers will grab onto 
the new standard size. Adopting this 
standard will present few problems 
since they will be able to continue 
using a we ll -defined IBM-originated 
standard design. 

1 BM has settled severa l other di lem
mas. For example, it chose 360 rpm 
for drive speed and 96 for the num
ber of tracks/ in. (the AT reads and 
writes on the PC and XT's 
48-track/ in. media, however). By set
ting up the AT to support 300 and 
500 Kbit / s, it established the data 
transfer rate. IBM wi ll not say who 
makes its drives (it has a variety of 
suppliers), but inside two machines 
are drives were "Made in Japan" 
labels. 

A variety of other hardware stan
dards have been set by IBM's AT. For 
example, it uses 128-Kbit x I dynamic 
RAMs. One opened AT showed 
Mostek, Inc. (Carrollton, Tex) RAMs. 
In the chip domain, IBM offers the 
Intel 80287 mathematics coprocessor, 
which complies with the IEEE pro
posed standard for floating point 
arithmetic. This 4-MHz clock speed 
chip has an 8087 mode for copro
cessing with the 8086 mode of the 
80286 and a coprocessing mode for 
the 80286. The chip will speed nu
meric calculations for 8086 or 80286 

app lication programs. Finally, IBM 
has defined the attributes of a half
height 20-Mbyte hard disk drive such 
as a transfer rate of 5-Mbit / s and a 
speed of 3573 rpm. 

Hook them up 
IBM has put Syrek, Inc (Mountain 

View, Calif) on the map overnight. 

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

The ISO model-based network 
hooks up all of IBM's personal com
puters with a 75-rl coaxial cable that 
handles data other than personal 
computer data. For example, it wi ll 
accommodate voice and video. The 
small capacity version of the network 

(con tinued on page 33) 
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FuJtsu's custom bubble memories offer 
maintenance-free operation, card 
expandability to 4 megabits, access 
time 4 times faster than compe
titive bubbles and 10 times faster 
than floppy discs, ambient temper
atures from 0°c to + 5D°C (case 
temperatures from 0°C to + 7D°C) 
and a non-volatile memory that 
generates without a seed bubble. 

What's more, tough Fujitsu cassettes go 

Adapter FBM-A003 (left} interlaces wffh 
GPIB; Adap ter FBM-A002 wffh RS232C. 

where discs fear 
to tread . Portable, 
detachable and 
magnetically 
shielded, they 
shrug off shock, 
vibration, dirt, oi l, 
and chemicals. 

And now, the new 
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the inset interface the 1-megablt 
cassette and the 4-megabit card to 

both RS232C and GPIB (IEEE 488). 

Also you can now order a 1-megabit, 
single power source ( + 5v) cassette 
system. This new unit has a built-in 

power-fail signal, which prevents 
loss of data in the memory. Its 

internal circuitry also provides for 
+ 12v and - 12v power sources. 

Finally, you can order a new 4" x 4" 
1-megabit bubble memory card and 

card kit. The assembled card plugs into 
a standard card-edge connector. 

Features like these make Fujitsu custom bubble 
memories ideal for test and measurement equip

ment, communication systems and data processing. 

For years, Fujitsu has produced state-of-the-art 
components at competitive prices-components of 

uncompromised quality and reliability. 

For the best components at the best prices, 
choose Fujitsu. 
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interrupts. 
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Multi-user AT 

(continued from page 31) 

IBM AT 
MOOEL 5170 

OR OTHER 
IBM PC 

IBM PC 
NETWORK 
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IBM PC 
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INCLUDES ISO UP TO ...._ ___ ___. 
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PCs 

Sytek, Inc's broadba nd local network fo r all IBM personal computers, except the 
Jr, is served by a carrier sense multiple access/ collision detect ion access scheme. 
The expand able netwo rk handles a variety of signals on its 250-Kbyte/ s 
transmissions. 

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

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

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

the secret to another of IBM's clever 
uses of the Sytek network. It is true 
that in its personal computer local 
network IBM has given nominal sup
port to the ISO. Now, however, I BM 
offers a standards-based alternative 
to Ethernet, backed by its office 
equipment competitor-Xerox (Dal
las, Tex). Moreover, IBM has the 
potential to offer a voice alternative 
to AT&T's private branch exchange, 
as well as another option in the un
developed market for such video con
ferencing services as AT&T sells. 

Whether IBM will offer an alterna
tive to the Sytek approach-one that 
allows other vendor's equipment to be 
hooked up-remains to be seen. Cer
tainly, Sytek stands ready to do it. In 
any case, IBM will not come up with 
a direct token-passing network for 
personal computers since it feels the 
Syrek network does the job just fine. 

-Harvey J. Hindin, 
Special Features Editor 

SYSTEM TECHNOLOGY 
(continued on page 38) 

A printed circuit board that con
nects any IBM personal computer to 
the network contains a ROM-based 
network BIOS . To keep the hookup 
price low, the board also has an Intel 
82586 coprocessor VLSI-based CSMA/ 
co interface chip. This chip imple
ments the ISO layer two (data link) 
network connections. It replaces a 
fistful of SS! and MS! parts and estab
lishes yet another hardware com
ponent standard. IBM did not opt 
for Intel's iNA 960 Transport/ Net
work Manager software; instead it 
took the Sytek version of this soft
ware for layers three through five. 
Intel's 82501 Manchester encoder/ 
decoder is not used because it is 
geared to I 0-Mbyte network opera
tions-the personal computer net
work features 250-Kbyte (2-Mbit) 
transmissions. 

UNFORGETTABLE MEMORIES 
MULTIBUS - QBUS 

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

Q-BUS MEMORY 
256KB TO 4MB 
• Battery Backup Mode 
• Block Mode DMA, ECC or Parity 
• Works with LSl-11 , J-11 , MicroVAX 

1MB . 
256KB .. 

SING LE QTY. PRICE 
················· 169~00 

. .... 525.00 

MULTIBUS MEMORY 
512KB TO 2MB EDC 

• Error Detecting and Correcting (EDC) 
• Faster Access Times 

SING LE QTY. PR IC E 
Without/EDC 

512 KB 895.00 
2MB 3595.00 

W/EDC 
1495.00 
4595.00 
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Nation 's 
• _enes 

National's Series 32000"' (formerly known as NS16000) 
provides the most complete family of 32-bit CPUs, 
slave processors, systems peripherals, development 
systems and software.Today! 

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

critical ingredient in microprocessor 
selection. 

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

Full 32-bit Architecture. 
In a world of over-stretched, 

band-aided microprocessor architectures, National provides a true 
32-bit solution. The Series 32000 is the world's first commercially
available 32-bit microprocessor family that was designed as 32-bit. 
We've taken a systems solution approach to give you what you 
need: An innovative microprocessor family with the right per
formance. Current availability. And alternate sourcing by major 
manufacturers. 

• Advanced 32-bit architecture is the basis of 
the Series 32000. This same 32-bit archi
tecture is implemented in all Series 32000 
CPUs. These CPUs also offer downward 

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

• Fast floating point support is available now with National's NS 
32081, the only viable floating point unitto support your system's 
needs for floating point operations. 

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

The best UNIX Micro. 
If your system design calls for UNIX, industry 

experts have called the Series 32000 "the best 
for UNIX'.' 

National's GENIX~featuring optimized 
Demand Paged Virtual Memory support, is 
available today in source form for OEM adap
tion. The next generation of GENIX, with 
Ethernet" support, is in test now. We have 
also delivered the Series 32000 version 
of UNIX System V (release 2.0) to AT&T 
for validation. National is your source 
for UNIX. 

Our Series 32000 software 
catalog gives OEMs an opportunity 

to select from a wide variety of 
software, including offerings from 
independent software vendors. 
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e 32:- lt so ution. 
e'vegotit! 

Series 32000 is the only 32-bit solution today. 
If your market window falls within the next twenty-four 

months, the Series 32000 provides you with product for your de
signs today. National is the only manufacturer that offers a complete 
32-bit microprocessor family now. With an architecture designed 

to fully support high-level languages; a full 32-bit data bus to 
memory that increases memory bus bandwidth and thus the speed 
at which data can be transferred; a range of CPUs with total 
compatibility to 16 and 8-bit; a full range of peripherals; powerful 
evaluation tools; a multi-user, multi-tasking development system; 
a growing list of available third-party software; and the hardware, 
software, service and customer training that spell real long-range 
commitment. 

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

Truly a generation ahead. 

Ask us for complete information. 
We'd like to send you a copy of our brochure entitled: "The Specifics 
of 32-Bit Architecture and Implementation'.' And to answer any 
questions you might have about Series 32000.Write to National 
Semiconductor, Series 32000, 2900 Semiconductor Drive, 
MS23-200, Santa Clara, California 95051. 

Series 32000. 
Elegance is everything. 
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Silicon handles arbitration and message interrupts on Multibus II 
The recently introduced Multibus 11 

architecture incorporates a total of 
five bus specifications-two of them 
carried over from the earlier Multi
bus 1 definition. In addition to the 
multichannel OMA 110 bus and the 
iSBX 110 expansion bus from Multi
bus 1, Multibus II includes a local bus 
extension for connecting multiple 
physical boards that appear to the 
system as a single "virtual" board . 
It also has a serial system bus for low 
cost interprocessor communication. 

The fifth bus in Multibus 11 is the 
parallel system bus (iPSB). This bus 
supports four address spaces: a 32-bit 
memory address space, an 8-bit mes
sage address range, 16 bits of inter
connect addressing, and 16 bits of 
memory-mapped 110 address. It is 
most useful for high performance sys
tems that take advantage of its burst 
transfer capability, which yields a sus
tained bandwidth of 40 Mbytes/s. 

The Multibus II specification sup
ports a bus arbitration protocol and 
message passing . Message passing 
allows block transfers between two 
boards on the system having local 
CPUs (bus agents) without worrying 
about memory management. T he bus 
arbitration protocol a llows bus agents 

to arbitrate among themselves for 
ownership of the bus without going 
through a central arbitrator. Intel 
Corp has now introduced two ICs to 
implement message handling and bus 
arbitration. Thus, the 1cs reduce 
component count and speed develop
ment of systems using Multibus 11 . 

The 84 11 0 bus arbiter controller 
(BAC) and the 84 120 message interrupt 
controller (MIC) work together or 
separately to off- load tasks from the 
local CPU. They monitor the address 
stream for messages, generate the 
needed interrupts, and arbitrate re
quests for control of the parallel bus . 
When initiati ng a message, the local 
CPU and the MIC both go through the 
BAC to get to the iPSB . 

To control arbitration 
The 84110 BAC has three basic inter

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

te lls the system what kind of board 

MULTICHANNEL OMA BUS 

iLBX II BUS 

iPSB BUS 

iSSB BUS 

3 8 COMPUTER DESIGN/October 1, 1 984 

In the Multibus 11 

architecture, the 
40-Mbyte/ s parallel 
system bus (iPSB) is 
the main system bus. 
The bus arbiter 
controller and the 
message interrupt 
controller provide 
standard arbitration 
and message 
support. 

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

The error stat us register uses I bit 
to signal a bus error and I bit for a 
time-out error. I ts remaining 3 bit s 
represent various types of agent 
errors. The local CPU can monitor 
this register and decide what to do in 
different error conditions. 

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

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

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

(continued on page 40) 
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Silicon and Multibus II 
(continued from page 38) 

REGISTER ENABLE 

REGISTER SELECT 
0 TO I 

REGISTER 110 
0 TO 4 

ERROR 
INTERRUPT 

1 
PRIORITY 

TRANSFER CYCLE SELECT A 
CONTROLS REQUEST 

SELECT B 
MC READY 

TRANSFER CYCLE GRANT 
ERRORS ~ A 

CHIP SELECT 

WRITE. READ 

CPU AND READY LOCAL BUS 

MESSAGE 
INTERRUPT 

i-I-- AO 
I-

TO A2 

MIC 

.A DO TO DJ 
SYSTEM CONTROL 0 TO 9 <=> 

J l -" 
ADO TO 31 

" 
BUFFER ~ 

CONTROL 

ARB 0 TO 5 

SYSTEM 1PSB BUS 
WRITE INTERFACE 

FUNCTIONS 

In this typical arrangement of a bus arbiter controller (BAC) and a message 
interrupt controller (MIC) on a bus agent, both the CPU and the MIC share the 
priority and the grant line to the BAC. The arbitration lines to the iPSB (ARB o to 
s) signal the agent' s priority in the arbitration protocol. Assertion of ARB s 
almost guarantees instant bus ownership. 

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

When the BAC senses an inactive 
BREQ*, it drives its arbitration ID 

onto the bus. It then compares the ID 

on the bus with its own ID. If a 
higher priority ID has been driven 
onto the bus at the same time, the 
high order bit will not match and the 
higher priority will get control. When 
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that is done, a new comparison is 
made. Assertion of ARB s overrides 
arbitration, except in rare cases where 
two agents have asserted priority at 
the same time and must then arbitrate 
among themselves. 

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

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

To control interruptions 
Like the BAC, the MI C has three 

interfaces: to the iPSB, to the local 
CPU, and to the 84110 BAC. Via its 
local CPU interface, the MIC behaves 
like a slave 110 port. The CPU can set 
its control and output message com
mands, as well as receive source and 
status information on incoming inter
rupts. The MIC contains both trans
mit and receive first in, first out 
registers, which contain addresses for 
queued message packets. 

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

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

MIC are processor independent like 
Multibus 11 itself, they interface to 
the normal address, data, and control 
lines of popular microprocessors. 

-Tom Williams, 
West Coast Managing Editor 
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new system with the MC68020: 
• IDicroprocessor. 

The new performance standard. 
Motorola's new MC68020 performs 

at speeds typically 400% of the estab
lished standard of comparison. the 
MC68000. It's up to ten times faster in 
dedicated 32-bit applications. 

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

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

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

A fully compatible M68000 Family 
member. 

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

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

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

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

New features enhance 32-bit 
architecture. 

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

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

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

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

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

Design support brings projects 
together, fast. 

Making the most of your new32-bit 
design opportunities with the MC68020 
is simple and effective with the 
backing of powerful new hardware 
and software support from Motorola. 

The Benchmark 20™ evaluation sys
tem has been developed as a maxi
mum environment testbed for result
ant software. For initial software de
velopment. cross-support packages 
under both the UNIX,."-derived System 
V/6S1'M and the real-time VERSAdos'M 
operating systems run on standard 
Motorola VME/ I 0 1

" and EXORmacs" 
hosts. 

You'll find MC68020 designs a 
breeze with Motorola's advanced 
development tools --real time emula-

nROM 

µROM 

AOORESS BUFFERS 

PROGRAM 
COUNTER 

EXECUTION 
UNIT 

BUS CONTROLLER 

lion and bus-state analysis with the 
HDS400 development system. 

Move up to the MC68020. 
The opportunity to design new-gen

eration systems around the MC68020 
and the M68000 Family is yours today. 
Marketplace attention will be focused 
directly on the growth-oriented com
panies that take advantage of this 
opportunity. Motorola's sales engineers 
and field applications specialists are 
available and equipped to assist you in 
moving up to the new 32-bi t micropro
cessor performance standard. Contact 
one of them today. 

Additional technical information is 
available by writing or sending the 
completed coupon to Motorola Semi
conductor Products Inc .. P.O. Box 20912. 
Phoenix. AZ 85036. 

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

EXORmacs is a registered trademark of Motorola 

UNIX is a trademark of AT&T Bell Laboratories. 
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Low cost magnetic printing technology uses thin-film heads 

(a) 

(b) 

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

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

This arrangement of 
the head and drum 
system allows ASCII 

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

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

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

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

lightweight and flexible 
The head is a piece of flexible 

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

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

(continued on page 47) 





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

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

Save on equipment investment and line charges 
by putting your terminals on a faster track. For 

lQfil ~"~?I Data Systems .. • . 960~ A/B . . . 
••• ,[ _· · I • •• • 

• :1.: . , - . I ~ • 

details, phone 800/633-2252, ext. 356. Universal Data 
Systems, 5000 Bradford Drive, Huntsville, AL 35805. 
Telephone 205/837-8100; TWX 810-726-2100. 

lDi1 Universal Data Systems 
® MOTOROLA INC. 

Information Systems~ 

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

CIRCLE 23 
Created by Dayner/Hall, Inc., Winter Park, FL 



SYSTEM TECHllDLD&Y / lP~OO~lPOO~OOffi[~ 

Magnetic printing technology 
(continued from page 44) 
coils and circuit paths on the flexible 
strip, will, according to Ferix, lend 
itself to future integration with cus
tom LSI circuits. Since the heads are 
produced using a mask process, new 
masks can be generated to provide 
different pixel density and size com
binations. Another property of the 
head material is that the substrate is 
extremely hard. Thus, it can be used 
in contract recording without concern 
for the tolerance associated with 
flying heads. 

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

Multiple images 
Ferix is introducing its new tech

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

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

The page printer can store six ROM 

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

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

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

·I· 

14272 Chamhcrs Rd. · l\1slin, CA 92680 · (714) Tll-9000 

ucts, and that the company is pre
pared to license the technology for 
specialized areas. 

-Tom Williams, 
West Coast Managing Editor 

Put Applied 
IY.u.a's PT-350 port

able floppy drive 
tester through iL~ paces 
and you'll find that it's 
the most thorough and 

economical drive tester on 
the market today. 

Small, but powerful , the 
l'l'.~50 offers capabilities comparable 
to larger systems with a higher sticker 

price. With a single command, up to 
30 successive tests can he initiated 

and as many as 10 user-defined test 
strings can be stored in the 

2K-hytes of CMOS static RAM with 
a battery hack-up. 

''<m'U enjoy the easy handling and high perfor
mance of the 1'1' 350, which is capable of testing all 
drives from )''to 8" and utilizes Dysan's Digital Diag
nostics (DDO) for verifying drive alignment. 

The PT-350 comes complete 111th a 40 charac
tcr/2 line display, carrying handle, storage area for 5 
cables with options available for built-in printer and 2 
serial ports. No other drive tester offers all tl1csc fe-aturcs. 

Other products availahle from ADC: Winches
ter disk drive tester, diskette duplication equipment, 
'lhms/ Media conversion system and media certifier. 

Prompt delivery of your new PT-350 if 
you order today. 

CIRCLE 24 COMPUTER DESIGN/Oct o ber 1, 1 984 4 7 



In 64K DRAMs, INMOS 
high performance and flexible 

... including 8Kx 8. 
-=-- Look to INMOS for a wide selection of 64K DRAMs. 
~)i~ We offer access times from 1 OOns. By-1 , by-4, and 

by-8 organizations. Plus features that boost performance 
and simplify design. This is the family that lets you avoid 

compromises by giving you the performance and organization 
you want. .. at costs you can afford. 

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

16Kx4-The performance chip. With 100. 120. and 
150ns access times. this organization makes a lot 
of sense in high-performance systems. such as high
resolution graphics. where high data rates are 
required . Packaged in plastic DIPs. the IMS2620 also 
gives you the right combination of cost. organiza
tion. and speed for microprocessor systems. terminals. 
and even arcade and home games. If you're up
grading from 16Kx1 chips, it provides a factor of 
four reduction in chip count. And its "CAS before 
RAS" refresh assist function minimizes required 
support circuitry for cost and space savings. 

• 0[[1)mOS 
P.O. Box 16000 • Colorado Springs. CO 8093S (30,~ilCMCIQDlitl'!"':~ 
TWX 910/ 920-4904 •Burlington. MA (61 7) Z73-S1~...,-. 
CA (408) 298-1786 • Torrance. CA (Z13) S'30-77 
MN (612) 831 -S626 •Baltimore. MD JOI 
(214) 669-9001 • Atlanta. GA (4,Qjll,li/(8<D'7 
Lewins Mead • Bristol BS 1 
0272 290 861 • TUC: 

64Kx1 -The big-system choice. This DRAM also 
gives you a choice of 100. 120. and 150ns access 
times. What's more. it includes "Nibble Mode. " 
which allows effective cycle times below 85ns. 
Available in a variety of packages. including plastic 
DIPs. ceramic DIPs, and chip carriers. it's ideal for 
systems requiring lots of memory depth. 

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

Organization Access Time (ns) Cycle Time (ns) Part No. 

8Kx8 120 190 IMS2630-12 
150 240 IMS2630-15 
100 160 IMS2620-10 

16Kx4 120 190 IMS2620-1Z 
150 240 IMS2620-15 
100 160 IMS2600-10 

64Kx1 120 190 IMS2600-12 
150 230 IMS2600-t5 

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





NCR 40-column printers ... adaptable to any OEM application, by 
design. Your system shouldn't have to bend to accommodate a printer. The 
printer should conform to your system. NCR's economical, 40-column printers 
are the most accommodating mechanisms and standalone units in the world. 
Slip printing. Data logging. Receipt and journal printing. We've designed each 
of our configurations to be flexible, compact, rugged and easy to install. Today 
over one million units are in use around the world. To expand the limits of your 
design capabilities, call (513) 445-7443. 

NCR 40-column printers . . . designed for demanding applications. 
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Electronic Show and Convention 

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

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

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

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

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

Anaheim Convention Center 
October 30 to November 2 

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

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

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

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

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

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

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

Professional Program Excerpts* 

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

Tues Oct 30, 10 am to 12:30 pm 
Chair: M. J. Ashley, American Microsystems Inc 

Santa Clara, Calif ' ' 
1/1 " Layout Verification and Workstations" 

W. S. Goerke, EGAD, Santa Clara, Calif 
1/2 "Workstations-A Passing Fad?" 

R. ~irk , American Microsystems Inc, Santa Clara, 
Calif 

1/3 " Personal Computer Software Increases 
Engineering Access to CAD Tools " 
T. A:· Zimmerman, Future Net Corp, Canoga Park, 
Calif 

1/4 " Software Trends for CAD/GAE Workstations
A PC-based CAD/GAE Workstation " 
A. ~· Hung, Personal CAD Systems, Inc, Los Gatos, 
Calif 

1/5 " User Extensible and Portable GAE Software for 
1c and PC Design" 
S. Sapiro, GAE Systems, Sunnyvale, Calif 

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

Tues Oct 30, 10 am to 12:30 pm 
Chair: S. P. Joshi , Advanced Micro Devices, 

Sunnyvale, Calif 
?..10 " Session Overview" 

S. Joshi , Advanced Micro Devices, Sunnyvale, Calif 
2/1 " An Overview of FDDt" 

K. Moulton, Sperry Corp, Blue Bell , Pa 
212 " Enhancing Local Workstation Capability and 

Performance With Mainframe Services Via 
High Speed LAN " 
B. J. Milander, IBM, Research Div, San Jose, Calif 

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

2/4 "Streamlining Protocol at High Data Rates" 
V. Iyer and S. Joshi , Advanced Micro Devices, 
Sunnyvale, Calif 

2/5 " Fourth-Generation PABX Applications Using FDDI" 
E. 0. Rigsbee Ill , cxc Corp, Irvine, Calif 

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

Tues Oct 30, 10 am to 12:30 pm 
Chair:. J . Haight , GigaBit Logic Inc, Newbury Park, 

Calif 
4/1 " New CMOS Multiplier-Accumulator El iminates 110 

Bottleneck" 
Dr. J. Eldon, TRW , LSI Products Div, 
La Jolla, Calif 

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

4/3 " Bipolar & CMOS Technologies Become Partners 
in Digital Signal Processing " 
R. M. Perlman , Advanced Micro Devices, Sunnyvale 
Calif ' 

4/4 " CMOS DSP with Muscle" 
G. Ramachandran , Fujitsu Microelectronics, Inc, 
Santa Clara, Calif 

4/5 " CMOS Word Sl ice Architectures Speed Signal 
Processing " 
P. Toldalagi , osP Div, Analog Devices, Inc, 
Norwood , Mass 

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

Session 5: Thirty-two-bit Microprocessor 
Product Development 

Tues Oct 30, 10 am to 12:30 pm 
Chair: S. K. Skoog, NCR Microelectron ics, Colorado 

Springs, Colo 
5/1 " Product Development for the MC6ao20" 

B. Beims, Motorola Inc, Aust in, Tex 
5/2 "The Impact of External Microprogrammabil ity 

on Firmware Development " 
J. S. Beekley, NCR Microelectron ics, Colorado 
Springs, Colo 

5/3 " NS32032 Family Support Tools" 
R. Mateosian, National Semiconductor, Santa Clara, 
Calif 

5/4 " Hardware and Software Development System 
for 32-bit CPU and MMU with Internal Cache" 
W. A. Stubblebine and R. A. Rango, Bell 
Laboratories, Holmdel , NJ 

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

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

(continued on page 54) 



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

It's easy to see why more and more designers and 
processors are switching to American Hoechst's versatile 
line of HOS1YREN VO polystyrenes for many kinds of 
electronic enclosures. 

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

As a cost-effective alternative to traditional materials, 
they have a lot to off er: proven color stability, excellent 
beat and impact resistance, good finish properties and 
ilepe11dable product consistency, resulting from total 
· -house" production control. 

e complete HOSTYREN polystyrene family 
is so the only line of polystyrenes that offers a choice 
of custoll). and standard colors on less-than-truckload 
'orders. 

fldd th fact that American Hoechst's experienced 

and fast-growing technical sales and service team 
offers prompt, hands-on solutions to on-site problems 
and you can see why HOSTYREN polystyrene resins 
are such a popular choice. Mail the coupon now for 
technical details and cost comparison data We're the 
Plastics Fanatics. 
r-------------1 
I D Please send technical information and cost comparison I data sheets on your HOSTYREN VO polystyrene resins. I 
I CD·lO I 
IN~ ~ I 
I Company I 
IM~~ I 
I City State Zip I 
I Telephone I 
I Send to: Ms.Jenny Hammond I 

American Hoechst Corporation re 
s100 Bainbridge Boulevard HOeChSI 
~~a~A~~o~0~4~2------~ 

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

Session 6: Turning Personal Computers Into 
Professional CAE/CAD/CAM Tools 

Tues Oct 30, 2 pm to 4:30 pm 
Chair: D. M. Laughlin , Personal CAD Systems, Inc, Los 

Gatos , Calif 
6/1 " The Pc-Personal Computer, or Design Tool?" 

D. M. Laughlin , and C.-S. Horng, Electronic Design 
Automation Div, Personal CAD Systems, Inc , 
Los Gatos, Cal if 

612 " Integrating Personal Computer Tools Into a 
Systems Environment " 
J . Willner, Hughes Aircraft , Fullerton , Calif 

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

6/4 " Pc-based Instrumentation Merges With CAE" 
J . E. Fischer, Northwest Instrument Systems, 
Beaverton , Ore 

Session 7: Towards a Complete Fiber Optic 
LAN-Part II: The Hardware Issues 

Tues Oct 30, 2 pm to 4:30 pm 
Chair: S. P. Joshi , Backend Networks, Advanced 

Micro Devices , Sunnyvale, Calif 

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

SLIP 
CLUTCH 

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

REELL PRECISION MANUFACTURING 
CORPORATION 
1259 Wolters Boulevard 
St. Paul, Minnesota 55110 
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7/0 " Session Overview " 
S. P. Joshi , Backend Networks, Advanced Micro 
Devices, Sunnyvale, Calif 

7/1 " Fiber Optic Transceiver Design for High Speed 
Local Area Networks" 
I. Ohel , Optical Communication Div, Hewlett
Packard , Palo Alto , Calif 

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

713 " Fiber Optic Cable Design for LANs" 
T. P. Huegerich , Siecor Corp, Hickory, NC 

714 " Optical Bypass Issues in Fiber LANs " 
T. Odderstol , Frequency Control Products, 
Woodside, NY 

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

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

Tues Oct 30, 2 pm to 4:30 pm 
Chair: F. Toth , DSP Div, Integrated Device Technology, 

Santa Clara, Calif 
9/1 " Signal Processing Gate Array Macrofunction 

Yields Customizable Standard Products " 
A. Tregida, International Microcircuits, Inc , 
Santa Clara, Calif 

9/2 "Trade-offs in the Use of the TM S320 as a Digital 
Signal Processing Element " 
J. Bradley , Texas Instruments, Inc , Houston , Tex 

9/3 " CMOS Word-Slice: A Compact Solution for 
DSP Design " 
R. M. Lopes , Synertek, Inc , Santa Clara, Calif 

9/4 " High Performance CMOS DSP Building Blocks 
Allow Low Power System Optimization " 
F. Toth , DSP Div, Integrated Device Technology, 
Santa Clara, Calif 

9/5 " Highest Performance System Uses a New CMOS 
Mult/Accumulator" 
F. Williams, TRW, LSI Products, La Jolla, Calif 

Session 10: Using High Performance 
Multiprocessing and 
Coprocessor Architectures 

Tues Oct 30, 2 pm to 4:30 pm 
Chair: H. Look, Zilog , Campbell , Calif 
10/1 " Multiprocessing with TMS 32010" 

D. G. Garcia, Texas Instruments, Inc , Houston , Tex 
10/2 " Implementing Multiprocessor and 

Coprocessor Architectures with the zso,ooo CPU " 
H. Look, Zilog, Campbell , Calif 

10/3 " Multiprocessing Features of the MC6B020" 
B. Beims , Motorola, Inc, Austin , Tex 

(continued on page 56) 



To get both economical EMI compliance 
and economical functional integrity, 

simply learn our phone number. 
We're Spectrum Control. And ou r business 

is controlling electromagnetic 
interference. We've spent the last 
15 years doing the basic research 
and developing the practical 
methodology that has made us 
an industry leader in designing 
and manufacturing filters , 
shields, gaskets and filtered 
connectors. 

We developed the techno
logy before you developed 
the need. 

Our filtered 
D subminiature 
connectors , for example, 
make your computer 
comply with FCC Part 15 
while protecting your equip
ment against both radiated and 
conducted interference, without 
interfering with the way it works. 

And an automated pro
cess we pioneered and per
fected delivers them to you 
with quality control 
second to none. 

Our new geodesic structure FCC open field 
test site is the only diagnostic and test ing facility 

like it in the world. 
We're a research company. 

We 're a design company. We 're a 
diagnostic company. We' re 
a manufacturing company. 
Each part interfacing with 

the others to increase our 
practical knowledge and 

functional capabilities 
almost daily. 

If you ' re looking for solu
tions to EMI pollution , please 

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

expensively than anyone else 
in the business. 

(814) 4SS·0966 
Ask for John Lane or write 
for fu ll line catalog. 
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10/4 " Distributed Processing with the NS32032" 
R. Mateosian , National Semiconductor, Santa Clara, 
Calif 

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

Session 11: Access Paths to Memory: 
Processors and Peripherals 

Wed Oct 31, 10 am to 12:30 pm 
Chair: C. H. Kaplinsky, Signetics Corp, Sunnyvale, 

Calif 
11/1 " Access Paths: Memory Hierarchies and 

Protection " 
C. H. Kaplinsky , Signet ics Corp, Sunnyvale, Calif 

11/2 " The Signet ics Memory Access Controller" 
Dr. M. Freeman, Signetics Corp, Sunnyvale , Calif 

11/3 " NS32032 Memory Bus Usage" 
D. Gurley and M. Baron , Architecture Group, 
Nat ional Semiconductor, Sunnyvale, Calif 

11 /4 " The Z8o,ooo: Memory Management and Cache 
Aspects" 
A. Pat il, Zilog , Campbell , Calif 

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

Session 12: Microprocessor-based System 
Software 

Wed Oct 31, 10 am to 12:30 pm 
Chair: C. Hunter, Hunter & Ready, Inc, Palo Alto , Calif 
12/1 " Microprocessor-based Software Integration" 

P. Zappacosta, Logitech , Inc, Redwood City, Calif 
12/2 " Improving User Productivity with Database 

Management Systems" 
M. Stonebraker, Relational Technologies, Berkeley, 
Calif 

12/3 " Software Component Call ing Conventions" 
L. Froisland , Hunter & Ready, Inc, Palo Alto , Calif 

12/4 " Satellite Applications for Microprocessor 
Software" 
W. Ivey, Equatorial Communications Co, Mountain 
View, Calif 

12/5 " Transparency in Communication Software" 
T. R. Firman , Action Technologies, Inc, 
San Francisco, Calif 

Session 14: Customizable Linear VLSI 

Wed Oct 31, 10 am to 12:30 pm 
Chair: N. J. Miller, Micro Linear Corp, San Jose, Calif 
14/1 " Customization Through Programmable Digital 

Signal Processing " 
R. Apfel , Advanced Micro Devices, Sunnyvale, Calif 

14/2 " Mask Programmable Analog Array Complexity 
Considerations" 
D. Bray, lnterdesign, Inc, Scotts Valley, Cal if 
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14/3 " Measuring the Level of Linear Integration " 
P. Brown , Micro Linear Corp, San Jose, Calif 

14/4 " Advanced Design Automation Techniques for 
Analog VLSI" 
G. Kelson , Sil icon Systems, Inc, Tustin , Calif 

14/5 " Analog Digital System CMOS Semi-Custom 1c" 
A. Kadis and Dr. G. Sheu, Telmos , Sunnyvale, Calif , 
Dr. H. Voss, Lockheed Missile & Space, Inc , 
Palo Alto , Calif 

Session 15: Futures in Electronic Packaging 

Wed Oct 31, 10 am to 12:30 pm 

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

15/1 " Tape Automated Bonding " 
C. E. Huwen, International Micro Industries, 
Scottsdale, Ari z 

15/2 " Advanced Concepts in Ceramic Packaging " 
R. Sigliano , Kyocera, Irvine, Calif 

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

15/4 "Tomorrow 's Package-More 11os?" 
A. Russo, M. Hagen and M. Cusak, United 
Technologies Microelectronics, Colorado Springs , 
Colo 

Session 16: 110 Handling Techniques in 
Microprocessor-based Systems 

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

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

16/2 " 110 Bottleneck For Microcomputers is Real and 
Solutions are Here" 
S. Bal , Adaptec , Inc, Milpitas, Calif 

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

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

Session 17: Unix for Microprocessors 

Wed Oct 31, 2 pm to 4:30 pm 
Chair: R. Mateosian , National Semiconductor, 

Santa Clara, Calif 
17/1 "The MC68020 and Uni x System V/68" 

B. Beims, Motorola, Inc, Austin , Tex 
17/2 " Uni x for the NS32032-The Best Uni x Micro You 

Can Buy" 
K. Wallace, National Semiconductor, Santa Clara, 
Calif 

(continued on page 58) 



industry standard formats for information interchange, 
with 112'' tape speeds from 12.5 to 75 inches per second 
and recording densities of 800 cpi, 1600 cpi and 6250 cpi. 
One quarter inch cartridge systems at 1600 or 6400 cpi 
are also available . 

••••••• • • • ••••••• 
Dyl on 
Data 
Corporation 

9561 Ridgehaven Court San Diego, CA 92123 

CIRCLE 30 

Call (619) 292·5584 or return this coupon tor more 
information. 

________ Title Name 

Company 
Address _________________ _ 

City/State/Zip _______________ _ 

IEEE-488 System Type-------------... . . 



(continued from page 56) 

17/3 " The 28000 and 280,000 for Maximum Unix 
Performance " 
B. Andrews, Zilog , Inc , Campbell , Calif 

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

Session 19: Instant Turnaround Custom 
1cs-New Concepts in VLSI 
Design" 

Wed Oct 31 , 2 pm to 4:30 pm 
Chair: R. F. Hartmann, Altera Semiconductor Corp, 

Santa Clara, Calif 
19/0 " Session Overview: Instant Turnaround Custom 

1cs-New Concepts in VLSI Design 
R. F. Hartmann , Altera Semiconductor Corp, Santa 
Clara, Calif 

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

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

19/3 " An Easier Way to Design with Programmable 
Logic " 
R. Osann , Assisted Technology, Inc , San Jose, 
Calif 

19/4 " Next-Generation Programmable Logic " 
V. J. Coli and J. Grenier, Monolithic Memories, Inc , 
Santa Clara, Calif 

19/5 " Personal Computer-based Programmable 
Logic Design Support System" 
S. M. Walters, Valley Data Sciences, Mountain 
View , Calif 

Session 20: Advances in Automated Circuit 
Board Assembly 

Wed Oct 31 , 2 pm to 4:30 pm 
Chair: B. Kaufman , Augat/Alcoswitch , North Andover, 

Mass 
20/1 " Auto-insertable Passive Devices-Integrating 

Circuits in Dip Switches " 
R. De2iel , Augat/Alcoswitch , North Andover, Mass 

2012 " Payback on Auto-insertion-A Look at the 
Dollar Savings " 
D. Brault , Northeastern Tool Company, Laguna 
Hills, Calif 

2013 " A User Reports on Auto-insertion Benefits" 
D. Shoquist , Hewlett -Packard Co , Santa Clara, Calif 

2014 " The Benefits of Surface Mount Technology" 
P. Marcou x, AWi, Santa Clara, Calif 

2015 " Using Auto-insertable Dip Switches in the 
Manufacture of Computers " 
G. Samii , MAI , Basic Four, Tustin , Calif 
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Session 21 : Ada-Multiple Points of View 

Thurs Nov 1, 10 am to 12:30 pm 
Chair: Dr. T. M. VandenHeede , Zilog , Inc , Campbell , 

Calif 
21/1 " Ada From the User's Point of View " 

Dr. T. M. VandenHeede, Zilog , Inc , Campbell , Calif 
21/2 " Ada From the Implementor's Point of View" 

D. Eilers , Irvine Computer Sciences Corp , Irvine, 
Calif 

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

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

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

Session 22: EMl/RFI Regulations and 
Compliance 

Thurs Nov 1, 10 am to 12:30 pm 
Chair: R. M. Simon, Transmet Corp, Columbus, Ohio 
22/1 " Plastics That Shield Against EMl /R FI " 

S. R. Gerteisen , Wilson-Fiberfil International , 
Evansville, Ind 

2212 " Plastics for ESD" 

J. Travis , LNP Corp, Malvern , Pa 
2213 "ASTM Testing for EMl/RFI Shielding " 

R. M. Simon , Transmet Corp , Co lumbus, Ohio 
2214 " EMI Shielding En c losures" 

L. Tracewell , Tracewell Enclosures, Inc , Columbus, 
Ohio 

2215 " Testing for FCC Compliance " 
G. Dash , Dash , Straus , and Goodhue, Inc, 
Boxborough , Mass 

Session 23: Graphic Video Interfaces: 
A System Design Perspective 

Thurs Nov 1, 10 am to 12:30 pm 
Chair: P. Madan , EXEL Microelectronics, Inc , San Jose, 

Calif 
23/1 " The New Graphics Standards-An Overview " 

S. Stash , Precision Visuals , Boulder, Colo 
2312 " Design Cons iderations for Implementation of 

NAPLPS Videotex Terminals " 
J. Lopinto , Communication Specialties, Inc , 
Commack, NY 

2313 " HCMOS Graphics Processors Provide Extensive 
Support for Wide Range of Bit -mapped Displays" 
P. Madan , EXEL Microelectronics, Inc, San Jose, 
Calif 

(continued on page 60) 
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23/4 " Graphics Display Processor Integrates 

Drawing Algorithms and Display Control in CMOS" 
H. Maejima, Hitachi America, San Jose, Calif and 
K. Katsura, K. Minorikawa, and H. Yonezawa, 
Mutashi Works 

23/5 " LSI Bit-mapped Video Memory Control " 
R. Palm, Synertek, Santa Clara, Calif 

Session 24: System Oriented VLSI for Mass 
Storage Control 

Thurs Nov 1, 10 am to 12:30 pm 
Chair: D. Horton, Advanced Micro Devices, Sunnyvale, 

Calif 
24/1 " Advanced VLSI Disk Controller Solves System 

Interface Problems" 
M. S. Young , Advanced Micro Devices, Sunnyvale, 
Calif 

24/2 " System-oriented 1c Chip Set to Support High 
Speed Bit Stream in Hard Disk Control " 
N. Siddique, Signetics Corp, Sunnyvale, Calif 

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

24/4 " VLSI Disk Controllers" 
R. Chung , Western Digital Corp, Irvine, Calif 

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

24/6 " Programmable Winchester/Floppy Disk 
Controller With Dual 10 Mbyte/sDMA Channels" 
M. Evans , National Semiconductor Corp, Santa 
Clara, Calif 

Session 25: Applications of Networks Using 
Standard Personal Computer 
Interfaces 

Thurs Nov 1, 10 am to 12:30 pm 
Chair: Dr. J . MacCalla, Advanced Systems Concepts, 

Inc, Pasadena, Calif 
25/1 " Interface Consideration in Computer 

Networks" 
Dr. M. Schneidewind , Naval Postgraduate School , 
Monterey, Calif 

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

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

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

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

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

Thurs Nov 1, 2 pm to 4:30 pm 
Chair: A. W. Brown , Volition Systems, Del Mar, Calif 
26/1 " A Unix-like Shell in Modula-2, a Systems 

Implementation Language " 
D. R. Cohen , Jet Propulsion Laboratory, Pasadena, 
Calif 

2612 C. T. Helmers Jr, North American Technology, 
Inc, Peterborough , NH 

26/3 " Low Level Mach ine Access in Modula-2" 
M. Hofkin, Journal of Pascal , Ada, and Modu la-2, La 
Jolla, Calif 

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

26/5 " Modula-2's Masterful Implementation of 
Interrupts" 
J. P. Shaver, Allergan Pharmaceuticals, Irvine, Cal if 

Session 27: Modular Automatic Test 
Equipment (MATE) 

Thurs Nov 1, 2 pm to 4:30 pm 
Chair: S. Levine, Litton Guidance & Control , 

Woodland Hills , Calif 
27/1 " The Impact of MATE on the Commercial 

Electronics Manufacturing Industry" 
P. W. Shelton , Sperry Corp, Great Neck, NY 

2712 " MATE Systems Software-the Contractor's 
Perception " 
Dr L. L. Lane, General Dynamics/Electronics , San 
Diego, Calif 

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

27/4 " The Effect of MATE on the Military Equipment 
Manufacturer" 
C. Smith and S. Levine, Litton Guidance & Control , 
Woodland Hills, Calif 

Session 28: Bit-mapped System Design
ECL Solutions 

Thurs Nov 1, 2 pm to 4:30 pm 
Chair: A. Sfarti , Advanced Micro Devices , Sunnyvale, 

Calif 
28/1 " ECL-TTL Part itioning in Bit-mapped System 

Design " 
0 . Garbe and P. Reilly , Advanced Micro Devices, 
Sunnyvale, Calif 

2812 " Frame Buffer Memory Organization " 
R. Lawrence, Digital Equipment Corp, Marlboro, 
Mass 

28/3 " Semicustom Gate Array Chip to Handle 60-Hz 
Non-interlaced Video " 
R. Pineau , Lexidata, Billerica, Mass 
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HIGHLIGHTS 
The World's First 4th Generation Operating System. 

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

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

FILE SYSTEM COMPATIBILITY:s1™ can read and write files to and from: CP/M®, MP/M II™, MS-DOS™, UNIX®, 
XENIX®, p-System®, FLEX™, IBM 3741 , DEC™ Files 11 and others. 

MUL Tl USER - MUL TIT ASKING:complete support: even multitasking per user. 

MUL TIPROCESSING:up to 256 processors simultaneously supported with any task running on any CPU. 

NETWORKING:complete support: extensive networking with single or multiuser nodes usable from any program. 

EXTENSIVE GRAPHIC SUPPORT- FULL SCREEN MANAGEMENT-WINDOWING-BIT MAPPED DISPLAYS 

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

EXTENSIVE UTILITIES:Assembler-relocating loader-l inkage editor-high level assembly & language debuggers 
sort-extensiveO.S. managed error recovery-operating system debugging tools-desk calculator. 

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

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

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

USER COMPATIBILITY:AI! configured versions of S1™ " Look" and " Respond " the same to al l users, regardless of 
wh ich ch ip or configuration is used. 

VERY USER FRIENDL Y:Menu driven, command driven, or prompting command processors. 

PRESENTLY RUNNING ON:68000, Z80®, 8080 and 8085. By July 84: 8086/88-Aug. 84: 80186-
Sept. 84: 80286-0ct. 84: 16032 

LANGUAGES AVAILABLE: Pascal (ISO compatible) + Extensions, FORTRAN 77 + Extensions, C (Kernighan + 
Ritchie) + Extensions, BASIC (ANSI) + Extensions; by Dec. 84: COBOL 74 + Extensions, Modula 2 + 
Extensions; by Feb. 85: PL/I + Extensions, Ada + Extensions, LISP + Extensions, SNOBOL + Extensions. All 
our languages are extended to provide many of the advantages of the S1 TM Operating System (i.e.; 64 character 
file names) and are supersets of most popular language compilers, and can be made compatible with these 
languages using our available converters. 

HIERARCHICAL DIRECTORIES & KEYED FILES (ISAM & VSAM & B-Tree) 

ELECTRONIC MAIL & FILE TRANSFER 

SEMAPHORES AND LOCKS-REAL TIME SUPPORT 

SOFT FONTS & SOFT KEYS (up to 64,000) 

PLEASE SEND FOR ADDITIONAL INFORMATION 
"Registered trademarks: CPIM of Digital Research ; UNIX o f Bell Laboratories: 
UCSD p-System of Regents of University o f California; XENIX of Microsoft. 
Inc.: Z80 o f ZilOQ, Inc. 

Trademarks: MS-DOS of Microsoft, Inc.; FLEX of Technical System 
Consultants; Pick of Pick and Associates; MP/M II and PASCAU MT + 
of Digital Research; Sl and SL of Multi Solutions. Inc. 
HP of Hewlett Packard ; DEC'" of Digital Equ ipment Corporation ; 

BASIC PLUS of Digital Equipment Corporat ion 

s1 COMDEX-FALL '84 
BOOTH #0739 

Suite 207, 123 Franklin Corner .Rd. 
Lawrenceville, N.J . 08648 
609-896-4100 Telex 821073 

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

Session 29: Leading Edge Semiconductor 
Memories 

Thurs Nov 1, 2 pm to 4:30 pm 
Chair: S. Grossman, EXEL Microelectronics, Inc , San 

Jose, Calif 
29/1 " High Density EPROMS" 

K. Pope, Advanced Micro Devices, Inc, Sunnyvale, 
Calif 

29/2 " EEPROM Speed and Power Breakthroughs" 
R. G. Huff Ill , EXEL Microelectronics, Inc, San Jose, 
Calif 

29/3 " High Speed CMOS Static RAMS " 
F. Jones, lnmos Corp , Colorado Springs, Colo 

29/4 " High Performance 256 K DRAMS " 
H. Sussman, Mostek Corp, Carrollton , Tex 

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

Session 30: Talking to 'Big Blue'
Alternatives for Data 
Communications With IBM 
Mainframes 

Thurs Nov 1, 2 pm to 4:30 pm 
Chair: A. Goldberger, EXEL Mi croelectronics, Inc , San 

Jose, Calif 
30/1 "'Hi , Big Blue. I Speak All Languages ' - The 

SCN68562 DUSCC" 
J. Mag ill, Signetics Corp, Sunnyvale , Calif 

30/2 " Highly Integrated Coprocessor Simplifies SDLC 
Implementation " 
R. Jigour, EXEL Microelectronics , Inc, San Jose, 
Calif 

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

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

Session 31: Semicustom Alternatives 
An Overview 

Fri Nov 2, 2 pm to 4:30 pm 
Chair: J . Kamdar, National Semiconductor, Santa 

Clara, Calif 
31/1 " The Low Cost , Quick Turnaround , High 

Performance, Semicustom Solution : Programmable 
Logic " 
J . Vithayathil , National Semiconductor Corp , Santa 
Clara, Calif 
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31/2 " An Overview of Bipolar ECL Gate Arrays, The 
High Speed Alternative " 
R. Allgeyer, Fairchild Camera & Instrument Corp, 
Milpitas, Calif 

31/3 " High Speed HCMOS Logic Array Design for 
Systems/Board Level Engineers" 
P. Zaballos, LSI Logic , Milpitas, Calif 

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

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

31/6 " Packaging Design Considerations for a New 
Generation of 1c Devices " 
J. L. Hayward, Advanced Micro Devices, Sunnyvale, 
Calif 

Session 32: IBM PC Interfaces For Industrial 
Control 

Fri Nov 2, 10 am to 12:30 pm 
Chair: R. Born , High Tech Business Consultant , 

Monterey, Calif 
32/1 " Extending IBM Personal Computer to Interface 

With Real World Plant " 
D. G. Holmes, Monash Univ, Dept of Electrical 
Engineering , Melbourne, Australia 

32/2 " 1-Bus IBM PC Compatible Single-board 
Computers for Board Level OEM Systems" 
J. P. Choisser, 1-Bus Systems, San Diego, Calif 

32/3 " The PC/STD Connection " 
R. L. Mack, Ultra Link , Inc , Capitola, Calif 

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

32/5 " The IBM PC as a Process Controller" 
R. Floyd and R. C. Stanley, IBM-Manufacturing 
System Product ion, Boca Raton , Fla 

32/6 " IBM PC Goes Multibus" 
P. Vukovic , Bit 3, Minneapol is , Minn 

Session 33: Speech Technology in the 80s 

Fri Nov 2, 10 am to 12:30 pm 
Chair: J. A. Binneboese, Motorola, Inc , Austin , Tex 
33/1 " A Total Speech Synthesis System " 

K. S. Padda, L. Bonet , A. A. Shaheen-Gouda, and 
T. Williams, Motorola Inc , Austin , Tex 

33/2 " Operat ional Evaluation of Automatic Speaker 
Verification Systems" 
D. E. Crabbs , Interstate Voice Products , Orange, 
Calif 

33/3 " Speech Recognit ion Using Interactive 
Laboratory System (1Ls) " 
S. Davis , STI, Goleta, Calif 

(continued on page 64) 



BOB: "DASH-1 keeps me under 
budget and ahead of schedule .. ~ 

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

"My company has a big investment in 
large CAD systems. But for a long time I 
noticed our engineers were frustrated . 
They'd send in schematic sketches 

FulureNet, OASH-1 and STRIDES are trademarks of FulureNet 
Corporalion. IBM is a reg istered trademark of the IBM 
Corporation. CADAT 1s a trademark of HHS Softron, Inc. 
DASH-1 CAD Translators (Partial Li st): APPLICON , CADAM, 
CADAT, CALAY, CALMA, CBDS. COMPUTERVISION, 
GERBER , RACAL· AEDAC, SCICAADS, TEGAS. 

only to get back drawings and docu
ments that were completely different. 
The poor engineers would spend hours 
checking, changing and red-lining . 
DASH-1's family of CAD translators, 
to front-end all of our large systems, 
has changed all this . And back annota
tion is easy. DASH-1 has provided our 
engineers easy access to those previ
ously difficult-to-use and inaccessible 
CAD tools '.' 

TED: "Imagine! Simulation right 
at my desl< .. '.' 

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

Happiness 
system. 

as 10,000 gates right at my 
desk, and up to 100,000 gates using 
a FutureNet CAD translator. Thanks 
to DASH-1, simulating is stimulating!" 

ALICE:"DASH-1 keeps growing
as we do .. ~ 

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

FutureNe~~® __ _ 
FutureNet Corporation • 6709 Independence Avenue 

Canoga Park, CA 91303-2997 • TWX: 910-494-2681 

Authorized J.~ili Value-Added Dealer (818} 700-0691 Productivity of the Future .. today. 
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ZEUS SUB-LITE-WAL[ 
HEAT-SHRINK TUBING 

OF TEFLON* TFE 

CAT WHISKER 
THIN WITH A 
HOLE IN ITI 

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

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

SEND FOR FREE SAMPLES & BROCHURE 

a ZEUS INDUSTRIAL PRODUCTS, INC. 
P.O. BOX 298, Raritan , NJ 08869 

800-526-3842 • 201-526-0800 • TWX 710-480-9346 
• DuPont's registered trademark for its fluoropolymer resins . 
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EAGLE MICROSHIELDS ·MAKE CENTS 

ft 
Why risk high error rate in your quality designed disc drive system 
because of Magnetic H and Electrostatic E fields. As many of you 
already know, you can rely on Eagle Magnetic for cost effective pre
cision engineered " Microshields" to protect your read/write heads. 

Noise from close proximity drive motors, 
CRT or Flat Panel Displays and other in- "'"oc""' -"o"m"'' "'"'' 
terferring power or hig·h frequency ' 
signals can practically be eliminated I \ 
with EAGLE'S custom designed emitting • ' 
source shields coupled with high quality 

1
1 ' ... ,. •• ~" ... ~ ...... 

"Microshields." • ' 
Only EAGLE MAGNETIC offers the pat- l \i·~~:~'' , § -i:':D$~ ' ....... 
ented Eagle-Multiclad Alloy composites - -
for combined H & E field shielding . 
Eagle's experienced engineering staff 
offers prototype design through hard 
production for the low cost, high quality solution to all EMI problems 
facing your disc drive systems. Eagle Microshields - make sense! 

For more information write or call: 

P.O. Box 24283 • Indianapolis, Ind. 46224 

Phone (317) 297-1030 
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(continued from page 62) 

33/4 "A Single Chip CMOS Speech System " 
J_ Reimer, Texas Instruments Inc, Houston Tex 

33/5 "Voice Processing Services for Office 
Automation and Telecommunications: The osc2000 
Voiceserver" 
D. Wong, Digital Sound Corp, Santa Barbara, Calif 

Session 34: Software Development 
Techniques 

Fri Nov 2, 2 pm to 4:30 pm 
Chair: J. Bates, Motorola Inc, Austin , Tex 
34/1 "Assembly Language Techniques" 

V. Wintriss, Computer System Assoc, San Diego, 
Calif 

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

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

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

34/5 " Innovative Programming Techniques " 
J_ Zurkow, Avocet Corp, Rockport , Me 

Session 37: Local Area Network Solutions 
on Silicon 

Fri Nov 2, 10 am to 12:30 pm 
Chair: R. C. Brand , National Semiconductor, Santa 

Clara, Calif 
37/1 " VLSI for Standard & Nonstandard Networks" 

V. Coleman, Advanced Micro Devices , Sunnyvale, 
Calif 

3712 " Generalized Data Engine for CSMA and Token 
Local Area Networks " 
G. Moseley, Seeq Technology, San Jose, Calif 

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

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

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

37/6 " Network Concepts Simplify Microcontroller 
Interfacing" 
R. Mitchel l and B. Houghton, Signetics Corp, 
Sunnyvale, Calif D 





OUR VMEbus HAS A 
SIGNIFICANT EDGE. 

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

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

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

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

Old world money. New world family. 
OurVMEbus boards are built around Signetics-developed 
VLSI products in the 68000 family.These include 15 VLSI 

communications and control peripheral chips in addition 
to three CPUs. 

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

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

SVME 2000 Series 8 and 10 MHz CPU boards 
SVME 3000 Series RAM/ ROM/ EPROM boards 

SVME 4000 Series 

SVME 5100 Series 

Disk Controller boards 

Data Communications boards 

Later this year, you11 see new products in our highly com
patible family. All of them will reflect our commitment to 
increasingly sophisticated VLSI. 

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

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



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

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

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

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

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

With a full line ofVMEbus boards at your local Signetics 
distributors, you can get a jump on the rest of the world right 
now. Contact them for details, including information on 
the Evaluation Kit. Or call us toll free for literature and the 
phon~ number of your nearest Signetics representative. 

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

800-227-1817. Ext. 902D 



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

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

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

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

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

It gives you: A choice of hard disk 
backup, either file or image oriented. A 
complete 10MB file by file backup 
requires less than 15 minutes. with no 
user intervention. Image backup is 
even faster. The file mode of backup 
allows great flexibility providing for 
backup and restoration of specific files 
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which meet selected criteria. 
Even with its exclusive features. Ram

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

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

1i' north iltlilntic 
Qantex 



SPECIAL REPORT ON 

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

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

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

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

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

In the background, standards activities continue. Standardization served as the driving 
force behind the widespread acceptance of 5 V4 -in. Winchester drives and the 
quarter-inch tape cartridges that serve as their backup. As the product mix becomes 
more complex and the product li fe cycle grows shorter, the issue of standardization at 
both the system and the device level becomes even more important. 

Peg Killmon 
Senior Editor 
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Solid-state magnetic-bubble memory from Bubbl-tec® 

Mass storage that works 
where disks don't 

0 -Bus'" Bubble Systems 
emulate DEC.' RL02:" RX02'." 
RX01 :" TU58'" 

Once upon a time, computing was done only in 
nice, clean places, and a spinning disk could 
handle the mass storage job quite nicely. 

But, no more. Now computers are down on the 
factory floor, up in airplanes and out in the field . 
For this new world of applications, you need solid
state mass storage, 
like Bubbl-tec 
magnetic-bubble 
memory systems. 

They can stand up to the dirt, dust, temperature extremes, 
shock and vibration that knock out disks. 

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

Since 1979, we've been shipping solid-state 
mass storage systems for every popular 

microcomputer bus, including 
----~~--.... ....._.~-- Q, MULTl , STD, S-100, 

VERSA and VME. In fact, 
we have more systems in the field than any 
other bubble-system supplier. 

VMEbus'" Bubble Systems 
provide up to 8 megabytes 
of mass storage 

So, if you don't want to contend with disk 

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

deterioration, head crashes, and mechanical 
breakdowns, contact Bubbl-tec. Our mass storage 
solutions have a solid foundation . 

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

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

Bubbl-tec is a registered trademark of PC/ M, Inc. 
DEC is a registered trademark of Digital Equipment Corp. 
Q-Bus , RL02 , RX02 , RX01 , TU58 are trademarks of Digital Equ ipment Corp . 
VERSAbus and VMEbus are trademarks of Motorola , Inc. CIRCLE 37 



SPECIAL REPORT ON MASS STORAGE 

MASS STORAGE 
DEVICES KEEP PACE 
WITH SYSTEM NEEDS 
Storage peripherals stretch and shrink to serve recognized 
system demands. Renewed standards efforts open the way for 
technological advances to come and allow designers to mix or 
match at will. 

by Peg Killmon, Senior Editor 

Driven by rapidly expanding data bases, storage 
devices continue to grow in speed and capacity. With 
this demand for greater capacity has come a call for 
a smaller form factor to match the scaled down size 
of the most recent central processors. 

Concurrently, the distributed concept of comput
ing power and the enhanced processing speed of pri
mary computer systems has called for faster transfer 
of data between storage and the processor itself. 
And, while storage devices work to meet these needs, 
they must simultaneously respond to concerns of reli
abi lity, avai lab ility, and cost of ownership. 

A primary consideration 
Data storage devices must serve two different 

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

The other type of data base is archival; data is 
stored, rarely changed, and only a small fraction of 

the data base is online at any one time. Archival 
storage demands non volatility as well as removability 
and easy storage. The removability factor makes 
media cost an important consideration. The nonreal
time nature of the applications as well as the cost 
factor, puts archival applications into the realm of 
magnetic tape. Here, the ability to store quantities 
of data on a low cost reel of tape that is compact 
and easy to handle has resulted in the formation of 
vast libraries of tape. Advances in disk technology-
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Winchester disk drives serve primary online storage 
needs that range from S Mbytes to I Gbyte. Three basic 
form factors compete on two levels-between 100 and 
300 Mhytes. 

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

Have it your way 
Magnetic recording technology provides the vast 

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

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

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

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

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

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

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

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



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

NEC Information Systems (Boxborough, Mass) 
pushes its 02300 drive to 520 Mbytes. This drive uses 
20 read / write heads to record at a density of 18,600 
bits / in. Problems of spindle tilt, encountered with 
the stack of six platters, are dealt with by support
ing the spindle on both ends. 

To speed storage and retrieval, the 212-Mbyte 
MYP212 from MegaYault (Woodland Hills, Calif) 
breaks its eight data surfaces into two sets of parallel 
read / write channels. Allowing any read/ write com
bination to occur on four surfaces guarantees a 
38-MHz data transfer rate using four channels. 

In the 5 Y4 -in. size that has caused 8-in. drives so 
much consternation, the pace has not slowed. Intro
ductions continue in both full- and half-height units. 
Capacities continue to grow as thin-film media and 
thin-film heads are put to work. 

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

Thin-film heads are combined with thin-film 
metallic media in drives from Advanced Storage 
Technology (San Jose, Calif) . Writing I 03 Mbytes 
on three platters at 20,880 bits / in., the AST 96203 

MegaVault's 8-in. parallel 
transfer disk M\'1'212 

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

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

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

Destined to capture as much attention as 5 Y4 -in. 
drives, the rapidly growing 3 Yz -in. Winchester world 
faces demands for low power, ruggedness, as well 

Storing 103 Mbytes, the half-height 5 \4 -in. 96203 from 
Advanced Storage Technology uses thin-film heads and 
three thin-film platters. Thin-film heads contribute 
aerodynamic sta bility to improve signal-to-noise ratio. 

COMPUTER OESIGN/Octob0r 1, 1 984 7 3 



as reliability. These units typically store 5 Mbytes 
on one platter, with two platters raising capacities 
to 10 Mbytes. Average access times are about 90 ms. 

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

Microscience lnternational's half-height 3 Y2-in. Winchester 
drive, the HH-312, uses a proprietary closed-loop servo and 
linear actuator to achieve 70-ms access to 10 Mbytes. 

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

Seeing the light 
Raising the limits of recording density, optical 

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

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

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

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

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

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

Like video disks, read-only disks are becoming 
common in the digital world. An example of this 
is the Compact Disc Read-Only Memory (CD-ROM) 

from Nippon Columbia (Tokyo, Japan). This drive 
uses pulse code modulation digital recording tech
niques first applied to high quality audio recording. 
Hitachi's CD-ROM uses a 4. 7-in. prerecorded disk 
with a 552-Mbyte capacity. Incorporating error cor
rection and built-in interface, the drive supplies a 
176-kbit/ s transfer rate and accesses data between 
0.5 and 1 s. Optical Information Systems Inc (Color
ado Springs, Colo) plans to make devices similar to 
the CD-ROM using 4.7-in. compact disks. Current 
plans are to supply 550-Mbyte prerecorded systems 
for use by microcomputers. 

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

Fujitsu America is one of the 
few disk drive suppliers with both the 
expe rience and the resources to s tand 
behind such a commitment. 

Fujitsu offers a complete 
fa mily of disk drives, from 51/ 4 to 14 
inch, with capacities ranging from 7 to 
671 megabytes. Fujitsu drives provide 
access speeds among the fas test ava il
able today. 

Of even more importance to 
you is Fujitsu 's absolute dedi cation to 
product quality and customer support. 

For more information on 
Fujitsu's complete fa mily of qua lity disk 
dri ves, contact the Fujitsu America 
sa les office nea rest you . North wes t: 
(408) 946-8777, Central: (612) 835-7025, 
Eas t Coast: (617) 229-6310, South west: 
(714) i76-0852, Eu rope: 441/493-1138 . 
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CO MPUTER PERSONAL MI CRO MINI SUPER MINI MAIN FRAME 
Computers on different 
performance levels are served by 
disk and l,>pe perip herals of 
varying performance and 
capacity. Matchi ng storage 
periphera ls on primary and 
secondary levels to attain 
performance balances results in 
the most cost-effective system. 

PRIMARY 
DISK STORAGE 

SECONDARY 
STO RAGE NONE 

14 -IN . 
RIGID DISK 

FLOPPY 
DISK 

8-IN. 51•-IN. 
RIGID RIGID 

QUARTER-INCH 
HALF-INCH 

NON GROUP CODED 
TAPE RECORDING TAPE 

units are not yet available, prototypes of erasable 
optical drives have been shown by Sony and Canon 
in Japan. When they become available, the benefits 
and potential of optical media storage will become 
obvious . 

More interest in tape drives 
Magnetic tape is enjoying a revival. The rotating 

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

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

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

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

FLOPPY 

~A lf- INCH 
GROU P CODED RECORDING 

TAPE 

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

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

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

The system can use the drive for transactional 
backup in the same way it uses vacuum column or 
tension arm drives . The function is software trans
parent-no special software is necessary to support 
streaming performance. A compact, IBM compatible, 
nine-track streamer, the PCT-IOOO stores 138 Mbytes. 
In the unit, Ibex Computer Corp (Chatsworth, Calif) 

KEY TO DATA ACCESS TIMING DIAGRAM 
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I RECORD IRG RECORD I The access time of magnetic 
tape drives is made up of several 
components. These differ 
dependin g on whether streaming 
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The Zenith LAND Hybrid (Local Area Network Driver) is a cost-effective, highly reliable interface for baseband LAN's 
including Datapoint's ARCNET™, and other compatible systems. 

LAND FEATURES 
•Space savings economy in a 20 pin SIP configuration • Noise immunity and filtering for interference free data 

travel through up to 2000 ft. of coaxial cable • Functional with most baseband protocals 
• Designed for flexibility-uses -5V or -12V d1 ive • A physical layer implementation for interface with most 

LAN topologies 

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

Zenith Electronics Corporation 
1000 Milwaukee Ave. 
Glenview, IL60025 
(312) 391-7733 
Telex 254396 

Zenith Electronics (Ireland) Ltd. 
Virginia Road 
Kells, County Meath, Ireland 
046-40260 
Telex31931 

The quality goes in before the name goes on. <t 
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Zenith International, Inc. 
No. 16 Chin Chang First Road 
Chung-Li Industrial District 
Chung-Li Shin Toa-Yuan Hsien 
Taiwan, ROC (322) 
034-522-801 
Telex35176 

© 1984 Zenith Electronics Corp. 



T he MT-22 10 ca rtridge ta pe d ri ve fro m MegaTape ca11 
backup or resto re 500 M bytes in 36 min. Data are written 
o n 1500 ft of ha lf-i nch tape using a 24-track serpentine 
fo rm at at a packi ng de nsity of 9600 bits/ in. 

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

The compactness of drives based on tape cartridges 
virtually guarantees their success as the tape storage 
systems of the future. To date, however, there is no 
agreement on what size the cartridge will be. For 
example, MegaTape Corp's (Duarte, Calif) MT-2000 
drives record 500 Mbytes on a book-sized (9 314 x 
6 Ys in.) tape cartridge. These drives use a 24-track 
serpentine format and pack data encoded in a 4/ 5 
GCR format at 9.6 kbits/ in. The 24-track serpentine 
format is achieved by stepping a 2-track read / write 
head 12 times. This technique allows any record on 
the cartridge to be accessed in an average of 30 s. 

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

In an 8-in. form factor, Rosscomp Corp (Cerritos, 
Calif) offers the Dl60 with what is claimed to be the 
industry's simplest drive mechanism. Media is 
wound on a self-protecting reel that eliminates ten
sion problems associated with cartridges. Tapes are 
kept on course by spring loaded and ball bearing 
guides. A single capstan motor drives both supply 
and take up reels with one belt. Self-threading 4-in. 
reels of tape are recorded using a 24-track serpentine 
format at 8000 bits / in., and can store 160 Mbytes 
in 20 min. A 5 Yi -in. version, the D5160, supports 
QIC-02 and Small Computer System Interface (SCSI) 
standards. 

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

IBM's (Rye Brook, NY) recent announcement of 
its 3480 tape subsystem confirms tape's position as 
a key element in the mass storage hierarchy. By stat
ing its intention to extend tape technology into the 
1990s, I BM provides a rallying point around which 
a standard for high performance tajJe cartridge sys
tems can be built. The 3480 repl aces the JO-year-old 
3420, raises the storage capacity on a reel of tape , 
and changes the form factor of the tape subsystem. 
It also reduces the size of a reel of tape from 10 \/2 
to 4 in. in diameter. The system is based on a reel
to-reel servo control drive rather than the vacuum 
columns used in the older drive. This curs the over
all size of the subsystem. Recording density is raised 
to around 38,000 bits / in. by using thin-film heads 
and a half-inch chromium dioxide coated tape. This 
permits 200 Mbytes to be stored on an 18-track tape 

TRA CK 3 • READ • WRITE I ERASE TRACK 3 • READ I WRITE I ERASE 
TRACK ... "'.'"'I 2 AND 4 

TRACK 2 • READ • WRITE I ERASE TRACK 2 I ERASE I WRITE • READ 
ERASE 

TRACK 1 • READ I WRITE I ERASE TRACK 1 • READ I WRITE I ERASE 
TRACK 

• READ • WRITE 1 AND 3 

TRACK 4 • READ • WRITE I ERASE TRACK 4 I ERASE I WRITE • READ 

4-TRACK 4-TRACK 2-TRACK 
NONSERPENTINE SERPENTINE SERPENTI NE 

Ta pe d rives commo nl y use one of se' eral types or recording heads. Serpentine and nonscrpentine recording heads 
show distinct di ffe rences. A two track head is frequently used to record 16 or 32 tracks in moving head systems. 
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BLOCK KEY 

DATA I 

ii ii ii I ~ 
Preformatted tape in 3M ' s OC600HC cartridge without 
inter-record gaps establishes block locations wit h forward 
and reverse reading block keys. This a ll ows data to be 
stored more compactly. 

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

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

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

Most units in the 5 114 -in. form factor using 
quarter-inch tape as a media are designed to handle 
cartridges (eg, 3M's DCIOO). However, Memtec 
(Salem, NH) uses cassette concepts. This company's 
units replace mechanical components with elec
tronics. Whereas a cartridge requires pulleys and ten
sioning belts, the cassette approach controls the tape 
with a servo. This allows Companion series drives 
to store 40 Mbytes on a nine-track tape; 10 or 20 
Mbytes on a four-track tape. 

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

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

Focusing on 3 Y2 -in. Winchester drives and their 
backup needs, Irwin Magnetics's (Ann Arbor, Mich) 

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

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

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

Decisions, decisions, decisions 
The secondary storage backup function is also 

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

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

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

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

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

In the 5 114 -in. form factor, 3.3-Mbyte units from 
Amlyn (San Jose, Calif) and Drivetec (San Jose, 
Calif) re ly on closed- loop servos and preformatted 
high dens ity d iskettes to extend their capacity . Even 
higher capacities shou ld soon begin appearing. 
Advancements in head technology will provide the 
possibility of 10 Mbytes on a floppy by 1985; 40 
Mbytes by 1989. 

T he majority of recent entries, however, show 
capacities of 1 Mbyte in one-third, two-third, one
half, and full-height drives . A 1.6-Mbyte drive from 
Canon USA, Inc (Lake Success, NY), the MDD516A, 

uses high reso lution media to extend its capacity. 
NEC Information Systems, Inc supplies the FDI 155 

with a 1.6-Mbyte capacity . These units cut overhead 
costs by dropping power requirements to 4.5 W. 
IBM used drives such as these in its recently an 
nounced PC AT. Thi s virtually ensures that 1.6 
Mbytes will become the standard floppy capacity. 
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Scaled down versions of these drives, those in the 
3 Yi -in. form factor show just as much promise. Most 
have capacity for 0.5 to l Mbyte with higher capacity 
units appearing. All are compatible with the larger 
units in logical interface, transfer rate, num ber of 
tracks, and bytes per track. P ower requirements have 
been cut to 3.9 W to accommodate their use in port
able systems. 

While initial products in the 3-in. (Hitachi) form 
factor survive, the industry seems to be taking the 
3 Y2-in. units serious ly. Major contracts between 
Apple and Sony, Sony and Hewlett-P ackard, and 
Shugart and Gavilan appear to have forced the issue. 

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

Yet another way to save 
Disk cartridge drives a lso serve a secondary 

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

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



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

The Century Data Systems (Anaheim, Calif) 8-in. 
C2048 pumps double filtered air through a ventilated 
spindle and moves the air uniformly over each disk. 
Contaminants on the media are removed by the air 
flow and exhausted from the drive. The drive has 
the capacity for 34 Mbytes on three fixed disks and 
records another 7 Mbytes on the cartridge. 

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

Another company, Cynthia Peripherals (Palo Alto, 
Calif), uses a patented embedded servo technique 
to ensure cartridge interchangeability. The 0140 

drives supply a 12-Mbyte capacity on a removable 
cartridge and match that on the companion 10 Vi -in. 
fixed disk. Combined with a linear voice coil actua
tor, the embedded servo ensures accurate head 
location. Ramp load heads are loaded only when the 
disk comes up to speed . 

The Whitney head suspension used in Amcodyne's 
(Longmont, Colo) 8-in. Arapahoe 7 110 avoids 
head/ disk contact. A 53 .2-Mbyte fixed / removable 
combination, this drive positively pressurizes and 
purges as the spindle comes up to speed. Then, the 
heads are loaded onto an established air bearing. 

Syquest's (Fremont, Calif) 3.9-in. removable car
tridge uses a graphite lubricated plated disk in a 
sealed cartridge to avoid contamination. These drives 
use a combination of embedded servo with micro
stepping stepper motor to achieve precise position
ing. Servo information is stored in a single wedge 
per track. This permits servo positioning to be done 
within a single disk revolution. New Wor ld (Irvine, 
Calif) solves these problems in its 5 Y4 -in. TurboDisc 
by building the heads into the cartridge. TurboDisc 
is a 5-Mbyte fixed / 5-Mbyte removable combination. 
The cartridge sells for $695 . The drive itself uses 12 
heads mounted on a patented parallelogram-shaped 
slider assembly to gain 8-ms access to any of the 12 
tracks under the heads. 

Storing 6.5 Mbytes on an ANSI standard cartridge 
and 19.5 Mbytes on a fixed disk, Micro / Magnum 
5/ 15 drives from OMA Systems (Goleta, Calif) use 
a closed loop tracking and positioning scheme. A 
half-height, removable-only drive, the model 360, 

stores 7.5 Mbytes and has a 98-ms access time. On
board firmware allows cartridges to be formatted 
in the drive . This eliminates the need for the pre
written servo while retaining interchangeability. 

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

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

Sporting a similar package but different media, 
!omega's (Ogden, Utah) 8- and 5 Y4 -in. drives use 
Bernoulli technology to float the read / write head 
above flexible media. This media is encased in a rigid 
cartridge. The technique allows high density and fast 
transfer. 

By 1986, vertical recording will be 
feasible in half-height, 51/4-in . drives 
with 330 Mbytes. 

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

Commercial disk drive magnetic technology has 
attained 1-Gbyte levels on 14-in. platters with access 
times in the 16-ms range . A look to the future shows 
the possibility of 6 Gbytes and more than 700 Mbytes 
on 8-in. media with similar access times. By 1986, 
vertical recording is expected to appear and bring 
with it the possibility of half-height, 5 Y4 -in. drives 
recording 330 Mbytes . Optical disks in the 12-in. size 
range will stretch to 8 Gbytes per surface. 

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

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 701 Average 702 Low 703 
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"I work for Otari, but my 
ultimate responsibility is to the 
Otari customer, period~' 
-Louis Wolheim, Technical Support Manager, Otari Data Inc. 

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

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

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

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

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

[j]fj(:J[j]Q 
OTARI DATA INC. 

Subsidiary of Otari Electric Co. , Ltd., Japan 

Disk Drive Confidence, Guaranteed. 
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Why Buy Peripheral Test Equipment? 
As Production Test Manager, are you tired of 
test room bottlenecks? Intermittent test results? 
Excessive field returns? Having your Develop
ment Engineers building test equipment instead 
of designing products that produce revenue? 

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

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

tlffHY tlffAITt 

- ---- --- ------- ------- ---- ---- ------ .-. --~ ---- -

Applied 
Circuit 
Technology 

2931 La Jolla Street, Anaheim, CA 92806 
714/632-9230 

Telex 683466 I 1-800-433-9648 

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

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

by Maarten de Haan, 
Chris Steenbergen, and 
Di Chen 

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

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

in physics, mathematics, and electronics, both from 
the University of Amsterdam, Amsterdam, The 
Netherlands. 

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

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

accessed, the disks have served as the basis for inter
active video development. As a follow-up to this 
development, documentation storage devices have 
appeared. Toshiba, Philips, and Hitachi are among 
the first to announce such products. In this case, 
10,000 pages of information can be written on one 
side of a 12-in. disk, and read at 0.5-s access time . 
Since the documents are stored as high resolution 
images (about 2500 x 1700 pixels), the required bit 
error rate (BER) is only 1o - 8. This type of device 
is urgently needed in Japan since the written lan
guage includes Chinese characters that cannot be 
readily coded, and therefore, must be recorded as 
high resolution images. 

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

Because coded digital data storage requires a BER 
of 1o - 11 to 1 o - 12, efficient coding and error cor
rection schemes must be developed . A more rapid 
access time (about 250 ms) also calls for refinements 
in the servo and actuator design. After years of 
development, efforts in this area are finally bearing 
fruit. In 1983, announcements of devices by Hitachi, 
Optimem, Thomson CSF, STC, NEC, and OPL were 
made. These products fall into two categories: low 
end and high end. 

On the low end, storage capacity is about 1 Gbyte/ 
disk surface with 200-ms access time and a 2-Mbit/s 
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TABLE 1 

Optical Disk Drive Systems 

Capacity 
Disk Gbytes/ 

Size !in.), 
Bit-error height, 

diameter or page/ Access Transfer rate Direct-Read- rate width, Revolutions/ 
Company !in.) surface time !ms) Mbits/s After-Write 10 x and depth min Media 

OSI 

Optimem 

STC 

Thomson CSF 

FOA* 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Sanyo 

Sony 

Toshiba 

Sharp 

12 

12 

14 

12 

12 

12 

8 

12 

12 

12 

8 

12 
5 y. 

1.0 

1.0 

150 

12 5 

4 .0 62 

1.0 100 

0.6 350 

1.3 250 

0.7 300 

37.400 3000 
frames 

1.3 
15,000 
pixels 

18,000 
pixels 

9000 
pixels 

1.2 

0.14 
1000 
pixels 

250 

300 

500 

----
* FOA = Fujitsu, Olympus, Asahi joint venture 
I ) = estimate 

2.4 

3 

24 

3.8 

2.4 

2.3 

5 

6.5 

4 

1 to 5.5 

1.43 

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

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

Applying optical techniques to data storage 
Research and development efforts have been 

underway to apply the controllable energy source 
of lasers to data storage applications since its dis
covery. Early efforts concentrated on the investiga
tion of the physical phenomena associated with the 
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yes 

no 

modified 

no 

no 

no 

burst error 
detection 

no 

no 

12 

12 

12 

12 

9 

11 to 12 

7 

12 

15) 

8 
8 

5 y. x 19 x 25 480 Te alloy 

Bubble 
forming 

metal film 

55 x 52 x 32 2000 

Bubble 
forming 

128 x 18 x 25) 600 

17x14x23) 600 Te alloy 

80 x 20 x 20 900 Teo . 
1800 Met al film 

10 x18x2 1 900 3M media 

128 x 18 x 25) 345 Te alloy 

900 Sb2Se3 
+ Bi 2 Te3 

25 x 16 x 20 300 to 500 TeC 

magneto
optic 

erasable 

interaction between the material medium and the 
laser beam. These phenomena are useful for writing, 
reading, and erasure operations. Special attention 
has been focused on the development of erasable 
media, si nce researchers have believed that the laser 
beam addressable memory technology will replace 
magnetic recording technology. 

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

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

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



or holographic recording held back many research 
and development efforts in digital optical memory . 
Steady progress was made, however, in attempts to 

app ly optical technique for write once/ read onl y 
memory a nd video disk players. Laser video disk 
players were fully developed and produced, and an 
image/ documentation file based on an optical direct
read-after-write (ORA w) disk was introduced in the 
late 1970s. 

Current efforts in optical recording reflect the 
advantages and limitations of optical memory, and 
the need for mechanical motion in addressing . To
day's systems combine a rotating optical disk with 
an optical head that is driven by a linear motor for 
addressi ng. Media are almost exclusively made in 
disk form. T he large head to media distance in the 
optical approach makes it possible to use removable 
media while maintaining extremely high areal density . 
Besides video disk, digital audio disk players have 
also been recent ly introduced. Alterable optical disks 
and double density DRAW disks are current ly under 
development. 

Status of optical recording media 
Today, write once/ read only media of various 

forms are well developed . The writing process used 
with these media is based on the laser heating effect 
that causes ablation, deform at ion, bubble forming, 
or melting. 

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

dust and other contamination. 
The header, tracking, and clock information must 

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

5.0 0 RCA 

4.0 0 STC ~ 
~\, 

& ~c, 
3.0 

"\, ~ ~c, 
<::><::> 

~" 
2.0 "''"' ~ & 

"\, 
> 

°' "' 
> NEC 

~ 
HITACHI 0 

THOMSON 
CSF 0 

1.0 0 0 
0.9 OPT OSI 
0.8 
0 7 

0 TOSHIBA 

/ 
0 MATSUSHITA 

0.6 0 FOA 

0.5 ~---.---.---r--~.L.__--.-~-~~~~~ 
60 80 JOO 150 200 300 400 500 600 700 800 I 000 

ACCESS TI ME (MS) 

Fig I Optimal recording devices vary in both capacity and 
access time. The relations hip between capacity and access 
time of various devices is plotted on the graph . 

5.0 0 RCA 
STC 

4.0 0 

10 

i 2.0 

> 1.5 NEC 

~ 
TOSHIBA 0 

~ 0--HITACHI 
OS I SANYO Nn 

1.0 0~ ~(!)-"' 0 
0.9 OPT THOMPSON 

0.8 SONY CSF 
0 0 

0.7 MATSUSHITA 

0.6 0 

0.5 FOA 

1.0 2.0 4.0 6.0 8.0 10.0 20 .0 40 .0 60.0 100 

DATA RATE (MBITS/ S) 

Fig 2 Announced optical storage devices exhibit various 
data transfer rates. The graph shows the capacity to data 
rate relationships of various devices. 

TRANSPARENT SUBSTRATE 

INFORMATION LAYER 

SPACER 

Fig 3 An air sandwich lamination technique protect s the 
sensitive layer of recording material in optical disk media. 
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I 
__ ADDRESS HEADING _____ AVAILABLE FOR __ _ 

(10 PERCENT) WRITING DATA (90 PERCENT) 

LIGHT 
OUTPUT 

RELIEF 

ND RELIEF 
IN HEADING 

I 

(a) 

(b) 

LIGHT LEVEL 
AREA UNBURNT 

I 

Fig 4 Cross section of pregrooved track in optical 
recording media cut along track direction (a) shows depth 
of grooves holding header and recorded data. Read-out 
signals from header and from recorded data dark spots are 
shown in (b). 

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

The most popular write once/ read only material 
for the information layer is the ablative monolayer 
tellurium alloy. Phenomena such as the bilayer phase 
transition of materials such as antimony2selenium3/ 

TABLE 2 

Characteristics and Performance of Te Alloy Disk 

Capa city 

( 1 2-in . diameter disk) 

Bit-error rate 

(with error correction) 

Bit-error rate 

(without error correction) 

Life writing 

Life reading 

User band 

Pitch 

Track segmentation 

Clock information 

W eight 

Birefringence 

Substrate transmittance 

factor 

Refra ctive index 

Reflectance of sensitive 
layer 

Signal to noise ratio 

Writing sensitivity 
(µm diameter pit) 

1 os bytes 

- 10 - 12 

-1 o- s 
> 5 years 

> 10 years 

32,000 spiral tracks 

1 .6 µm 

32 or 64 sectors with 

track ID 

In track 

0.45 -k (without cartridge) 

< 10 nm 

-0.85 

1 . 5 

0.40 

= 50 dB 

10 mW/ 100 ns pulse /8 rps 
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bismuth2tellurium3, refractive index change in tel
lurium oxygenx caused by heating the bubble for
mation on material such as refractory metal coated 
polymer, and the deformation in bilayer dye polymer 
have subjected these materials to scrutiny. Gold 
island material and trilayer media using Te are also 
being considered for practical memory applications. 
Table 2 presents typical characteristics and perfor
mance of a Te alloy disk . 1,2,3 ,4,5,6, 7 

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

Some of the physical effects and typical materials 
explored for use as alterable media are summarized 
in Table 3. 8 Currently, major efforts are underway 
to develop magnetooptical materials and phase tran
sition materials, both based on thermal effects. The 
most favored magnetooptical materials under inves
tigation are in the amorphous rare-earth-transition
metal group. The use of amorphous material instead 
of crystalline material marks a distinct departure 
from the direction taken by earlier efforts. Crystal
line material such as manganese/ bismuth produces 
a high magnetooptical effect and therefore high read
out signal. However, the fixed pattern medium noise 
associated with the grain boundary diffraction dras
tically reduces the signal to noise value of the 
material. 

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

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

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



TABLE 3 

Physical Effects Proposed for Alterable Optical Memory Applications 

Category Physical effects Typical materials 

Thermal ly induced thermo-magnetic Curie-point GdTbFe, GdFe, ThFe, HnBi 
magnetooptic compensation point Gd Co 

coerc ivity reduction Co-P, Fe 20 3 
by heating 
thermoreminent Cr0 2 

amorphous-crystalline phase transition Te8 8Ge7As 5 TeOx: Ge. TeOx: Sn 
semiconductor-metal phase transition V0 2 

Phot on induced photochromic F-center KBr 
FA-center KCI with NaCl or LiCI doping 
M-center KaF 
photo dimerization Acridizimium, Toluene-Sultanate 

photorefractive linea r LiNb0 3 , BNN , SBN 
nonlinear LiNb0 3, KTN 

photo magnetic VIG: Si 

Photon Activated thermoplastic composit e TWF-PVC 
elastomer composite Ruticon 
ferroelectric - si ngle layer Bi 12Si0 20 
photoconductive two layer Bi 4 Ti 30 1 r ZnS 
magnetooptic-
photoconductive composite Gd 2 .5 Yb0 .5Fe4.8 A10 .2 CdS 

di ffe rent depths. The different depths cause each to cent tracks. Both of these approaches will allow track 
be "seen" by only one of two laser beams of differ- density to be doubled because no space is needed 
ent wavelengths. Matsushita has proposed an alter- between neighboring tracks. 
native approach where adjacent tracks are tilted To improve the bit density along the track, a mul-
slightly fro m the norm in opposite directions. This tiple bit per spot location has been proposed by IBM, 

directs the reflected beam to two detectors, while using the photochemical hole burning effect in halide 
each detects the signal from only one of the adja- crystals. JO In principle, this technique allows up to 

TABLE 4 

Characteristics of Magnetoopt ic Materials Under Investigation 

KOO Sharp Matsushita NHK NTT NHK 3M Philips Xerox 

Recording media TbFe TbDyFe/ MnCuBi/ Mu Bi/ 

GdTbFe GdTbFe GdTbFe Gd Co MnCuBi Cr2 Re to Tm GoTbFe TbFe 

Recording method Tc Tc Tc Tcomp Tc Tc Tcomp Tc Tc 

Operating temperature 
(O C) 140/ 160 70/150 200/ 160 70to - 80 360/200 150 140 

Kerr-rotation angle 
(deg ree) 0.3/0 .4 0 .5/0.7 0.43/0 .4 0 .3 0.7 /0 .2 RIG to 1 0 .5 0.3 

Disk diameter (mm) 120/200 140 120 150 135 300 300 50 76 

Substrate material Glass/PM MA Glass Glass Glass Glass Sheet Al.PM MA PMMA Glass 

Rot at ion speed (rpm) 450 to 1800 720 400 1800 1000 to 1800 1860 600 600 
2000 

Light source GaAIAs GaAIAs GaAIAs He to Ne Ar Ar GaAIAs GaAIAs GaAIAs 

Recording power (mW) 5 to 10 4.5 5 5.6 40 to 70 30 to 60 12 3 5 

Reproducing light source GaAIAs GaAIAs GaAIAs He to Ne Ar He to Ne GaAIAs GaAIAs GaAIAs 

Reproducing power 
(mW) to 2.7 to 2 to 2 to 2 10 to 25 to 10 3 0.3 

Bit size (µm) 1 1 1 1 2 2 x 7 x 1.5 2 x 5 

Track spac ing (µm) 2 .5 2 5 3 to 6 5 15 1.7 10 1.8 

1/0 signals Digital Digital Digital FM Digital FM Digital Digital Digital 

Read/w ri te speed (MHz) 0.5 to 2 2 2 1 to 5 0.5 10 10 0 .25 1.1 

S/W , C/W (dB) C/W-45 C/W-40 C/W-40 C/W-35 S/W -40 C/W-50 S/W-30 S/W-37 

Bit error rate 1 o - 5 6 .28x 10 6 10 4, 10 - 5 1 o - 4, 
10 - 5 

Capacity/disk (Gbyte) 5 .2 2 .3 3 .5 3.4 5 .8 25 80 Mbit 1.5 

Sensitive layer t hickness 
(µm) 0 .02 5 0.015 0.02 0.2 5 0.05 0.035 
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TABLE 5 

Some Commercially Avai lable Diode Lasers 

Polarization 
ratio 

Power output Threshold Beam numerical Spatial Axial 
Laser Wave-length p pulsed current Efficiency divergence Astigmatism apertu re mode mode 

structure (nm) Pew( mW) 50ns lth(mA) (mW) 811 8T Z(µm) = 0.50 (profile) (spectral) 

CSP 820 to 850 20 25 55 0 .25 to 0.4 12 ° 30° 5 20:1 Near Single 
Gaussian 

1 CSP 800 to 830 7 10 30 0.36 11 ° 40 ° Near Single 
Gaussian 

TJS 800 to 830 15 15 25 0.4 to 0 .5 g o 32 ° 5 40:1 Near Single 
(1mW) Gaussian 

(extra peak) 

TS 800 to 830 15 15 28 0.4 to 0 .5 14 ° 40 ° 5 Near Single 
Gaussian 

DH 820 to 850 5 5 65 0.3 12 ° 40 ° 30: 1 Near Single 
(Single-Ml (2mW) Gaussian 

SML 770 5 55 70 0 .3 10 ° 36 ° Near Single 
Gaussian 

LOC/CDH 800 to 830 20 40 100 0.4 10 ° 30 ° 8 60:1 Near Single 
(40mW) Gussian 
pulsed 

DH 800 to 850 5 50 100 0 . 17 (cw) 34 ° 60 ° 12 to 35 5:1 " Rabbit Multiple 
multi -M 0.4 (pulsed) (1 mW) ears" 

V-groove 780 to 800 20 20 100 0 .20 30 ° 60 ° "Rabbit Multiple 

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

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

Status of laser sources 
High efficiency, ease of modulation, and compact 

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

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

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

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

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

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

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

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

PUT SOME REALISM IN YOUR 
COMPUTER GRAPHICS 

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

NEW MEDIA GRAPHICS CORPORATION 
279 CAMBRIDGE ST. 
BURLINGTON, MA 01803 
617-272-8844 
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eight years may reduce the laser diode operating 
wavelength to the 700-nm range. Research efforts 
will lead to the development of holographic optical 
components within three to five years. Advances will 
result in integrated optical recorfing heads within 
8 to 10 years. , 

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

Erasable optical storage devices will be developed 
as erasable media become available. Availability of 
integrated optical recording heads will allow the 
development of an optical disk pack storage device. 
An optical transportable memory with 20 disks on 
one spindle at a 50-ms access time will be extremely 
attractive for fifth-generation computer applications . 
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WE PUT A COMPLETE CHOICE OF 
USER-CONFIGURABLE MICROPROCESSOR 
DEVELOPMENT FUNCTIONS AT YOUR 
FINGERTIPS. 

CHIP CHOICE. Design 
flexibility begins with the 
chip of your choice. Select 
the best processor for your 
application without devel
opment system constraint. 
For state-of-the-art pro
cessors such as the 6801 O 
and over 36 others, Tek's 
fully integrated support 
tools help you optimize 
your product, and dramat
ically shorten time-to
market. 

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

Jl 2J 
COMMON INTERFACE. 
Tek's unique Colorkey+ ™ 

is a common user interface 
for the complete range of 
our development systems, 
that further ensures total 
flexibility. 

With Colorkey + , the 
user has a complete color
coded menu for software 
development, hardware 
integration, and debug . 
Whether you work in Pas
cal or C, with a Tek 8500 or 
a DEC VAX, Unix or VMS-

Above: Colorkey + user interface gives you complete 
control over C. Entry to and exit from all program functions 
are pushbutton simple. 

Colorkey+ will lead you 
systematically through the 
development cycle. 

An easy, pushbutton 
interface gives new users a 
step-by-step guide. After 
learning through this inter
face, experienced users 
then can enter commands 
directly. Best of all , you 
can freely mix pushbutton 



111111111111111111111 
111111111111111111111 

Above: Tek offers comprehensive development system solutions for more chips 
than any other company. From processor to probe, terminal to emulator, stand alone 
to mainframe- Tek means user choice. 

commands with directly 
entered system com
mands. Total help when 
you need it. Speed when 
you don't. It's your choice. 

LANDS. Our unique 
LANDS (Language Devel
opment System) provides 
fully integrated editor, 
compiler, and debugger 
for Intel's 8086/186 or 
68000 family chips with C 
or Pascal. The LANDS 
powerful parsing editor 
catches source code syn
tax errors as they occur, 
notifies the user that a cor
rection is necessary, and 
prevents errors from ever 
being compiled . Your team 
can save days of compil
ing time. 

INTEGRATION CONTROL 
SYSTEM. The LANDS 
Integration Control System 
(ICS) is a powerful high 
level tool that dramatically 
reduces the complexity of 
hardware/software integra
tion . Using an editor, the 
user simply fills in a brief 
list of parameters. ICS 
does the rest. It automat
ically generates the linker 
command file and assigns 
constants, instructions and 
global variables to their 
correct locations, based 
on your specified memory 
parameters. It even gener
ates assembly code for 
interrupt handling and 
hardware initialization/ 
reset. Tasks that could take 
days, now take minutes. 
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HIGH-LEVEL DEBUG. 
LANDS High-level Debug 
is another time saver that 
lets you perform debug 
operations entirely at the 
compiler source level. Set 
breakpoints based on orig
inal Pascal or C source 
code statements, line 
numbers, or procedure 
function names. Then 
obtain the current value of 
any variable by entering its 
name as used in the origi
nal source. Eliminating the 
language barrier between 
original source files and 
debug information can 
reduce week-long tasks to 
a matter of hours. 

HIGH SPEED DEBUG. 
Tek's overall high speed 
approach to debugging 
ensures reliability by per
mitting real-time execution 
of code in the prototype 
environment. By debug
ging in the real world, in 
the language in which you 
wrote your code, C or Pas
cal program errors need 
never be buried in simula
tion . Corrections are rapid 
and precise when you can 
watch your code in the 
original language while it 
executes at full speed on 
the target processor. 

ENVIRONMENT CHOICE. 
Choose single or multi
user configurations from 
any combination of Tek 
8560, 8561 , or the new 
8562 software develop
ment unit. Alternately, 
select the VAX 730, 750, 
or 780. You get fully inte
grated, comprehensive 
support for VMS or Unix, 
plus fully upgradeable, 
expandable support that 
allows even multiple 
remote users to access the 
system. The full comple
ment ofTek software pack
ages is available in all of 
these environments. And 
user code is transportable. 



INTEGRATED EMULATION. 
Whether you integrate a 
VAX or a T ek 856X software 
development unit with our 
8540 Integration Unit using 
Tek's ICOM-40 commu
nications package, you 
have a state-of-the-art, fully 
transparent interface. Any
one can access host, 
emulator, or prototype, 
from anywhere, at any 

emulator, host or interac
tive host/emulator opera
tions. Result: a virtual 
turnkey development sta
tion at the fingertips of 
every user. 

STRUCTURED ANALYSIS. 
For project managers who 
prefer a top-down design 
approach, Tek also offers 
an automated set of 
Structured Analysis Tools. 
Used in the early stages 

time. Working from a termi
nal, the user can mix and 
match commands for of the design cycle, Tek 

Above: Tek's Structured Analysis 
tools make the production of data flow 
diagrams fast and efficient. 

Copyrightc, Tektronix, Inc. All rights reserved. MIA-239 
VAX is a registered trademark of Digital Equipment Corporation. 
UNIX is a registered trademark of AT&T Bell Labs. 
Colorkey+ is a registered trademark of Tektronix. 

Structured Analysis Tools 
enable graphic on-line 
specification of product 
requirements, while they 
create an environment for 
automatically modifying, 
drafting, distributing and 
checking specifications 
and performance data. 
Markedly improved team 
communications, short
ened design cycles, 
higher product quality, and 
effective project manage
ment are all potential ben
efits of Structured Analysis. 
By automating this meth
odology, TekSA Tools 
make the benefits a reality. 

TOTALCYCLESUPPOR~ 
From chip selection to 
prototype debug, from 
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structured analysis to fast, 
on-site service, Tek offers 
the most comprehensive, 
fully expandable micro
processor development 
solution you can buy. 

Whichever chip you 
choose, working to speed 
your design is Tek's 40 
years of experience in test 
and measurement, custom 
IC design, and software 
development. No other 
company offers this much 
experience and supports 
so many chips in so many 
environments, with one 
common user interface. 

So if you expect more 
long-term value from your 
microprocessor develop
ment system supplier than 
just today's hot buttons, 
push these buttons first-
1-800-547-1512 (in Oregon 
1-800-452-1877). Or con
tact your local Tek sales 
engineer for full details. 
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SPECIAL REPORT ON MASS STORAGE 

SECONDARY STORAGE 
DEVICES LOOK TO 
THE LONG TERM 
Secondary storage is now a primary concern-and a 
dilemma-for designers and users of computer systems. The 
problem can be solved for both the short and long term with 
intelligent tape drives. 

by Larry D. Hemmerich and 
Peter Grohmann 

How much capacity is needed and how fast it must 
be accessed depend on system size and application. 
But, the source of the dilemma remains the same
choosing the right secondary storage device. The 
choice is becoming increasingly difficult, however. 
Disk storage requirements and per-spindle capaci
ties are growing at an exponential rate . This is due 
to more sophisticated, complex, and user-friendly 
software; and the accumulation of data bases. Thus, 
with so many factors at stake, computer system 
designers and users can no longer give secondary at
tention to a system's secondary storage facility. In
stead, they must quickly select, among many 

Larry D. Hemmerich is vice president and general 
manager of Cipher Data Products, Inc, OEM 

Marketing Div, 10225 Willow Creek Rd, PO Box 
85170, San Diego, CA 92138. He is responsible for 
overall marketing decisions. 

Peter Grohmann is product marketing manager for 
Cipher Data's MicroPeripherals Div, 7301 
Orangewood Ave, Garden Grove, CA 92641. He 
handles the marketing of major quarter-inch cartridge 
tape drive products. 

confusing options, the best way to protect, input, 
and retrieve their data. 

Consider the results of the failure to take such 
actions, using the IBM PC/ XT as an example. Hard 
disk storage has increased its online disk capacity 
by a factor of 30. This, in turn, has made it possi
ble for PC users to join the Unix parade. But, the 
PC/ XT's secondary storage remains unchanged. It 
is still a low capacity floppy disk. As a result, PC 
users find that in order to take advantage of IBM's 
Unix version, they must shuffle through 19 floppies, 
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Choosing the Right Secondary Storage Option 

Short-range Concerns Medium-range Concerns Long-range Concerns 

Existing storage device Present and proposed Future technology 
form factors standards Future adopted and 
System software Current technology ad hoc standards 

Applications Forecast product Future product 

Product availability 
avai lability and price availability and price 

and price 

loading each software module in a specific sequence 
without error. Mainframe DP managers face a simi
lar dilemma. Removable disk packs are a principal 
medium for secondary storage. But, as primary 
storage capacities climb over I Gbyte per spindle, 
the daily backup with bulky disk packs becomes 
extremely costly and chaotic. 

Tape to the rescue 
This puzzle calls for an across-the-board solution . 

Thus, not surprisingly, the answer is usually mag
netic tape-an old standby coming to the rescue like 
an old-fashioned cavalry charge, but in new and dif
ferent garb. Yet, even this solution introduces 
another problem: there are so many new magnetic 
tape devices, formats, interfaces, and controllers (see 
Computer Design, May 1984, p 29) that the choice 
is still a confusing and difficult one. 

Magnetic tape devices vary from the very familiar 
to the recently developed . Some of the more mature 
and tested devices have not been significantly altered 
or upgraded in nearly 20 years. New half- and 
quarter-inch tape cartridges are just now receiving 
widespread acceptance. In addition, there are even 
newer units that will accept both quarter- and half
inch cartridges. 

Choosing tape formats and interfaces is even more 
confusing and complex. Proven by decades of expe
rience, tape is still the least expensive and easiest to 
handle medium for storing data. Yet, there are sev
eral older and many newer tape formats and inter
faces available. Included in this mix are such unique 
innovations as tape units that are driven by disk-type 
controllers. The only common denominator is the 
tape itself. 

Order can be made, however, out of this chaos. 
Products are not developed and brought to market 
unless there is a perceived or real need. These needs 
can be organized into three categories : short-range, 
medium-range, and long-range. The Table summa
rizes the principal concerns that narrow the options 
and simplify the decision-making process when this 
division is made. 

Short-range or "quick-fix" concerns center on the 
existing investment in hardware, system software, 
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and applications. At the lower end of the computer 
system spectrum, fixed-disk capabilities have prob
ably been increased without changing the form fac
tors of the 5 114 - or 8-in. drives . Chances are that the 
existing secondary storage is a floppy disk drive. 
From a hardware point of view, then, the quickest, 
least disruptive way to expand online secondary 
storage is to replace the floppy with a much higher 
capacity tape unit (20, 60, or even many 100 Mbytes, 
compared to a floppy's fraction of I Mbyte) with 
the same 5 Y<i- or 8-in. form factor. 

Computer system designers can no 
longer give secondary attention to the 
system's secondary storage facility. 

Recently announced half-inch cartridge tape units 
meet this criterion, but most of them are st ill at the 
introductory stage. They are, therefore, a risk when 
marketing considerations demand a fast, safe 
upgrade in the system's storage facilities. By 
comparison, quarter-inch cartridge units have been 
designed specifically for this application, and are cur
rently mass produced. These cartridges are available 
from multiple suppliers, most of whom have elected 
to meet one or more of a set of industry-wide format 
and interface standards (QIC-02, QIC-24, or QIC-36). 

Tape that looks like a floppy 
Protecting an existing investment in software when 

expanding secondary storage presents its own prob
lems, but is not impossible. Applications and sys
tem software are all based on random access floppy 
disk storage. File management utilities assemble 
records in floppy-sized sectors, track by track. The 
operating system includes a floppy driver , which 
assumes a floppy controller. In contrast, quarter
inch tape is recorded serially in blocks or files. 
Although hardware form factors may be compati
ble when quarter-inch cartridge drives take the place 
of floppies, software for the two types of secondary 
storage devices is anything but compatible. 



8" Winchester Drives 
• SMD INTERFACE 

• SCSI INTERFACE 

Yes! Our 212 MB, 8 inch Winchester drives are available 
in either SMD or SCSI interfaces immediately. 

Just send us your purchase order and we will ship your drives today. 
By the way, if 212 MB is just too large for your needs, 

we can ship 166 MB or 83 MB just as fast. 

Call today: 

ULT 
... a safe place for data 

643 1 Independence Avenue, Woodland Hills, A 91361 (818) 884-7300 Outside California 1-800-MEGAVLT 
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Fig 1 A floppy tape device can greatly increase the online 
secondary storage capacity of floppy-based systems, 
without any significant changes in system software or 
controller hardware. 

Fig 1 shows one solution to this dilemma. To the 
camera and the eye, the drive looks like a quarter-inch 
tape cartridge drive. To the host computer system, 
however, the device is a floppy drive. Information 
is stored in data structures that match the tracks and 
sectors of a floppy disk (Fig 2). The physical 
interface-control lines and handshaking proce
dures-are essentially the same as those dictated by 
the SA450 or SASSO floppy device interfaces. Thus, 
the same device controller chip or board can be 
retained and system designs can be upgraded by 
simply removing one device and inserting another. 

In this way, software modifications that accom
modate larger parameters and facilitate the stream
ing operation complete the conversion. A streaming 
tape obviously does not "step" from track to track. 
Instead, the tape is formatted by a cartridge
initialization pass (similar to a floppy-initialization 
pass) into programmable-length sectors and "seg
ments" (floppy tracks). There are up to 255 segments 
along each of six "streams" (streaming tape tracks), 
representing floppy disk surfaces . 

STREAM I 
000 ~ STREAM 2 

STREAM 3 
STREAM 4 
STREAM 5 

0 0 0 STREAM 6 

~ 

Streams are chosen by interpreting the standard 
floppy disk drive-select and side-select interface sig
nals Uumpers give the user a choice of seven differ
ent stream-assignment configurations) . The tape 
drive then "steps in" or "steps out" a selected num
ber of "tracks" by moving the tape forward or back
ward. Meanwhile, it counts the index marks that 
were recorded when the cartridge was initially 
formatted. 

Streaming that looks like start/stop 
Similar cost-effective options are available from 

half-inch tape units and larger systems. These sys
tems need more secondary storage facilities to match 
fixed-disk units with hundreds of megabytes of 
capacity. · Again, the objective is to obtain an 
immediate gain in online secondary storage without 
increasing the size of the system components. The 
additional secondary storage should have little or 
no impact on existing applications, system software, 
device drivers, or interface controllers. 

Fig 3 illustrates one available option. To the eye, 
it is a compact half-inch streaming tape unit that can 
store up to 180 Mbytes on a single lO Yz -in. reel. To 
the host computer, however, it is a start/ stop unit 
that preserves all of the system software, including 
all file management utilities and device drivers that 
are written for the start / stop format. 

The high online capacity and compact size are 
made possible, because the tape has a streaming for
mat. Interblock gaps are reduced to a small frac
tion of an inch. This increases the amount of dat a 
that can be stored on the same length of tape by 50 
percent or more. In addition, this particular unit 
records that data at 6250 bytes/ in., using a group 
code recording (GCR) format-nearly four times the 
figure for conventional recording at 1600 bytes/ in. , 
or nearly twice that of a double density 
3200-bytes/ in. recording. 

Data transfer rates are also doubled or quadrupled 
(at an equivalent tape speed), helping to match the 
higher read / write rates of the new-generation higher 
capacity, higher performance disk drives. But, this 
benefit can only be realized if the tape continuously 
streams without falling behind or running too fast 
for the flow of data to or from the disk or host 

1 Fig 2 A streaming quarter-inch 
tape cartridge simulates floppy disk 

0 0 0 storage by substituting sequential l 
j1s t s t s j 4S j J 4s } ; fists j 

tape segments for concentric disk 
tracks and tape streams for disk 

PHYSICAL LOAD EARLY WARNING surfaces. 
BEG INNING POINT HOLE PHYSICAL 

OF TAPE I DATA AREA 600 FT ~1 END OF 
TAPE 

All other d1mens1ons are m mches. 
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PPC's FS-1000 Series Vindicator 
1/ 2 inch streaming tape drive is the 
definitive answer. It brings you the 

high reliability, proven performance, and 
field support you need and expect from 
the company that has set world,wide tape 
standards. 

The FS-1000 Series offers: 
• Capacities from 46 to 138 megabytes for 

high performance disk backup, data 
storage and archival retrieval. 

• Streaming speeds of 50 and 100 ips. 
• Start/ stop capability at 25 ips. 
• ANSI and IBM format. Dual-density, 

1600/3200 cpi. 
• Plug compatibility with widely available 

controllers. 
• Autoload, front tape insertion. Auto

matic hub locking and tape threading 
with 7", 8 1/ z" and 101/z" reels, 1.5 or 1.0 
mil tape. 

• Built-in multi-level diagnostics. 
• Drawer mountable. Also available in 

attractive desk-top enclosure. 

Your Best Backup ... 
Inside and Out. 

FS-1000 Series 1/2 inch streaming tape 
drives are the ideal choice for disk backup 
and data storage. Uniquely designed, and 
backed by PPC's broad experience and 
commitment to excellence. Write, call or 
TWX for detailed technical data. 

The FS-1000 Series ... 
Your Design Solution 

Any Way 
You Look At It. 

PEATEC 
PEAIPHEAALS 
COAPOAATIOn 9600 Irondale Ave./Chatsworth, CA 91311 1(818) 882-0300/TWX: (910) 494-2093 
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computer. Several streaming tape units help keep the 
disk and tape transfer rates in unison by providing 
a large buffer space for overflows and underflows. 
The drive in Fig 3 carries this concept an important 
step further. Its "cache" electronics not only store 
the data, but also convert its structure from start/ 
stop records to streaming blocks. Thus, the inter
face to the host is identical to that of a conventional, 
start/stop drive. Consequently, no changes need to 
be made in any of the system software or even in 
the physical connection to the host. 

Safety in standards 
Standard interfaces and formats play a part in the 

evaluation process when short-range objectives are 
measured. In the options discussed previously, the 
quarter-inch tape cartridge can serve as a substitute 
for limited-capacity floppy disks. While the half-inch 
GCR tape unit can substitute for lower-capacity 
bulky, and expensive start/stop units by matching 
industry-wide start/ stop standards. 

The importance of standards increases as the solu
tions extend into medium- and long-range commit
ments. Although standards are not perfect forecasters 
(technology is too dynamic for that), they do pro
vide a valuable guide to future trends and develop
ments. Medium-range objectives look to currently 
available products, new and old, for a graceful tran
sition to expand storage facilities. Any savings that 
might occur from past hardware and software invest
ments are worth considering, but are not usually 
decisive factors. 

Fear of product obsolescence is also minimal. It 
is assumed that within five years or less, the entire 
system, hardware and software, will be revamped. 
More important is the assurance that the selected 
storage devices will be available (ideally from mul
tiple sources) during the next several years. This 
would encourage product competition and lower 
prices. 

Naturally, the best way to be sure of device avail
ability is to stay with well tested and top quality 
equipment. Most likely, no matter how large the 
market for half-inch tape cartridges becomes, it will 

STREAMING 
CARTRIDGE 

CONTROLLER 

QIC-02 

INTELLIGENT 
DRIVE 

ELECTRONICS 
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QIC-36 

BASIC DRIVE 
CONTROL 

AND 
READ/ WRITE 
ELECTRONICS 

Fig 3 Cache-type GCR half-inch drive combines the 
capacity, economy, and size benefits of streaming tape with 
the simpler programming and easier implementation of 
start/ stop tape. 

never support six or more incompatible drive form 
factors, medium form factors, and data formats. 
Except for the marketing benefits that come with 
novelty, taking a chance on one of the new tape 
devices will be exactly that-a chance. On the other 
hand, given the current pace of change in secondary 
storage technology, a new device may emerge as a 
clear leader within a year or two and set a new de 
facto industry standard. 

OIC standards 
Quarter-inch tape products are generally adhering 

to one of the three standards summarized in Fig 4. 
As shown, QIC-36 is a basic interface that allows the 
user to format and record data on streaming tape, 
to detect and correct errors as they occur, and to 
retrieve data at a later time, using the same or a 
different drive. QIC-24, by comparison, establishes 
a standard format for the data. It calls for speci
fied block lengths and a nine-track serpentine path 
that takes only moderate advantage of the available 
tape width. The QIC-02 defines a parallel data inter
face between a streaming cartridge controller and 

QIC-24 

STREAMING 
TAPE 
DRIVE 

Fig 4 Format and interface 
standards are now bridging the gap 
between quarter-inch and half-inch 
cartridges. QIC-36 and QIC-02 define 
quarter-inch cartridge tape device 
interfaces; QIC-24 specifies a 
streaming-tape format that 
maximizes quarter-inch cartridge 
capacities by minimizing the 
distance between data blocks. 



212 million bytes 
in one box and ... 

we'll back it up. 
With a 212, 132 or 83 Mbyte (unfor

matted) capacity 8-inch Winchester disk 
drive backed-up by a 45 Mbyte (formatted) 
capacity streaming tape drive, VectorSafe™ 
is the highest capacity completely inte
grated data storage device available today. 

SCSI or SMD/ OIC-02 interfaces. Desk
top or rackmountable enclosures. Available 
with or without tape backup. 

Why waste valuable design time inte
grating your system 's memory and backup 
when we 've already done it for you? 
Call today for details. 

(818) 365-9661 
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an intelligent drive that can format data along the 
general guidelines of the QIC-24 standard. 

Standards for higher capacity, quarter-inch car
tridge subsystems are now being developed . The 
standards have also been applied to half-inch car
tridge interfaces, providing an upwardly compatible 
growth route for systems based on the QIC 
standards. 

New standards for half -inch tape 
The same combination of established standards 

and soon-to-evolve standards applies to half-inch 
tape. If anything, existing half-inch standards have 
been even more firmly entrenched, and new develop
ments on the horizon are even more revolutionary . 
Nine-track tape formats are almost as old as the 
ASCII code, and equally honored. They include the 
800-char/ in. nonreturn to zero inverted (NRZI) stan
dard and the 1600-char/ in . phase encoded format. 
Even the newer 6250-char/ in. GCR has been an 
American National Standards Institute standard for 
the better part of a decade. The so-called Pertee tape 
drive interface, originally developed for the IBM 

plug-compatible market, has an equally long history. 
One of the few constraints in the computer industry 
has been standard magnetic tape on standard reels. 

A ll of this is now subject to change. A variety of 
half-inch cartridges are, as mentioned, vying for a 
piece of the future. The likely winner is a completely 
new and different type of chromium-oxide coated, 
half-inch tape developed by IBM. This new tape car
tridge can perform transfer rates up to 3 Mbytes/ s 
at a tape speed of nearly 80 in. l s. It can also record 
data on 18 tracks to produce a linear data density 
of approximately 38,000 bytes/in. (three times the 
linear bit density of the 6250-char/ in. standard). 

Of equal importance are the drives designed for 
the new format, which feature a very high level of 
intelligence and a 512-Kbyte buffer that almost guar
antees continuous streaming, no matter how the data 
is organized by the system software. Stated another 
way, with this amout of local intelligence and 
memory, any debate over the merits of start/ stop 
and streaming becomes an academic exercise. 

Looking ahead 
The amount and type of future drive intelligence 

become critically important when evaluating long
range concerns. In this case, system designers and 
users must take a gamble on the specific standard, 
adopted or de facto, that is likely to dominate the 
industry in 5 to 10 years. This standard will be the 
one able to offer the greatest chance of a variety of 
products from competitive suppliers. 

A moderate step in the direction of increased drive 
capabilities is represented by the emerging Enhanced 
Small Disk Interface, now broadened to Enhanced 
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Small Device Interface (ESDI). The original intent 
of the ESDI specification was to double the data rate 
of the de facto ST506 standard for 5 114 -in. Win
chester disk drives and to move functions such as 
data separation from the controller to the drive itself. 
A subset of these capabilities is now being applied 
to tape devices. 

More significant is the Small Computer System 
Interface (SCSI) architecture with up to eight peer 
level controllers or CPUs sharing a single SCSI bus, 
and up to eight disk or tape devices connected to 
each controller. SCSI streaming data rates can 
extend up to 4 Mbytes / s on a byte-wide bus. 

Intelligent SCSI controllers can also relieve the 
host computer of such tasks as processing and con
trolling the transfer of data between primary and 
secondary storage devices . Both disks and tapes are 
connected through their controllers to a common 
bus. A single command-copy-can therefore initi
ate a disk-to-tape or tape-to-disk transfer without 
any further involvement by the host processor. 

The proposed Intelligent Peripheral Interface 
(IPI) standard goes even further, with an upper limit 
of 10 Mbytes/ s in data streaming mode on two byte
wide bidirectional buses. Only eight devices can be 
active on the daisy chain IPI buses at the same time. 
But, up to 128 disk or tape drives can be addressed 
by the IPI protocol. 

The IPI interface allows tape drives to perform 
multiple block operations, bursting data in increments 
that take only 175 µs of bus connect/ disconnect time. 
IPI Level 3 intelligence also reduces system costs by 
eliminating the need for an intermediary tape con
troller. The drive is attached, instead, directly to the 
IPI bus. Moreover , both disks a nd tapes can share 
a common 110 channel, with a single set of high
level IP! commands controlling the transfer of data 
to and from both types of devices . 

Tape drives meeting these specifications are now 
available as off-the-shelf products, although it may 
be several years before their full potential is real
ized . But, if computer system designers and users 
need to meet enhanced secondary storage require
ments for the long-range future, then one of these 
intelligent tape drive designs should be a viable 
option. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 707 Average 708 Low 709 



OEMs have the right questions 

Introducing the SMS 1000 Model 40 
DEC-Compatible Microcomputer System 

SMS has been listening: You want microcomputer systems 
that can meet your current needs and can be expanded to 
handle future requirements. Our new SMS 1000 Model 40 
is designed to do just that! 

We knew what the end product had to do before we started, 
so we designed it based upon an integrated foundation 
architecture that optimizes performance and flexibility. 
The foundation module interfaces to Winchester, floppy 
and tape peripherals; serial communication ports; and the 
Q-bus backplane. It also includes a sophisticated Support 
Monitor Subsystem which makes the system easy to use 
and maintain. And we put it all on one board that doesn't 
require any backplane space! 

The SMS 1000 Model 40 contains a Q-bus backplane and 
emulates the DU handler/device driver. All LSl-11 software 
will operate with no modifications. 

This system provides you with the widest choice of peri
pherals available in any microcomputer on the market. The 
options include 8 or 5% inch floppy drives, up to 140 Mb of 
5% inch Winchester and a soon-to-be-released streaming 
tape drive. All this in one 5% inch rack mount or floor stand 
enclosure. 

The Model 40 allows non-interleaved disk transfers using 
an enhanced version of DEC's* MSCP storage architecture. 
It is offered with fast access Winchester disk drives and 
either LSl-11/23 or LSl-11/73 processors. So you can 
optimize your application software performance whether 
it runs on RT-11, RSX-11M*, RSX-11M-PLUS, RSTS/E*, or 
TSX-PLUS*. 

High reliability is essential to your business. The SMS 1000 
Model 40 is designed to provide your users the uptime both 
you and they dream about. And if things go wrong, the 
Support Monitor Subsystem is there to help you or your end 
users get back on the line quickly. The system was designed 
to minimize parts count and maximize access to all com
ponents. This allows replacement of any failed component 
in less than 5 minutes! 

The SMS 1000 Model 40 is really a family of products, 
available in over 150 different configurations-today
with more to come in the near future. 

If these are the answers to the questions you are asking, 
please contact us immediately tor more information. 

Scientific Micro Systems. Inc. 
777 East Middlefield Road 
Mountain View, CA 94043 
(415)964-5700 
TWX: 910-379-6577 

SMS SALES OFFICES: Seattle, WA (206)883-8303; Boston, MA (617)246-2540; Atlanta, GA (404)296-2029; Morton Grove, IL (312)966-2711 ; Melrose Park, IL (312)345-5320, 
Arlington , TX (817)429-8527; Laguna Hills, CA (714)643-8046. AUTHORIZED SMS DISTRIBUTORS FOR DEC PRODUCTS: Midwest-First Computer Corporation (312)920-1050; 
Western-Pnambic Systems, Inc . (206)282-0199; Quebec Province, Canada-Logicon, Inc . (514)430-5960. 

"DEC, RSX and RSTS are trademarks of Digital Equipment Corporation . "TSX-PLUS is a trademark of S&H Computer. 
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DISPELLING THE MYTH ABOUT 
SINGLE CHIP MICROCOMPUTERS. 

Single chip microcomputers are marvels of 
advanced electronic technology: Going beyond 
even the tiny architectures of today's general-pur
pose microprocessors, they combine the functions 
of multiple chips to form a single-device solution. 
Indeed, they are awesome machines. 

But after their introduction, myths grew up 
around MCU's. Designers believed that they were 
difficult to design with; that there wasn't sufficient 
hardware and software support for them; that those 
who selected them would get a Sisyphus Complex. 
Sisyphus, you remember, is the character in ancient 
Greek mythology who was condemned forever 
to push a rock up a hill. Just as the rock reached 
the top, it escaped Sisyphus and rolled back to 
the bottom. 

Some MCU's, no doubt, deserve the stigma 
of this myth. But one definitely does not. Zilog's Z8 · 
MCU Family For there is more than enough evi
dence to prove that the Z8 chip is not only the fastest 
MCU around, but it's the easiest to work with, too. 
In fact, it should be the chip of choice for any dedi
cated control applications that must get to market 

8/84 

This is the first in a series of technical papers from Zilog. designed 
to give engineers new insights into Zilog microprocessors-what 
advantages they provide for particular products and why they are 
the choice among engineers who need optimum per1ormance. 

f fl L 11 N 

on time-even if you need large quantities of them 
to fill your needs. Because the Z8 device is available 
now for off-the-shelf delivery 

But what does ease of design mean to you? 
What do you look for when you select a chip? What 
do you need to make your job easier? Whatever 
it is. you'll find Zilog provides everything you need. 
and more: 

• Hardware and software development tools 
• An existing software base 
• Factory and field sales support 
• Preproduction parts supplies 

Z-SCAN™ 8 PROVIDES REAL-TIME 
EMULATION CAPABILITIES. 

Zilog's Z-SCAN 8 is an in-circuit Emulator with 
a combination of hardware and sophisticated 
software that gives you efficient, interactive emula
tion of the entire family of Z8 microcomputers. By 
the simple exchange of target devices, the selected 
Z8 MCU can be emulated in a real-time mode 
that gives you the ability to inspect and control the 



tested environment. It also gives you real-time 
trace speed up to 12 MHz, two breakpoints, single
step capability and extensive mappable memory 
All to ensure that you get an accurate simulation of 
your Z8 operating environment. 

The Z-SCAN 8 Emulator is a combination of hardware and firm
ware that allows efficient. interactive emulation of the Z8 MCU. 
When hooked to an IBM PC software host. Z-SCAN 8 provides real
time, in-circuit development system capabilities The Z-SCAN 
8 will connect easily to other PC's making it a highly versatile unit. 

The Z-SCAN 8 operates with both Zilog systems 
and other 8-bit development systems running 
CP/M® and/or other operating systems. Its standard 
RS-232 serial link makes it particularly useful with 
the IBM PC and other CRT terminals. Hardware and 
software debugging is fast and convenient. Two 
screens display the status of the Z-SCAN 8 monitor 
and Z8 MCU target resources. Target memory 
can be displayed and modified in a scrollable 
window. Moreover, the Z-SCAN 8 is interactive and 
easy to use. Commands are selected from menus 
and command arguments are self-prompting. 

The set-up procedure and initialization for 
the Z-SCAN 8 is done for you -a unique feature in 
itself. The Z-SCAN 8 is designed to reduce design 
time. But it's not the only time-saving device Zilog 
provides for the Z8 MCU. 

THE ZS MCU DEVELOPMENT 
MODULE CUTS HARDWARE 
AND SOFTWARE DEVELOPMENT TIME. 

The Z8 Development Module (DM) features 
two 4K Z8 devices on a single-board microcomputer. 
It's designed to assist you in the development and 
evaluation of hardware and software designs based 
on the Z8 MCU. With it you can easily build a pro
totype using the Z8 prototyping device, and then 
develop code that will eventually be mask
prograrnmed onto the Z8 on-chip ROM. 

The Z8 Development Module allows you to build a prototype 
using the Z8 prototyping device, thereby developing code that 
will eventually be mask-programmed into the Z8 on-chip ROM 
The Module is a single-board microcomputer system designed 
to develop and evaluate hardware and software designs based 
on the Z8 family 

The Development Module connects to the CRT 
terminal and host system through two on-board 
RS-232 serial ports. So the DM fits between the CRT 
and host. A simple command makes the DM 
transparent in the serial path, which allows software 

to be developed on the host-resident assembler 
without disconnecting the DM from the CRT and host. 

The DM has a range of features to make Z8 
designs easier than you ever thought possible: • 4096 
bytes of static RAM for convenient creation and 
debugging of user code; • an on-board socket that 
tests user code in a 2716 or 2732 EPROM; •up to 
4096 hardware breakpoints on address compare 
that can cover the entire internal ROM space; 
• a wire wrapped area for prototyping; and 
much more. 

ZS MCU DEVELOPMENT SOFTWARE 
SPEEDS UP DESIGN TIME. 

Zilog also provides you with a growing library 
of sample programs and convenient assembler 
packages to help you get started testing your Z8 MCU 
designs. In our Subroutine Library; for example, 
there's our arithmetic subroutine, an I/O subroutine 
and a general control subroutine. What's more. 
there are several versions of the Z8 device: a 2K and 
4K ROM version; a ROMless version; and a Protopak 
for prototyping. Each offers different memory 
addressing structures. Zilog is developing more 
all the time. Plus, there's an existing software 
base for all the Z8 MCU's. We can provide you with 
samples of designs currently in use. 

The 28613 MPE is used for prototype development and prepro
duction of mask-programmed applications. The Protopack is 
a ROMless version of the standard 28611, housed in a pin-compat
ible 40-pin package. 

SERVICE AND SUPPORT AT EVERY 
LEVEL FOR YOUR ZS MCU DESIGNS 

From the factory to the field, Zilog provides 
support at every level. A worldwide field sales net
work stands ready to help you with both hardware 
and software support. And you can get all the Z8 
MCU's you need right now. Yields for the device are 
up 40%, and price reductions reflect our new sup
plies. What's more the upcoming Z8 Super 8 ~ promises 
a smooth migration path for today's Z8 MCU family 

Zilog's Z8 single chip microcomputer. Believe 
the myths. Or get the facts. If bringing your pro
duct to market is important to your business, then 
design with the part that does more for success 
than any other. The Z8 MCU makes getting over the 
design hill and into production a lot easier than 
you might think. 

For more on the Z8 MCU, send for our complete 
overview or call our Literature Hot Line at 800-
272-6560. For seminar dates and locations, or 
information on Zilog training, call ( 408) 370-8091. 
Or write: Zilog, Inc,, Technical Publications, 1315 
Dell Avenue, MS C2-6, Campbell, CA 95008. 
CP/M is a registered trademark of Digital Research Inc. All other produds 
mentioned are either registered trademarks or trademarks of Zilog, Inc. 

ZilOg Pioneering the Microworld 
an affiliate of 
Elf<.ON Corporation CIRCLE 50 
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Merlin. e Result of 
and a Pinch of 

More than 15 centuries ago, Merlin-the world's greatest sorcerer-took 
magic truly beyond state-of-the-art. He not only made the impossible possible 
-he made it easy. 

The same way Megatek is doing today. In computer graphics. 
We've taken tomorrow's technological magic to produce graphics mir

acles today. In other words, what Merlin did for his world, Megatek can do 
for yours now. The Merlin™ 9200 to be exact. 

The most completely interactive, high-performance, high-resolution 
graphics rendering system yet created. Advanced graphics capabilities com
bined with high reliability and the first intelligent approach to graphics database 
management and system networking. 

The Merlin 9200 offers graphics capabilities that virtually leave the 
leading edge of technology behind. Translucents and opaque solids, for exam
ple. Flat, Gouraud or Phong shading. X, Y and Z axis dipping of objects. 
Depth cueing. Perspective. Surface texturing, patterning and meshes. And a 
unique, proprietary Pixel Phaser™ that gives ultra-sharp 3056x2304 virtual 
screen addressability. Plus, 64 or 256 or 4096 colors from a palette of 16.7 million. 

And behold the system-supported miracles Merlin creates. 
Communications. A database editor. Local task processing and display. 



1500 Years of u___.· 

Megateknolow 
Print, set-up and configuration managers. Peripheral devices including color 
hardcopy output, a graphics tablet and full-function keyboard with joystick and 
valuator dials. 

Plus, Merlin's hierarchical database allows graphics and non-graphics 
information integration in up to 4 megabytes of dedicated memory. You can 
create or modify screen graphics while automatically changing the system's 
database. You can even store and recall data from either the host or, thanks to 
an optional Ethernet® interface, from other networked Merlins. Sheer wizardry. 

Then there's Vf-100™ emulation, hardware diagnostics, status check
ing, error recovery and a configurable error routing capability. 

Merlin 9200 from Megatek The ultimate high
performance graphics solution that takes you far 
beyond state-of-the-art. Thanks to Megateknology:™ 

Pure and simple graphics magic-1500 
years in the making, but well worth the wait. 

World Headquarters, 9645 Scranton Road, San Diego, CA 92121 
619/455-5590, In CA, 800/824-4489, In USA, 800/854-1975, TWX: 910-337-I270 
Merlin, Megateknology and Pixel Phaser, are trademarks of Megatek Corporation. Ethernet is a registered trademark of 
Xerox Corporation. Vl'lOO is a trademark of Digital Equipment Corporation. 
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COMPUTER DESIGN/October 1 , 1984 1 09 



INTRODUCING A 
BETIER APPROACH m 

ARIS CONTROL. 



It's called the Intel 
approach. 

Our 286/ 310 multitasking 
supermicro system. Teamed 
with our iRMX"'86 real time 
operating system. 

Together they provide 
OEMs in the industrial con
trol and factory automation 
market with a system that's 
remarkably fast and flexible. 

First, let's talk fast. 

Our iRMX 86 operating 
system features priority 
driven interrupt manage
ment with ultra-fast context 
switching. And an event 
driven nucleus that manages 
multiple system tasks.All of 
which makes for lightning
fast real time response. 

Then there's the 286/ 310 
supermicro itself. Based 
on the most powerful high 
performance microprocessor 
in its class, our iAPX 286. 
Add to that the turbocharg
ing talents of our 80287 float
ing point processor, which 
boosts numeric capabilities 
bylOOx. 

And add to all that our 
multiprocessing architecture. 
Which greatly enhances sys
tem speed by off-loading the 
CPU. 

The result is scorching, 
minicomputer performance. 
Without a scorching, mini
computer price. 

Now, let's consider 
flexibility 

Our iRMX 86 operating 
system is flexible because 
it's modular. So you only 
have to add those capabili
ties your customer's 
application demands. 

It also supports all of the 
popular languages Oike FOR
TRAN, Pascal, PL/ M, BASIC 
and C). 

Making it flexible enough 
to accommodate the most 
diverse applications. A fact 
that over 2000 licensed RMX 
OEMs can attest to. 

But the 286/ 310 super
micro is not only flexible, it's 
open. Giving you rapid 
access to the latest VLSI 

r&J I984 Intel Crnporation 

technology. Like our new 
BITBUS"' interconnect which 
provides low- cost, easy to 
implement distributed con
trol in the factory. 

And our open design 
allows easy integration 
of over 1200 different MULTI
BUS"' boards available from 
over 200 suppliers. Letting 
you plug in I/ O, data collec
tion, control and communi
cations capabilities. 

So that's what the 286/ 310 
real time supermicro system 
is all about. 

111/e/ 's 286/310 real lime supermicro starts 
at under $10,000. 

Speed. Flexibility Sim
plicity And the world's most 
advanced VLSI technology. 
Letting you easily combine 
chips, boards and systems -
whatever you need. Plus 
complete maintenance. Even 
for the non-Intel patts of 
your system. 

Call us toll-free for a copy 
of "How to Select a VLSI 
Operating System" and more 
information on the 286/ 310. 
(800) 538-1876. In California, 
(800) 672-1833. Or write 
Intel, Lit. Dept. #S 11, 3065 
Bowers Ave., Santa Clara, 
CA95051. 

We'll be happy to give 
you a hand in winning the 
arms race. 
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From the front, you know us for high-fidelity 
color reproduction. 

But behind those pretty pictures is an equally 
important part of our story-superior technology. 
You see, Mitsubishi Electronics pioneered high. 
resolution CRTs. We've continued to advance the 
state-of-the-art with design refinements. And, in the 
process, we've earned a reputation for innovation 
and leadership. 

When you get technical, you won't find a better, 
more reliable CRT. Or a broader product range. Our 
unsurpassed selection covers all sizes and perform· 
ance criteria for applications including CAD/CAM, 
computer graphics, imaging, process control, MIS 
and more. Check the chart for a brief overview. And 
note that we're very cost competitive, even when 
compared to less capable CRTs. 

Of course, our story wouldn't be complete without 
mentioning our large network of knowledgeable 
sales representatives. There's a Mitsubishi Electronics 
professional near you for fast response to your needs. 
One call is all it takes for pricing and delivery infor· 
mation, as well as technical and applications assist· 
ance. 

To get the full story, get in touch today. We'll send 
complete technical information and the location of 
your nearest representative. Just contact: Mitsubishi 
Electronics America, Inc., Industrial Electronics 
Division, 991 Knox Street, Torrance, CA 90502. 
Telephone (213) 515-3993. 

CRT RESOLUTION RANGE AND SIZE 

Series us UA ST SA AT MT AM 

10" (9V) 0.31 

~-£ 12" (11V) 0.31 0.37 0.47 
= '6.~ 14" (13V) 0.2 0.31 0.25 0.31 0.4 0.4 .o o E 
"' ·- E 16" (15V) 0.31 0.31 ~-=->-<I: 0 20" (19V) 0.25 0.25 0.31 0.31 0.44 0.56 0 

26" (25V) 0.37 

Screen Structure Dot Dot Dot Dot Dot Dot Stripe 
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... ELECTRONICS 

ADVANCED AND EVER ADVANCING 

See us at 
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SPECIAL REPORT ON MASS STORAGE 

CARTRIDGE DISK 
MEETS NEEDS OF 
PORTABLE SYSTEMS 
Fast access, large capacity, and removability are key data 
storage criteria. Cartridge disks combine all these in a single 
low power device. 

by Dick Troutte 

Space, weight, and power are three critical factors 
in portable computer designs. They have kept design
ers away from hard disk mass storage devices. Floppy 
disk drives, on the other hand, lack the performance 
and capacity of Winchester hard disk drives. Tradi
tionally, systems using fixed-disk Winchester storage 
devices needed an additional removable media unit
usually a floppy drive. Thus, additional space, 
weight, and power were traded for the speed and 
capacity gained when using this storage device com
bination. Today, by merging the advantages of flop
pies, cartridge tape, and Winchester disks in a single 
mass storage device, the hard disk cartridge drive 
eliminates these penalties. 

The cartridge drive offers large capacity, high 
transfer rates, and removable media, without a 
second drive. The current standard configuration 
combines a Winchester drive with 10-Mbyte or more 
capacity and at least one floppy drive. A Winchester 

Dick Troutte is president of DMA Systems Inc, 601 
Pine Ave, Goleta CA 9311 7. Mr Troutte holds a BS 
from California State University, Fullerton and has 
completed advanced studies at Stanford University . 

---,,....- ...._ 
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cartridge drive can emulate the dual-device configu
ration in a single half-height unit. This smaller unit 
supplies the weight and power consumption ideal for 
portable computers. 

In portable computer design, mass storage options 
that fit into the standard half-height, 5 \14 -in. form 
factor are the floppy disk, tape cartridge, Winchester 
cartridge, and fixed-disk Winchester . Each of these 
has a standard width of 5¥4 in. and behind-the-panel 
depth of 8 in . The parameters listed in Table 1 are 
for typical devices in each category. 

Storage alternative to portable systems 
Floppy disk drives benefit from a long history of 

high volume production and usage . They are the 
least expensive and require the least power of the 
four mass storage devices listed . In addition, the 
floppy drives can offer capacities over 1 Mbyte. 
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TABLE 1 

Storage Alternatives for Port able Computers 

Stora9e Device Height Weight Power 

Floppy disk 1 .625 in . 3 .6 lb 12 w 
Tape cartridge 1 .625 in . 3.0 lb 21 w 

Winchester cartridge 1 .625 in . 3 .3 lb 19 w 
Fixed-disk Winchester 1.625 in . 3 .0 lb 22 w 

According to some designers, however, floppy tech
nology is close to exceeding the potential data track 
density of its environmentally sensitive, flexible film 
media. In addition, the direct abrasive contact that 
occurs between the read/ write head and the record
ing surface limits possible rotational speed and, thus, 
the rate at which data can be transferred to and from 
the drive. 

Streaming tape cartridge drives dramatically in
crease the amount of data that can be stored without 
changing media-up to 60 Mbytes on an extra-length 
quarter-inch magnetic tape cartridge. However, the 
technology's sequential access method makes loca
tion and retrieval of a given record or file slow. Data 
is recorded serially, requiring repeated winds and 
rewinds to reach a selected track. Data transfer rates 
are also limited to about 90 Kbytes/s . The quarter
inch tape cartridge, therefore, serves a secondary 
backup role in a high performance computer system, 
while providing an ideal medium for low cost archi
val storage. 

The half-height Winchester cartridge requires 
twice as much power as a floppy, but can store up 
to IO Mbytes on a single cartridge disk. That is more 
than enough to provide primary storage for a single
user portable computer. In a Winchester-technology 
type device, with coated media and flying heads, the 
drive can accept and return data at the standard 
5 Y<i-in . Winchester rate of up to 600 Mbytes/s. There 
is no reason why these figures cannot increase as the 
industry moves to higher performance interfaces 
such as the Enhanced Small Disk Interface (ESDI) 

now being considered by an American National 
Standards Institute (ANSI) committee. 

The fixed disk Winchester was the only 5 Y<i -in . 
device capable of providing the high online capaci
ties and throughputs required by man y personal 
computer software packages. These half-height, 
fixed-disk, Winchester drives have standard ST506 

interfaces and capacities up to 12 Mbytes. Again, 
higher capacities and transfer rates can be expected 
as Winchester technology evolves. 

Various useful combinations of these storage 
devices are listed in Table 2. Assuming that the 
design objective is a complete storage system with 
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the capacity and transfer rate of a Winchester drive, 
plus the removable media essential for l/O func
tions, portable computer designers have four op
tions. Three of these are to combine a fixed-disk 
drive with one of the removable-media devices. The 
fourth is to take advantage of the removability built 
into a Winchester cartridge drive . 

Dual-device systems impose several design prob
lems. There is a size penalty whether or not the two 
drives are placed side by side or the fixed-disk unit 
is buried inside the system. The size disadvantage 
is greater when one or both of the devices are pack
aged separately and connected to the computer by 
a plug-in cable. Floppy disks and tape cartridge 
drives lose their weight and power advantages when 
combined with a fixed-disk device. The combinations' 
additional controller circuits, device connectors, and 
cables add space, weight, and power, even when 
using a common set of dual-purpose, device controller 
chips. In addition, two device drivers must be in
cluded in system software. 

Single device storage system 
The single controller advantage of the Winchester 

cartridge drive enters into the fourth option: an all
Winchester system consisting of two drives-one 
fixed and one removable. This system is best for 
applications requiring more online storage than is 
available in a single cartridge. The same interface 
applies to both drives, allowing a multi-unit disk con
troller to perform the task. 

TABLE 2 

Alternative Fixed/Removable Storage Combinations 

Storage System Total Height Total Weight Total Power 

Winchester cartridge 1.625 in . 3 .3 lb 19 W 

Fixed-disk Winchester/ 
floppy disk 3 ·25 in. 

Fixed-disk Winchester/ 

tape cart ridge 

Fixed-disk Winchester/ 
Winchester cartridge 

3.25 in . 

3.25 in. 

6.6 lb 34 w 

6.0 lb 43 w 

6 .3 lb 47 w 

Winchester-level storage systems have the highest 
power requirements possible for a battery-operated 
system without needing frequent recharging. The all
Winchester combination is probably beyond the 
practical limit for truly portable systems. But, it is 
worth considering for a "transportable" computer 
system. 

A high performance portable computer can be 
built with just a single storage device: a Winchester 
cartridge drive. The Winchester cartridge drive 



What a performance! Seven 
new data acquisition and control 
boards for your IBM PC.™ 

Encore! Encore! 
Data Translation has done it again. Our 

first two analog and digital I/O boards for IBM 
personal computers received rave reviews. 

So we extended our product line to seven 
... starting at $295 for quantity purchasers. 

While most of the personal computer world 
focused on home and office applications, we lifted 
the curtain on two other key areas. Laboratory data 
acquisition and industrial control. 

Now, no matter what you need for your IBM PC, 
we have it. Each board is a complete data acquisition 
and control system. With AID, DIA, digital I/O, and a 
programmable clock. You simply choose the board offer
ing the speed and resolution you need most. Just plug it 
into your PC's backplane and it's showtime. 

With on-board intelligence, all seven are software 
compatible and supported by Data Translation's PCLAB 
software package. 

~ ...,. 
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295{0EM) Low Cost DT2808 10 16SE 3.3 10 16 yes 
495 16SE 

1195 General Purpose DT2801 12 or 13.7 12 16 
1345 High Speed DT2801-A l 801 27.5 

1 

33 .j.. 
2170 High Resolution DT2801 /5716 16 SDI 2.5 16 
1295 Low Level DT2805 12 

1 
13.7 

1 2270 Low Level, 012805/5716 16 2.5 
High Resolution 

1695 Simultaneous S/H DT2818 12 4 27.5 33 
NOTES I PCLAB software supparts all models 2 Programmable gain 1s standard for all DT2801 and DT2805 models 
3 Screw terminal and signal cond1t1onrng panels available for connectmn of all l 'O signals 

Data Translation is playing the leading role in personal 
computer data acquisition and control. Find out how we 
can help your performance today. 

VISA and MasterCard accepted. 
Call (617) 481-3700 

See our new 
192 pg. product 
supplement in 
Gold Book 
1984, Vol. III , 
and our 336 pg. 
catalog/handbook 
in Gold Book 1983. 

World Headquarters : Data Translation, Inc ., JOO Locke Dr., Marlboro, MA 01752 (617) 481 -3700 Tix 951 646. 
European Headquarters: Data Translation, Ltd ., 430 Bath Rd ., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849 862. 
In Canada: (416) 625-1907. IBM PC is a registered trademark of IBM. 
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provides all the system's storage requirements, 
including program loading, archival storage, and 
backup protection for data. 

The Winchester cartridge drive delivers the same 
device reliability and low error rate as a fixed-disk 
Winchester system. This is an important considera
tion in a computer system located far from the usual 
sources of technical or service support. In addition, 
a single Winchester cartridge can contain software 
and data sufficient for an effective software environ
ment. If stored on floppies, 10, 20, or even 40 sepa
rate disks might be required to assemble the right 
combination of system software, application soft
ware, and source information. 

The Winchester cartridge can serve both as primary 
storage and as a distribution medium. This elimi
nates the need to transfer data from one format to 
another. The two cartridges can efficiently distribute 
and store applications such as word processing or 
spreadsheet packages. With IO Mbytes of storage 
available on each cartridge, not only the specific 
application, but also the appropriate operating sys
tem, utilities, device drivers, and tables can be stored 
on each disk. 

Within the limits of the cartridge's capacity, no 
changes in system software are required to reflect 
that only one device is attached to the system. As 
illustrated in Fig 1 (a), the disk surfaces can be 
divided into two or more logical or "pseudo" storage 
devices. For the sake of software compatibility, data 
or software modules can be copied from "secondary" 
to "primary" storage on the same disk for process
ing or execution. 

This concept can be applied to achieve the mini
mum st.orage requirements for compatibility with the 
IBM Personal Computer / Interactive Executive 
(PC/ IX) operating system [Fig 1 (b )] . For compati
bility with the Unix-based PC/ IX, most of the car
tridge's capacity is partitioned off as a logical hard 
disk drive. The balance is divided into one or more 
logical floppies with standard IBM capacities of 160 
or 180 Kbytes for single-sided diskettes, 320 or 360 
Kbytes for doubled-sided diskettes. 

Protecting data in portable units 
The same primary/ secondary storage concept can 

be applied to data backup . Copies of the data can 
be recorded either as the data is entered [Fig 2(a)] 
or as a separate backup operation in which selected 
data fields can be copied from one section of the 
disk to another [Fig 2(b)]. Either method preserves 
the data integrity until the data is transmitted to a 
home office for conventional backup, or brought 
into the office for transfer to an established backup 
medium: tape, disk, or floppy. 

The mosl obvious Achilles heel of Winchester 
technology in portable applications is the direct head
to-media contact when a computer is powered down 
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PRIMARY 
STORAGE 

(a) 

SECONDARY 
STORAGE 

LOGICAL 
HARO DISK 

(b) 

LOGICAL 
FLOPPIES 

Fig I The 10-Mbyte capacity of the Winchester cartridge 
can be divided into logical or " pseudo" disks to emulate 
primary and secondary storage functions (a). The minimum 
storage requirements for the IBM Unix-based PC/ IX 
operating system can be simulated by dividing the cartridge 
into a logical hard disk and one or more floppies (b). 

or in transmit. The disk stops rotating and the heads 
rest on the recording surface. Some form of protec
tion must be provided to prevent damage to the 
media or the heads. The safest solution is to lift the 
heads off the disk surface and to retract them com
pletely. Only if a cartridge is fully seated in the drive 
is it safe to power up the drive, extend the heads, 
and dramatically lower them to their flying height 
above a disk that is already spinning at full speed. 

This is achieved simply by mounting the upper and 
lower head assemblies on spring steel arms. Station
ary wedge-shaped cams force the arms apart, lifting 
the heads off the spinning disk as the head carriage 
is retracted. Extending the carriage has the opposite 

CPU 

(a) 

CPU 

(b) 

Fig 2 On-the-road data integrity can be preserved by 
recording data twice on different sections of the high 
capacity Winchester disk (a). Conventional backup 
functions can be emulated by copying selected records from 
one section of the disk to another as a separate computer 
operation (b). 



effect; this motion lowers the heads to their read / 
write positions after a protective air bearing has been 
formed between the heads and the revolving surfaces. 

A single Winchester cartridge drive 
delivers the same device reliability and 
low error rate as a fixed-disk 
Winchester system. 

Using this technique, Winchester cartridge drives 
with fully retracted heads have withstood typical 
baggage handling shocks up to 50 G without damage 
to the drive or the cartridge. The addition of a linear 
retraction mechanism, however, extends the length 
dimension of the drive beyond the 5 V4-in. form fac
tor. Part of the solution is to design the drive as a 
pull-out drawer, like the turntable drawer of an old 
phonograph console. The drawer design allows the 
cartridge to be top-loaded on the disk spindle, fur
ther reducing the chance of damage to cartridge or 
drive. The drive extends in front of the mounting 
panel, giving the user a handle to grasp the drawer 
and pull it out when loading or unloading a cartridge. 

To squeeze a 3/ 4-in. high Winchester cartridge 
into a 1.625-in. high box requires the use of minia-

• Low profile - 12 to 19mm depth 

• Light weight · 20 to 130 grams 

• Powerful - from 14 to 225 g-cm 
starting torques 

• Smooth running with low 
cogging · 5 slot armatures 

• Low current consumption -
70 to 175 mA 

Model 

ture permanent magnet de servo-drive motor with 
roller bearings to stabilize the spinning disk. A PC 
board wraps around the drive's mechanical compo
nents, and the spinning disk surface generates a flow 
of filtered air. 

Media costs are reduced by eliminating the process 
of prerecording embeddea-servo data on each car
tridge before it leaves the factory. Instead, the drive 
itself is directed to record servo data the first time 
a cartridge is used. The recorded servo data, includ
ing a calibration track to correct out-of-round or off
center conditions, ensures interchangeability when 
the cartridge is subsequently reloaded into the same 
or a different drive. The drive controller is like that 
of any 5 V4-in. Winchester drive, with the addition 
of signal lines to direct the operator to replace the 
cartridge, to check that the cartridge has been in
serted and is fully latched, and to instruct the drive 
to write servo data. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 710 Average 711 Low 712 

-----
All values are nominal. 

Rated Starting No Load 
rated currents 

Number Voltage Torque Speed Current Torque Speed Current Diameter Depth 

This new series of "Slim Line" 
DC motors are ideal for 
uses where vertical space is 
limited, such as headphone 
stereo cassette recorders, 
video cassette recorders, 
audio tape recorders and 
other places where a 
powerful , efficient and low 
profile motor is needed. 
Featuring the well Known 
Canon quality, these motors 
are a natural for designing 
into your products. 

TN 22-V1S1 

TN 22.W1M1 

TN 31H1N1B 

TN J8.T11N1B 

TN 54-S1N1B 

v g-cm rpm mA g-cm rpm mA mm mm 

1.5 3 2500 105 14 3000 40 22 12 

3.5 5 2600 105 17 3600 40 22 13.3 

12 30 3800 170 225 4350 60 38 19 

12 30 4000 175 210 4600 60 38 17 

8.5 35 2500 210 220 2900 70 54 16.2 

For complete technical information: Canon U.S.A., Inc. 
Components Division 

Ca11011® 
One Canon Plaza 
Lake Success, NY 11042 
.(516) 488-6700 f Telex 96·1333 
Cable: CANON USA LAKS 

See us at WESCON, Booths 2568 & 2570 
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These days, computer designers 
everywhere face a problem of massive 
proportions: How do you cram 
a desktop computer into a briefcase? 

Sound familiar? If so, there's a family 
of 3.5" single and double-sided micro
floppy disk drives you should meet. 
The Shugart 300 and 350, respectively 

The perfect drive solution for a 
full-featured portable. 

Tiny enough to fit easily into your 
smallest design. Yet with a 6 millisecond 
average access time, a capacity up 
to 1 megabyte and Minifloppy™ com
patibility, your portable computer 
could easily run the same software 
as someone else's desktop. 

And keep it running for quite 
some time. 

Shugart drives are so reliable, you 
can count on an MTBF of 10,000 
power on hours. One reason we're 
projecting delivery of over 100,000 
microfloppy drives this year. 

At just over a pound apiece, you 
could even use two. And still call your 
portable computer portable. 

There's just one thing to remember. 
You should always check the activity 
light on a Shugart microfloppy Theyre 
so quiet, there's no other way to tell 
if they're running. 

What more could a shrinking 

business need? A couple of other small 
things. Industry standard 3.5" micro
cartridges, to be exact. Their track 
densities offer a more than generous 
upgrade path. But more important, 
considering where they could end up, 
they come equipped with a hard shell 
plastic media cartridge. And an auto
matic head access shutter. Sure pro
tection from all kinds of catastrophes. 
Stick them in your pocket. Throw them 
in your purse. Bang them around 
in your briefcase. They'll survive. 

The 3.5" Shugart Microfloppy. Smaller than actual size, but not much. 

Sound interesting? Call your local 
Shugart sales office. We'll do a private 
microfloppy workshop right in your 
office. But do it soon. The more your 
business shrinks, the more Shugart 
can help. 

S/JUl(Brt 
Right from the start. 

Milpitas. CA (408) 263-2600, Costa Mesa, CA (714) 979-1935. Thousand Oaks, CA (805) 496-5388, Rochester, NY (716) 235-7190, Minneapolis, MN (612) 546-4411, 
Richardson, TX (214) 234-3568, Framingham, MA (617) 879-1700, Saddle Brook, NJ (201) 368-8445, Smyrna, GA (404) 436·0953,Markham, ONT (416) 475-2655, 
Pans, France (3) 946-42·66, Munich, West Germany (089) 786-021, London, UK (44) 4862-27272, Wanchai, Hong Kong (852) 5-733307 © 1984 Shugart Corporation 

Hamilton/Avnet, authorized distributor 
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A CALAY MESSAGE TO ALL PCB DESIGN MANAGERS: 
EXAMINE THE LATEST TECHNOLOGICAL CAD BREAKTHROUGH 
RECENILY INIRODUCED FROM EUROPE TO THE USA ••• 



/ 
./ 

The CAD-Credible Calay ¥03 
CAD System for PCB Design: 
• New and User-Friendly; 

Powerful Interactive Features 
• The Unequalled Calay Tech

nology for Surface-Mounted 
Devices 

• Efficient Automatic Placement 
Package 

• Simple, User-Definable 
Post Processing and 
Documentation 

• Latest Interfaces to All CAE 
Systems 

• The AWESOME Calay Auto
matic ROUTER 

Together, they are inte
grated into a system V03 which 
represents CAD-credibility as 
offered only_QY- Calayl 

Calay, still a young com
pany in the USA, has well
established, sophisticated roots 
in Western Europe. In only 4 
years, over 200 of our SY-stems 

are in use in U. K., Germany; 
Scandinavia, Holland, France, 
Switzerland, and now in the USA. 

The new interactive cap~
bilities of The Calay V03 will 
knock your socks off! The PC 
boards are prepared quickly; 
utilizing the Calay h!gh resolu
tion gm.12hics, the on-line design_ 
rule check, and the heretofore 
unmatched features allowing easy 
creation of new library compo
nents! And then , instead of fac
ing the gruesome task of manual 
routing, you let the 100% auto
matic Calar- Router do the job: 
from start to finish. 

PC boards are Calay
routed day; night, or during 
weekends without 012erator 
wesence or assistance. In the 
morning of the workday; com
pleted PC layouts are ready 
for further processing-even 
com12lex digital and analog 
boards , multi-laY-er boards, chi12-
carrier boards, odd-sha12ed 
boards, and those Ve!)' dense 
boards. No more long hours to 
find the solution, the Calay V03 
CAD System does it for you. 

The Calay V0 3 is based 
on U.S. hardware. The computer, 
terminals, digitizer, and periph
erals are U.S.-made and assembled 
in the Calay facility in Califor
nia. The amazingly efficient soft
ware comes from Germany. The 
resultant combination gives you 
the ability to make PC layouts 
faster than anY-one in Y-Our field , 
including PCB designers who 
use our competition's latest 
CAD equipment. 

In the short time that we 
have been in America, we have 
placed systems at facilities of 
well-ex12erienced CAD users, 
major electronics manufacturers , 
and many independent PCB 
service bureaus. They all swear 
by Calay and lend further cred-

ibilicy to our superb service and 
software support. And if you 
have never used CAD before, 
CALAY is the onlY- waY- to start! 

The price will surprise 
you. The Calay V03 costs sub
stantiallY- less than most of the 
high-ticket CAD systems, yet 
beats them all in performance 
and productivity 

Since we started deliver
ing The Calay V03 CAD System, 
it has been evident that the 
decision makers in the respec
tive interested companies have 
determined time and time again 
that there is no alternative to 
the level of performance and 
productivity of Calay. 

And that's what CAD is all 
about! Get your toughest PC 
boards designed fast on Calay 
and, as a result, get r-our prod
uct out on the market ahead 
of r-our competition. 

Call for a Calay demon
stratjon and details or ask 
us for a free-of-charg~. TRUE 
benchmark. 

CALAY SYSTEMS INC. 
2698 White Road 
Irvine, California 92714 
714 863-1700 
Telex 67113 21 

In Europe Contact: 
CAL-KROSCHEWSKI GmbH 
6050. Offenbach/Main 
Heinrich-Krumm-Str. 5 
Tel. (069) 892-065 Telex 041 52775 
Federal Republic of Germany 
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When you're designing a 
first-rate computer system, 
it doesn't make sense 
to compromise with 
a second-rate monitor. 

Consider PGS instead. We 
make three no-compromise mon
itors, all fully compatible with the 
IBM-PC to match your require 
ments and your budget. 

High resolution PGS set the 
price/performance standard for 
high resolution RGB color monitors 
w ith the HX-12: .3 1 mm dot pitch, 
690 dots horizontal resolution, and 
precise color convergence for a 
crisp, sharp image. 

Super resolution And, when 
your specifications call for super 
resolution, there 's our no-compro
mise SR-12: an RGB monitor with a 
horizontal scan rate of 27 .5 KHz 
w hich supports 690x480 resolution 
in non-i nterlaced mode. 

M onochrome For price/perform
ance in a monochrome monitor, 
we've set the standard with the 
MAX- I 2: our amber monitor with 
dynamic focusing circuitry which 
ensures sharpness not only in the 
center but also in the edges and 
corners . 

The monitor to meet your 
needs 

All three PGS monitors are 
engineered for no-compromise 
performance to offer you a cleaner, 
sharper image than any other 
monitor in the same price class. 
The HX-1 2 and the SR-12 both 
feature uncompromising color con
vergence for crisp whites without 
color bleed. The MAX-12 offers im
pressive clarity in an amber phos
phor monitor that runs off a 
standard monochrome card-
no special card is required . 

PGS 

At PGS, our no-compromise 
approach includes all the details, 
too, from non -glare screen to a 
shielded cable-standard features 
on all PGS monitors, color or 
monochrome. 

Call us at 800-221 -1490 
Compare your specifications to 

ours, listed below. Then call us at 
800-221 - 1490 and we'll send you 
a fully detailed spec sheet plus 
everything else you need to know 
about all three no-compromise PGS 
monitors. 

Don' t compromise . Look to PGS 
for the image your eyes deserve . 

!!!!!!!a~s Princeton 
r- ._. Graphic Systems 

11o1-1 State Road 
Princeton NJ 08540 
f 609) 683 - 1660 
TLX 6857009 PGS Prin 

Nat1onw1de service provided by 
Bell and Howell Service 
Company and MAI Sorbus 
Service Company. 

delivers 3 no- compromise 
ways to improve your image 

HX-12 SPECIFICATIONS 

MAX-12 SPECIFICA TIO NS 

SR-12 SPECIFICATIONS 

CRT 12" Diagonal, 76 degree, In-Line Gun, .31 mm dot pitch 
black matrix. non-glare surface /NEC 320CGB22J 

Input Slgnals R, G, B. channels. Horz Sync, Vert Sync, Intensity
all positive TTL levels 

Video Bandwidth I 5 MHz 

Scan Frequencies 

Display Size 

Resolution 

Mlsconvergence 

Display Colors 

Characters 

Input Connector 

CRT 

Input Signals 

Video bandwidth 

Scan frequencies 

Display size 

Resolution 

Input Connector 

Horizontal: 15. 75 KHz Vertical : 60 Hz 

215mm x l60mm 

Horizontal: 690 dots 
Vertical : 240 lines 1non-1nterlaced/ 

480 lines !interlaced) 

Center : .6mm max Corner : I . I mm max 

16 colors !black, blue. green, cyan, red. magenta. 
yellow. white. each with 2 intensity levels) 

2000 characters 180 characters x 25 rows-8x8 dots) 

9 Pin iDB9)-cable supplied to plug directly to IBM PC 

12" Diagonal . 90 Degree. non-glare surface 
IP 34 Phosphor) 

Video signal, Horz Sync. Intensity-positive TTL leve 
Vertical Sync-negative TTL levels 

18 MHz 

Horizontal · 18.432 KHz Vertical : 50 Hz 

204mm x I 35mm 

Horizontal: 900 dots Vertical : 350 lines 

9 Pin iDB9)-cable supplied to plug directly to IBM PC 

CRT 12" Diagonal , 90 Degree, In-Line Gun, .31 mm dot pitch 
black matrix , non-glare surface 

Input Signals R, G. 8 channels. Horz Sync, Vert Sync, 
Intensity-all positive TTL levels 

Video bandwidth 25 MHz 

Scan frequencies Horizontal: 31 .5 KHz Vertical : 60 Hz 

Display size 21 5mm x l 60mm 

Resolution Horizontal : 690 dots 

Mlsconvergence 

Display colors 

Characters 

Input Connector 

Vertical : 480 lines 1non-1nterlaced) 

Center: .5mm max Corner: I .Omm max 

16 colors !black, blue, green, cyan. red. magenta. 
yellow, white. each with 2 1ntens1ty levels) 

2000 characters 180 characters x 25 rows) 

9 Pin IDB9)-cable supplied 
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SPECIAL REPORT ON MASS STORAGE 

TWO-CHIP SET TACKLES 
DISK CONTROL PROBLEMS 
Handling data separation functions before passing data to the 
disk controller lets a two-chip disk controller supply high data 
transfer rates, while ensuring design flexibility. 

EJ 
by Mark S. Young, 

Pradeep Padukone, and 
Neil Adams 

Designers attempting to integrate Winchester and 

I= I 
floppy disk drives into systems are faced with a com-

1 1 plicated and demanding task. To coordinate the acti- o 
vities of an asynchronous, analog device (the disk) .. 
with a synchronous, digital interface (the computer ---------• 
system), several major problems must be solved . be carefully considered in order to ensure effective 
Special analog circuitry is necessary to synchronize communication with the computer system. 
and decode data pulses coming from the disk during These problems have been addressed by special
a read operation. Complex algorithms are required ized disk interface chips. A lack of sufficient 
to improve relative read or write speeds. Attention on board intelligence, however, limited their success 
must be paid to data recovery methods as well as while higher bit densities, advanced encoding 
to error detection and correction. In addition, soft- schemes, and faster data rates made the job more 
ware support and system interface overhead must difficult. In a renewed attack on the problem of pro-

Mark S. Young is a product a planning engineer in 
charge of the hard disk controller chip at Advanced 
Micro Devices, Inc, 901 Thompson Pl, Sunnyvale, 
CA 94086. He holds a BA in computer science from 
the University of California at Berkeley. 

Pradeep Padukone is senior product planning 
engineer at AMD. He holds a BE from Bangalore 
University and an ME in electrical communication 
from Indian Institute of Science, both located in 
Bangalore, India, and a PhD in systems engineering 
from Oakland University, Rochester, Michigan. 

Neil Adams is a senior engineer at ~MD. He holds a 
BS in physics and electronics from Manchester 
University, Manchester, England. 

viding a cost-effective interface between disk and 
computer system, a two-chip controller set segregates 
the data separation function from other tasks to 
maximize disk l/O. 

Addressing disk control issue 
The Am9580/ Am9581 chip set addresses issues 

related to controlling disk drives. The Am9580 hard 
disk controller (HOC) is a MOS VLSI Winchester 
floppy disk controller, and the Am958I is a bipolar 
disk data separator (DDS). The two-chip set 
performs three basic functions: disk format / 
control, data separation/ data encoding and decod
ing, and data transfer to and from system memory. 
When used together, the chips provide a complete 
solution to Winchester/ floppy disk control (Fig 1). 
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Alternatively, the system designer can customize the 
controller by adding and deleting features of the chip 
set with pin straps or software. 

The HDC can link the system, via a DMA/ CPU 
interface, to up to four Winchester or floppy disk 
drives in any combination. On the disk side, the 
chip's data format controller is fully programmable 
for disk data and format fields to be accessed. A 
built-in, 16-bit CPU with powerful software algo
rithms links the disk and system control units to 
handle disk control and data transfers. All basic disk 
controller functions are provided on the HDC: OMA 
for data transfers, dual-sector buffers for data 
buffering, Reed-Solomon error detection/ correction 
codes (EDC/ ECC), a data format controller, floppy 
ST506/412HP/ custom disk control interfaces, and 
disk macro commands to assist operating systems 
in maximizing disk 1/0. The companion DDS chip 
provides a total digital and analog solution to inter
facing disks with serial transfer from 125 kbits/ s to 
15 Mbits/ s. 

Providing the HDC (or any disk controller logic) 
with a serial data stream frontend processor gives 
the DDS separate read write channels. (See Fig 2 
for a detailed view of the chip's internal architec
ture .) In addition, extra control logic supports ad
dress mark functions, run-length limited (RLL) 
codes, and drive select and drive error functions . 

The bipolar DDS chip provides stable data during 
read operations by using an integrated phase locked 
loop (PLL) to synchronize the disk data for decod
ing. This improves performance by allowing higher 
operating frequencies, supplies better noise immu-
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Fig I Typical disk controller block 
diagram shows the partitioning of 
the hard disk controller (HOC) and 
the disk data controller in the disk 
subsystem. 

nity than discrete implementations, and minimizes 
costs by eliminating external components. 

An onchip, second order, low pass filter within 
the PLL allows the bandwidth to accurately track the 
data rate without the noise and cost associated with 
an external filter. This low pass filter determines the 
lockup time of the PLL to the raw disk data. Worst 
case lockup is 2 bytes, regardless of the data rate. 

To support data transfer speeds of both floppy 
and hard disk drives, the PLL handles both the 125-
to 500-kbit/ s and the 5- to 10-Mbit/ s serial transfer 
speeds . They use the crystal clock to determine the 
exact frequency. No external components are neces
sary to adjust the operating speed of the PLL to 
handle data transfer rates within either the 125-kbit 
to 1-Mbit/ s floppy range or the 4- to 16-Mbit/ s Win
chester range. 

Chip handles Winchesters and floppies 
In addition to synchronizing the serial data pulses 

from the disk, the DDS chip also provides frequency 
modulation or modified frequency modulation 
(MFM) decoding. This decoding, in combination with 
the write channel encoded in the DDS, allows the 
HOC/ DDS chip combination to handle both floppy 
and Winchester drives without additional logic. 

Encoded data/ clock pulses are translated into 
nonreturn to zero (NRZ) data in conjunction with 
a data reference clock. Disk data formats include 
special synchronization patterns (address marks) on 
the disk that allow byte field synchronization for the 
controller logic. Address mark detection/ generation 
takes the form of a clean control handshake to the 



A Universe of 1/0 Solutions 
for Multibus™ Systems 
Getting signals to and from your Multibus'" is our business. 
We've already done the design and engineering work to solve 
many of your microcomputer interfacing problems, so you 
can spend more time on total system integration and perfor
mance. We have over 40 Multibus'" analog, discrete, and 
serial 1/0 cards "on the shelf," ready to go to market in your 
systems right now. 

These low cost boards give you the flexibility you need for a 
wide range of applications. 

Benefits include: 
• fast, simple programming • powered from system bus 
• memory or 1/0 mapped • flexible system configuration 
• easy installation • fast system development 

BURR-BROWN® 

I• II •I 

Signal Types 
• ±10V 
• ±10mV 
• 4 to 20mA 

transducers 
• thermocouples 
• RTD 
•DC sense 
•AC sense 

• contact closures 
• TTL 
• discrete 1/0 
• pulse counter 
• pulse width 
•frequency 
• period 
• RS-232-C 

Write or call for complete specifications and pricing informa
tion . 

Data Acquisition and Control Systems Division 
3631 E. 44th Street, Tucson, AZ 85713 • (602) 747-0711 

Putting Technology To Work For You 

ALABAMA, (205) 663-2831- COLORADO, (303) 771-1530- DELAWARE, (302) 478-8211- FLORIDA, Tampa, (813) 885-1796; Jacksonville, (904) 268-1468- GEORGIA, (404) 449-3382 
ILLINOIS, (312) 579-9300 - INDIANA, (317) 257-7231 - LOUISIANA, (504) 887-8550 - MASSACHUSETTS, (617) 339-5522 - MINNESOTA, (612) 835-2044 -MISSOURI, (314) 647-8100 
NEW JERSEY, (201) 785-4450 - NEW YORK, Albany, (518) 869-3355; Buffalo, (716) 874-4900; Rochester, (716) 323-1250; Syracuse, (315) 455-2469- OHIO, Northern, (216) 247-3295; 
Southern, (513) 772-5544 OREGON, Medford, (503) 772-3187; Portland, (503) 283-2555 - PENNSYLVANIA, (412) 366-6664 -TENNESSEE, (615) 689-8513 - TEXAS, (713) 491-2000; 
Beaumont Area, (713) 842-5950 - UTAH, (801) 566-9251 WASHINGTON, Richland , (509) 943-6664; Seattle, (206) 762-6050 WISCONSIN, (414) 352-5777 - CANADA: (403) 458-4669; 
(416) 625-0600; (514) 774-5829; (604) 434-2611; (613) 725-0288 
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Fig 2 The disk data controller consists of three main sections-read , write, and control. The read section 
transforms the modified frequency modulation (MFM)/ frequency modulation (FM) encoded data into nonreturn to 
zero (NRZ) data and an associated clock. The write section converts the NRZ data and its reference clock into 
MFM/FM data to store on the disk. The control section handles the drive select, floppy head load, and fault detection 
functions. 

encode/ decode logic. If the HDC is writing the 
address marks, the address mark control (AMC) line 
is raised sometime after the write (WG) line. From 
the next rising edge of the data clock until the address 
mark found (AMF) line is asserted by the DDS (or 
custom encoder chip), the HDC waits for an address 
mark to be written (Fig 3). In the read case, the read 
(RG) and AMC lines are asserted; assertion of the AMF 
line by the DDS or custom decoder circuit indicates 
that an address mark has been found. This signal 
resynchronizes the controller's internal byte clock for 
the data read operation. This control sequence allows 
flexibility in the type of address marks on the disk. 

Since the data encoding and decoding function 
occurs off chip with a simple handshake procedure 
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to generate read and address marks , the HDC per
mits any type or size address mark. The read chan
nel of the DDS chip provides the address mark 
detection logic to indicate when such a mark has 
been encountered. Based on control inputs to the 
DDS, seven different types of address marks used by 
Winchester and single/double density floppy disks 
are recognized. The write channel logic includes the 
ability to generate these address marks when writ
ing to the disk. A simple handshake between the 
HDC and DDS indicates when an address mark is 
written or read. 

Precompensation logic built into the DDS solves 
the problem of magnetic pulse interference that can 
occur when data bits are packed closely together. 
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Fig 3 HDC coding is independent of the address mark 
generator/ detector logic. When reading an address mark , 
the address mark fou nd (AMF) signal indicates when an 
address mark has been detected (a). Signal AMF indicates 
that the address mark has been written on the disk, and 
that the DDS is ready to receive disk data (b). 

When pulses are pushed too close together or pulled 
too far apart (pulse shift), they become more diffi
cult to read. Precompensation methods calculate 
effects of pulse interaction and compensate for them 
by "unshifting" data pulses that will be shifted by 
magnetic pulse interaction before writing pulses to 
the disk. External delay pins on the DDS (one of the 
few external components required) allow a choice 
of shift delay. Depending on the ratio of the resis
tors attached to these two pins, the precompensa
tion delay value can be selected to within 1 ns or 5 
percent of the delay desired, whichever is greater. 

Additional functions in the chip eliminate external 
SSI/MSI "glue" logic. An onchip two to four decoder 
selects one of four drives. Each of the four drive select 
pins has a 48-mA driver built into its output, 
eliminating the need for a separate chip to provide 
these drivers. Also, since each drive acknowledge 
input has Schmitt-trigger buffers, extra buffer chips 
are not required for these pins. 

A clock generator within the DDS chip gives the 
HDC access to a clean clock at all times. Normally , 
a disk controller that is reading data derives the clock 
from the variable data/ clock encoded in the disk 
data stream. When writing data, the controller 
requires a stable frequency at the nominal disk 
read/ write speed. When performing neither of these 
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tasks, it needs a reference clock. The DDS chip auto
matically switches between these three clocks. 

Partitioning disk control functions between the 
two chips improves the performance of both devices 
and provides upgrade paths . Putting data encod
ing/ decoding functions on the DDS allows the HDC 
to handle twice the data rate of VLSI chips that per
form the encoding function on the controller. Disk 
codes such as MFM and RLL require at least twice 
the normal raw data frequency to handle the 
encode/ decode functions. However, since the high 
speed bipolar DDS performs this function, the HDC 
can work with unencoded data rates at up to 
20 Mbits / s. 

Segmented functions allow flexibility 
Keeping the encode/ decode function on a separate 

device also gives the designer flexibility and future 
upgrade capability. Some interfaces, such as the 
ST506/412 interface, require that data separation and 
encoding be performed by the disk controller. Other 
interfaces, such as the Enhanced Small Device 
Interface (ESDI), embed these functions in the drive. 
Thus, putting the encode/ decode function in a sepa
rate device allows designers to easily interface with 
alternate standards. Such alternate encoding schemes 
as RLL can be accommodated by modifying the 
clock rate and upgrading the DDS chip. (When the 
DDS is configured with the HDC, the chip set directly 
supports the ST506/ 412 and the ST412HP interface, 
including recovery mode, without any additional 
logic .) 

Segmented much like a board-level disk controller, 
the HDC uses a 16-bit microprocessor as a front end 
to the system interface and is coupled with a DMA 
controller to efficiently transfer data and commands. 
The format controller is linked to the twin sector 
buffers , the ECC unit, serial/parallel unit, and a set 
of user-programmable parameter RAMs . To make 
basic functions flexible, the HDC provides powerful 
hardware and software to implement critical areas 
of the disk controller function . But, it also allows 
users to selectively disable different parts of the 
function. 

Since the disk data encoding/ decoding function 
is implemented in the bipolar data separator chip , 
serial data to and from the part is NRZ. This leaves 
the users free to choose the encoding format. 
Because a data separator circuit is required, the 
encoding/ decoding function can be put there as eas
ily as in the controller itself. Some interface specifi
cations such as the ESDI standard also require NRZ 
data to be transmitted over the interface cable. A 
further benefit of sending NRZ serial data to and 
from the controller is that higher data rates can be 
handled without a high speed controller. 

The serial data rate is another area in which flexi
bility is often sacrificed for performance. Most 



controllers operate in a narrow range of speeds cor
responding to the current requirements of the disk 
interfaces. As technology advances, drive manufac
turers naturally want to increase the transfer rates. 
However, controllers typically cannot handle data 
rates at transfer speeds beyond those specified in the 
standards implemented by the board. The HDC 
adapts to the potential board limitations by provid
ing a wide range of operations. 

The HDC's serial channel can support data speeds 
from 50 kbits/ s to 15 Mbits/ s. The determining fac
tor is the read/ reference clock that is supplied to the 
HDC. Thus, to raise the data rate on a disk drive, 
the manufacturer need only change the data refer
ence clock on the HDC. Because the serial format 
control section is essentially a static design, differ
ent speed drives can be attached to the HDC. 
Whenever a different speed drive is enabled, the 
HDC handles the drive without delays in switching 
or overall performance as long as the data reference 
clock is at the correct speed. 

Choice of head positioning technique 
A basic disk controller task is to provide the disk 

functions necessary to select and position the read/ 
write heads over the correct head and track. The 
HDC supports four head positioning modes by 
providing implied seek capability in every disk read/ 
write command. If this option is enabled, the differ
ence between the current track/ head (which is stored 
internally) and the desired track head is automati
cally calculated. Then the read / write heads are 
repositioned over the new head and track before the 
current disk read/ write command is executed. 

Seek overlap can improve disk IIO 
time in a typical four drive system by 
as much as 400 percent since all disks 
can be seeking at once. 

A second option allows the HDC to perform 
simultaneous head positioning operations on differ
ent drives, in addition to the normal implied posi
tioning option. A head positioning task (ie, a seek 
operation) usually requires more time than is neces
sary to issue the seek command to the disk drive. 
Once a seek command has been issued, many Win
chester drives do not need to talk to the controller 
until the seek is complete. Thus, after issuing a seek 
command, the controller can disconnect from the 
current drive and issue a seek command to the next 
drive that will need 1/0 performed. This simultane
ous seek operation, called seek overlap , is fully sup
ported by the HDC without additional system 
software overhead. Seek overlap can improve disk 

uo time in a typical four drive system by as much 
as 400 percent since all disks can be seeking at once. 
This option still allows embedded seek operations. 

Support is also provided for two other disk head 
positioning methods: restricted mode and buffered 
mode. In restricted mode, the normal floppy I 
ST506/ 412HP step position control is disabled. This 
allows a head positioning mechanism, such as the 
command oriented system on the ESDI interface, to 
be substituted. The HDC still uses the ST506/ 412HP 
drive status signals and disk serial data transfer con
trol lines, but no longer performs the actual head 
positioning. Buffered mode disables all drive posi
tioning controls and status signals, allowing the 
HDC to be used as a disk data serializer, buff er, 
ECC, and DMA unit. Additional external disk posi
tioning control logic lets the HDC serve as the heart 
of customized disk data l/O controller. 

Four pins on the HDC are allocated to directly 
select up to 16 different read/ write heads. Internally, 
the HDC supports up to 256 heads. Additional 
external control logic accommodates selection of 
more than 16 heads. Beside head selection, the HDC 
provides the user with a programmable head settle 
delay value. A programmable 8-bit value specifies 
the amount of delay from read / write head selection 
to read/ write head use. This accommodates the vari
ance in head settling time that occurs from drive 
to drive. 

When large amounts of data are read or written 
using a single command, multiple tracks and heads 
will be used in the data transaction. However, the 
specific data arrangement depends on user prefer
ence. Some store data in adjacent tracks on one sur
face; others store all data on the same track, but on 
adjacent surfaces, so that larger quantities of data 
can be accessed without moving the read/ write 
heads. To accommodate either arrangement, the 
HDC automatically processes data over many heads 
and tracks without system intervention. It supports 
common head/ track options with a user-specified 
multirecord policy (MRP) for each drive. Possible 
head/ track policies are: move from track to track 
and change heads only when the surface overflows; 
move from head to head until all surfaces are used 
and then switch tracks; or cease operation when the 
current track overflows and alert the system. The 
MRP option requires minimum system intervention, 
even if the tracks overflow during a data transfer. 

A reduced write current (RWC) pin on the HDC 
meets manufacture specifications that tracks in the 
inner part of the disk surface be written with reduced 
current in the read/ write heads. The HDC allows the 
user to specify which tracks are affected. The RWC 
pin can then be properly asserted to reduce the cur
rent to the heads . Since these inner tracks are subject 
to magnetic bit interference, the user can also specify 
those tracks that require precompensation. 
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The HDC supports IBM formats for single- and 
double-density floppies as well as a standard Win
chester format. All fields required are programmable 
in size, pattern, or, in some cases, both. Because of 
the vast differences between floppies and Win
chesters (and between different Winchester drives), 
all relevant parameters are programmable. Four sets 
of parameters are kept in the HDC. Whenever a 
command specifying a particular drive is executed, 
relevant drive characteristics are taken from the 
parameter set for that particular drive. 

Dealing with data errors 
Although disk drives tend to be very reliable in 

normal use, they are susceptible to errors. Errors 
result from defects on the disk media, noise in the 
read / write recovery electronics, or even spurious 
noise in the data as it is transferred. Therefore, disk 
controllers incorporate some sort of EDC/ ECC logic 
to protect the data. Four different EDC/ ECC options, 
are supplied by the HDC. The first is the Comite 
Consultatif Internationale 16-bit cyclic redundancy 
check (CRC), an industry standard for floppies. This 
error-detection-only code makes the HDC compatible 
with existing floppy controllers and is used to pro
tect ID fields on the disk. 

The second and third options are two types of 
Reed-Solomon (RS) error detecting and correcting 
codes. The first is a single-burst error correcting code 
that can detect double-burst errors and correct single
burst errors (Table 1 ). (A burst is defined as a con
tinuous inversion of the bits in the serial data stream 
of a given number of bits.) The second RS code is 
a more powerful version of the single-burst code be
cause it can both identify and correct double-burst 
errors. In addition to correcting double-burst errors, 

this double-burst RS code enhances single-burst 
error correction. More powerful than traditional 
burst error or fire detection/correction codes (Fig 4), 
double-burst RS code provides better protection, as 
MFM type encoding formats yield to more complex, 
error-prone RLL codes. 

Programmable read entry allows error 
correction before retry, after retry, 
or after retry fails . 

The final option is external, user-defined ECC 
hardware. When enabled for this option, the HDC 
turns several pins into status and control signals to 
control external ECC hardware . Thus, special or 
custom EDC/ ECC codes can be used with the HDC. 
Many system designers use EDC/ ECC codes only for 
error detection, pref erring to perform a reread or 
simple retry operation to recover bad data. Others 
combine read retry operations with error correction 
codes to recover data. A programmable read retry 
option (up to 16 attempts) on the HDC is coupled 
with a programmable error correction option. This 
allows users to speci fy error correction before each 
read retry operation , after each retry, or only after 
all retry operations have failed. Another option halts 
the HOC whenever a data error is detected, thus 
allowing the system to intervene. 

A special data field recovery command recovers 
the data field of a given sector regardless of whether 
its ID field is intact. Normally, if the address marks 
denoting the beginning of data sector IDs or of the 
actual data are damaged or destroyed, the controller 
cannot even try the ECC. As long as the address 

TABLE 1 

Single- and Double-burst Reed-Solomon Codes 

Sector Detection Correction No. of 
Size Capability Capability Check 

(No . of bytes) (No . of bits) (No. of bits) bytes 

Single Double Sing le Double 
Bursts Bursts Bursts Bursts 

128 33 9 9 0 6 
Single Burst * 2 56 33 9 9 0 6 

51 2 57 17 18 0 9 

128 49 16 25 9 10 
Double Burst ** 256 49 16 25 9 10 

512 81 24 41 17 15 

* Single-burst Reed-Solomon corrects single-burst errors and detects double-burst errors. 

** Double-bu rst Reed-Solomon is an enhanced version of Single-Burst Reed-Solomon; it can detect and correct single
and double-burst errors. 
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Fig 4 A comparison of the Reed-Solomon (RS) error correction codes versus the older Fire Codes illustrates why RS 

codes are better. In addition to having better single/ double burst capabilities, the RS codes are more likely to detect 
an error. 

mark on the data field is valid, the HOC will read 
the sector data and if necessary apply error correc
tion to the recovered data. 

Because they are mechanical devices, disk drives 
sometimes have physical defects on the disk record
ing surfaces . Since fixing the problem can be very 
expensive, systems usually map around the defect. 
This makes part of the disk invisible to normal disk 
accesses . 

The HOC supports several methods of defect 
mapping that require minimal system intervention. 
The first method relocates sectors from the defec
tive area to another area on the same track. When 
the system determines exactly where the defect is, 
the track is reformatted with the defective area 
mapped out. The system must remember which 
tracks have fewer sectors, when issuing commands. 

Another method shifts format fields on the track 
until the defect falls into an unused field. Since field 
sizes are programmable, they can be altered slightly 
to ensure that no data or ID information lies in the 
defective area, once its location and size are known . 

The third method of defect mapping relocates the 
defective track to a defect-free track. A track reloca
tion command provided by the HOC accomplishes 
this by writing a special vector on the defective track; 
this vector contains the new location of the track 
(new head, new track). Then, whenever the HOC ac-

cesses the relocated track, it automatically goes to 
the track's new location to read or write data, if the 
automatic seek to relocated track option is enabled . 
No system intervention is required. During multi
track or multisurface read or write operations, the 

TABLE 2 

Different 1/0 Parameter Block Commands 
Available on the Hard Disk Controller 

Multisector commands 

(1 to 256 sectors/command) 
Read 
Write 
Verif y 

Initialization com mands 

Format ( 1 Track t o entire disk) 
Relocate track 
Rest ore drive 
Load drive paramet ers 
Dump drive parameters 

Data recovery commands 

Load buffer 
Dump buffer 
Load syndromes 
Dump syndromes 
Correct buffer 
Read data absolute 

General commands 

Seek 
Read ID 

COMPUTER DESIGN /October 1, 1 984 1 31 



CHAIN ADDR ESS (1 5 0) 

CHAIN ADDRESS (3 1:16) 

ID 

COMMAND OPTIONS 
CODE 

DRIVE 

TRACK 

HEAD SECTOR 

DATA MARK 
RECORD 
COUNT 

DESTINATION ADDRESS (1 5:0) 

DESTINATION ADDR ESS (3 Ll6) 

) "" rn "" co""" '" '~'" 
} 

ID NUMBER FOR STATU S RESULTS 
IDENTIFICATION 

l STARTING HEAD. TRACK, 
& SECTOR NUMBERS 

) ""' '"'"' 0" '"'""" 

I w I SE I SSRB I I DME I OM I 
W = STOP AT END OF CURRENT IOPB 

SE = STOP ON ERROR ONLY 
SSRB = STOP ON STATUS UPDATE 
DME = DATA MAP ENABLE (ALLOWS SCATIER/ GATHER OPERATIONS) 
DME = DATA MARK (ALLOWS USER PROGRAMMABLE OM) 

Fig S A typical 110 parameter block (IOPB) command 
illustrates the diffe rent command options. For example, a 
multisector read command would req uire starti ng track 
number, drive, starting sector, number of sectors to be read 
(record count), and a printer to a block system memory 
where data is to be stored. Command modifiers all ow user 
options on error response, data mapping, or even 
user-defined data marks. 

HOC can automatically seek to the new track, process 
the data on the alternate track, and then return to 
the normal process sequence (in the multitrack/ head 
command) to complete the data transaction. 

Controller commands provide extensive options 
(Table 2). The basic read, write, and verify sector 
commands allow 1 to 256 sectors to be handled using 
only one l/O parameter block (IOPB). Overflows to 
different tracks and heads are handled automatically 
using programmable options. Options selected for 
each IOPB modify the method of data transfer to 
and from system memory, the number of sectors, 
the starting head/ track, error handling, or the type 
of data mark to be used in the data field (Fig 5) . 

Embedded software in the HOC determines how 
the control algorithms allocate internal hardware 
resources. The HOC's dual sector buffer architecture 
enables zero-interleave data transfers to run auto
matically at data rates up to 15 MHz. During a multi
sector read operation, for example, the HOC always 
dumps one buff er into system memory while the 
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other buffer is being filled simultaneously with the 
next sector's data from the disk. Because zero
interleave operation is the natural state of HOC, the 
time necessary for read, write, or verify operations 
is automatically reduced two to six times over inter
leaved operations. However, if sector interleaving 
is necessary for system considerations, it can be 
specified. The initial track / sector map is created by 
the user when the disk is formatted, allowing any 
interleaving format to be specified. In effect, the 
HOC maximizes data throughput with a dual
processor architecture. The data format / control 
processor is active at the same time the macro con
trol processor is calculating information about the 
next data transfer or sending/ receiving data to/ from 
the system via the OMA unit. 

The wide performance range of the Am9580/ 9581 
chip set ensures a long life to disk interface designs. 
Major chip manufacturers have supported the trend 
toward utilization of advanced, backward-compatible 
hardware and software products by providing ad
vanced, higher performance versions of their 
microprocessor families. The HOC meets this 
challenge by automatically adapting to oncoming 
high performance storage devices. A designer need 
only alter the data separator clock or replace it with 
a new one to increase the performance of the HOC. 

As vertically recorded floppies start arriving on 
the scene next year, the HOC will be able to handle 
them without trouble. As RLL encoding replaces 
MFM encoded data, programming the HOC to use 
the powerful double-burst Reed-Solomon ECC will 
maximize data reliability or change data encoding/ 
decoding . As add-on peripherals increase "traffic" 
on the system bus, the system can alter the HOC's 
bus characteristics to ease the congestion, or speed 
bus transactions by raising the system clock to a full 
10 MHz. Finally, the ability to customize the HOC 
interface will allow adoption of proprietary designs , 
while retaining all the benefits of a powerful, VLSI 
disk controller nucleus. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
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bus, external states 
• Emulation RAM-up to 316Kb standard 

• Single/ multiple step 
execution 

• Full symbolic support 
-break, trace, 
ldis)as.semble, 
display 

• Macro command 
language 

• Proprietary & CP /M® 
operating systems 

• Full-screen editor 
• Extensive documenta

tion & design aids 

SOJ!hia 
~ 

HELPING TO BRING YOUR 
DESIGNS TO MARKET FASTER. 

See us at Wescon Booth 1029 
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SYSTEM V ·AT&T 31 COMPUTERS· I~ SYSTEM \I 

More options. More power. 
More sales. 

Tpat's what you can count on 
from the 3B family of business 
computers from AT&T. 

Their special ability to run 
UNIX™ System V at maximum 
efficiency makes the AT&T 3B2/300 
and the AT&T 3B5/100 and 200 
the ideal machines for the growing 
multi-user and multi-tasking 
markets. 

In fact, the benefits that AT&T 
builds into its UNIX System V 
are built into the hardware, too. 
WE® 32000 microprocessor. Soft
ware portability. Compatibility with 
other 3B computers. Reliability. 
Flexibility. Communications 
capability. 

They'll open your customers' 
eyes to a better, more cost-efficient 
way of meeting their computing 

needs. And o en the door to more 
sales for you. 

THE 382/300-A MIGHTY SUPER· 
MICRO COMPUTER 

The 3B2/300 can support up 
to 18 users at individual work
stations-making it an excellent 
machine for offices where a num
ber of people require desk-top 
computing. 

Because they share peripherals 
and data, the cost-per-user is far 
lower than if you achieved the 
same end with a network of PCs. 
The 3B2/300 works as a powerful 
single-user machine as well. 

The 3B2/300 comes with a set 
of simplified UNIX System utili
ties that.first-time users will find 
particularly helpful. 

The four standard configura
tions allow for easy growth for 

your customers; continuing busi
ness opportunities for you. 

THE 385/ 100 AND 385/200 
Up to sixty users at one time 

can work on these general-purpose 
super minicomputers. And with no 
sacrifice in response time. 

The 3B5 computers, which run 
UNIX System V, can be custom
configured to handle any specific 
business application-with a wide 
variety of I/O, peripheral, memory 
and communications options. 

For all members of the 3B fam
ily of computers, AT & T pledges a 
full program of service and sup
port. Including a comprehensive, 
flexible program for resellers. 

Tu find out more about our 
3B family and our programs, call 
1-800-833-9333, or use the inter
national telex number (210-209). 
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Our SY/' drives are now very much in 
demand by the same customers who keep 
our 811 drives at the top of the charts. 
Since our 811 customers include the big
gest, toughest OEMs in the world, we 
think it's noteworthy that our existing 
customers have given our smaller drives 
such a big reception. 

So big, in fact, that we now make 
more medium-capacity Winchester disk 
drives than anybody. 

If you've been thinking of us as 
the people who make the most reliable 
8"Winchesters on the market, great. But 
in the future, we hope you'll think less 
of us, as well. 

51
/4

11 drives, from 20 to 40 megabytes. 
8" drives, from 10 to 85 megabytes. 

Quantum Corporation, 1804 
McCarthy Boulevard, Milpitas, CA 95035, 
(408) 262-1100, TWX 910-338-2203. 
Eastern Regional Sales Office: Salem, NH 
(603) 893-2672. Western Regional Sales 
Office: Santa Clara, CA (408) 980-8555. 
European Sales Office: Frankfurt, West 
Germany 069-666-6167. 

OUAmUID 
See us at Comdex booth #7338 

Quamum products are distributed in the United States 
by Arrow Electronics, Inc. 
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SPECIAL REPORT ON MASS STORAGE 

DESIGNING HARD 
DISK DRIVES TO 
TAKE ABUSE 
The bangs and bumps of an office environment can affect the 
performance of hard disk drives. Some economical designs can 
provide the shock and vibration protection necessary to ensure 
reliable operation. 

by Alireza Rahimi 

Winchester disk drives are becoming common in 
desktop and workstation computer systems. Because 
such systems are moved frequently, or are located 
near sources of vibration such as printers or machin
ery, their drives are subjected to far more shock and 
vibration than larger, higher capacity drives that 
remain in the computer room. This increased expo
sure is coupled with the greater vulnerability to shock 
and vibrat ion that Winchesters have compared to 
floppy disk drives. And, while the 19-llin. flying 
height of Winchester read/write heads enables them 
to offer higher performance than floppies , care must 
be taken to minimize shock and vibration effects. 
Design features must prevent unwanted contact be
tween the heads and media. 

Sudden, violent head/ media contact could scatter 
particles from the media/ heads throughout the drive. 
If these separated particles should come between the 

Alireza Rahimi is a senior advisory engineer with 
Shugart Corp, 475 Oakmead Pkwy, Sunnyvale, 
CA 94086. Dr Rahimi holds a BS in mechanical 
engineering from Aryamehr University of 
Technology, Tehran, Iran, and an MS and a PhD 
in mechanical engineering, both from the University 
of California at Berkeley. 

read write heads and media, they could cause the 
heads to "crash" into the media. A crash could ruin 
the media or heads and render the drive inoperable. 

Proper data protection features, however, will 
make Winchesters resistant to those shock and vibra
tion levels that might occur in work environments 
or during shipping. These features enable Winchesters 
to be used in small, easily transportable systems with
out undue concern over reliability. Different ap
proaches have been taken to protect these hard disk 
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drives from shock and vibration. Shock / vibration 
isolators (mounts), dedicated head landing/ shipping 
zones, a low mass head/ flexure design, a spindle 
brake, and a stiff actuator system design are protec
tive measures that have been incorporated in Shu
gart's line of 5 \!\i -in. Winchesters. Laboratory and 
field testing conducted prior to shipping confirms 
the ability of these drives to withstand shock and 
vi bration . 

Shock and vibration isolators 
Shock can be defined as an impact of short dura

tion. An example is a package falling to the ground. 
A shock pulse is normally measured by its peak amp
litude, duration, and overall shape . Vibration, on 
the other hand, is of a continuous nature and can 
be generated by the drive' s spindle motor as well as 
by office eq uipment such as typewriters and printers. 
Shipping is another common so urce of vibration. 
Vibration is expressed in terms of frequency and 
amp li tude-ie, the amount of the force, displace
ment , or acceleration. 

The term "shock mount" is commonly used to 
refer to both shock and vibration isolators, although 
the terms "shock isolator" and "vibration isolator" 
are not generall y interchangea ble. Typically, both 
shock and vibration isolators consist of pieces of rub
ber designed to reduce the dynamic motion or force 
transmitted from the drive' s casting to the head/ disk 
assembly. In Shugart' s 700 and 700S series drives, 
they are placed between the mounting brackets and 
the head/ disk assembly. As a resi lient element, the 
isolators serve to temporarily store the incoming 
energy. This stored energy is released to the drive 
gradually, thereby reducing the magnitude or motion 
of the force to the head/ disk assembly. In order to 
be most effective, these isolators must be placed at 

NEO PREN E 
"1 = 0.05 

"'f = DAMPING COEFFICIENT 

HIGH DAMPING 
ELASTOMER 

TRAN SMI SS IBILITY 2 "f = 0.5 

(NATURAL FREQU ENCY) FREQU EN CY (HERTZ) 

flg 1 Typical transmissibility curves for highly and lightly 
damped disk drives are shown. Transmissibility is defined 
as the ratio of transmitted force to impressed force. 
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or near the drive's center of gravity. In addition, they 
are selected or designed for optimum drive 
protection. 

Shock isolators are devices that instantly absorb 
input energy . This energy is stored within the isola
tor and released over a long period of time with a 
frequency that matches the drive's natural frequency. 
To absorb the energy and release it for a longer dura
tion requires soft isolators that will yield larger 
dynamic displacement of the drive frame. 

In contrast, vibration isolators must reduce the 
input displacement from the vibration source. There
fore, the composition of vibration isolators must be 
stiffer than that of shock isolators in order to limit 
the drive displacement. Input energy isolation is 
attained primarily by maintaining proper frequency 
relations within the drive-ie, the relationship 
between the input frequency and the drive's natural 
frequency. 

Isolator damping properties play a major role in 
shock or vibration reduction. The input energy from 
a shock or vibration will be absorbed by the isola
tors, and a portion of that energy dissipated in the 
form of heat, through the internal damping of isola
tors. The remaining energy will be transmitted to the 
drive. Therefore, isolators with higher damping 
properties will transmit less energy to the head/ disk 
assembly (Fig 1) . 

Transmissibility is defined as the ratio of trans
mitted energy (output) to the incoming energy (in
put). A rubber, or neoprene, isolator has a damping 
coefficient of approximately 0.05 to 0.08. The 700 

and 700S series drives , however, incorporate isola
tors made of an energy absorbing elastomer, which 
has a better damping quality than natural rubber or 
neoprene. An isolator formed of this material trans
mits vibration at a resonance frequency that is at 
least five times lower than that of the ruboer isola
tor. This results from the dissipation of input energy 
through the optimum polymer structure of the 
isolator. 

In addition to stiffness, a key consideration in 
designing isolators is the maximum allowable move
ment of the drive in its frame. This movement is 
called "sway space." To achieve a specificall y 
desired shock or vibration performance, a minimum 
dynamic displacement is necessary to absorb the 
transmitted energy and gradually release it. The 
amount of sway space is dictated partially by space 
constraints of the disk drive ' s design. To ensure 
sufficient clearance between the drive and its outer 
frame, designers must calculate the maximum dis
placement of the mounted unit under the most severe 
shock conditions. Isolator stiffness should be 
selected so that the maximum displacement does not 
exceed the sway space in the worst case. If the sway 
space is exceeded, the drive bottoms out. Then, any 



Mlcrotermlnal: small, smart, tough ... 
easy to install . . . simple to interface and 
operate - the logical, space saving substi
tute for bulky, fragile CRT's! 
Rugged and water resistant for in-plant 
use - uncomplicated keyboards plus bar 
code wand and mag stripe reader options 
are perfect for factory data collection. 
Priced for OEM's and styled to enhance 
control consoles . 
Serial ASCII (110to19,200 baud ), RS-232-
C, RS-422 and 20mA current loop com
munications. Only a.s· x 4.5" x 0.6" and 
priced from $192.00~ Request new ful I I ine 
Microterminal brochure. 

Modal 
TM71 
TM77 

TM71-17CJ 
TM77-l/ O 
TM71B 
TM71MS 

TM77B 
TM77MS 

TM71M 
TM70 
TM76 

TM25 

TM27 

A~ha Dl1play 
haractara 

16 
16 
16 
16 

16 

16 

16 
12 
12 

8 

8 

Data Bullers: 
Baud Raia Characters 

110-19200 320(1) 
110-19200 320(1) 
110-19200 320(1) 
110-19200 320(1) 

110-19200 
320(1) 

5 x 50(2) 

110-19200 
320(1) 

5 x 50(2) 
110-9600 320 

300 & 1200 36 
300 & 1200 36 

300 8 

300-4800 8 

Function suriply 
Keyboard Kaya. 31 Faaturas Vo tage 
Alpha 14 Full feature +5VDC 

Numeric 14 Larger keys +5VDC 
Alpha 14 TTL 1/0 +5VDC 

Numeric 14 Larger keys +SVDC 

Alpha 16 /Bar Code +24VAC/ 
Wand DC 

Numeric 16 
Mag Stripe +24VAC/ 

Reader DC 
Alpha 14 Military +SVDC 
Alpha 8 Low cost +SVDC 

Numeric 8 Larger keys +SVDC 
Numeric/ 7 Low Cost +15VDC 

Hex 
Numeric/ 6 Low Cost, +Bio 

Hex polled +12VDC 

Data Acquisition and Control Systems Division 
3631 E. 44th Street, Tucson, AZ 85713 (602 ) 747-0711 

11 Two SO-character input buffers - two SO-character output buffers. 21 5 x SO-character buffers also included for 
bar-code and magnetic-stripe reader data . 3 1 User programmed. 

BURR-BROWN" 

I• II •I 
Tomorrow's Solutions Today 

(205) 882-0316, (206) 455-2611 , (213) 991-8544, (214) 681-5781 . (215) 657-5600, (216) 729-3588, (301) 628-1111 , (301) 251-8990, (303) 663-4440, (305) 365-3283, (305) 395-6108, 
(312) 832-6520, (313) 474-6533, (314) 291 -1101 , (315) 699-2671 , (315) 853-6438, (316) 942-9840, (317) 636-4153, (319) 393-0231 , (404) 447-6992, (408) 559-8600, (412) 487-8777, 
(505) 883-3668, (602) 746-1111 , (607) 785-3191 , (612) 884-8291 , (614) 764-9764, (617) 444-9020, (713) 988-6546, (714) 835-0712, (716) 544-7017, (716) 889-1429, (801) 467-2401 , 

(805) 496-7581, (813) 885-7658, (913) 342-1211, (914) 964-5252, (919) 722-9445, CANADA: (403) 230-1341 , (416) 678-1500, (514) 731-8564, (613) 722-7682 
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750 -

ACCELERATI ON (GI / DRI VE FRAME 

h l MS TIM E (MILLISECO NDS) 

ACCELER ATI ON (G) 

HEAD/DISK ASSEMBLY 

TIME (MILLISECONDS) 

Fig 2 In th ese 3-in . drop tes t results o f a disk drive wit h 
o ptimum shock mounting, the upper curve is the 
acceleration history of the dri ve frame. T he lower curve 
is the transmitted acceleratio n to the head/ disk 
assembly. 

subseq uent shocks wi ll transmit greater energy to the 
head/ disk assemb ly. 

The company has designed an isolator for the 
5 1/i -in. Winchester that minimizes both shock and 
vibration effects. The isolators used in the 700 and 
700S series are made to reduce the input force to the 
dr ive by approximately 90 percent. Fig 2 shows the 
results of a drop test performed on a 10-Mbyte, 712 
drive. To simulate an accident that might occur in 
an office, the drive was dropped from a 3-in. height 
onto a wooden desk. The upper trace shows acceler
ation history of the drive frame with a peak of 750 
G. (G is a unit of acceleration.) The lower trace 
shows the transmitted acceleration to the head / disk 
assembly with a peak of 80 G, a reduction of approx
imately 90 percent. 

Minimizing head/media contact 
Effects of shock and vibration on the drives are 

min inized by dedicated head landing/ shipping 
zones . The zones do not contain data tracks and are 
designed for parking the heads when the drive is not 
in use. The read / write heads can be retracted to the 
zones whenever the drive is powered down. There
fore, when the drives are in transit or turned off, 
a shock of sufficient force to cause the heads to sepa
rate from the media wi ll not destroy data, even if 
the heads are jolted off the surface of 'the media, 
and then slapped down onto the disk. 

The low mass head / flexure design also helps mini
m ize the effects of shock and vibration. The 
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3380-type heads and flexures (named for the IBM 
high capacity 14-in. Winchester in which they first 
appeared) have about one-fourth the mass of the 
3350-type heads used in an earlier generation of IBM 
14-in. Winchesters. Therefore, their natural frequen
cies are twice as high and less prone to resonance 
in normal transportation and operation-induced 
frequencies. 

The 3380-type heads exert 15 g of force on the 
disk, compared to 9 g for 3350-type heads. This 
added force, when combined with the lower head 
mass, allows the 3380-type head to absorb much 
higher acceleration during a fall, before leaving its 
position above the disk surface, and slapping back 
onto the surface and breaking particles loose. The 
lower mass and higher load of the 3380 design trans
lates into approximately six times more shock protec
tion than that provided by the 3350-type head. 

The 3380 heads also provide the benefit of higher 
capacities. With a smaller core, they are less likely 
to read bits next to the ones being read. This benefit 
enables disk drive and media manufacturers to offer 
higher bit densities without increasing the risk of 
read / write errors. 

To prevent the heads from scratching the media 
during transportation or normal handling, a spindle 
brake is incorporated into the design of Shugart' s 
rigid disk drives. As the name impl ies, a spindle 
brake prevents the disk from rotating when the drive 
is powered off. The mechanism, a simple solenoid
powered brake, releases the spindle and allows the 
disk to spin freely whenever the drive is powered on. 
When the drive is powered off, the brake comes into 
contact with the spindle to halt its motion. This de
sign provides further protection for the heads and 
data during power-down situations. 

A stiff actuator system can also reduce the amount 
of shock and vibration transmitted to the heads. Con
sisting of a rotary arm, band , capstan, and stepper 
motor, Sh ugart's proprietary actuator design pro
vides the required stiffness to prevent jittering of the 
heads under normal shock / vibration conditions. 

Incorporation of these shock and vibration pro
tection features enables the drives to achieve higher 
resistance to shock and vibration than most low 
capacity (under 50 Mbytes) drives of this kind. In 
a nonoperating mode, they can withstand 40 G of 
shock and a drop from a 5-in. height onto a hard 
surface. In operating mode, these drives can with
stand 10 G and a drop from a 2-in. height without 
damage to the heads or media. 

Alternative protection methods 
This level of shock and vibration isolation offers 

sufficient protection against workplace and trans
portation hazards. Additional methods of shock and 
vibration protection are not o nl y unnecessary, but 
add to the cost of the drive. The higher capacity 



Performance and Economy by Design 
Quartermaster, the Multibus* QIC-02, 'lfia-inch Tape Adaptor-

high performan · ' · 



Winchesters, however, may require alternative shock 
and vibration protection features. Common ap
proaches that have been chosen by other Winchester 
disk drive manufacturers include actuator locks, 
double shock mounting, and harder media. 

The actuator is part of the assembly that positions 
the read / write heads over the disk. An actuator lock 
prevents head movement during transportation by 
clamping the actuator arm in place, usually when 
the heads are parked in the dedicated head landing/ 
shipping zone. Actuator locks provide additional 
insurance against shock and vibration, but are not 
necessary in low capacity products. These locks can 
be either automatic or manual. While automatically 
activated locks offer the advantages of being simpler 
to operate and more reliable, manually operated 
locks are easier to manufacture and less expensive. 

If properly designed, double shock mounting pro
vides greater force or vibration reduction. In drive 
with single shock mounting, the head / disk assembly 
and drive casting are connected to mounting brackets 
(inner frame) by four shock mounts. In double shock 
mount drives, four additional isolators connect the 
inner frame to the outer frame or host casing. 
Although a double shock mount design offers greater 
protection, it is more expensive than single shock 
mount designs and may extend the form factor of 
the drive. 

Some disk drive and media manufacturers believe 
that harder media are less susceptible to damage 
when read / write heads and media make contact. 
Today's standard disk media are made with gamma 
ferric oxide coating on an aluminum substrate and 
are coated with a silicone lubricant. Plated media, 
now being used by some disk drive manufacturers, 
have a coating of a cobalt / nickel solution over an 
aluminum substrate. Since this plating is harder than 
gamma ferric oxide, the possibility of dislodging par
ticles is reduced if the head contacts the disk. How
ever, users of gamma ferric oxide media claim that 
such media are less susceptible to scratches. When 
particles separate from the disk, the lubricant enables 
them to slip between the heads and the disk, thus 
avoiding the possibility of a head crash. Further
more, although contact between heads and plated 

Shock and Vibrat ion Specifi cat ions 

Nonoperating 

Shock 40 G, 11 ms 
Half-sine pulse 

Vibration 5 to 22 Hz, 0 . 5 G 
2 2 to 44 Hz. * 
44 to 500 Hz , 2 G 

Operating 

10 G, 1 1 ms 
Hal f -sine pulse 

5 to 17 Hz, 0.035 in . 
(Double amplitude) 

17 to 150 Hz , 0 .55 G 
1 50 to 200 Hz , * * 
200 to 500 Hz , 0 .25 G 

·Use linear 1nterpolat1or tor acceleration ll'\els between 22 dlld 44 Hz. 
· ·Use linear 1nterpola t1on for acceleration levels between 1 50 and 200 Hz. 
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media is less likely to dislodge particles, the hard
ness of the media can damage the head and slider 
assembly. 

Testing protection effectiveness 
Just as different approaches are taken to protect 

products from the effects of shock and vibration, 
different testing methods are applied to determine 
the effectiveness of such protective methods. It is 
recommended that both laboratory and fieid testing 
be performed to determine the effectiveness of the 
drive's design. 

The shock and vibration testing procedure used 
by Shugart is designed to simulate conditions in typi
cal operating environments . For example, the 700 

and 700S series are designed to withstand levels of 
shock and vibration equivalent to those experienced 
by the drive when being transported by truck or 
when located near such vibration sources as printers 
and motors. Shock and vibration specifications for 
these drives are given in the Table. 

In testing, the shock and vibration laboratory uses 
a Genrad 2506 structural dynamic anaiyzcr and an 
Unholdz-Dickie Electrodynamic shaker table. The 
analyzer has a DEC PDP-11 / 34 computer with Genrad 
microprocessors, 64 Kbytes of RAM, a I .6-Mbyt e 
floppy disk drive, and a 14-Mbyte Winchester disk 
drive. The analyzer measures the test results con
ducted on the shaker table. The Table's sinusoidal 
and random vibration modes, and shock wave gen
eration capabilities simulate environmental shock 
and vibration conditions. 

Drives are first tested for their ability to withstand 
shock and vibration in three orthogonal axes-ie, 
with the drive lying on its base and on its sides. 
Drives are secured to the table and subjected to simu
lated shock and vibration for varying amounts of 
time. Tests are first performed in the nonoperating 
mode, with the heads parked at the landing/ shipping 
zones, and the power off. After each test, the drives 
are examined for any damage to the read/ write heads 
or media, and for hard (nonrecoverable) errors. 

Tests are then conducted with the drive in an oper
ating mode, while a data transfer is being performed. 
Errors caused by shock and vibration while the drive 
is operating are called soft (recoverable) errors . 
These errors cause no permanent damage to the 
heads or media. 

Field testing follows laboratory testing. Dropping 
the drive onto a hard surface like a desk simulates 
a common hazard to which drives are exposed in an 
office environment. Drives undergo two complete 
series of tests, first in shipping containers, and then 
without shipping containers. 

When tested inside a container, the drives are 
dropped onto a concrete floor from a 36-in. height. 
Inside the container, the drive is packed in several 



ACCELER ATION (G) 

AR EA = CHAN GE OF VELOCITY 

i....l •1----- - ..,., I TIME (MILLI SECONDS) 
OU RATI ON 

Fig 3 A typical shock pulse is defined by its peak 
acceleration, duration , and shape. The area under the curve 
is equal to th e change of velocity, due to shock . 

inches of foam to provide protection from rough 
handling during transportation . This testing phase 
consists of dropping the containers on different sides 
and at different angles several times. After each drop 
test, the drive undergoes both visual and functiona l 
inspection. Drives foam-packed in shipping con
tainers have proven capable of resisting damage to 
the heads or media when dropped from this 36-in. 
height onto a concrete floor. 

Drives are then dropped without the protective 
container onto a hard surface from varying heights. 
After each drop, they undergo visual and functiona l 
test ing. In tests, 700 and 7005 series drives, dropped 
from a 5-in. height in a nonoperating mode, have 
come through without damage to the heads or 
media. Similar drop tests are then performed when 
the drive is transferring data. Results show that the 
drives can be dropped from a 2-in. height onto a 
hard surface without damage. 

The relationship between field and laboratory test
ing can be explained in terms of eq uivalent energy, 
or change in velocity. Generally, shock is defined 
as a motion in which there is a sharp, sudden change 
in velocity. A shock pulse is usually characterized 
by a rise and decline of acceleration in a very short 
period of time (Fig 3). The area under the curve is 

TIME (MILLISECONDS) 
FREE FALL 

z 
0 

I 
TIME (MILLISECONDS) 

HALF-SINE 

equal to the change of velocity due to shock. The 
acceleratio n peak , duration, and the curve's shape 
measure the shock level caused by the transmitted 
energy or change in velocity due to impact. 

Other typical shock waves are square, triangular, 
and random. In field situations, the shock wave 
could be si milar to any of these waves or any combi
nation of waves, depending on the nature of impact. 
Shock pulse duration also depends upon the material 
properties of the contact surface, and whether it 
produces an elastic or inelastic impact. 

Different types of shock pulses, such as half-sine, 
squa re wave, or free fall (Fig 4) can be compared 
by equating the change in velocities . A free fa ll drop 
pulse generates much higher acceleration peaks in 
a very short period of time than do the other types 
of shock pulses. 

For example , a 3-in. drop height creates a change 
in velocity of 48.1 in. l s for an inelastic impact. This 
velocity change, when transmitted to a drive during; 
a period of about I ms, wi ll generate approximately 
250 G of acceleration peak . The resulting spike type 
of shock pulse can be approximated by a triangu lar 
wave. For a duration of 0 .2 ms, a 3-in. drop height 
generates a peak of 1250 G. 

Shock pulses can be compared by 
equating the changes in velocities. 

A half-sine pulse with an acceleration peak of 40 
G and duration of 11 ms creates a change in velocity 
of 108 in .ls . Fig 5 shows the relationship of equiva
lent energies of a 40-G half-sine shock with a dura
tion of 11 ms and a I-ms spike pulse. In practice , 
the longer shock duration is sensed by the disk drive 
in the shipping box. 

Tests show that if the shipping container is 
dropped from 36 in., the drive receives a shock peak 
of 40 G with a duration of 10 ms and a shape close 
to that of a hal f-si ne wave. As a result of the rubber 
foam pack in the shipping box, the drive receives 
a reduction in peak amplitude and an increase in 
shock duration. For an ideal inelastic impact , a 5-in. 

TIME (MILLISECONDS! 
SQUARE WAVE 

Fig 4 Some idealized fo rms of 
shock pul ses are shown (free 
fa ll , ha lf-si ne, and square wave). 
A free fa ll generates much 
higher accelerat ion peaks in a 
very sho rt period of time 
compared to the ot her shock 
pul ses . 

COMPUTER OESIGN/October 1 , 1 9 84 1 4 7 



PT-VBS 100 

Unique Cache Memory and 
High Speed Memory Management 

yield Mainframe Performance! 

• Advanced 12 .5 MHz 
68000 16 Bit 
Microprocessor 

• High Speed Memory 
Management Facility 

• Very Fast 2K Byte 
Cache Memory 

• RS-232C Serial 110 

• Programmable Seven 
Level VERSAbus 
Interrupter 

• Up to 64K Bytes of 
ROM/PROM/EPROM 

• 16K Bytes of High 
Speed Static RAM 
with Parity 

Port with Full Modem • VERSAbus Master 
Control A24 :016/32 AP.DP 

PTI has a family of VERSAbus and 
VME bus products. For more information 

on the PT-VBS 100 and our other products, 
write or call: 
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ACCELERATION (G) 

40 

SHUGART SPECIFICATION 
(40 G-1 J MS 

::...-.~-;---...:..i_LF-S INE SHOCK) 

~ I 
H I MS 

11 MS 
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Fig 5 Two different shock excitations result in equally 
transmitted energies. T he free fa ll spi ke pulse is reduced to 
the half-sine wave by ru bber foa m packing in the shipping 
box. 

drop height produces a change in velocity of 62.1 
in .ls. The acceleration peak for a duration of 1 ms 
will be 322 G, while for a duration of 0.3 ms, the 
acceleration peak rises to I 073 G for a spike shock. 

Matching protective measures to the environment 
To provide the high capacity and fast access that 

they promise, Winchester disk drives must be 
designed to withstand the shock and vibration that 
occur during transportation and in working environ
ments. Exposure to shock and vibration can produce 
catastrophic effects on the performance and reli
ability of rigid disk drives if protective features are 
improperl y designed. 

Half-height 5 \14 -in. Winchester drives can be ade
quately protected from shock and vibration through 
the use of several features. These features include 
four-point shock/ vibration isolators with high 
damping characteristics, a low mass head/ flexure 
design, dedicated head landing/ shipping zones, a 
spindle brake, and a stiff actuator design. Labora
tory and field testing prove that these protective fea
tures enable Winchesters to withstand 40 G of shock 
in a nonoperating mode, and 10 G of shock when 
operating, without damage to the heads and media 
or loss of data. This protection level proves suffi
cient for the types of shock and vibration to which 
the drives are commonly exposed. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 716 Average 717 Low 718 



This New Fiber Optic Modeni 
'Will Extend a DCE Interface 

to Any Point in Your 
Local Area Net'Work. 

Plus a whole lot more. 
•Can also be used for 
standard modem appli
cations 

•Automatically accepts or 
supplies DCE/DTE clocks 

•Fully supports all EIA 
handshaking signals 

•Provides secondary data 
channel 

In short , you can use our 
new fiber optic modem be 
tween any two plug compati
ble units in your local area 

ork. And it won't re-

modem to a remote terminal 
or from a CPU port to a 
printer. And it's just about 
as easy to install as a cable 
- we even provide two 
separate connectors (DTE 
and DCE) on each modem. 
YOU determine how our 
modem will function simply 
by selecting which connec
tor you use! 

from the advantages inhe r 
ent with fiber optics (traffic 
security plus noise immu
nity) but also from the ex
ceptional operating perfor
mance. Our very low error 

l/'L...J=+ --+ Clock 
and 

~ ::= Control 
--~ +--- Signals 

FOM-7 TERMINAL (DTE) 

Data 
Clock 

and 
Control 
Signals 

f ~ 
=::! Data 

=E [=mt>-[ ~ rate and continual signal 
E E{}-<}- quality monitoring means 

that you 'll operate with a 
higher throughput and less 
downtime than ever before. 

MODEM (DCE) FOM-7 

Once our fiber optic mo
dem is installed and opera
ting it'll really begin to 
shine. You'll benefit not only 
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The telephone system 
of tomorrow will be digital 
end to end. Able to 
handle voice and data. 
Simultaneously. 

Today, there's a short
cut to get you there. 

Introducing the first 
two n1embers of Intel's 
third generation Advanced 
Telecon1munications 

Component ( iATC™) family. 
The 29C51 Codec/ Filter 

con1bo. And 2952 Line 
Card Controller. Represent
ing a new approach to 
teleco1nmunication's 
circuit architecture. 

Together, they can 
handle all pulse code 
modulation coding and 
encoding. Subscribervoice 
channel filtering. Con
trol signaling. And back
plane interfacing. 

Alone, the 29C51 
handles all the analog to 
digital switching. It's soft
ware programmable with 
a total of 10 features under 
user control, including 
transn1it and receive gain. 
You can also program 
the 29C51 for subscriber 
line balancing. 

It offers a secondary 
analog channel capable 
of monitoring an analog 
subscriber's line. 

And internal analog 
three-way conferencing. 

All on one chip. All soft
ware controlled. 

Because the 29C51 is 
manufactured with Intel's 
CHMOS technology, it 
offers the best of both 
worlds. The unbeatable 
perforn1ance of Intel's 
high-perforn1ance HMOS 
technology. And the low 
power require1nents of 
CMOS. 

Developed for use 
with the 29C51, the 2952 
Line Card Controller 
provides the bridge to 
ISDN upgrades. 
© 198-t Intel Corporation 

It can control up to 16 
subscriber lines at once. 
And manage all voice and 
data transfers between 
the backplane and the line 
circuits. This includes 
1natching titne slots on 
PCM highways and intel
ligent interface to a con
trol highway. 

Although the 2952 can 
interface with just about 
any part of your sys-
ten1, it's optimized for 
use with Intel's 80C51 
microcontroller and the 

29Cl4 

29C51 
Combo 

I 
Pou•er 

2914 
Com ho 

7be high peiformance 29C51 offers the benefits of low 
pouY!r u.;th more features tlxm comientional NMOS 

Intel iAPX family of n1icro
processors. 

Which means your 
telecommunication sys
te1n design can be virtu
ally unlin1ited in scope. 

Together, the 29C51 and 
2952 will work with every 
other i.KfC component. 
Now. And in the future. 

So if there's a digital 
telecommunication sys
tem design in your 
future, give your data 
equal voice. 

intef 



WHEN A PERSOllALCOMPUTER 
ISN'T ENOUGH,,YOU NEED 
A PERSONAL PDP-11. 

NOW YOU CAN 
HAVE DIGITAL'S 
PERSONAL PDP·ll'S 
RUNNING PDP-II 
AND VAX-COMPATIBLE 
sonwARE 
ON YOUR DESK. 

You know who you are. 
You've been doing a major part 
of your work using a terminal 
connected to a PDP-11 '" or 
VM'" system. Your applica
tions are as wide-ranging as 
your knowledge. Theoretical 
physics, real-time data analy
sis, statistics, financial model
ing, CAD/CAM, process 
control- there's very little that's 
beyond the reach of your pro
fessional experience. 

Like most users, you 're very 
satisfied with the services 
you 've been getting from your 
PDP-11 . You 've come to rely on 
them, in fact. And you 're not 
willing to give them up for just a 
personal computer. What you 
really want is a full-powered 
minicomputer dedicated 
exclusively to your work. 

If you 're this type of user, 
Digital has exactly the com
puters you need: the Profes
sional '" 300 Series, our 
personal PDP-11 's. They're 
engineered to give you the 
minicomputer power and 
sophistication you 've come to 
expect- in a personal com
puter size, and at a personal 
computer price. 

RICH PDP-II 
DEVELOPMENT 
ENVIRONMENTS AT 
YOUR COMMAND. 

Digital's Professional 300 
Series, the best-engineered 
desktop systems for computer
experienced professionals, offer 
you a choice of minicomputer-

powered op~rating systems. 
First among these is P/OS,'" 

the Professional Operating Sys
tem. A single-user, multi-tasking 
version of RSX-11 M-PLUS,'" 
it gives you capabilities that far 
exceed typical personal com
puter software. Its complement 
of compiler languages includes 
BASIC 11 , DIBOL, COBOL-81 , 
Pascal , FORTRAN-77, and 
WH ITESM ITH C. What's more, a 
Native Tool Kit and a rich selec
tion of editors, debuggers, task 
builders, forms management 
and sort utilities helps you · 
achieve the high programming 
productivity you've come to 
expect from a minicomputer. 
The UCSD-p System '" is avail
able as an alternative develop
ment environment under P/OS. 
Plus, P/OS lets you use Digital 
Classified Software, a portfolio 
of proven applications such as 
TK! Solver;· a high-perform
ance equation-solving tool, 
and RS/1 :· an industry-stan
dard laboratory research 
system. 

Next, there's PRO/RT-11 ,'" 
a single-user, multi-tasking, 
real-time version of the RT-11 
operating system that's so 
popular in technical OEM 
PDP-11 applications. There's 
also the STANDARD MICRO 
MUMPS300'" System.And 
for commercial applications 
there's the CTS 300 '"system, 
which features RT-11 DIBOL 
portability. 

VENIX~ aUNIX® V?M 
operating system complete 
with Berkeley 4.1 enhance
ments, has been optimized for 

..:::t: 

the Professional Series. It even 
includes a UNIX System 5 soft
ware license, demonstrating 
our commitment to keeping the 
Professional current with future 
UNIX directions. 

MINICOMPUTER 
STRENGTH 
APPLICATIONS. 
ON THE SHELF. 
READY TOGO. 

The reason we've engi
neered the Professional with a 
variety of operating systems 
isn 't just to let you write your 
own minicomputer-powered 
programs. It's to let you access 
a vast library of proven, devel-

oped PDP-11 and VM pro
grams, and run them indepen
dently on your Professional. 

Many third-party PDP-11 
and VM applications-or the 
ones you 're using now-can be 
transported to your Profes
sional. You can use the same 
files, the same commands. 
This puts an incredible variety 
of scientific, industrial, techni
cal and commercial solutions 
at your disposal. 

Just as important, you can 
attach a real-time interface to 
the Professional to adapt it for 
scientific and industrial use. 
And you 'll have a wide variety 

...,,_ . ~- -- - -- --~ - - ----- - -- -_ _..._~~~ - - -

C Compiler 1s a trademark of Wh1 tesm1ths . Ltd UCSD-p System 1s a trademark of SofTech Microsystems. Inc TKISolver 1s a trademark of Software Arts. Inc STANDARD MICRO MUMPS 300 1s a trademark of Creative 
Soc10-Med1cs VENIX 1s a trademark of Venture om UNIX 1s a trademark of Bell Laborato11es . Inc RS/11s a trademark of BBN Software Products Corporation CP/M 1s a trademark of D1g1tal Research. Inc 
Professional 300 Se11es. PDP-11. VAX, P/OS. RSX-11 M-PLUS. PRO/RT-11 . ALL-IN-1 . ASK IT. DECnet. VT. GIDIS. CTS-300, and IVIS are all trademarks of Digital Equipment Corporation 



of printers, plotters, and spe
cial purpose peripherals to 
choose from. 

A TRUE DISTRIBUTED 
OFFICE WORKSTATION 
ON YOUR DESK. 

The Professionals acknowl
edge the fact that you work in 
an office as well as in a lab, 
offering Pro Office Workstation, 
the Professionals' version of 
Digital 's ALL-IN-1 '" software, 
the best-engineered office 
automation system you can 
buy. Running in conjunction 
withaVAXhost,ALL-IN-1 gives 
you word processing, auto
matic spelling verification, 
electronic filing , electronic 
mail , calendar management 
and more. And that can in
crease productivity organiza
tion-wide. 

Office automation tools 
designed for independent use 
on your Professional include 
Digital 's ASKIT'" software, 
which provides business 

© D1g1tal Equipment Corporation 1984 

graphics, personal database, download remote files from 
word processing and spread- your PDP-11 or VAX to your Pro-
sheet functions, plus a game. fessional , all transparently to 
And with the optional CP/M® the user and the program. Or, if 
Softcard, you can run a variety you wish, your Professional can 

~ 
.. --~· ~ 

. ~ . ·11 

n; 'T\1 I 
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of CP/M-80 packages on \',,., ,1~~~.... . 
your Professional. "''D~~ :;,, • . . ~ 

960 x 240 pixel resolution . 
And Digital 's IVIS '" lnterac
tive Video System is available 
for advanced program 
development. 

BEST ENGINEERED 
MEANS ENGINEERED TO 
A PLAN. flLEllllJla!DEOIEr ~ /,F.1f1 . 

NEJWORKING TODAY. t · 1~ l 
.f; fl 

· · . . J, ~sc ""'""2_ The Professional 
I ~~'0"'6 300 Series, like every 
l ~DJ4. Digital hardware and 

software product, is engineer
ed to conform to an overall 
product plan. This means 
Digital systems are engineer
ed to work together easily and 
expand inexpensively. Only 
Digital provides you with a 
single, integrated computing 
strategy from desk top to 

The Professional 300 Series ' f 1 l 
supports a variety of networking 

1 { 11 J 

options. Foremost among these --
options is DECnet,'" which lets j 
your Professional serve as :8 l . iB · \ 
a distributed workstation with 1\ L...,_. _ : L.. J 

PDP-11 and VAX processors. 'Z .. · ~-- ( 
And,DECnetgivesyoua .. ~------:... - · :'"'-
choice of local and wide-area emulate Digital 's vr· terminals. 
communications devices, in- The Professional doesn't 
eluding 1 O Mb/sec Ethernet, leave out the rest of the world , 
with full support forV2 .0 stan- either. Device emulation in-
dard (IEEE 802.3 specifica- eludes IBM 3270, 2780/3780, 
lion); public packet-switched 3277, and more. 
X.25 networks; and standard 
telephone lines. 

And by virtue of its compat
ibility with PDP-11 and VAX 
software and RMS fi le struc
tures, the Professional lets you 

THE LEADING GRAPHICS 
WORKSTATION IN 
ITS CLASS. 

If you only want to portray 
simple X-Yvalues, lots of per
sonal computers can do the 
job. But if you need a way to 
graphically display thousands 
of information variables, there 's 
no finer tool available than a 
Professional . It gives you a pal
ette of 4,096 colors to work 
with. State-of-the-art graphics 
architecture, like GIDIS, '" a 
virtual device interface, helps 
you design fast graphics for 
your programs, while allowing 
them to run independently of 
future hardware enhance
ments. Industry-standard 
graphics application interfaces 
are also available. And the 
Virtual Device Meta file 
capability lets you integrate 
text and graphics in a single 
file under P/OS 2.0. Just as 
important, the quality of Pro
fessional 300 g rap hies is unsur

passed . The bit 
mapped screen 

provides a 

Displayed above 1s RSl1.1ntegrated software for scientific and 
engineering uses from BBN Software Products Corporation . a 
subs1d1aryof Bolt Beranek and Newman Inc 

data center. 
For more information on 

Digital 's Professional 300 
Series systems, the Profes
sional 325 and the Professional 
350, call 1-800-DIGITAL, ext. 
690. Or send the coupon or 
write: Digital Equipment Cor
poration, Attn : Mr. Dennis 
Coady, 200 Baker Avenue, 
West Concord, Massachusetts 
01742. 

I'd like more information on Digital 's 
Professional 300 Series, the Personal 
PDP-1 1's 
D Please send a copy of you r new Pro

fessional Series Handbook. 
D Please have a sales professional 

call with complete in formation. 

Name 

Tit le 

Company 

Address 

City 

State Zip 

Telephone Ext 

Return to: Digital Equipment Corpora
tion, Attn : Mr. Dennis Coady, 200 Baker 
Avenue, West Concord, MA 01742. 
CD- 10 84 

THE BEST ENGINEERED 
COMPUTERS 
IN THE WORLD 
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The Hitachi High-Voltage IC Family 

Hitachi announces a breakthrough 
in high-voltage interfacing. Now 
you can replace an entire board 
of discrete driver components 
with a single high-voltage inte
grated circuit. 

Up to 300 Volts 
Silicon dioxide dielectric isolation 
layers between integrated devices 
permit device-to-device and 
device-to-board isolation at 
voltage levels to 300 volts. This IC 
technology effectively interfaces 
standard 5 volt logic to high-volt
age loads. It can reduce the size 
and power consumption of your 
output drive circuits while increas
ing system reliability. 

A Big Step Up 
Hitachi's new technology is 
capable of converting the 0 to 
+ 5V output levels of microcom
puters and standard logic to a 
voltage great enough to drive 
solenoids, gas discharge displays, 
piezoelectric elements, and other 
HV loads. Hitachi high-voltage ICs, 
based on dielectric isolation tech
nology, may now be used in appli
cations up to 300 volts. 

A "Small" Step Up 
Although it is physically small (only 
a few millimeters square), this new 
semiconductor device is capable 
of operating large-size devices. 
This new device technology serves 
to reduce power consumption, 
eliminate wiring complexity, cut 
labor costs, increase device 
reliability, and allow physically 
smaller designs. 

Many Applications 
The dielectric isolation technology 
enables many new capabilities 
which have not previously been 
IC-implemented because of 
high-voltage limitations. 

High-voltage monolithic ICs meet 
demands in an increasing number 
of applications. Different combina
tions of main elements-such as 
diodes, thyristors, transistors and 
GTOs-will implement a wide 
variety of circuits. 

The ETN012P3 Piezo Driver 
• Has inputs directly compatible with 

standard 5 volt TTL logic signals. 

• Permits direct connection between 
standard 5 volt logic and equip
ment using voltages as high as 
300 volts. 

• Can provide on-off control of a 5 
KHz, 300 volt output by a 5 volt TTL 
input signal. 

• Is ideal for driving: 
-Piezoelectric elements in 

on-demand type ink-jet printers. 
-Piezoelectric transducers for 

ultrasound scanning and 
tomography. 

-Thermal print-heads for printing 
on heat-sensitized paper. (Hitachi 
also offers monolithic diode 
arrays for this and similar 
applications. Ask for information 
on our EDC Series of monolithic 
diode arrays.) 

-Electro-mechanical relays, or 
may be used as an ouput-stage 
relay itself. 

-Motors and solenoids. 

Type No. Description Technology Package 

ETN012p3 Piezoelectric Monolithic 22 Pin 
Device Driver IC DIP-Plastic 

Items Symbol Rating Units 

Supply Voltages :b 5.0 volts 
cc 220 (300). volts 

Max. Power 
Pl 700 milliwatts 

Dissipation 

No. ot Channels 8 channels 

·ey special order 

CALL TOLL FREE 
For more information about this big 
step up in IC technology, call our 
toll-free number: 1-800-842-9000, 
Ext. 6809. Ask for literature 
number L 101. 

Hitachi America, Ltd. 
Semiconductor and IC Sales 

and Service Division 
2210 O'Toole Avenue 
San Jose, CA 95131 
1-408/942-1500 
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TELEX~ 

Telex Shamrock 9250 has everything 
you \Nant in a GCR tape subsystem. 
Right down to your favorite color. 

It's the color of the money you stand to 
save with the new Telex Shamrock 9250. 
The most affordable GCR subsystem in 
its class. 
Telex engineers have been making 
advancements in GCR technology for 
over a decade. The Shamrock 9250 is the 
biggest breakthrough yet. It gives you 
the faster access and throughput, greater 
storage efficiency and higher data 
reliability you look for in a full perfor
mance GCR subsystem. And it does so 
with the kind of cost efficiency other tape 
drives just cannot match. 
The savings start right up front. The unit price 
of the Telex Shamrock 9250 is half that of previous 
GCR subsystems. Its compact design frees up valuable 
space. And with the assistance of Telex Engineering 
experts, your interface development will be fast 

and efficient. 
Down the road, the savings con
tinue to add up. Cost of ownership of 
the Telex Shamrock is truly attractive. 
There are no planned seNice calls because 
the 9250 requires no preventive mainte
nance. Self-calibrating capability eliminates 
the need for scheduled adjustments. When 
seNice is required, the resident diagnostics 
hold costs to a minimum. Lower power 
consumption (typically 100 milliwatt) of 
the 9250 gate arrays increases reliability 
and keeps energy costs in line. 
There are more reasons why the Shamrock 

9250 is today's best value in full GCR performance. 
For the rest of the story, call your nearest Telex OEM 
Sales Office or our OEM Marketing Department at 
918-627-1111. And let us show you how good you'll 
look in Telex Shamrock green. 

TELEX® SHAMROCK O The innovation continues ... 
Telex Computer Products, Inc.. Terminals/Peripherals/OEM Products 

6422 East 41 st Street, Tulsa. OK 74135 (918) 627-111 I Regional Offices: Amherst, NH (603) 673-9272/Garden Grove. CA 
(714) 898-9833/Houston, TX (713) 497-6770 International: (214) 931-8511 /telex: 730612 TLXINTL ADDI 
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SPECIAL REPORT ON MASS STORAGE 

EFFICIENT 1/0 
UNLEASHES BENEFITS 
OF OPEN BUS CONCEPT 
Innate advantages of the open bus can free CPU-, bus-, and 
1/0-bound systems. Peripheral controllers are the . key to 
overcoming the devices' inherent limitations and lead to 
efficient bus use. 

by Chappell Cory and George Jackson 

Major minicomputer manufacturers that support 
closed (or proprietary) buses have imposed severe 
constraints on system designers during the last 
decade. This has led to wide use of the open bus 
scheme. From this scheme, the engineer can gain a 
powerful and flexible way to build computer systems 
that meet specific application needs. 

One well-known open bus is the Intel Multibus. 
Because Multibus is well specified and because it is 
in the public domain, some 250 companies have 
developed more than 1000 products compatible with 
it. Yet, although Multibus appears to offer an engi
neer's utopia, it has not always done so. Many sys
tem designers are unable to build an integrated 
machine that fully uses the capabilities of present-

Chappell Cory is vice president of research and 
development at Xylogics, Inc, 144 Middlesex Tpke, 
Burlington, MA 01803. He holds a BS in mechanical 
engineering from Stevens Institute of Technology, 
Hoboken, New Jersey. 

George Jackson is applications manager at Xylogics, 
Inc, European Headquarters, 4648 High St, Slough, 
Berks SLJ JES, U.K. He holds a BS in physics from 
City University, London, England. 

and next-generation processor chips in an open bus 
environment. This is due to inefficient data transfers 
between disks, tapes, and CPU memory. 

An analysis of typical Multibus applications pro
vides the key to many design benefits of this open 
bus. These advantages fall into two main categories. 
First is the simple dedicated single-task, or single
user application, such as signal measurement and 
word processing. Second is the performance-critical 
area of multitasking/multi-user applications. This 
latter category includes high performance file servers 
for the increased demands of modern local area net
works, speed-critical requirements of image pro
cessing for both the medical and printing trades, 
computer aided design (CAD), and the immediate 
response requirements of commercial multi-user sys
tems (Fig 1). 

Solving CPU·, bus·, and l/O·bound problems 
Typical Multibus operations have one thing in 

common. They all rely on passing large amounts of 
data at high speeds between the CPU and periph
erals, which work concurrently [Fig 2(a)]. This poses 
a problem found in many mini and microcomputer 
applications: the system can become CPU-, bus-, or 
I/O-bound. These problems occur when the CPU 
runs out of power, the bus runs out of bandwidth 
(restricting the speed at which data can be trans
ferred), and the time taken for I/O access becomes 
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excessive, respectively. The peripheral's fixed data 
rate leads to inefficient data transfers between the 
device and the CPU's memory. This causes a severe 
decline in system performance. 

The 16- and 32-bit processors now being designed 
and used on the Multibus are solving the CPU 's 
power loss problem. These processors include the 
80286 and 68010, both of which have higher execu
tion speeds and 32-bit internal data paths to allow 
long word calculations. Also, production yields are 
helping create parts that can run at ever-increasing 
clock speeds, thus alleviating the problem of a 
compute-bound processor. 

Furthermore, the CPU bus bandwidth problem, 
which causes excessive processor wait states, has 
been largely relieved by the advent of 16- and 32-bit 
wide, separate CPU to memory data paths . Adop
tion of local CPU buses, such as the Intel iLBX, ena
bles the CPU to fetch data and instructions directly 
from memory. This leaves the bus free for peripheral 
data transfers . The iLBX and other "P2" buses 
developed independently by various vendors use a 
previously undefined connector-the P2 edge con
nector on the backplane. The iLBX is a 16-bit data 
path that runs at rates of up to 19 Mbytes/ s. In some 
cases, other P2 buses are 32 bits wide and run at 
speeds close to 40 Mbytes/ s. 

Memory technology is also keeping pace as semi
conductor memories lower access times, even as 

WORKSTATION 

REMOTE 
LINK 

DISK 

(a) 

DISK 
INTERFACE 

ARRAY 
PROCESSOR 

capacities increase. Memories with access times of 
less than 350 ns are not uncommon, and several ven
dors are using static memories with access times of 
200 ns or less. A pref etch method is sometimes used 
to anticipate the second of two consecutive reads on 
a 16-bit bus. Using a 32-bit memory array, it pro
vides the second access in under 20 ns. Block-mode 
transfers can also be used to allow back-to-back 
word transfers, saving 20 to 30 percent of bus time. 

The 16- and 32-bit processors being 
designed and used on the Multibus are 
solving the CPU's power loss problem. 

An architecture that uses a CPU fetch channel re
sults in a Multibus that has truly become an l/O bus 
in these higher performance machines [Fig 2(b )] . In 
this sense, it is fully analogous to Digital Equipment 
Corp's PDP-11 /70 and VAX, and to other machines 
that have separate memory and l/O channels . Note, 
however, that the Multibus can attain more than 
twice the DMA throughput of the DEC machines. 

Only design trade-offs that address the needs of 
the type of system planned can achieve the Multi
bus' po ten ti al efficiency, however. The key to effi
ciency seems to be a high DMA rate. Fig 3 shows the 
consumption of bus bandwidth, or total throughput, 

DETECTOR A-D 
CONVERTER 

DISK 
INTERFACE 

MEMORY 

(b) 

MEMORY 

DISK 
INTERFACE 

VIDEO 
INTERFACE 

DISK 

DISPLAY 

Fig 1 Many types of systems can benefit from the Multibus. Open system buses can be used in file servers for 
local area networks (a). Medical image systems have high throughput requirements that can be met by a 
combination of dedicated and open system buses (b). Image processing systems use the open system bus for 
connection of the system to a disk controller (c). Computer aided design systems for image processing are easily 
built with off-the-shelf components, based on a common open system bus (d). 
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Howtodebug 
in your favorite language. 

Now you can debug in Pascal, C 
or Assembly. With Emulogic's 

new SLICE Symbolic Debugger. 
First, sit back. Second, choose your 

language-C, Pascal or Assembly. Then type 
it in. And you're ready to start debugging. 

At least, that's the way you do it with SLICE" (Source 
Language In-Circuit Emulator). And that's not the only way 
SLICE makes your life easier. 

It's also friendly, interactive 
and non-intrusive-which means 
you don't need a software monitor. 
You'll be able to debug your code 
without us getting in your way. 

What's more, if you change 
your mind about which language 
is really your favorite, SLICE lets 
you switch back and forth. 
Instantly. 

It's true high-level debugging. 

-

We didn't compromise 
when we designed SLICE, 
and you don't compro
mise when you use it. 
You can single-step by 
source line or chip in
struction -and, if you 
want, step over calls to 
functions. Display real
time traces in high-level 
and assembly-level code. 

And manipulate stack, heap, register and static variables of all 
data types, including structures and arrays. 

We've even put in another exclusive feature, TRACEBACK, 
that lets you examine all active functions and arguments. And 
another feature that lets you track movement of fast variables 
between registers and stack. 

It's a real-time in-circuit emulator. 
SLICE is a true in-circuit emulator-not just a software simula
tor. So you don't lose any of the hardware and assembly-level 
debugging power of Emulogic's universal MDS's. You still have 

eight real-time multifunction breakpoints. 
"Fall-through" trapping. And full-speed, 
full-range memory mapping. 

But SLICE makes them even better. Now you can break 
at a source line and use addresses, data and expressions sym
bolically. And select a trace of machine cycles, instructions 
or source lines. 

Our Pascal and C compilers are true cross-compilers. 
Which means they produce executable code that can run on an 
Emulogic MOS or your target chip. Both compilers, of course, 
are designed to be used with SLICE. But, if you prefer to use a 
third-party compiler, we can provide you with all the informa
tion you need to make it work with SLICE. 

SLICE packages are priced from $5,000 to $12,000, depending 
on your operating system and 
the compilers you select. 
They're now available for the 
68000 and soon will be for 
the 68008, 68010, 8086, 
80186, 80188 and 8088. 

SLICE. Isn't it about time 
you started debugging in the 
language you're actually using? 

For complete information, 
contact Emulogic, Three 
Technology Way, Norwood, 
MA 02062, 800-435-5001 or 
617-329-1031 in Massachusetts. 
SLICE is a trademark, and Emulogic is a registered trademark, of Emulogic, Inc. 

EMULOGIC® 
MICROPROCESSOR 
DEVELOPMENT SYSTEMS 

European Distributors: Austria: Walter Rekirsch, (43 222) 235555; Denmark: Instrutek, (45 5) 611100; France: YREL, (33 3) 9568142; Sweden: Aktiv Elektronik AB, 
(46 8) 7390045; Switzerland: Instrumatic AG, (411) 7241410; United Kingdom: MSS, (44 494) 41661; West Germany: Instrumatic Electronic GmbH, (49 89) 852063. 
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Fig 2 Multibus operations can pass large amounts of data at high speeds between the memory and peripherals 
while the CPU also accesses memory over the same bus (a). In very high performance systems, the Multibus becomes 
a dedicated 110 channel with a specialized local bus providing the path between the CPU and memory (b). 

by four disk controllers with varying DMA transfer 
rates. All four controllers run a disk with a 1.35-
Mbyte/ s aggregate data rate. 

Note that when running small noncontiguous 
block transfers of 1024 bytes (with a reasonable opti
mized file structure), bus usage is always low. But 
it is not a constraint in this case. This 110 scenario 
is common in multi-user systems. However, multi
user systems and many medical, CAD, and imaging 
systems must also handle large block transfers (for 
virtual paging, overlays, screen images, user swap
ping, and more) on the order of 10 Kbytes to 

Using FIFO buffers 

An interesting feature of first in, first out buffers is 
that their useful size is much larger than it appears to 
be . Since a FIFO can be filled at one other "end" while 
it is emptied simultaneously at the other "end," its 
capacity is not an absolute value. The equation for the 
useful capacity is dependent upon the number of rela
tive rates of filling and emptying . In the case of a disk 
read, these rates are data rate and bus DMA data rate, 
respectively . 

The equation is Kf = k + k/ [(Bt/Dt) - 1 L where Kf is 
apparent FIFO size in bytes, k is physical FIFO size in 
bytes, Bt is bus time for one byte transfer, and Dt is 
disk time for one byte transfer. Note that if the bus 
time is equal to the disk time or less, the apparent FIFO 

size is infinite. 
If the transfer times are close , say 800 ns for the 

bus and 7 40 ns for the disk , the apparent size of the 
buffer is 109,328 bytes for a FIFO of 8192 . This 
means that even though there is a slower bus than 
the disk, a large number of bytes can ·be transferred 
before a data late occurs. This is important when com
paring products with different buffer schemes because 
Ping-Pong and staged buffers do not have this feature 
and will overrun much sooner. 

1 60 COMPUTER DESIGN/October 1, 1984 

1 Mbyte. The key to avoiding total 110 bandwidth 
consumption is a high DMA rate. It is often impor
tant that other peripherals be allowed to access time 
slots on the bus continuously because of their real
time needs and small buffers. 

Inefficient use of Multibus 
Peripheral controllers that use small buffers often 

cause a mismatch between the data rate of the device 
and the bus. This mismatch becomes critical when 
many devices are vying for bus priority. In such 
cases, the peripheral may have to miss a turn (data 
late errors). In the case of a disk, a whole revolu
tion or more may be lost, depending on the intelli
gence of the controllers. 

Peripheral controllers exert considerable influence 
on the transfer rate. Fig 4 shows the effect that two 
parameters of a peripheral controller, buffers and 
block size, have on a key system performance indi
cator: transfers/ s. The graph assumes that the 1/0 
shell in the operating system is fairly well optimized. 
Because new blocks are near the current blocks on 
the disk, the high performance drive has a track-to
track seek of 5 ms and a l . 35~Mbyte/s average trans
fer rate. 

When bus availability is high, DMA rate and 
buffer size have little or no effect on the number 
of transfers/s. In this example, there are 70 disk 
operations/ s. However, when other peripherals 
make demands on the bus bandwidth, an interesting 
event may occur. If the block size is larger than the 
buffer in the controller, the system can hit a "stone 
wall." This can cut the average number of disk opera
tions in half. Note that a higher rate controller will 
hit its stone wall only at a much lower availability 
figure. 



-· microrack 

Multibus II 

as well as the 
standard products 
that you will require to 
build your microprocessor system. 

Telephone or write for further 
information on Multibus II support 
hardware. 

Whatever your l)'Btem archi
tecture, BICC Vero have the 
experience and the hardware to 
support ,ou. 

*Multibus• II is rhe Reg. Trade Mark of Intel Corporation 
••Euro-Q Bus• is rhe Reg. Trade Mark of Digital Equipmem Corporation 
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MULTIBUS® II SUPPORT HARDWARE 

BICC 

BICC-VERO ELECTRONICS INC. 
171 Bridge Road Hal!ppauge New York 11788 
Tel: (516) 234-0400 TWX: 510-227-8890 
4001 Leavenon Coun Anaheim California 92807 
Tel: (714) 630-2030 Telex: 277732 
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If the block size is smaller than the buffer in the 
controller, no stone wall occurs and performance 
degradation occurs gradually. In this case, even with 
only 10 percent of the bus available, 80 to 90 per
cent of performance is maintained. These calcula
tions are based on a first in, first out (FIFO) 
buffering scheme. (See Panel, "Using FIFO buffers.") 

Ping-Pong or staged buffers have more overhead 
and must be much larger to achieve the same appar
ent buffer size. Moreover, this method of matching 
block and buff er size can be accompanied by burst 
control. This will manipulate the amount of data 
allowed onto the bus. It lets the system designer opti
mize bus use and match peripheral and bus speeds . 

Because the Multibus protocol does not allow con
currency between arbitration and data transfers arbi
tration wastes bus bandwidth. Standard DMA is 
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54 PERCENT 

Fig 3 Each of the four disk 
controllers has different OMA 

transfer rates. The higher the OMA 

rate, the more efficient the use of 
the bus. 

controller chips are very slow in performing the arbi
tration required to gain bus access and data transfer 
rates. Specifically designed DMA sequencers, 
however, can yield very fast access times and achieve 
data transfer rates of up to 3 Mbytes / s. They also 
handle word- or byte-mode transfers under program 
control. Typical transfer sequences for single transfer 
(throttle= 1), large bursts (throttle= infinity), and sys
tem matched throttle (throttle= 8) are shown in Fig 5. 

Inefficient use of peripherals 
Inefficient use of peripherals is the second perfor

mance critical area. In trying to maximize the effi
ciency of disk or tape drives, the specific type of 
peripheral device used has a major impact on perfor
mance . An example of inefficient tape system use is 
when a streamer tape cannot be kept streaming. This 

TO 4.0 MBYTES/ S 

~ Fig 4 The buffer size and OMA 

rate of a controller affect the _.... 
number of transfers/ s. If the block 

TO 2.0 MBYTES/ S size of the transfer is greater than 
the buffer size, and if demands on 
the bus bandwidth reach a critical 
level , the system hits a " stone 
wall" in transactions/ s. 

80 ~ Jo 



The Nonvolatile Breakthrough 
lbu've Been Waiting For. 

Low Price. 
Nonvolatile memory. In today's expanding 

market, you can easily end up paying for more 
than you want. 

Or need. 
Xicor solved that dilemma long ago. By devel

oping a complete family of small nonvolatile 
memories. Both NOVRAMs and E 2PROMs. In a 
variety of capacities and configurations. 

Cost-effective solutions for your nonvolatile 
needs. 

Now, we've brought something new to non
volatility. A remarkably low price. In fact our 

X2444 NOVRAM (16 x 16) can be purchased in 
100k quantities for as little as $1.50 each. 

And Xicor will be there as your needs expand. 
Because we already have higher-capacity 
NOVRAMs and E 2PROMs your system can grow 
into. When you need it. At a price you can afford. 

Xicor nonvolatile memories are available in 
commercial, industrial and military ratings. 
For more Information, contact us at 
851 Buckeye Court, 
Milpitas, CA 95035. ~I 
(a) 946-6920. ~ 
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may be due to the job's organization, DMA speed 
of the tape controllers, or buffer size of the tape con
troller. Likewise, inefficient use of disk peripherals 
results from the limitations in achieving full poten
tial disk speed and from restricting use of total disk 
drive capacity. 

Inefficient use of disk drive capacity is caused by 
three factors. First, disk sector size may not be 
matched to system block size. Second, the use of 
packing bits within the data format (to enable slow 
controllers to respond to different sector data fields) 
is inefficient. Third, media defects can reduce the 
space available for large, contiguous files. 

Systems with long command initialization times 
can prevent disks from being used at full speed. 
These times are composed of the time required for 
software to load the command into the controller, 
and the time necessary for controllers to interpret 
the command and manipulate the disk address to 
point to the physical block on the disk. Only when 
these tasks are completed will the disk controller start 
using the disk for its main purpose: to store or 
retrieve data. Other reasons that disks are not used 
to full potential include inability to perform over
lap seeks, occurrence of data late errors, time to 
switch from one drive head to the next, and inter
leaved disk data that is not matched to operating 
system requirements. 

Controllers hold the key 
These speed and capacity limitations can be over

come with a variety of carefully selected features in 
disk and tape controllers. The use of l/O parameter 

blocks allows asynchronous operation between sys
tem software and peripheral devices. These blocks 
are set up in main memory by the CPU with chaining 
between the blocks. This method allows the periph
eral device to access the next instruction from main 
memory. No software time is required to reload con
trol registers, thus a much faster reinstruct time is 
provided. 

A faster DMA channel allows concurrent disk and 
tape transfers, and enables data to be streamed from 
disk to tape. Large buffers allow software to run 
with multiple ring buffers in memory. Thus, inter
block gaps are used fully, and the effects of disk seek 
times are minimized when streaming data between 
disk and tapes. 

As previously stated, data late conditions can be 
avoided by using a large FIFO buffer. In a multitask
ing computer system, there are often peaks of DMA 
activity from other devices that require the slowing 
of the disk data rate. In order to avoid retries of the 
operation that waste both bus and CPU bandwidth, 
a revolution of the disk may be slipped. If an entire 
sector's worth of data is not present in a buffer ready 
to write onto the disk, or if there is not enough space 
in the buff er for the next sector to be read in, a revo
lution of the disk should be missed before transfer
ring the next sequential sector to / from the system. 

Disk data transfer rates can be enhanced by hav
ing a programmable sequence of logical sectors on 
each track. This feature allows sector skew to com
pensate for head switching time during spiral reads 
and writes. It also enables system timing to be opti
mized through the use of different interleave factors 

FD DATA 6 I.I 6 r.;-,
2 FD OMA ~ L.:.J 

SMD DATA Jll . 121 131 141 Isl 161 Ill Isl 
ARBITRATEITTI D LJ LJ LJ LJ LJ LJ D 

[9L[!Ol llll [ill 
D LJ D LJ 

FD DATA 6 

FD OMA 
SMD DATA J I I 2 I 3 I 4 I 5 I 6 I 7 I 8 I - I - I 
ARBITRATE 

SINGLE TRANSFER 6 

6 
NO. FD DMA=DATA LATE 

I I I I I I I I I I 
LARGE BURST 

THROTILE=8 

Fig 5 With a program defined DMA burst length (throttle), the system can be tuned so that high speed bursts from 
the disk or tape controller keep up with the peripheral's data rate, while time critical devices also get serviced. 
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Fig 6 A programmable interleave factor for disk blocks 
can be used on systems with low bus bandwidth to decrease 
controller demands on the bus (a). When using single sector 
transfers, interleaving can be used to limit the effects of 
missing sequential sectors (b). By basing the interleave 
factor on groups of multiple sectors, performance 
improvements can be achieved where data blocks span 
more than one sector (c). 

for data and program areas on a disk. Interleaving 
can also be based on multisector blocks to match 
software block size (Fig 6). 

Inefficient use of the CPU is the third critical area 
affecting computer system performance. The 
amount of main CPU power, and time required to 
operate the peripheral device, is inversely propor
tional to the intelligence and the degree of function 
within the peripheral device. The better the controller 
capability, the less time is spent by the CPU to sup
port the device driver, and more time is spent on 
application software. 

Two examples of inefficient controllers include 
those requiring software handshaking to set up for 
an operation, and devices with nonstandard com
mand structures and diverse completion informa
tion. Both of these limitations can be overcome using 
a unified 1/0 parameter block (IOPB). The IOPB 
allows drivers to be written in such transportable 
high level languages as C and PL/M. Additional 
overhead on the main CPU appears in systems that 
do not have automatic error recovery . High perfor
mance controllers can now be designed to retry an 
operation after an error occurs, and to correct a data 
error using error correction codes (ECCs) . Thus, the 
main CPU is relieved of these tasks (Fig 7). 

Peripheral controllers featuring this level of high 
performance are the Xylogics 400 Multibus periph
eral controllers. Models 421 and 422 are combination 
5 ';4 -in. disk and quarter-inch tape cartridge control-

lers . The 421 handles ST506 disk drives and is com
patible with the 422, which handles Enhanced Small 
Device Interface (ESOI) disk drives. Model 450 is a 
high performance Storage Module Drive (SMD) disk 
controller that can handle from one to four disk 
drives, with a mixture of data rates up to 2 Mbytes. 
Model 472 is a half-inch tape controller that will 
handle both start/ stop and streaming tape drives, 
with speeds from 12.5 to 125 in .ls and densities of 
800, 1600, 3200, and 6250 bits / in. 

From software to controller 
All four controllers use a simple IOPB system to 

pass commands from software to the controller . 
They can chain commands and interrupt either after 
each command or on completion of the final chain 
command. The disk controllers include automatic 
error detection and correction, using industry stan
dard ECC codes. 

The SMO disk controller and the half-inch tape 
drive controller include a high speed OMA sequencer 
that is integrated into a CMOS gate array on the 421 
and 422 models. The OMA controllers can run at a 
transfer rate of 1.5 word transfers / µs. Thus, they 
allow other devices to use more than one half of the 
Multibus bandwidth when running a standard speed 
SMO or ESOI disk at 1.2 Mbytes/s . Even under these 
conditions, the controllers can transfer a full cylinder 
of data between disk and memory without wasting 
a disk revolution. 

Large, pure FIFO buffers in these controllers per
mit full use of bus bandwidth in both small and large 
block transfer cases. A OMA data rate that is twice 
the disk drive rate ensures an "infinite" buffer under 
nearly all conditions of bus usage . 

With today's high technology explosion, seem
ingly limitless applications, and ever-expanding need 
to interconnect systems and devices, open standards 
are not only desirable, they are becoming manda
tory. The open system bus concept, such as Multi
bus, gives engineers flexibility to meet these needs. 
Available high performance disk and tape controllers 
for open system buses can relieve many of the bottle
necks that make IEEE 796 computer systems 110-
bound. This allows computer system designers to 
build integrated machines that will fully use the capa
bilities of present- and next-generation processor 
chips in an open bus environment. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 719 Average 720 Low 721 
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Your DEC Computer So Easy 



WE COULDN'T OVERPOWER 
THE8051. 

SO WE UNDERPOWERED 11 
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The Intel 80C51 
8-bit microcontroller. 
Featuring the powerful 
performance of the 
world standard 8051, but 
needing only one-tenth 
the energy. 

The 80C51 is based 
on Intel's revolutionary 
CHMOS technology. 
Achieving the high 
performance and high _, 

integration of HMOS, 
with the low power 
advantages of CMOS. 

The result is an 8051 
pin-compatible micro
controller with the most 
powerful eight-bit CPU 
and the highest level 
of integration available. 
The 80C51 runs on 
an incredible llmA at 
8MHz clock frequency. 
Average power dissipa
tion can be lowered 
into microamp range, 
by using one of two 
new software program
mable power control 
modes. In the power 
down mode, current 
drain is 50 microamps. 

On the performance 
side, the 80C51 has a 
maximum clock rate of 
12MHz.The fastest data 
throughput of any CMOS 
microcontroller. 

Its high integration 
capabilities include 
4Kbyte ROM 
and 128 byte 
RAM, a Boo
lean Processor 
able to manipulate 256 
individually addressable 
bits, a versatile serial 
port and a pair of 16-bit 
counter/ timers. 

All this helps to make 
the 80C51 ideal for 
high end eight-bit appli
cations ranging from 
hand-held instruments 
IC 1984 Intel Coiporation 

160 
80C51 
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~ 
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80 
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7be 80C51 microcontroller deUver> the big/Jest perform
ance per watt a<er the broadest frequency m nge in the 
indusJry Giving }OU control a<er speed and power: 

to factory line powered 
controllers, to portable 
communications systems. 
A military version of 
the 80C51 will be avail
able soon. 

The 80C51 also 
boasts the world stand
ard in development 
tools. Like the Series 
II/ ICE™-51 emulator 
and the iPDS ™ system/ 
EMV-51. As well as a 
relocatable assembler 

and high level 
languages. 

MCS-51 
workshops are 

available, too. 
Go with the best. 

The 80C51. Call toll-free 
today at (800)5 38-1876. In 
California,(800)672-183 3. 

Because now, 
running with the very 
best requires very little 
energy. 

intef 
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Microprocessor programming made simple. 

"Keep it simple" was the principle 
of the 14th Century English philos
opher William of Occam and it has 
even more validity today. Faced with 
the problems of sophisticated 
computer systems. designers have 
found that ever more complex pro
gramming languages are further 
complicating their tasks. Until now. 

Occam. Created for system 
design and implementation. 
When we started designing our 
new VLSI family of 10-MIP trans
puters, we built on William's simple 
philosophy. To take advantage of 
the possibilities opened up by the 
transputer. we needed to create a 
language capable of properly ad
dressing parallelism and multi
processor systems. 

With the ability to describe con
currency (whether timeshared or 
real) and to handle message
passing at the lowest level of the 
language, all aspects of a system 
can be described, designed and 
implemented in occam. From in
terrupt handling through signal 
processing to screen editors to 
artificial intelligence. And on. 

But occam is not limited to our 

transputer family. It provides an 
efficient. responsive implementa
tion language for systems built 
on today's microprocessors. It also 
opens up future possibilities with 
its performance - enhancing 
multiprocessor capabilities. And 
INMOS now offers a product to let 
you exploit occam's total capability 
in your system. 

Simplify your job with the 
Occam Programming System. 
The Occam Programming System 
(OPS) gives you the tools for com
plete VAX I VMS software develop
ment. This package includes an 
integrated editor I checker. an 
optimizing VAX compiler and full 
documentation. This gives you a 
supportive environment for the 
development of occam programs 
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for execution on the VAX. Cross
compilers for 68000 and 8086-based 
systems will also be available. 

What's more, the occam programs 
developed and proven on the OPS 
will give you a head start for work 
with the INMOS transputer. Exten
sions to the OPS will be available 
which will allow occam programs 
to run on the transputer. 

And if you have a requirement 
to program the transputer in other 
popular high-level languages. other 
extensions will include compilers 
for C, Fortran, and Pascal. 
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CHOOSING THE BEST 
OPERATING SYSTEM 
A number of trade-offs must be considered when selecting an 
operating system. The best choice depends on the intended use. 

by Theodore F. Hatch, Jr, 
James B. Geyer, and 
Patrick E. Prange 

As operating systems become more complex, they 
tend to lose flexibility and require more and more 
memory space for their operations. Performance 
speed decreases, software maintenance requirements 
increase, and learning time for operators gets longer. 
On the plus side, unsophisticated user interface eases 
(eg, using automatic teller machines is easier). 
Because no one operating system can suit everyone, 
the trick lies in matching the operating system to each 
functional requirement in order to obtain the greatest 
efficiency and lowest cost for any given application. 

An operating system's primary job is to make 
resources such as memory, processors, 1/0 devices, 
and data available to users. At the same time, the 
operating system should manage these resources effi
ciently and protect the system and its users from one 
another. Functionally, operating systems for multi
user processing applications share the computer's 

Theodore F. Hatch, Jr is director of systems software 
development at Honeywell, Inc, 300 Concord Rd, 
Billerica, MA 01821. He is responsible for operating 
systems for DPS 6 mini- and microcomputers. He 
holds a BS in chemical engineering from Carnegie
Mellon University, an MS in chemical engineering 
from the University of Delaware, and an MA in 
mathematics from Harvard University. 

James B. Geyer is a principal staff engineer for 
operating systems at Honeywell, Inc, where he is 
responsible for defining and designing operating 
system extensions. He holds a BS in mathematics 
from Ursinus College, and an MS in mathematics 
from Syracuse University. 

Patrick E. Prange is a principal staff engineer at 
Honeywell, Inc, where he is responsible for database 
development. He attended Michigan State University. 

resources among users, while relieving each user of 
the task of reprogramming hardware for each new 
job. Single-user operating systems perform the same 
function, but their primary concern is assisting users 
and protecting users' data from their own mistakes. 

Related developments 
The first computer systems required that all instruc

tions be entered in machine language. Early oper
ating systems, called job-to-job monitors, were 
developed to perform the task of readying the 
machine for each successive job. Next, operating sys
tems were developed to provide 1/0 operations over
lapped with central processing, and to provide 
concurrent multiprogramming of several user pro
grams stored in main memory. Time-sharing systems 
followed, allowing interactive use with the operating 
system managing resources to process requests as 
quickly as possible. Given sufficient resources, such 
operating systems make realtime applications pos
sible, with the operating system providing almost 
instantaneous response. 

As the first commercially acceptable general-pur
pose operating system, OS/ 360 (for the IBM 360 series) 
was capable of supporting multiprogramming, and 
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Fig 1 For a minimum operating system, basic functions 
include hardware resource management, command language 
processing, a nd runtime services for application programs. 

batch time-sharing, and realtime applications. (Its 
360 designation implies that it covers all points on 
the processing compass.) The operating system 
represents a complete software shell surrounding the 
hardware, and acting essentially independent of it. 
The user enters jobs and gains access to system 
resources through a job control language (JCL) with 
its own set of commands. 

Current developments in computer technology 
continue to burden operating systems more and more. 
Networking, online transactional processing, security, 
user friendliness, data basing, and distributed pro
cessing all generate a demand for an operating system 
with a higher functional level (ie, the ability to sup
port these new facilities more easily than when using 
only application software). 

Commercial applications in particular require an 
operating system able to deal with sensitive data in 
almost constant use. For example, banking environ
ments have operators and programmers not only 
working directly with a central system, but also cus
tomers at widespread locations operating automatic 
teller machines. All these users are trying to access 
the same data base simultaneously. 

Establishing common ground 
Before looking at the differences among operating 

systems, their common ground should be established. 
This requires looking at the mandatory elements that 
make up an operating system (Fig 1). At the very 
least, the operating system must hide hardware inter
faces from the user and present a more generic, 
machine-independent face to application programs. 
To accomplish this , three basic functions must be 
provided: hardware resource management, runtime 
services, and command language processing. The 
operating system allocates and deallocates main 
memory, l!O devices, disk space, and CPU time, and 
should allow programs to run unaware of the details 
of the hardware used. For example, programs are 
not tied to a specific memory location or single disk 
unit. The operating system provides basic services 
such as program loading, intertask communication, 
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and timer functions. It includes a command language 
processor to respond to typed-in commands. 

In performing these functions, the operating system 
is responsible for handling transient hardware errors 
(many in such a way that correction remains invisible 
to the running programs or the user). Acting as the 
machine's policeman, the operating system segre
gates users from one another, and protects itself, the 
rest of the machine, and other users. In this way, 
effects of an error are confined to the user who ini
tiated the error. The operating system often provides 
logging and accounting of system activities for an 
administrator. 

Beyond these three basic elements, most operating 
systems include extra or optional functionality. Many 
designers place operating system elements directly 
in the application software. These elements may not 
be of particular interest to all users, although they 
may be essential to some. 

These optional features include data management, 
screen-format management, graphics, communication 
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NOT MODIFIED 

) 

SOURCE 
PROGRAM 
FILES 

COMPILED 
PROGRAM 
FILES 

EXECUTABLE 
PROGRAM 
FILES 

Fig 2 Under Unix, to create a consistent, up-to-date set of 
programs, the "make" command recognizes which files 
must be compiled and/ or linked, and does only the 
necessary operations. 



EVOLUTIONARY 
GROWTH 

EASE-O f-USE 

RCI = REMOTE COMPUTER INTERFACE 
LHOLC = LOGICAL HIGH LEVEL DATA 

HDLC 

~LHOLC 

~ 
HASP BSC 

2780/ 3780 
3271 

Fig 3 Users of Honeywell 16- and 
32-bit minicomputers can combine 
several modes of local processing 
(capabilities within circle) with 
communications under a single 
operating system-Gcos 6. 

SNA = SYSTEMS NETWORK ARCHITECTURE 
SOLC = SYNCHRONOUS OATA LINK CONTROL 
DSA = DISTRIBUTED SYSTEMS ARCHITECTURE 
HDLC = HIGH LEVEL DATA LINK CONTROL 
PVE = POLLED VIP EMULATOR 

RNP = REMOTE NETWORK LINK CONTROL PROCESSOR 
BSC = BINARY SYNCHRONOUS COM MUNICATION 
HASP = HOUSTON AUTOMATIC SPOOLING PACKAGE 

protocols, networking capability, language compilers, 
and utility programs (such as text editor and file 
copy/print). Nearly all multi-user operating systems 
include these features to some extent. The real differ
ences come in the depth to which any given activity 
is supported. These include the number and types 
of communication protocols, file organizations, user 
interfaces, and language compilers offered as part 
of the operating system as well as how easy these 
facilities are to use. 

In many cases, adding extra facilities to the general 
operating system causes a loss of execution speed 
(performance) in specific functions. As such, these 
complex operating systems actually represent a trade
off. As the system begins to offer more generalized 
capabilities, the operating system occupies more and 
more space, and individual functions may become 
slower. Some applications cannot be carried out as 
efficiently as would be possible with more specific 
or more flexible programming. 

For example, an operating system supporting 
widely varying applications must present different 
interfaces to varied classes of users who require 
separate services. Among other things, the ability 
to handle individual interface layers, such as menu 
selection versus control language job sequencing, 
must be present. Thus, operating system capability 
must be extended once again to create a generalized 
system, as more repetitive tasks are removed from 
individual application programs. Conversely, a single 
way of doing things may be forced on all users, 
reducing the flexibility achieved by leaving these 
functions within the application software. 

Two prime examples of this divergence in approach 
are represented by Unix and Honeywell's GCOS 6 
operating system. AT&T Technologies' Unix system 
perhaps best reflects the "bare-bones" approach that 

emphasizes performance and flexibility, while placing 
the burden of many optional functions onto the user 
application software. Meanwhile, GCOS 6 was devel
oped to support varied commercial applications. The 
design approach emphasizes user orientation and 
internal protection versus speed of execution, while 
allowing easy optional configuration and expand
ability. Since both approaches mean trade-offs in 
one area or the other, neither can be said to off er 
the best solution for everyone. However, each offers 
an excellent solution for its intended market. 

Reviewing the Unix story 
One of the real success stories of software engi

neering is that of Unix. The system was developed 
by AT&T after its withdrawal from a joint project 
involving Massachusetts Institute of Technology 
(MIT), General Electric, and Honeywell. This 
project was aimed at creating a general purpose sys
tem for diverse users. 

Instead, AT&T began to work on a system for 
programming research and development. The AT&T 

group's intent was to design a program development 
system with a powerful control language that could 
operate independent of specific hardware. The sys
tem they designed was subsequently rewritten in the 
high level C programming language, which required 
more space than assembly language. C language 
vastly increased portability, however, making this 
system one of the more easily understood and quickly 
learned operating systems available. The result has 
proven widely popular and, although it was origi
nally designed for Digital Equipment Corp's PDP-11, 
it is also available for implementation on a wide vari
ety of machines ranging from micro- to minicom
puters and mainframes. It is available in many 
versions, with differing levels of complexity. 
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As Unix was intended to be simple, it leaves as 
much as possible to application software. Its great 
strength lies in program development, allowing users 
to program for applications as needed, and it is well 
equipped for these activities. Standard Unix includes 
an array of compilers, text editors, debugging tools, 
and traces. It permits output of one program to feed 
directly into another to simplify the development of 
large software systems. Unix source code control sys
tem stores, updates, and retrieves multiple versions 
of programs and text. In doing so, it changes and 
records "who, when, and why" the change was 
entered. The "make" command allows easy build
ing of new versions, or re-creation of old versions, 
of a complex software application (Fig 2) . 

Unix is particularly appropriate for ad hoc appli
cations (ie, when a system does not necessarily know 
what may be asked of it). For instance, if an inquiry 
requires data manipulation in an unforeseen way, the 
Unix user has powerful tools with which to develop 
a way of getting the answer. Once the answer is in 
hand, the ad hoc program can be either discarded 
or saved, according to need, rather than automatically 
putting the application into everyday production. 

The system's great weakness lies in data manage
ment. l/O is stream rather than record orient.ed. This 
facilitates hardware independence but forces the user 
to write program code to handle data management. 
In addition, Unix uses only random file access, so 
if the user wants to organize files further, again, 
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Similarly, Unix uses a shell con
cept for user interface, providing 
a powerful command interpreter. 
However, to interface at other 
levels (such as menu selection), 
custom shells must be added. Also 
less emphasized are security safe
guards, error handling, and recov
erability. While Unix allows for 
added capabilities in these areas, 
their extent in the standard ver-
sions is insufficient for some com
mercial applications. 

In sum then, Unix reflects its 
roots. It is very strong on program 
development but its lack of data 
management facilities can make 
Unix difficult to use in commer-
cial data processing where the 
emphasis is on day-to-day produc-
tion environments . 

A general alternative to Unix 
Honeywell's operating system 

for its DPS 6 mini / micro line, 
GCOS 6, owes its roots to the same 
MIT project that gave birth to the 
Unix development effort. Unlike 
AT&T, however, the goal for 
Honeywell remained a general 
purpose operating system for the 
commercial operations less well 
served by Unix. 

The markets do, in fact, present 
different requirements, emphasiz
ing data management over ad hoc 
program development activities. 
For example, a commercial infor
mation processing operation will 
usually have data that, if lost or 
mishandled, could result in either 
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financial or time loss. Such users are more concerned 
with data integrity and system recovery than in a 
typical software development-oriented operation. In 
addition, when the operating system must interface 
with various classes of users, system applications for 
users of command language, transaction processing 
and network, and realtime applications all require 
different capabilities. 

In designing a general purpose operating system, 
decisions must be made as to how well the operating 
system will support each class of users. The intent 
is to create a system that supports all functions and 
users at an acceptable level of performance. In its 
current form, GCOS 6 (Fig 3) offers a wide range of 
facilities including interactive multiprogramming, 
realtime and batch processing, as well as data com
munications. The operating system can be configured 
to process different applications concurrently. Pro
grams or multi-user subsystems run in their own 
operating environment, protected from one another, 
sharing the resources of the hardware as allocated 
by the operating system. 

The divergence in operating system 
design is a function of intended usage, 
not a question of better or worse. 

The file system also allows programmers to work 
with a variety of data organizations such as indexed 
sequential, rather than simply random access files. 
Error protection and system recovery capabilities 
include controls for concurrency and journalization 
within the operating system to help maintain data 
integrity. For example, if two users attempt to update 
a single file at once, concurrency controls cause the 
operating system to sequence each user and start one 
over (if necessary) without the users being aware of 
the problem. Inconsistencies resulting from simul
taneous access are also eliminated. Similarly, the 
journalization function keeps a record of all trans
actions, usually on disk, so that a power failure will 
not cause the loss of the second half of the dual 
transaction (as when a bank must debit one account 
and credit another), as shown in Fig 4. 

Since it is a single operating system serving many 
masters, this system was designed in a modular form 

. that allows customization or tunability to suit indi
vidual information processing operations. The sys
tem has been implemented in such a way that certain 
functions can be kept either on disk or in memory, 
dependKig on user preference and their importance 
to the particular operation. Frequently-used facilities 
can be kept in memory, while those needed less often 
can be stored on disk and loaded as required. This 
system also allows for easy expansion or reconfigu
ration. If greater capability is needed in a given area, 
subexecutives can be added to increase performance. 
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As expected, all of this added functionality brings 
trade-offs in system performance. For the designer, 
it means making a series of choices among function
ality, system performance, and memory space 
required for the operating system. 

The essential questions in operating system design 
center on the amount of memory required by the 
operating system to perform its functions and how 
fast it must perform those functions. On one side 
of the equation lie error protection, ease of use, and 
multifunctionality. On the other are flexibility, the 
speed with which functions are carried out, and the 
amount of memory available. 

The error recovery, multifunction capability, and 
user friendly interfaces provided by the system, for 
example, consume memory space and affect oper
ating speed. Facilities such as journalization, con
currency controls, and subexecutives provide the 
redundancy and ease of use required for commercial 
applications, but inhibit optimal performance and 
can prove burdensome to some users, such as those 
involved in ad hoc programming. In the ad hoc envi
ronment, the principal user is more likely to be a 
programmer'than a data entry worker. Rather than 
entering repetitious data in a strict format, software 
development is the main activity, and delegating 
tasks to the application level increases the overall 
flexibility of the system. 

In addition, the use of the C language in Unix not 
only promotes portability, but also allows easy main
tenance. The assembly language used in GCOS 6 and 
many other multifunction operating systems helps 
relieve the pressure on memory resources that arise 
from the system's complexity. However, it makes 
the system more difficult to learn and maintain. 

The divergence apparent in operating system 
design, then, is a function of intended usage, not 
a question of better or worse. With a system such 
as Unix, the prografnmer has a powerful tool with 
which to develop custom application software and 
meet day-to-day demands. With systems such as 
GCOS 6, the user trades away some flexibility and 
ultimate speed, but gains in data protection and 
avoids the necessity of reinventing the wheel in each 
of the varied tasks the system will be called upon 
to perform. Today's computer market provides ample 
room for both. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 722 Average 723 Low 724 
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THIRTY-TWO BIT 
MICRO TAILORED FOR 
HIGH LEVEL LANGUAGES 
A symmetrical architecture, multiple addressing modes, and 
slave processors support efficient high level language compilers 
in a 32-bit microprocessor. 

by Jonathan Ryshpan 

Much of today's software for 16- and 32-bit micro
processors is compiled from high level programming 
languages. Compilers, for machines with modern 
architectures, can now generate code that is nearly 
as compact and as fast as hand-assembled code. 
Moreover, the large software projects done on these 
machines simply can no longer be accomplished 
using assemblers or macroassemblers. While 
microprocessors of the new generation appear to 
off er address ranges sufficiently large to accommo
date most application programs, they differ in the 
extent to which their architectures are adapted to 
support high level language compilers. 

The NS32000 family was developed to support high 
level languages, to allow architectural extensions via 
slave processors, and to provide the same 32-bit 
internal architecture with 8-, 16-, and 32-bit external 
data paths (Fig 1). The 32-bit internal architecture 
is designed to support today's high level compilers 
and to generate compact, flexible code. It is symme
trical in that it allows a complete choice of address
ing modes and data types for almost all addresses 
of almost all instructions. The instruction set itself 
is relatively small and contains a minimum number 
of special cases. Floating point and memory man-

Jonathan Ryshpan is a staff software engineer at 
National Semiconductor Corp, 2900 Semiconductor 
Dr, Santa Clara, CA 95051, where he is responsible 
for Series 32000 products. He holds a BA in physics 
from Columbia University and an MS in mathematics 
from the University of Wisconsin, Madison. 

agement instructions allow direct use of the floating 
point unit (FPU) and/ or the memory management 
unit (MMU) and/ or custom slave processors. In 
addition, the NS32000 family has a uniform linear 
address space of 16 Mbytes, which is the preference 
of such programming languages as C and Pascal. 

Symmetry in reference to machine architecture can 
also be termed regularity or orthogonality. It relieves 
the programmer of having to decide which data type 
and addressing mode to use for every instruction. 
Conversely, it frees the programmer from only being 
able to use the instructions available for a given 
address mode or data type . 

A symmetrical architecture is a vital tool for writ
ing a compiler that produces fast, reliable code. If 
architectural asymmetry creates serious difficulties 
for assembly programmers, it creates nearly insolv
able ones for the authors of compilers. The problems 
of generating code for an asymmetric architecture 
are so great that the irregular parts are often just 
discarded and "fancy" features that promise to 
produce fast code in special cases are never gener
ated by the compiler. 

Even machines that have a large number of 
general-purpose registers require compiler writers to 
immediately dedicate a fair number of them, thus 
leaving a smaller number of general registers to work 
with. By dedicating the program counter, the static 
base, the frame pointer, two stack pointers, and an 
interrupt base, the NS32000 family has saved the 
compiler writer trouble and enforced a degree of 
consistency across a range of programming lan
guages. Presuming that the majority of uses for the 
family would involve high level languages, the 
designers feel that more than eight general-purpose 
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Fig I The only difference between S32000 family members 
is in the data bus interface section (shown here for the full 
32-bit NS32032). Dedicated registers aid consistency in 
implementing compilers, while eight general-purpose 
registers provide a high degree of flexibility. The 
configuration (UG) register is loaded at system 
initialization to signal the presence of slave processors. 

registers-given the dedicated registers provided
will increase the length of the addresses and be a 
waste of silicon. Of the NS32000's fourteen 32-bit 
registers, six are dedicated and eight are left as 
general-purpose registers . There are two 16-bit reg
isters, the processor status register and the module 
register, and a 4-bit configuration register. 

The only instructions that do not specify a general
purpose operand are those that jump and branch 
relative to the program counter, those used for sav
ing registers in context switching and memory man
agement, and some that allow use of displacements 
in addition to general operands (bit field instruc
tions). The NS32000 family keeps its basic instruction 
set small by not having separate instructions for dif
ferent data types and addressing modes, and allow
ing the programmer to specify these things in the 
general instruction format. 
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These machines implement memory as one uni
form linear address space as opposed to segmented 
addressing . Thus, even when using memory manage
ment techniques requiring page translation, swap
ping of multiple users, or implementing of virtual 
memory by translating logical addresses to disk, any 
program or data structure appears to the processor 
as a set of addresses in the 16-Mbyte range. This is 
again well suited to languages such as C, which are 
based on the assumption of an infinitely long string 
of memory locations. 

One group of instructions that is particularly 
suited to the needs of high level languages is the bit 
field instruction set. Specific "extract" and "insert" 
instructions enable the processor to pull out any bit 
field from 1 to 32 bits, regardless of word boun
daries, and to put it back wherever desired . This 
eliminates the extra instructions needed to align the 
bit field after it has been subjected to logical opera
tions. Because code generators often use bit field 
operations every four or five instructions, this is of 
particular importance for compilers. Having these 
steps in microcode not only reduces the size of the 
code generator, but also makes it run faster. 

Addressing the data 
In order to generate efficient code for high level 

languages, these machines provide faci lities that fit 
the model used by modern, block-structured lan
guages such as Pascal, C, Ada, and Modula-2. This 
model is tailored to support reentrancy and recursion 
by keeping the local variables and arguments for 
modules and procedures on the stack and by refer
encing them via CPU registers. Addressing modes 
that can access locations on the stack so that they 
are functional extensions of the processor's register 
set are also used as references. These addressing 
modes, called the memory space modes, use any of 
three CPU registers, the stack pointer, the frame 
pointer, and the static base register. 

As procedures are called, the frame pointer is used 
as the index register from which their data elements 
are referenced. Thus, for any currently running pro
cedure, the stack is where the important elements 
are kept, and they are referenced relative to the 
frame pointer. Each procedure has a private variable 
space and does not interfere with another proce
dure's area. 

In Fig 2, as each procedure is called, its return 
address is pushed onto the stack . As other elements 
are pushed onto the stack, the frame pointer indi
cates a place in the stack that contains the next level's 
address-a thread back through the stack's struc
ture . The elements of a given procedure are ad
dressed relative to the contents of the frame pointer. 
At the far right, the elements of the frame for the 
procedure P2 are accessible relative to the frame 
pointer. When P2 is finished, its stack frame goes 



AT THE FAR RIGHT: 

C IS ADDRE SS ED BY - 4 (FP) 
X IS ADDRE SS ED BY 12 (FP) 
Y INDIRECT 

IS ADDRE SSED BY 10 (8 (FP)) 

THE lOTH BYTE OF THE STRUCTURE TO WHICH Y PO INTS 
IS ADDRESSED BY 10 (8 (FP)) SP- R3 

RO 
c 

FP-· 
SP- RET FR P2 

(
~ET FR P2 

Fig 2 The stack grows through 
various operations. At the far right, 
the frame pointer contains an address 
that points to an address just below 
P2, which in turn points to a location 
just before PL The program can keep 
the procedures it is currently running 
in order. 

SP-RO 
B 
A 

FP-c 
SP- RET FR Pl ~ ET FR Pl 

FP,SP-· FP-· 

INITIAL JSR Pl ENTER [R0],8 

SP - Y 
x 
RO 
B 
A 

FP-r 
~ET FR Pl 

PUSH ARGS. 
X.Y 

y 
x 
RO 
B 
A 

FP- · 
RET FR Pl 

JSR P2 

RO 
B 
A 

c~ ET FR Pl 

ENTER [RO. R314 

CALL Pl CALL P2 (X Y) 

away and the frame pointer drops down one refer
ence level, freeing space on the stack for other proce
dures. Just as important, the elements of the frame 
for the procedure Pl are again addressable relative 
to the frame pointer; they have not been destroyed 
and do not need further address recalculations. 

In this example, Pl has no arguments and uses 
two local 32-bit variables: A and B. P2 has two argu
ments, a 32-bit variable and a pointer to a structure: 
x and Y, respectively. It also uses one 32-bit vari
able: c. The variable is not required to be 32 bits, 
since the NS32000 series allows access to any varia
ble at any byte location. The JSR Pl instruction at 
the lower left of the figure (executed by the caller) 
invokes Pl and pushes the return address onto the 
stack. The ENTER [RO], 8 instruction adjusts the 
frame pointer to the base of the working storage (ie, 
the frame) for this invocation of Pl, and pushes its 
old value onto the stack. It also allocates 8 bytes for 
variables A and B, and saves RO (which is needed for 
working storage) on the stack. When P2 is invoked, 
the caller, P 1, starts by pushing the arguments x and 
Y onto the stack and continues in the same way as 
in the invocation of Pl. 

This arrangement not only helps a compiler writer 
produce an orderly set of calling conventions, it is 
also helpful for assembly programmers. The frame 
pointer references the beginning of a space on the 
stack where all the local variables are kept. Refer
ence to them all is made simply by address relative 
to the frame pointer. Variables indexed from the 
frame pointer can be used via the memory space 
modes in the same manner as variables stored in 
CPU registers . 

This use of the memory space addressing modes 
is an extension of a more familiar mode, register rela
tive . But, instead of addressing to any place in 
memory relative to a general-purpose register (which 
has its own uses), the dedicated memory space reg-

isters are used to point into the stack area where all 
the procedure variables are kept and organized. This 
makes for efficient memory use and speed, and gives 
the programmer an easier overview of reentrance and 
recursion. 

Scaled index mode is another addressing mode 
designed to help manipulate data in arrays. Using 
the address generated by any other addressing mode 
(except immediate or another scaled index) and 
adding the contents of a general-purpose register to 
it, scaled index mode finds the effective address. 
Before adding the contents of the general register, 
this mode multiplies its contents by 1, 2, 4, or 8. In 
this way, it conveniently accesses any element of an 
array whose first element is addressed by any other 
addressing mode. 

Another addressing mode, the external mode, sup
ports modular software, and allows modules to be 
linked quickly and easily. For every module, there 
is a link table, containing pointers to all objects refer
enced via external mode. A reference using this mode 
gives the number of the entry in the link table con
taining the pointer . A displacement is then added 
to the pointer to give the address required. 

Thus, all external references for a module are 
gathered into a single table. With everything that the 
linker needs to modify in one place, it can run very 
quickly. This makes it practical to run at program 
load time or during execution . Using this, it is pos
sible to support common runtime libraries (ie, faci li
ties available to all programs in a system), and still 
not require that program~ using the library be re
linked when the library changes . Most other com
puter architectures make linking a slow process, since 
the references to external variables are scattered 
throughout the code. 

The use of this mode carries a speed penalty in 
contrast to the generation of an absolute runtime 
image, but the benefit is relocatability. It allows the 
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program to defer worrying about where an object 
will actually be located until run time. However, ex
ternal addressing is only an option. There is nothing 
to prevent programmers from using a traditional 
linkage editor to produce an absolute runtime image. 

Use of 32-bit architectures and high level lan
guages has necessitated efficiency improvements in 
using displacements, or those numbers that are used 
to off set from a base address in a register to find 
data in memory. Large programs sometimes make 
use of large displacements. Most displacements, 
however, are relatively small and most machines 
implement displacements as large as their data word . 
Thus, the largest displacement in an 8-bit machine 
is 8 bits (256 bytes), the largest in 16-bit architec
tures is 16 bits (65,000 bytes), and so on. A 32-bit 
displacement (4 Gbytes) should be adequate. The 
problem now is that using 32 bits for 8- and 16-bit 
displacements, which make up 90 percent of all dis
placements , can be very wasteful. 

In the NS32000 family, displacements can be 7, 14, 
or 30 bits, with the size of the displacement marked 
in the first one or two bits of the displacement itself. 
For example, a 7-bit displacement will be a 0 fol
lowed by seven data bits (ie, Oxxxxxx); a 14-bit dis-

ADO to AD7 t---------.--7''---

NS32008 

ADS to AD15 t-------+-----~ 
Al6 to A23 t-------r---- L:._J 

ADO to AD15 t-----~--16,,,___ 

NS32016 

Al6 to A23 ,__ __ ..,,.__ __ _ 

16 
ADO to AD15 t-----~------'---i 

NS32032 

AD16 to AD23 t-------"+----
D24 to 031 

Fig 3 The floating point unit (FPU) interfaces to all three 
family members as a 16-bit device. The paths shown are 
the data/ address lines as they exist as data paths during the 
data portion of the multiplexing. On the address side, all 
CPUs can address a full 24-bit range. 
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placement is a 2-bit field (JOB) followed by 14 data 
bits, and a 30-bit displacement is two ones (11 B) fol
lowed by 30 data bits . The processor recognizes the 
displacement range by looking at the first bits and 
does not need to use an entire double word for every 
offset. For example, when it recognizes a 1-byte dis
placement, it converts the last 7 bits to a two's com
plement number that represents an offset between 
63 and - 64 bytes; a 14-bit is ± 8 Kbytes, while a 
30-bit displacement ranges ± 0.5 Gbytes off the base 
address. 

Extending the architecture 
The use of coprocessors to accelerate certain stan

dard operations has become a common practice with 
16- and 32-bit processors . The NS32000 family cur
rently has two such slave processors that act as exten
sions of the architecture. There is also a place in the 
instruction set for another, user-defined slave pro
cessor. The two standard slave processors are an 
MMU and an FPU. Since the only difference between 
the processors of this family is in the onchip data 
bus interface unit, it was possible to design slave pro
cessors that work with all family members. The only 
exception is that the 8-bit NS32008 does not support 
memory management and so cannot be used with 
the MMU . All data transfers with the slave proces
sors are 16-bit transfers. 

With the NS32032, the first 24 data lines are multi
plexed with the 24 address lines; the 8 high order 
data bits are not multiplexed, and the first 16 are 
used for data transfers to the slave. On the NS32008 

and the NS32016, data lines are also multiplexed with 
the corresponding address lines. When connected to 
an FPU, the NS32008 uses its first 16 address/ data 
lines as a 16-bit data bus (Fig 3). A relatively simple 
communication protocol allows a slave processor to 
take advantage of all the CPU's addressing modes 
while devoting a relatively small portion of its own 
silicon to communication. 

The MMU, unlike the FPU, has its own onchip bus 
interface unit, which enables it to access the bus on 
its own behalf. When the CPU sends the MMU a vir
tual address and the MMU cannot find the physical 
translation in its cache, it translates the virtual ad
dress into the physical address, then outputs it on 
the address bus (Fig 4) and updates its cache. 

When the MMU receives a logical address from 
the CPU, it first goes to the address page table where 
it finds a pointer to one of 256 = 2s pointer tables, 
each of which holds 128 = 27 page pointers. Each 
of the pointer tables occupies exactly one page and 
can itself be paged out to disk storage. This gives 
it a 15-bit number that identifies the page in physical 
memory (which may be on disk or in RAM). To this, 
it appends the 9-bit offset from the logical address 
supplied by the CPU to find the address in physical 
memory. 
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Fig 4 T he address tra nslation mechanism uses two levels 
of page poin ter tables. By loading a different base address 
in page table base register 1, the system can switch between 
completely different 16-Mbyte memory maps at a single 
stroke. 

READ CYCLE 
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Fig 5 T he slave processor protocol for both read and 
write transactions in both directions is controlled by the 
slave processor control (SPC) pulse. Status signals whether 
FPU is taking data, returning a result , or signaling an error. 
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To speed address translation, the MMU has a 
32-element, onchip cache that holds the 32 most re
cently accessed virtual addresses (15 bits), as well as 
their translated physical address (16 bits). If the CPU 
requests a (logical) address that matches one of the 
entries, the MMU accesses the physical address in 
one memory cycle. Otherwise, it performs the ad
dress translation without CPU intervention. This 
takes 16 clock cycles. But, if the MMU must do a 
translation, it updates its cache. The MMU can check 
the cache on every memory cycle because it checks 
all 32 locations at once rather than sequentially. 

In every NS32000 family CPU, there is a special 
4-bit configuration register that tells the CPU's con
trol logic whether a slave processor or support chip, 
such as the NSl6202 interrupt control unit, is present. 
The 4 bits, c, M, F, and I, tell the CPU whether an 
MMU (bit M), an FPU (bit F), a custom slave proces
sor (bit c), or an interrupt unit (bit 1) are being used. 
This register is set at system initialization time to 
indicate the hardware actually present. 

Especially in the case of the FPU, this allows chip 
designers to create a relatively simple part that still 
uses all of the powerful addressing modes needed 
by modern compilers. A custom slave, whether as 
a single chip or as a multichip design, has the same 
advantage of a simple interface to the full power of 
the CPU's addressing mechanism. 

In communicating with the FPU or any other 
slave, the CPU pref etches all instructions and oper
ands using any of its addressing modes. Instructions 
and operands as well as ID codes are exchanged with 
the FPU via the 16 data lines. All transactions 
between CPU and FPU depend on the slave processor 
control (SPC) signal, which is one clock wide. The 
status bits (STO, ST!) are sampled on the falling edge 
of SPC. Data is sampled on the rising edge of SPC, 
either to or from the CPU, depending on whether 
the status bits indicate a read or a write cycle. 

A slave protocol (Fig 5) starts by sending the slave 
ID via the data bus. The code activates the appropri
ate slave processor. On the next data cycle, the CPU 
sends the opcode, pref etched from its instruction 
stream, followed by the appropriate number of oper
ands. When the FPU gets all the operands, it pro
cesses the data and signals the CPU when ready. 
Status is signalled first so that if the CPU sees an 
error code, it can execute an FPU error trap. 

Slave processor errors, be they from the MMU or 
the FPU, cause the CPU to abort the current instruc
tion, save its status on the stack, and trap to the oper
ating system. The system can then check the status 
of the slave processor to determine the cause of the 
error. This does not necessarily halt the operation. 
A trap from the FPU usually indicates an arithmetic 
error such as size overflow or division by zero. Typi
cal operating systems allow application programmers 
to indicate how they want such traps to be handled . 
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Fig 6 The MMU occupies both the address and data buses. 
In addi tion to address translation and caching 32 such 
translations onchip, the MMU can cause the CPU to abort an 
instruction on a page fault and save its status while the 
operating system tries to correct the fault and schedule 
another task. 

If no FPU trap management has been supplied by 
the application, it is terminated. 

A trap from the MMU usually indicates a page 
fault or protection violation. A page fault is an 
attempt to access a logical address that is not mapped 
into any physical address, but corresponds to data 
on the disk. The MMU responds to a page fault by 
activating the ABORT line (Fig 6) to the CPU, which 
will halt the memory cycle and store its status on 
the stack. The operating system then swaps the 
needed page from the disk to the physical memory 
in place of another physical page, which it writes 
back to disk. At this point, the aborted instruction 
can be retried. While this is taking place, the oper
ating system can run other processes. A protection 
violation, such as an attempt to write to read only 
memory usually results in termination of the off end
ing process. However, some operating systems do 
allow a task to manage protection violations in the 
same manner as FPU errors. 

To efficiently serve multiple users, the NS32000 
family's memory management scheme provides 
quick switching of large and complex memory maps. 
Since programs can require completely different 
arrangements of their 16 Mbytes of virtual memory, 
rapidly switching contexts among users can be cum
bersome. The MMU is pointed to the memory 
address page table by a single number. That num
ber is the table's base address which is stored in a 
page table base (PTB) register. 

Various user's page tables reside concurrently in 
physical memory so that the CPU only needs to write 
one other value into the PTB register to entirely 
remap memory. When this is done, the MMU's 32 
cache registers are invalidated to make room for ad
dresses from the new memory map. Also, applica
tions do not contend with the operating system 

because there are two PTB registers: one for the 
supervisor mode-the operating system- and one 
for the current user. Thus, it is possible to rapidly 
change the entire mapping of the system. And, dur
ing those times when a task requests a service that 
will open a short, but not insignificant time window 
such as a DMA request, the operating system can 
easily schedule another user's task by simply chang
ing the PTB register. 

The combination of a symmetrical architecture, 
a wealth of addressing modes, and the existence of 
slave processors have made this family of CPUs well 
adapted for use with today's high level language 
compilers. In addition, the 8-, 16-, and 32-bit data 
bus options give the designer a range of price/ 
performance options. The simple protocols involved 
with using slave processors do more than make their 
inclusion easy for the system designer. They also 
make progress towards the goal of having slave pro
cessors and CPU reside on the same piece of silicon. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 
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INVENT PHOTOGRAPHY 
IT ASNAP. 

A hundred years ago, taking photographs 
meant using a camera the size of a crate, a glass 
plate holder, a tripod, a darkroom tent and a 
silver nitrate bath. 

But in 1888, George Eastman built a small, 
hand-held camera whose instructions read 
simply, "Push the button!' Photography-once 
the province of a few skilled craftsmen-was 
now literally at everybody's fingertips. 

At Priam, we build high-performance disk 
drives with a similar focus: bringing proven, 
large-scale technology down to size for an easy 
fit into today's supermini and supermicro 
systems. It's a commitment that has made us 
the leading U.S. manufacturer of high-quality 
8" voice-coil Winchesters-from 35 to 500MB. 
A commitment we're now making to our new 
86MB 51;4" drives as well. It's why we provide 
total, industry-standard interface support, 
including ST412, SMD, ANSI, SCSI, IPI-3, and 
our own Priam interfaces. And it's why we've 
just opened a new, automated U.S. production 
facility, one of the largest and most modern 
in the OEM world. 

Priam. For big performance in small-size 
disk drives, we make it a snap. 
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20 West Montague Expressway, 
San Jose, CA 95134 (408) 946-4600 

Boston (617) 444-3973 ; U.K. (44) 734-884-788 



It's a computer 
that's going 
places. 
It's a printer 
with staying 
power. 

8 LEXAN" 
resin 

®Registered Trademark of General Electric Company. 
'"Trademark ofTexos Instruments. 



It's whatever you need it to be. 
Durability for transportables. LEXAN 
resin delivers exceptional impact resis
tance for portable business equipment 
and computers such as the Texas 
Instruments Silent 700™ data terminal. 
Hardworking molded-in snap fits and 
bosses increase functionality and 
decrease assembly costs. LEXAN resin 
also offers significant weight reduction, 
for greater portability and reduced 
shipping costs. 

Colors that don't quit. IBM utilizes 
LEXAN resin for its Model 5218 printer 
because of LEXAN resin's durability and 
excellent W stability. Available in over 
6,000 active colors, it provides an eye 
pleasing finish that resists fading and 
helps ensure that components will 
match. 
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Design Flexibility. With clear LEXAN 
resin, you can even use selective 
masking and painting techniques to 
consolidate parts and reduce 
fabrication costs. LEXAN resin is 
platable, too, for RFl/EMI shielding. 
Value. Explore LEXAN resin's design 
opportunities and processing 
advantages to lower your finished part 
cost. Put the world's polycarbonate 
pioneer to work on your next 
application, right from the 
initial design. 
For immediate literature, and 
to receive a free subscription 
to the new LEXAN resin 
Design Tips, just dial toll-free 
(800) 422-1600; in Vermont, 
(802) 447-0069. 

General Electric Company 
Plastics Group 

LEXAN Products Division 
One Plastics Avenue 

Pittsfield. MA 01201 

We bring good things to life. 
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many an_..........._. 
justify the 
W-tth 'Iexas Instruments, you can. 
At a very early stage, you'll know what 
your standard-cell !Cs from TI will 
cost. And you can depend on that 
estimate because TI commits to it. 

Tl's Standard-cell Design System is 
TTL based. That means we can 
quickly, easily, and accurately translate 
your TTL logic requirements into 
equivalent standard-cell functions to 
arrive at reliable cost figures. 

In so doing, we will determine the 
chip size and the number of I/Os
major factors affecting costs. We will 
evaluate the advantages of various 
partitioning schemes and take into 
consideration packaging options. 

TI will detail nonrecurring engineer
ing costs-what it will take to get you 
prototypes-as well as recurring, or 
production, costs. We will tell you 
where these costs will occur and why 
they will occur. We will also suggest 
ways to keep them to a minimum. The 
result: No surprises along the line. 

And in assessing the feasibility of 
Tl's 3-µ.m CMOS standard-cell tech
nology for your logic, we may recom
mend Tl's comprehensive gate-array 
family as the most economical alterna
tive for you. 

Count on 
significant system savings 
Major improvements in system perfor
mance, reliability, and power consump
tion alone often justify the cost of 
standard-cell !Cs. 

In addition, there are more tangible 
system savings you can count on. One 
standard-cell IC can replace hundreds 
of individually packaged chips. Your 
system parts count is dramatically 
reduced. Printed-wiring boards can be 
fewer and smaller. Inventory and assem
bly costs are cut. 

TTL design rules save time 
Familiar TTL design techniques are 
used in the design of your TI standard
cell !Cs. Actually, the process is very 
similar to breadboarding with standard 
TTL logic packages. Which means you 
27-4981 
©1984 Tl 

don't have to invest time and effort in 
learning new rules. 

Tl's standard-cell library contains all 
the popular SN54/74 functions you've 
worked with over the years. Plus RAM, 
ROM, PLA, ALU, and linear func
tions. As well as design-for-test cells 
that ensure thorough design testability. 

You can draw your schematic or 
generate it via an engineering work 
station. Tl's standard-cell library is 
supported on such third-party work 
stations as Mentor, Daisy, and Valid 
and on several PC systems. TI will 
provide the translation software for 
automatic generation of the TI design
description language. 

TI Regional Technology Centers 
can add to your savings 
You can hold costs down by performing 
much of the initial design work 
yourself For example: Schematic cap
ture, simulation, testability analysis, 
test-pattern generation, and the test
pattern grading required to finalize your 
standard-cell design. You can also per
form the chip layout, or leave that to us. 

You'll find these steps progressively 
easier as you execute subsequent stan-

Breadboard on a chip:· All the logic 
packages you might ordinarily put on 
a printed-wiring board could be 
functionally contained in a single 
standard-cell lC to achieve dramatic 
system cost savings. 
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<lard-cell designs, but the first time you 
will probably need assistance. 

That's where Tl's convenient Re
gional Technology Centers come in. 
Strategically located throughout the 
country, they are staffed with standard
cell specialists who will provide what
ever advice and counsel you need. Each 
Center has engineering work stations 
for your use plus the software tools and 
the computers necessary to complete 
your logic design. In short, the Centers 
are a reliable time- and money-saving 
design resource. 

Our results pay off 
A number of simulation and testability 
steps are built into Tl's standard-cell 
design flow. These checks and double
checks are vital to fulfilling our 
commitment to deliver prototypes that 
perform to your specifications. They 
help us achieve our goal of first-pass 
success, so you are spared any second
pass expenses. 

Typically within 8 to 12 weeks after 
the initial design, you will receive 
prototypes for your in-system evalua
tion. You give us your okay; we produce 
and deliver in quantity. 

Call 1-800-232-3200, Ext. 120 
To find out more about the perfor
mance improvements and the economies 
that justify Tl's standard-cell !Cs, get 
our brochure, pocket selection guide, 
sample data sheets, and a more detailed 
description of the design process. Call 
the telephone number given above or 
circle the Reader Service Card number. 
Or write Texas Instruments Incorporated, 
Dept. SRS0330S, P.O. Box 809066, 
Dallas, Texas 75380-9066. 

TEXAS .,, 
INSTRUMENlS 

Creating useful products 
and services for you. 
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It's powerful, portable, configurable. 
Use it to turn your mini / micro computer 
into a cost-effective full-scale universal 
development system. 

Use it to expand your full-scale 
development system into a multi
workstation system. 

Use it with MULTI MICE to debug 
hardware / software in a multi proces
sor environment. 

Use it to evaluate different micro
processors at a minimum change
over cost. 
It's easy to use. MICE 1/ 0 
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Apple II , IBM-PC, PDP-11 , 
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step through program •Two hardware 
breakpoints • Interchangeable personality 
module• Up to 128K emulation memory. 
It supports all these microproces
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And it's programmer sup
ported. GP-256 micro based, 
system / gang EPROM program
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NONVOLATILE MEMORY 
GIVES NEW LIFE 
TO OLD DESIGNS 
Terminals and other equipment can be made more flexible, 
and product life can be extended by upgrading and 
customizing with NOVRAMs and EEPROMs. 

by Richard Orlando 

The recent appearance of low cost, 5-V nonvolatile 
memories has led to design applications that can be 
broken into two distinct classes. One class uses non
volatile memory to store such data as configuration 
or calibration parameters. This information can be 
updated and then stored in the device for access on 
power-up. The second application uses nonvolatile 
memory for program storage. Here, the nonvola
tile memory's main advantage is that content can 
be updated or changed remotely, rather than by 
device replacement. 

Unfortunately, many end products completed 
prior to the availability of these devices are threat
ened by newer designs. The latter take advantage of 
the added flexibility and features afforded by non
volatile memory. There are, however, ways to add 
nonvolatile memory to existing designs without a 
major redesign. 

For example, consider the schematic of an intel
ligent terminal design, which will be used to illus
trate methods that improve the flexibility of almost 
any microprocessor-based design (Fig 1). Here, the 
6800 processor is the source of the "intelligence" in 

Richard Orlando is product marketing manager at Xicor, 
851 Buckeye Ct, Milpitas, CA 95035. He holds a BS in 
computer systems engineering from the University of 
Massachusetts at Amherst. 

the design. The serial communication channel is 
through a 6551 asynchronous communication inter
face adapter (ACIA), which features an onchip baud 
rate generator. A 2716 erasable PROM is the program 
store for the 6800, and the two 2114 RAMs provide 
1 Kbyte each of buffer, stack, and parameter 
storage. The keyboard is an ASCII-encoded type 
whose inputs are fed through one port of a 6821 

peripheral interface adapter (PIA). The other port 
of the 6821 receives the dual inline package (DIP) 
switch settings for such user-defined operational 
parameters as baud rate, parity, and protocol 
selections. 

Video control is provided by a 68045 (or 6845) CRT 
controller. The display RAM interface is set up as 
a tightly coupled, shared RAM interface. The timing 
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Fig 1 The original terminal design has dual inline package (DIP) switch settings that must be read by the processor. 
They are then parsed to determine setup parameters invoked from the terminal program contained in the EPROM. 

is such that the CRT controller only accesses the data 
in the display RAM during the bus "dead" time of 
the 6800. This allows the processor to access the data 
in the display RAM at any time, regardless of the 
state of the CRT controller. The CRT controller can 
access the RAM transparent to the processor, and 
thus can relieve the processor of any access arbitra
tion tasks. 

Improving the design 
Although the design serves its initial purpose, 

several areas, which will make it more flexible and 
possibly extend the life of the product, can be 
improved. Intended for use in a variety of applica
tions, the original design relies primarily on software 
for its characteristics and "feature set." Simple 
changes to the erasable PROM containing the 6800's 
software allow such terminal "customization." This 
approach is adequate when end-user needs are 
known prior to manufacture. However, if a user 
wants to upgrade an existing terminal, someone must 
perform a costly EPROM change in the field. The 
same penalty applies to the manufacturer who wishes 
to "upgrade" the software of the existing units in 
the field, in order to increase performance or to 
eliminate possible errors. 

The second area in need of improvement is the 
DIP switch used for the input of user-definable 
parameters. It creates many manufacturing 
problems, since most DIP switches cannot be 
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handled by automated assembly equipment, such as 
insertion machines and wave solderers. Additionally, 
because someone must manually toggle the switch 
through a sequence of positions in order to fully test 
the boards, DIP switches slow down automated 
board testing. Also, to change parameters, a DIP 
switch requires the terminal user to remove an access 
panel and manipulate switch toggles while referring 
to a manual. As the range of user-definable 
parameters expands to include such features as emu
lation modes, the problem becomes even more 
awkward. 

In the example terminal, added features and 
enhancements can be made in two ways. The first 
involves replacing the DIP switch with an X2443 serial 
NOVRAM, which is used to store user-defined setup 
and configuration parameters. The second replaces 
the EPROM with an electrically erasable PROM. 

The NOVRAM, a 256-bit serial device, is organized 
as 16 words of 16 bits each. All communication 
between the device and the processor is done in a 
bit-serial fashion using the data in input, data out 
output, and the synchronous clock lines shown in 
Fig 2. All operations are controlled by the micro
processor through the serial interface. Read and 
write operations are executed through the transmis
sion of a specific 8-bit instruction code with an 
embedded address of the word to be accessed. In 
the write operation, the processor follows the write 
command with 16 bits of data to be written. In the 
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of termination and mounting styles. Gold , 
selective gold or tin plating . May be 
polarized for positive orientation . 

A Lower cost-per-pin . . . 
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solder or solvent from 
wicking up. 
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Let me send you our complete Snap Strip 
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of sockets and terminals. 
I guarantee this: 
It'll make your job 
a lot easier. 



CHIP ENABLE 0 8 Vee (5 V) 

SYNCCHL~~~ous 2 7 mRr 

DATA IN 3 6 mill 

DATA OUT 4 5 Vss (GROUND) 

Vee -
Vss 

NONVOLATILE 
EEPROM STORE 

RECALL 

CHIP 6~t1\~-...... --_._...._ _ __, -~.._CO-LU_M.._N -DE-CO-DEi-- >----< 

SYNCHRONOUS ~r->o--...,.....,....---' 
DATA OUT 

Fig 2 In the NOVRAM, recall and 
store operations can be invoked in 
software by writing in an 
instruction, or in hardware by 
enabling the respective signal lines. 

CLOCK 

read operation, the processor supplies the read in
struction, and then gives the X2443 16 clock cycles, 
which the device uses to output the data to be read . 
The NOVRAM also includes several non-data types 
of instructions to control the nonvolatile operation 
of the part, the part's power consumption, and the 
write/ store lockout feature. 

The X2443 is designed to interface with single-chip 
microcomputers when the main consideration is 
minimizing IIO lines and software overhead. This 
device also works well in microprocessor-based 
designs requiring upgrading with minimal design 
changes. It consists of a serial static RAM overlaid 
or "shadowed" bit-for-bit with a 5-V EEPROM 
array, as shown in Fig 2. The execution of a store 
operation, either from the input STORE or by the 
execution of the software store instruction, trans
fers the current contents of the SRAM en masse into 
the nonvolatile EEPROM array. In a similar manner, 
the execution of a recall operation, via the RECALL 

10 I 

.~ I I I 
I 
I 
I 

-=- U32 

6821 
UI 

03 30 

02 31 

DI 31 

DO 33 

E 25 

R!W 11 
DATA STROBE 

(a) 

input, transfers the contents of the nonvolatile 
EEPROM array into the SRAM array. On power-up, 
the contents of the EEPROM array are automatically 
loaded into the RAM array for a default 
configuration. 

When using the X2443 to replace an existing DIP 
switch, it is advantageous to drop the NOVRAM into 
the existing switch "footprint." Fig 3 shows the 
simple conversion of the existing site or socket (a) 
to accept the X2443 (b). Four of the eight 6821 l/O 
lines used to read the DIP switch are already mapped 
into pins 1 through 4 of the NOVRAM.These lines 
originally input the current settings of the DIP 
switches, but can be configure~ through the 6821 's 
data direction register to serve as the three outputs 
and one input needed for interfacing the NOVRAM. 
Since hardware STORE and RECALL signals are not 
needed in this application, they are simply tied to 
V CC· All nonvolatile operations occur through soft
ware control, whose requirements are relatively 

X1443 

KEYBOARDj 
INTERFACE 

DATA STROBE 

(b) 

10 I 

6821 
UI 03 30 

D1 31 

DI 31 

DO 33 

E 15 

R!W 11 

Fig 3 Within both the original DIP interface (a) and the X2443 implementation (b), the interface is serial. Therefore, 
only the clock, enable, data input, and data output lines need to be used. 
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STRAIGHT ....... . 

FROM GENERAL CABLE FIBER OPTICS 
Cables for all installation environments, to meet your 
specific transmission requirements. 
General Cable has been involved in fiber optics for over 
a decade. In 1976 we manufactured the cable used in the. 
world's first fiber optic system for commercial telephone 
service. 
Today, we provide fiber optic cables for all applications
from telephony to data communications. 

GenGuide® SINGLE MODE CABLES 
Provide system engineers with a readily expandable 
transmission network. Expandable, by simply upgrading 
terminal equipment. GenGuide Single Mode cables are 
available with a variety of protective sheaths for duct, 
aerial and direct buried installations. 

GenGuide MULTIMODE CABLES 
Available with fiber types to meet end- use attenuation, 
bandwidth and light source coupling requirements. Cable 
designs include those for intra-building use, patching 
terminal equipment and outside plant installation. 

FIELD AND ENGINEERING SERVICES 
Complement the GenGuide fiber optic cable line. 
Whether you want us to supervise your installation, 
provide training in splicing and measurement or recom
mend the proper ancilliary equipment, General Cable 
has the experience and knowledge you need. 
For more information about our line of 
GenGuide Optical Fiber Cable 
write: GENERAL CABLE COMPANY 

FIBER OPTICS DIVISION 
160 Fieldcrest Avenue, 
Edison, NJ 08818 

or call: (201) 225-4780 

General 
-Ca~~v FIBER OPTICS 

DIVISION 

GenGuide®is a registered trademark of General Cable Company 
A Unit of The Penn Central Corporation 
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PROCEDURE RESET 
THIS PROCEDURE IS RESPONSIBLE FOR CONFIGURING THE TERMI NAL TO THE MODES 
SPECIFIED AT POWER-UP TIME ON THE FUNCTION DIP SWITCHES TIED TO PIA PORT A 

BITS 7 6 5 4 3 2 I 0 
PORTA PARITY AUTOLF AUTONL DUPLEX LINE ···BAUD RATE··· 

ODD/ EVEN PARITY I 

O=ODD PARI TY 1 

l = EVEN PARITY ' 

AUTO LINE FEED· 
O= NORMAL 
l =AUTO LINE FEED 

(CR ALWAYS FOLLOWED BY LF) ' 

AUTO NEW LI NE····························· ' 
O= NORMAL (I NPUT STOPS AT LINE END) 
l =AUTO NEW LINE (INPUT WRAPS AROUND) I 

FULL/ HALF DUPLEX················································ 
O=HALF DUPLEX 
l = FULL DUPLEX 

LINE / LOCAL············································································· 
O=LOCAL 
l =LINE 

BAUD RATE SELECT! ON··················································································· 
000= 50 BAUD 
001 = 110 BAUD 
010= 300 BAUD 
011 = 600 BAUD 
I 00= 1200 BAUD 
101 =2400 BAUD 
I 10=4800 BAUD 
1I1=9600 BAUD 

SUBSIDIARY PROCEDURES: HOME 
CLEAR 

GLOBAL VARIABLES: 
USEO" NONE 
ALTERED: CAPIA 

CE:PIA 
DAPIA 
DEPIA 
HEAD 
TAIL 
AUTOLF 
NEWLIN 
FULDUP 
LOCAL 
CNACIA 
CMACIA 
A ACCUMULATOR 
B ACCUMULATOR 

Fig 4 When using a header for a parsing program used 
with the DIP switch configuration, the possible parameters 
are limited to 8 bits, and an elaborate software routine is 
needed to interpret them. 

straightforward (as described). With this software 
in place, the communication between the processor 
and the device simply becomes a series of reads or 
writes to the appropriate serial device locations. 

The original design only allowed ·eight user
definable inputs, since only one DIP switch is used 
in the terminal. The meaning of the various input 
conditions is shown in the DIP switch map portion 
of the program header in Fig 4. Since the single 8-bit 
input is used for so many functions, parsing the input 
byte into the appropriate setup parameters requires 
an extensive piece of code. The problem with this 
implementation is the extensive software required 
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to make switch operation straightforward in the 
user's manual. 

Replacing the DIP switch with the NOVRAM has 
several significant advantages. The 256-bit nonvola
tile storage leaves adequate room for storing an 
"image" of all interface circuit registers. Thus, the 
parsing problem of the DIP switch implementation 
is eliminated. Even the control registers that do not 
need to be user-programmable can benefit from this 
imaging, since they can be changed remotely in the 
field for hardware or software updates. This method 
simplifies field upgrading when compared with the 
usual method of storing these register images in the 
program store ROM or EPROM. 

New images can either be down-loaded remotely 
or loaded through a diagnostic mode using a direct
connect RS-232 interface. Examples of where this 
capability is beneficial are numerous, and include 
changing interface protocols, data formats, or other 
hardware, interface, or networking options. 

The use of the device for storing setup parameters 
also allows a more user-friendly operator interface. 
Software in the original design includes routines that 
allow random placement of the cursor or text 
through the use of a "go to X-Y" routine. It 
becomes a fairly trivial task to implement a menu
driven setup mode. After entering a certain escape 
sequence, the user is placed in the configuration 
mode, which presents an English menu. 

The return key increments the curse• position to 
the next setup area where the current setting is 
displayed, and the spacebar key increments that set
ting through all possible choices. Once the user has 
set up the parameters for a particular session, 
depressing the escape key writes the current settings 
into the RAM section of the NOVRAM. With this 
operation, the user can set up a temporary configu
ration without changing the default parameters in 
the EEPROM section of the NOVRAM. Default set
tings are changed only when the user executes a 
certain control sequence (such as control x and 
then the escape). In some applications, it may be 
desirable to allow only certain users to change these 
default parameters before entering a special code. 

Replacing the DIP switch with the 
NOVRAM allows increased design 
flexibility, as well as reduced 
manufacturing and testing costs. 

Since the X2443 has a much larger capacity than 
actually needed for this application, the remainder 
of the nonvolatile storage can hold such data as serial 
number of the individual unit, revision level, and 
hat"dware configuration diagnostic parameters. 
Otherwise, it can be reserved for future expansion. 
The Table shows a sample address map for the 



NOVRAM Address Map 

Location 
0 

2 
3 
4 
5 

X = Don 't Care 

Bit map 
XXXXXXXSWWXBBBB 

XXXXXXXXPPPETTRD 

XXXXXXXXEEEEEEEE 
ssssssssssssssss 
RRRRRRRRRRRRRRRR 
xxxxxxxxxxxxxxxx 

device, with the associated data stored in each of 
the 16-bit locations. The end results of replacing the 
DIP switch with the NOVRAM are increased design 
flexibility, as well as reduced manufacturing and 
testing costs. 

Program storage considerations 
The second aspect of improving the terminal 

design involves the program store for the 6800 
microprocessor. The original design uses a 2716 
EEPROM since the software requirements for the 
terminal are not extensive. The feature set of the 
X2816A EEPROM makes the replacement easier be
cause EEPROMs of the X2816A generation incor
porate high voltage generation, address and data 
latching, and the write-cycle timing circuitry on the 
memory chip. During read operations, the device 
functions just like the 2716 EPROM in its use of chip 
enable (CE) and output enable (OE) signals. During 
a write operation, the X2816A latches the addresses 
on the bus during the high to low transition of the 
write enable (WE) signal, and then latches the data 
to be written on the rising edge of the WE signal. 

The duration of this signal is not important, since 
the EEPROM only uses it to initiate the write cycle; 
the timing for the write operation is generated on
chip. The processor needs only to ignore the 
EEPROM for 10 ms during the write cycle, and the 
device does the rest. The latched and self-timed na
ture of the X2816A allows it to be placed in a 16-K 
SRAM socket and be read and written with the same 
signals used for the SRAM. 

The read operation of the X2816A is the same as 
that of the 2716 EPROM, so this part of the EEPROM 
operation is of no concern. The only changes 
required to the existing circuitry involve the write 
operation. The first change allows the processor to 
write to the EEPROM, and the second protects the 
EEPROM from unwanted write operations during 
power-up and power-down. 

The memory map for the original design was not 
very full, so only large blocks of the address map 

Interpretation 
S =Stop Bit Control 

WW = Word Length 
BBBB =Baud Rate 

PPP= Parity Check Controls 
E =Normal/Echo Mode 

TT= Transmit Controls 
R =Receiver Interrupt Enable 
D = Data Terminal Ready Control 
E= Emulation Designator (1 of 256) 

S =Serial Number 
R =Revision Level 
L =Latch data from keyboard on 

high-to-low or low-to-high 

are decoded for each memory device and I/O chip 
on the bus. The 2716 logically resides at addresses 
F800 through FFFF since the 6800 reset vectors must 
be included. The physical decoding for the 2716 
includes the address range of FOOO-FFFF since only 
the microprocessor's two most significant address 
lines Al5 and Al4 are used for the decoding. 

Since line Al4 is used to drive the OE line of the 
2716, the EPROM is selected whenever Al5 is a logi
cal one. Possible conflict with the system RAM resid
ing at 8000-81FF is avoided by restricting the 
processor's access to the 2716 in the logical F800-FFFF 
range. Since the processor can now read and write 
to the logical address range of the 2716 socket, the 
CE must also be derived from the Al5 and Al4 
address lines. And, since CE is active low and the 
address. line is active high, a simple NAND gate will 
suffice (Fig 5). Luckily, an extra NAND gate in the 

TOU9----oc 
PIN 10 

+5 

14 11 

PHASE 1 
~----Al5 

.--.------Al4 

Fig 5 The EEPROM control logic uses the processor's 
high order address lines to map the device into the proper 
address range and enable it at the same time. 
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EEPROM ADDRESS 
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SYSTEM 
STACK AND 
PARAMETER 
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ROUTINE 

DOWN-LOAD 
ROUTINE 
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ROUTINE 
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EE PROM 
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COPY TO RAM 
ROUTINE 
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ROUTINE 

DOWN-LOAD 
ROUTINE 

TERMINAL 
SOFTWARE 

NEW BYTE 

t 
INTERRUPT VECTORS 

Fig 6 Address maps for updating EEPROM software are 
kept in EEPROM (a) and copied to RAM (b) when needed. 

design can be used as an inverter. The inverter used 
for the CE is no longer needed, and therefore can 
replace the NAND gate. The inverter on Al4 must 
remain intact since it is used in the 2114 RAM decode 
circuit. 

The WE line for the X2816A EEPROM can be 
derived from the composite RAM write signal used 
for the 2114 RAMs. This signal is the logical OR or 
the R/ W output from the 6800 and the Phase 1 clock 
signal. This qualification of the R/ W line ensures 
that the addresses are valid on the high to low transi
tion of the WE signal. Therefore, they can be latched 
into the EEPROM. This ORing connection also guar
antees that the data to be written is valid on the rising 
edge of the composite WE signal. The OE signal on 
the EEPROM can simply be driven from the comple
ment of the R/ W signal from the processor. This 
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technique requires that all accesses to the EEPROM 
be made in the logical address range of F800-FFFF 
to avoid bus contention with the system RAM. 

Discussion of the circuitry needed for the OE 
signal also must include another important issue: 
ensuring that the chip does not experience an 
accidental write cycle during power-up or power
down. Even though the chance of CE and WE going 
low during power-up or power-down is rather 
remote, the possibility must be eliminated. 

The EEPROM simplifies write protection by in
cluding an onchip voltage sensor that monitors the 
Vee input level and automatically disables writes 
from occurring when Vee falls below 3 V. Also, a 
noise filter on the WE input prevents a write from 
being initiated by a low spike. Functional interac
tion of the control inputs on the chip allows a low 
level on the OE to disable any write operations 
regardless of the state of the cr and WE inputs . By 
holding OE low while Vee is between 3 and 4.75 V, 
inadvertent write cycles are inhibited. 

The power supply must be modified to generate 
an active low signal whenever Vee is below a 
specific level. This signal disables the write opera
tion during both power-up and power-down. Be
cause this signal is wire-ANDed with the control 
signal driving the OE signal, all writes to the chip 
are disabled when Vee is below the 4.75-V limit. 

Software modification 
Once hardware changes have been made, in

factory modifications and in-field modifications 
must be addressed in order to take full advantage 
of an X2816A. In-factory modifications can be han
dled in many ways. If the terminal configuration is 
known at assembly time, the appropriate software 
can be loaded into the EEPROM through the use of 
a standard PROM programmer. However, this 
method does not take full advantage of the features 
of the in-circuit reprogrammability inherent in the 
X2816A. A more advanced approach also makes 
automated board testing easier. 

For example, the EEPROM can be initially 
installed with a diagnostic program for testing the 
completed terminal board with an automated test 
system. Once the board has been tested, the tester 
controls the 6800 processor by holding it in a quies
cent state such as reset or halt. The tester then 
assumes control over the terminal bus and writes the 
actual terminal software into the EEPROM. This 
greatly reduces the overhead required to manufac
ture a variety of different configurations or 
"models" on a single assembly line. In-line program
ming also allows for the verification of the EEPROM 
write operation and control circuitry. 

The real advantages of the EEPROM surface when 
it comes to modifying software in the field. In this 
case, the terminal is placed in a down-load mode, 



and the software revision is loaded through the 
RS-232 interface, either from a service "box" or re
motely via a modem. The X2816A allows the termi
nals in the field to be called over phone lines for 
loading new operating software, thereby greatly 
reducing the cost and impact of a software update. 

Although full-featured EEPROMs such as the 
X2816A simplify this task significantly, there remains 
one software issue to be resolved. While the 
EEPROM is performing its internal write cycle, it is 
unavailable for further writes or reads. For exam
ple, the processor, executing out of a program stored 
in the EEPROM, might perform a write cycle to the 
chip and then fetch the next instruction. Since the 
X2816A is occupied with its internal write cycle, the 
next instruction fetch will yield a high impedance 
bus. The processor will take this data as its next in
struction and enter the "catch fire and die" mode 
of operation. 

To avoid this situation, a very compact routine 
fetches the byte to be written into the EEPROM from 
a given location, writes the byte into the EEPROM, 
and then enters a timing loop to wait the 10-ms 
period required to complete the write. Since the 
RS-232 interface supports full handshaking, there is 
no chance of overrun from the down-loaded data. 
This routine is initially loaded into the EEPROM, but 
it is never executed from this device. Instead, another 

"copy to RAM" routine copies the routine from 
EEPROM into RAM, from which it is executed. 

Since the terminal has 1 Kbyte of RAM capacity, 
there is ample room for storing such a routine during 
the EEPROM write cycle. Fig 6 shows address maps 
for both the EEPROM (a) and the RAM (b) prior to 
and during the execution of the EEPROM write 
routine. This method works especially well with the 
6800 since its architecture is that of a von Neumann 
machine, and can therefore execute program seg
ments out of the memory space reserved for RAM 
data storage. 

In-field terminal upgradeability has two important 
benefits. If the terminal software is upgraded or 
revised after the unit is sold, the new software can 
be added to the existing units in the field at minimal 
cost. This method also eases the addition of optional 
hardware in the field, since the new software sup
porting the hardware option can be down-loaded 
instead of replacing the terminal EPROM. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 
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Our Close Tolerance Stamping 
could make a 

.?crown for a Butterfly. 
We do the impossible . .. or what everyone thought was 

impossible just a few years ago. 
Like making stamped electro-mechanical sub-assemblies and 

hammers for electronic printers. Stamped brackets for mainframe 
computers. Absolutely burr-free camera shutter blades. Stamped 
bimetal and tube components for lasers. Stamped miniature bear
ings, retainers, and shields. Even special laminates like Kapton for 
aircraft frames. 

We're Alinabal , and we specialize in close-tolerance stamped 
components and sub-assemblies in a wide variety of plastics, met
als, and composite materials- in gauges down to a mere .0005". 
And we back it all up with a computer-driven (SPC) quality control 
system. 

Our innovative engineering methods have helped thousands 
of engineers replace costly machined parts, etched parts, 
moldings, and castings with sophisticated 
stamped components and sub- assemblies. 
For more information and an eye-opening 
sample, call us today at 1-203-877-3241. 

ALINABAI: 
~~~~~llml 
.. Designing the Competitive Edge" 
28 Woodmont Road, Milford, CT 06460 

Wind-driven alternator 
made with Alinabal 
stamping technology. 
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SO FAR, ENGINEERS HAVE COME TO DIALIGHT WITH 

Helping thousands of you find the perfect switch for your 
front panels has taught us a few things about engineers. 

For one, you' re an incredibly creative buncn. So for many of 
you choosing a switch is an important personal statement. 

Just like choosing a tie. 
But that 's not all we've learned. We've 

also learned over a million ways to make a 
better switch. 
WE HAVE THE SWITCH THAT'LL TURN YOU ON. 

For example, we've learned how to 
make switches more reliable. So when 
one engineer needed a switch for a heart 
monitor, naturally he came to Dialight. 

When reliability is critical, depend He knew we make all our switches here 
on Dialight's 100% testing. in the U.S.A. Where we can keep an eye on 

quality. And we test every single switch we 
....__ __________ _. sell before we ship it. 

We suggested a rugged little lever with a full 25° of motion. 
He flipped. Because not only r------....,...,,.--.,..-...,..........,.......,,...., 
was it reliable, doctors can 
check the monitor's status at 
a glance. 
DRESS UP YOUR DESIGN IN A 
DIALIGHT ORIGINAL. 

As you can see, Dialight 
knows it takes an enormous 
variety of designs to suit 
ever'i_ en~ineer. 

That s why we offer you 

This split-screen lighted pushbutton 
installs in a snap. 



:..1 ' 

1,000,000 DIFFERENT IDEAS OF WHAT A SWITCH IS. 
thousands of styles in pushbuttons. W ith momentary or alternate 
action . Neon or LED illumination. Hot stamped or engraved 
graphics. And legends from the word GO to HALT. 

We've even come out with illuminated 
pushbuttons with built-in resistors, to help 
button down wiring costs. 

If you ' re in the market for rockers, 
toggles or levers Dialight can show you 
over a million combinations of actuators, 
terminations, contact ratings, functions, 
mounting styles and colors. 

Should you need to mount one on a 
circuit board, our sealed switches can save 
production steps. You just insert them along 

You con automat
ically insert, 
solder and clean 
our sealed 
switches. 

with other components and automatically wave solder and clean 
the finished board . That can save a lot in manufacturin~ costs. 

See us at Wescon , Booth Numbers 3467-71 

Which brings us to our final point. 
Dialight switches can save you money. 

We can supply you with exact 
equivalents for C&K switches, for example. 

At a fraction of the cost. And we can send 
you a sample within 48 hours. 

So call us at 718-497-7600. Or 
write Dia light Corporation, 203 

Harrison Place, Brooklyn, NY 11237-1587 
and we'll send you our catalogs. 
When you have some time, browse 

through them . And , please, if you don' t 
see exactly what you like, just ask. 

A North American Phillps Company 

/JIALIGl-IT SWITCHES 
~°'~~-
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Gould ... Innovation and Quality in Logic Analyzers 

The K105-D analyzer with 
Trace Control™ helps you find 
faults quickly and easily. 
For most engineers, the frustra
tion is not in solving the problem. 
But in finding it. 

Not anymore. Take the Gould 
K105-D logic analyzer. It can 
help you isolate errors and their 
causes quickly and easily. Be
cause now you can capture and 
examine several possible cause 
areas with a single pass. 

Advanced program tracking 
and data capture. 
Flexibility is the key. 

With 8 levels of Trace Control , you 
can follow every bend and turn 
in your program flow. No matter 
how complex. And capture widely
separated slices of code better 
than any other triggering method . 

Although faults and their causes 
may be separated by thousands 
of lines of code, the K105-D 
records only what you want to see. 

Once captured, the K105-D 
brings these windows of informa
tion directly to the screen for your 
analysis. 

This selective recording con
serves memory. While it helps you 
get at the problem -and solve it 
- in less time than ever before. 

An analyzer that speaks your 
language. 
The K105-D speaks simple 
assembly language, not complex 
object code. Quite fluently, we 
might add . 

With our disassembly modules for 
the 68000, 8086, 8080, 8085A 
and Z80® B microprocessors, you 
need only one analyzer for debug
ging most popular processors. 

Clear, concise pattern 
definitions. 
With the K105-D, you can define 
all your event patterns with sym
bolic labels. These labels can 
represent address locations, data 
values, fetched instructions or any 
control signal you 're monitoring . 

And since you create them, 
they're easier to understand and 
remember. 

What's more, Trace Control uses 
English-like commands which 
make for shorter set-ups. Quicker 
comprehension . And a more 
productive engineer. 

To make debugging even easier, 
add the optional dual floppy disk 
drive. With it, you can store up to 
35 set-ups and associated record
ings on a single diskette for instant 
recall. 



You won't get caught in a loop. 
By using the K105-D's loop 
counter, you can follow a 
sequence of events for a specific 
number of iterations. Then stop 
at will. 

It's a quick way for you to test the 
repeatability of a program func
tion . And verify that your code is 
having the predicted effect. 

Integration made easy. 
For the hard part (hardware/soft
ware integration), now there's a 
simpler solution . The K105-D's 
100 MHz high speed link. 

It's an extremely precise way to 
see how timing affects software 
execution . And vice-versa. 

Again , for this task, Trace Control 
can help you track down hard-to
find faults. So you end up with a 
program that flows smoothly. 
Error free. In a fraction of the time 
it used to take. 

Performance above all the rest. 
At Gould , we engineer every 
instrument to be clearly the best 
in its class. 

So now with your insight and the 
K105-D analyzer, you can capture 
the problem. And solve it. Fast. 

For the name and number of your 
nearest Gould sales representative 
or for a detailed brochure and 
application notes, call us toll -free at 
(800) 538-9320. In California , call 
(800) 662-9231 or (408) 988-6800. 
Or write Gould Inc., Design & Test 
Systems Division, 4600 Old Ironsides 
Drive, Santa Clara, CA 95054-1279. 

United Kingdom: Gould Inc., Design 
& Test Systems Division , Hainault 
Operation , Roebuck Road , Hainault, 
Essex 1G6 3UE, United Kingdom. 
Phone: (44) (1) 500-1000. 

West Germany: Gould Inc., Design & 
Test Systems Division , Dieselstrasse 
5-7, D-6453 Seligenstadt 3, West 
Germany. Phone: 06182/801 -1. 

™Trace Control is a trademark of Gould, Inc. 
® ZBO is a registered trademark of Zilog , Inc. 

HELP 

The K105-D gives you two levels of HELP 
at the touch of a button. First, step-by-step 
operating instructions that appear along 
the bottom of the analyzer screen. Second, 
a menu that allows you to select more 
detailed "help" should you need it. 

Cl 1984. Gould. Inc 





It wasn'.t long ago that when you wanted to back up a 5}4" 
Winchester, you only had two choices: floppies or QIC-compatible 
}4" tape. 

Well, now there's a third choice: Cipher's FloppyTape~ It 
gives you the best of both worlds-without the drawbacks of either. 
Economical like a floppy. 

FloppyTape is the perfect secondary storage device for 
low-cost systems. It offers a substantially lower cost-per-megabyte 
than floppies. Yet the actual cost of .------::----______ _,.... ___ _ 
the drive is only slightly more. 

What's more, 
Floppy Tape 
uses a 



"With the lnterphase Storager; 
lean make a 
5 1/4' hard disk 
perform like 
an 8" disk?' 

Frank Emser 
Manager Hardware Development 
Paradyne Corporation 

The Interphase Storager Multi
bus@ controller can give a 5114'' 
Winchester disk capabilities 
never before possible. Storager 
not only gets more performance 
from existing ST506 
drives, but also supports 
the new ESDI and 
ST412HP interfaces for 
more power and capacity 
than ever before. And 
since Storager can con
trol two Winchester disks, 
four 1/4'' tapes (QIC-02), 
and two 3 t/2 ", 5 1~" or 8" 
floppies, the same con
trolfer can be used for 
every storage need. 

Storager features 1: 1 
interleave, with concur
rent disk and tape trans
fers and simultaneous disk and 
bus transfers for speed and high 
performance. And Storager's 
unique "virtual buffer" architec
ture with UNIX®l-optimized 

intelligent caching can reduce 
or eliminate disk rotational 
latency and overcome data 
overrun/underrun problems of 
FIFO-based controllers. Plus, 

for the very first time on a con
troller, Storager has an on-board 
68000 CPU. 

The Storager controller is the 
latest product in Interphase's 

-. ~J~~fnHASE 
2925 Merrell Rd.• Dallas, TX 7 5229 
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line 
of high
performance 
Multibus controllers. Interphase 
also offers Multibus controllers 

for SMD disks, local area 
networks and video mon
itors. Plus EOwerful disk 
controllers for the IBM® 
PC. They're all backed by 
a great customer support 
team that works fulI time 
with Interphase cus
tomers to assure that our 
products work the way 
they should - in the 
system. 

Find out how Storager 
can make a 51/4

11 disk 
perform like an 8" disk. 
Call Interphase today at 

(214) 350-9000. 
Storager is a trademark of lntcrpha.sc Corporation 
Multibus is a trademark of Intel Corporation 
UNIX is a trademark of Bell Laboratories 
IBM is a registered trademark of International 

Business Machines 



SIMULATOR DRIVES 
DIGITAL DESIGNS 
Designing complex circuitry requires sophisticated design aids 
at all levels. Logic simulation, from functional specs to fault 
analysis, manages and automates the process, freeing the 
designer for more creative tasks. 

by Mahesh Doshi, 
Rick Sullivan, and 
Donald Schuler 

Both the expanding use of increasingly complex LSI 
and VLSI digital circuits and the addition of semi
custom LSI to PC boards have put a strain on design 
tools and techniques. Not surprisingly, hardware 
engineers have turned to decomposition techniques , 
starting with a high level design and moving through 
successive stages of refinement to more detailed 
designs. Techniques such as these have been used 
for some time to handle complexity in software sys
tems. Now, they are used more extensively in hard
ware design. 

Logic simulation is essential to the design of LSI 
and VLSI circuits. It detects logic and timing errors, 
and evaluates test programs. The need for logic 

Mahesh Doshi is manager of electrical design analysis 
tools at Prime Computer Inc, Old Connecticut Path, 
Framingham, MA, 01701, where he manages the 
development of electrical design analysis tools 
in electrical CA D. He holds an MS in electrical 
engineering from the University of Wisconsin 
Madison. 

Rick Sullivan is a principal software engineer at 
Prime Computer. Mr Sullivan holds a BS in electrical 
engineering from Tufts University and an MS in 
electrical engineering from the University of Illinois, 
Urbana-Champaign. 

Donald Schuler is a senior technical consultant and 
manager of advance CA D development at Prime 
Computer. He holds a BS in electrical engineering 
from Clarkson College. 

simulation in PC board design is growing due to its 
increased use of faster logic circuits and semicustom 
LSI devices that are more difficult to breadboard 
accurately. The problem is that most logic simula
tors do not support modern design techniques. 

A hierarchical, event-driven, and multilevel inter
active simulator-THEMIS™ Logic Simulator
performs simulation at the switch, logic, register 
transfer, functional, and behavioral description 
levels. It supports fault simulation, and works with 
the electronic design management system (EDMS). 
THEMIS handles LSI, VLSI, and PC board designs 
from functional specification to logic analysis; from 
logic analysis to timing analysis; and from timing 
analysis to fault analysis. It runs simulations of up 
to one million equivalent gates. 

Unlike traditional batch simulators, this simula
tor provides an interactive debugging environment 
that allows changes in signal and storage values, test 
patterns, and print lists during simulation . It can 
establish breakpoints on a variety of circuit condi
tions, and provides an efficient checkpoint and re
start facility. Delay models can change to unit , 
nominal, minimum, and/ or maximum values at any 
time, without recompilation of the circuit descrip
tion. Checking of both the functional and the timing 
characteristics is available. 

Hierarchical design support 
Many electronics companies refine a functional 

specification to a functional block diagram or to a 
register transfer level (RTL) description. The diagram 
or RTL description is further refined to a gate or 
transistor level description, and eventually, to a lay
out description. Error detection and correction occur 
early in the evaluation and verfication process. Fig 1 
illustrates the simulator's support for the hardware 
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MANUFACTURING 
RELEASE 

Fig 1 Simulators can be used for design verification from 
architectural design to detailed design, as well as for 
generating of test patterns to be used in automatic test 
equipment. 

design process. As shown, the simulator verifies each 
refinement of the design process and compares it 
with the original functional specification. The func
tional specification, written in the register transfer 
language, also serves as documentation. 

THEMIS can simulate a large design at any descrip
tion level. It can also handle multiple levels of 
description simultaneously, and accurately simulate 
both timing and functional characteristics. Fig 2 
shows three representations of the same circuit, 
simulated simultaneously. Each of the three circuits 
is a 16-bit two's complement adder. One is modeled 
at the RTL level, another at the gate level, and the 
third at the transistor level. There is no restriction 
on the mix of modeling techniques that can be used 
to describe a circuit. 

Circuit models at any level interconnect to form 
new models within the simulator. At the lower levels, 
THEMIS is a 10-state simulator (driven, resistive, and 
capacitive for 0, 1, and X plus high impedance) with 
built-in models for bidirectional MOS transmission 
gates, pull-up/ down resistors, delay lines, and tim
ing blocks. At the higher levels, it is a four-state 
simulator (0, 1, X, and high impedence). In all cases, 
the software handles bused outputs and tri-state logic 
automatically. 

Combined, THEMIS and EDMS present and accept 
design data to and from a single data base for logic 
design, analysis, and physical design. This not only 
reduces the expense of encoding a large circuit into 
two data bases, but reduces the potential for making 
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errors as well. The designer encodes the system to 
be simulated using one or more of the modeling tech
niques. Each model compiles interactively for online 
error correction. These models then link with the 
necessary component models from either a local 
library or from the permanent libraries. The system 
is ready for the simulation after the linking process 
sets the initial condition. 

Encoding the system for simulation 
Accurate models of elements and systems can be 

simulated at different levels of detail. Boolean equa
tions, the THEMIS architectural design language 
(TAD), PL!l, Fortran, C subroutines , and special 
built-in primitives can all be used to create models . 
Any previously defined models can be wired together 
into a new circuit by using the network modeling 
language. In this way, a network can be used as a 
model in a network at a higher design level. 

Boolean primitives can have up to eight inputs and 
one output. The output is either two-state (0, 1) or 
tri-state (0, 1, Z) . If an element cannot be modeled 
as a single Boolean, it is modeled as a network or 
a function . The Boolean definition itself consists of 
delay variables, equations, and initialization com
mands. A special table lookup technique makes the 
Boolean primitive evaluation very efficient . 

Another essential feature in hierarchical design 
support is TAD, a nonprocedural architectural 
design language. With TAD, the designer encodes 
the behavorial description of any element. Elements 
include gates, flipflops, ALU, register files , stacks , 

CARR Y-I N 

A-INPUT 

B-I NPUT 

SWITCH LEVEL 
Br--, MOOEL 

L_J 

GROUND 
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SWITCH (0:15) 

GATE LEVEL Cour 
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GATE (0:15) 
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~D-suM 
FUNCTIONAL 

MODEL r-· BL_J 

Cour 

FUNC 0:15 

Cour 11 SUM (0:15) ; A + B + C1N 

Fig 2 This example of a 16-bit adder circuit shows mix
mode simulation. Three different levels of the same design 
are simulated in the same session. 



Think of it as a briefcase 
with a whole 1'Winchester" 

test lab inside. 

Don't let the size 
fool you or the price. The. 
Winspector CS-1000 
provides an advanced 
state-of-the-art tester 
with outstanding features for manufacturing final 
test, quality control, receiving inspection and field 
service. Whatever the application, the Winspector 
performs: 
•Complete functional tests including the exercise of 

all logic, control and status lines. 
• Thorough testing and analysis of critical timing 

results such as rotation time, index pulse width, 
track to track seek, minimum, average and max
imum seek times. 

• Complete window margin analysis, stepped in 2 
nanosecond increments, establishing best, worst, 
and average margins, in nanosecond ranges. 

• Comprehensive read error analysis including a 
soft error and bad track summary. 

• Simple,easy to use 
keypad and self
contained display. 

• Twelve standard test 
menus, which may 

be executed separately or combined with user 
generated programs. 

These powerful functions are contained in a 
ruggedized, portable, briefcase size package, 
which may be operated in stand-alone, or modular 
networked configurations. 

Preprogrammed, with comprehensive self test 
diagnostics, the Winspector is interfaced typically to 
ST506, 412 and SAlOOO standards. 

Here then is the ideal system for final testing 
before shipment, for incoming inspection, quality 
control, and certainly for field service. 

And the Winspector CS-1000 is only $6, 950. 
Write or call us today so we can answer your 
questions about this important new product. 

--CaMBFtlaN 
--!i':J!i i SM!ilNC. 

31364 Via Colinas •Westlake Village 
California• 91362 • (818) 991-7026 

e 1984 CAMBRIAN SYSTEMS, INC. 

CIRCLE 92 



and microprocessors. Statements that reference and 
manipulate registers, RAMs, ROMS, pins, and clocks 
describe component behavior. The component's 
delay may be a function of both input and output 
states . Logical, arithmetic, relational, and sequenc
ing operators are included in TAD (see the Table). 
Sequencing operators allow descriptions of parallel 
and sequential hardware. 

To control the code execution, TAD supports con
ditional statements, such as If-Then-Else and Decode
Case. Designers can specify internal multiphase 
clocks with TAD, as well as define new operators. 
TAD supplements, but does not replace, Boolean 
models. While Boolean models simulate faster, TAD 
models include a larger class of operations and are 
easier to write. 

Standard programming languages (eg, Fortran, C, 
PL/ 1, and Pascal) are used to create behavioral 
models. These models can read and modify the 
values of registers, RAMs, ROMS, and pins using spe
cial subroutine calls and standard features of the pro
gramming language. Registers, RAMs, ROMS, and 
pins are declared for language models the same way 
they are declared for TAD models. Communication 
with other models occurs through nets and pins . 

Network models interconnect existing Boolean, 
functio nal, language, and network models, along 

with built-in primitives, to form new models. There 
is no limit to the network model nesting. Moreover, 
any simulated circuit can automatically turn into a 
network model. Network models overwrite lower 
level delay definition and initial values. 

To move from the model compiler to the model 
simulator, the designer issues the link command. The 
linker resolves undefined references by searching 
libraries that are in a designer-specified order. The 
linker generates a detailed statistical report on sys
tem usage and transfers control to the simulation 
routines. THEMIS allows designers to analyze and 
modify the simulation of a circuit while the circuit 
is simulating, rather than requiring all analysis to 
be done as a postprocessing step. 

As an example, the breakpoint command allows 
users to stop simulation on a variety of circuit con
ditions. These include signal, data path, register or 
memory changing to a particular value, occurrences 
of positive and negative edges on signals, and 
increases and decreases in data path, register, and 
memory values. Multiple breakpoint commands can 
be specified, displayed, and edited at any time. An 
action list, a command set that executes automati
cally whenever a specified event occurs, can be asso
ciated with any breakpoint. Action lists are extremely 
powerful in debugging logic. Like breakpoints, they 

THEMIS Architectural Design Operators 

Operator 

Concatenation 

* Complement 

Negate 

Reduction 

Add 

Subtract 

Less than 

Greater than 

Equal 

Less than or 
Equal to 

Greater than 
or Equa l to 

Not equa l 

* AN D 

* Exclusive - or 

* OR 
.. Also available in Boolean equations 

+ 

< 
> 

<= 

>= 

& 

# 
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Precedence 
Level 

9 

8 

8 

7 

5 

5 

4 

4 

4 

4 

4 

3 

2 

Typical 
Syntax 

A II B 

- A 

o A 

A+ B 

A - B 

A < B 

B > A 

A = B 

A <= B 

B >= A 

A - = B 

A & B 

A # B 

AIB 

Result , assuming A and 
B are of dimension N, 
and K is an integer 

All elements of A 
and B in a set 

Bit-by-bit complement 
of A 

Negate A 

A 1 o A2 o A3 . . . Where 
o is any operator and 
to or below 

Arithmetic sum of A 
and B 

Arithmetic difference 
of A and B 

A smaller than B 

B larger than A 

A and Bare 
same 

A is less than 
or equal to B 

B is greater than 
or equal to A. 

True is A and B· are 
different numbers 

Bit-by -bit logical 
product 

Bit-by -bit 
exclusive - or 

Bit-by-bit 
logical sum 



can be displayed and edited at any point during the 
process. Any command used during simulation can 
also be in an action list. 

At any time , the interactive simulator can display 
and change any signal value, delay value, or test pat
tern . Interactive features include the ability to dis
play signal values in waveform format and receive 
input either from key entry or from a file. Input 
from a file is especially powerful because any file 
can be edited from within the simulator using a stan
dard line editor. 

Providing traditional logic analyzer features for 
electronic circuit debugging, the simulator triggers 
activities , displays values, and probes the circuit. In 
addition , it provides debugging tools unavailable in 
the lab to modify delays, fault circuit elements, and 
stop simulation when some condition is detected. 

One system integrates analyses 
The simulator combines logic , timing, and fault 

analyses in one model. For logic analysis, it becomes 
a four- to nine-state simulator with languages for 
modeling the circuits' fu nctional characteristics. For 
timing analysis, it provides flexible ways to add tim
ing characteristics to functional models. Most out
puts have two to six separate delay values: rise and 
fall for two-state ; rise, fall, z~ 0, Z ~ l, o~ Z, and 
l ~z for tri-state outputs. TAD models output delay 
relative to edges on clocks and as a function of input 
state. Additional built-in models check for stable 
data relative to an edge or a pulse. 

All delays have minimum, nominal , and maxi
mum values, and can be a function of the capacitive 
load driven by the output drivers. Races and hazards 
are automatically detected and reported. Concurrent 
fault simulation provides an accurate, efficient 
method for measuring fault coverage using the same 
models, including timing characteristics. This con
current fault simulation works with any modeling 
or evaluation technique and is 10 to 30 times faster 
than parallel fault simulation. 

Designers can either supply test patterns for the 
system or generate them using built-in functions. The 
test pattern specification can be defined for a specific 
time or incremental time. During the simulation, test 
patterns can be applied or changed. In-circuit events 
or external control signals can trigger the application 
of test patterns. A list of built-in function s and a 
repeat facility reduce the work necessary to generate 
test patterns. 

Simulation can progress to a specific time , for a 
number of incremental time steps, until a breakpoint 
is encountered, or until there is no activity in the 
system. Events such as memory writes , signal or data 
path changes, and register increments can trigger 
breakpoints. The simulation can also be interrupted 
asynchronously (by pressing the break key) and con
tinued without losing any circuit events. Users can 

change test patterns and resimulate the circuit 
quickly . Restart points can be saved from session 
to session, and debugging runs can continue from 
day to day without recompilation. 

The print command consists of options to control 
and tailor the output to the designer's needs. The 
output can be in horizontal or vertical format. Sig
nals, pins, registers, memory elements, and data 
paths can be printed on octal, hex, binary, decimal, 
and ASCII base. In combination with breakpoint 
action lists, this command provides the facility to 
trigger output by circuit activity. 

The trace command monitors all signal , register, 
and memory element activity. Values are printed as 
the changes are propagated through the monitored 
variables. The trace report goes to the terminal, a 
fixed location on the terminal screen, or to output 
files. Independently formatted and controlled out
put proceeds to the terminal or any number of out
put files. Hazard reporting of output spikes or busing 
conflicts can be enabled or disabled at any time. 

Logic analyzer emulation is an important part of 
the user interface. The designer inserts virtual probes 
into the circuit and specifies the sampling clock (in
circuit or external), triggering, and arming criteria. 
After the data is collected from the probes, it can 
be displayed in a state table or a graphical waveform. 
This simulator allows an arbitrary number of virtual 
logic analyzers . 

Since it is impossible to foresee the needs of all 
potential users, the simulator includes an abbrevia
tion facility that enables designers to tailor the user 
interface. The user can abbreviate commands and 
sequences of commands to almost any short string 
of characters. The same facility allows sequences of 
commands to be bound to terminal function keys. 
Also, an input facility allows the input stream to be 
directed from the terminal to a file. A long series 
of commands , such as the circuit initialization 
sequence, can be stored in a file to be read in inter
actively. 

As the complexity of systems increases, so must 
the sophistication of the tools used to design them . 
A simulator must support the design process from 
the initial, conceptual phase through the detailed 
stages of implementation . It must allow devices to 
be modeled before their implementations are known, 
and it must provide a natural, interactive environment 
in which the logic can be debugged. A simulator , 
such as THEMIS, which satisfies these requirements 
can greatly reduce design time and cost, and lead 
to higher quality, more reliable products. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box " on the Inquiry Card. 
High 73 I A verage 732 Low 733 
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How can you 
develop onesystentand 

offer yourcustonters 
aclioice of three? 

Sl• mple Develop it arou?d 
• HP's new three-m

one microsystem .That way, you don't 
have to redesign your system to offer 
your customers a range of performance. 
Because the entire power range of HP's 
new A-Series computers fits into the 
same small, convenient package. At a 
slimmed-down starting price of $6110~ 

So you can offer 1 MIPS perform
ance. Or floating point hardware and 
microprogramming in either a 1 MIPS 

Micro 29.The Micro 26 comes with in
tegrated 14.6 Mb mini-Winchester disc 
and microfloppy. And it has 8 I/O slots, 
giving you plenty of room for our wide 
selection of l/O cards for instruments, 
measurement and control, and data
comm, to name a few. 

The Micro 27 adds floating point 
hardware and microprogramming. 
And, for jobs needing up to three times 
the power, our 3 MIPS Micro 29 has 
got what it takes. 

or 3 MIPS computer. Whicheverone ~--- Our brand new 
operating system your customer chooses, you can fit 

it easily into the same space in 
your system. 

ii really performs. 

Identical software 
keeps it simple. 

When you change processors, 
you don't have to go back to 
the drawing board with your 
programs. Because, in addi-
tion to compatible hardware, 
these computers run identical 
software. That's the best kind 
of compatibility you can buy. 

Our A-Series family consists 
of the Micro 26, Micro 27 and 

Our new microsystems 
also come in this floor-mount 

or bench-top models. 

That's one secret of our suc
cess. The new, full-function 
RTE-A real-time operating 
system provides the perfor-
mance you need for your 
real-time automation appli
cations. Ranging from dedi
cated machine control to 
monitoring instrumerits to 
supervising a network of 
computers. 

This power, speed and 
l/O capacity also make our 
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A-Series systems ideal for multi-user, 
multi-tasking environments. 

Of course, these compact new com
puters are part of our newly expanded 
OEM program. This includes higher 
discounts and credits, extended war
ranties and free training. So you'll make 
more when you get to market. And 
you'll also get there faster with our new 
operating system and newly packaged 
microsystems. 

If you'd like micro, mini or maxi per
formance in one micro package, call 
your local HP sales office listed in the 
white pages of your phone book. Ask 
for a technical computer representative. 
Or write for more information to: 
Hewlett-Packard, Attn. Greg Gillen, 
Dept. 11171, 11000 Wolfe Road, 
Cupertino, CA 95014. In Europe, write 
to Henk van Lammeren, Hewlett
Packard, Dept. 11171, P.O. Box 529, 
1180 AM Amstelveen, The Netherlands. 

*A600+ microsystem component, 128Kb mem
ory, box, Winchester disc. 

Prices are U.S .A. list in OEM quantities of 
100 and include integrated peripherals, one inter
face card, RTE-A and 512Kb of memory for 
Micro 26 and Micro 27. Micro 29 includes 768Kb 
of memory. 

r//pw HEWLETT 
~~PACKARD 

TC·02309 





This is a success 
story Starring the 

industry's #1 half-height 
5W' streaming tape drive. 

And you. 
The right time for backup. 
The systems you're design

ing today need backup more 
than ever. 

That's because they're being 
used in more important applications 
than ever. For accounting and word 
processing. As engineering worksta
tions. And multi-user, multi-station 
systems. With more complex software. 
Growing data bases. Winchesters 
that have 10MB to over 100MB capac-



ouout 

ity. And customers who demand 
dependability and the simplicity of 
tape backup. 

The right time for Archive. 
The time's right for Archive. 

We've got the right product for you. 
At the right price. With the right 
support. 

Put our half-height W' 
streamer into your system and 
you've got 20 to 
60MB of fast (four to 
nine minutes), con
venient backup with 
a single cartridge. 

We build the 

,. 

- -

II 

industry. With a more reliable motor 
-brushless DC. A better loading 
mechanism- fewer moving parts. 
Proprietary LSI. And the dependability 
that comes from devoting over three 
years to building 14'' streaming tape 

drives and nothing but 14'' 
streaming tape drives. 

Wfive got you covered. 
We've got the right 

approach to system 
..:;it- • • -

- . - -::. 
• J' 

most dependable 
514'' drive in the > ~ 

integration, too. We 
build a half-height 
drive with the 
industry-standard 
OIC-36 Basic Inter
face. Use our SCSI, 
IBM PC or QIC-02 

\\\\llltlllll\\\\\llllllll\\I YU.\ 

See us at Comdex Booths 448 & 548 CIRCLE 94 

controllers/formatter boards for 
simple, quick system integration. 

No matter how successful you 
are we've got the manufacturing 
capacity to meet your volume needs, 
including a new off-shore plant to 
support you worldwide. Nobody's 
shipped more half-height 514'' tape 
drives than Archive. No one ever will. 

Write your own success story. 
We'll put you out front in tape 

backup. With the support you need 
to ensure system success. Just dial 
(714) 641-0279. And backup is 
on the way. Archive Corporation, 
3540 Cadillac Avenue, Costa Mesa, 
CA 92626. Telex: 4722063. 

ARC~ 
Out front with backup. 
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For • stxyears 
we've been telling you 
about the benefits of 

Progranunable 
Array Logic. 

And 
for six years 

you've refused to leave 
asynchronous logic 

behind. 



OK,youwin. 
Here's the first PAL® circuit 

for asynchronous logic designs. 
The PAL 20RA10. 
It has everything you need to put 

your design on silicon in a hurry. 
While you chase as many as a dozen 
TTL parts off your board. 

A guaranteed 30ns clock-to
output time. 

20 inputs. 
10 outputs that can be clocked 

separately. Each with program
mable asynchronous set and reset. 

Programmable registers. Each 
with an independent transparent 
mode. 

Programmable output polarity, 
so you won't even need an inverter 
circuit. 

The whole thing sits in a sleek 
24-pin SKINNYD IP® package. 

And the programming is a snap. 
Using PALASM;M our enhanced 

CAD software, and a standard PAL 
programmer, you can design and 
program an asynchronous PAL 
circuit in just hours. 

You can build a prototype in 
seconds. 

And when your design is stable, 
you can crank out as many PAL 
circuits as you need. Or you can 
convert to our mask-programmed 
HAL® circuits. 

So you win. 
You get the profound benefits of 

programmable array logic. 
Without leaving your asynchron

ous logic behind. 
Call your Monolithic Memories 

representative or franchised distrib
utor for our PAL 20RA10 data sheet 
and an applications packet. 

Or write Monolithic Memories, 
2175 Mission College Blvd., Mail 
Stop 9-14, Santa Clara, CA 95054. 

PAL and HAL are registered trademarks and PALASM is a trademark of Monolithic Memories, Inc. c 1984 Monolithic Memories, Inc. 

CIRCLE 95 
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FAST TRACK Multiplexer for your VAX 
ABLE Computer's VMZ/32HS 
... the high-speed communications 
solution for your VAX. 

Servicing 16 communication 
channels at baud rates up to 38.4K 
simultaneousl)i the VMZ/32HS 
multiplexer breaks all speed records. 

Maximize Responsiveness of 
Graphics Workstations 

Speed up your CAD/CAM, business graphics, or any 
terminal intensive application. The ABLE VMZ/32HS out
performs the competition giving you fast screen response 
with minimum delays. And the VMZ/32HS supports 16 
asynchronous communication lines with programmable 
OMA and modem control on all lines. 

'Software compatible with DEC VMS operating systems, 
the VMZ/32HS requires no software development, 
modifications or maintenance. 

Tuke the Lead, And Stay There 
High aggregate throughput keeps 

your CPU in front of the pack. Our 
VMZ/32HS satisfies both present and 
future data communication needs when 
requirements demand high output and 
high reliability. When you need speed, 

the ABLE VMZ/32HS finishes first 

VMZ/32HS, breaking speed records 
across the board. 

Fbr more information on ABLE Computer's VMZ/32HS, 
contact your local ABLE representative, or call ABLE 
toll-free at 800-332-2253. 

The Communications Specialists 

3082 Airway Avenue, Costa Mesa, California 92626. (714) 979-7030. TWX : 910-595-1729. 
DEC , VAX and VMS are trademark s of Digital Equipment Corporation 
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SYSTEM COMPOIEITS 

Personal computer benefits from 80286, networking, and software 
Compatible with most IBM PC hardware 
and software, the 80286-based PC AT is 
available in two versions. The base model 
provides 256 Kbytes of memory, flexible 
disk drive, fixed-disk and drive adapter, 
and seven I/ O expansion slots. The 
enhanced version has 512 Kbytes of 
memory, flexible disk drive, 20-Mbyte 
fixed-disk drive, fixed-disk and diskette 
adapter, serial/parallel adapter, and six 
I/O expansion slots. The AT requires a 
video display adapter and display output 
device. 

The system unit holds the 80286 and 
provides a 6.0-MHz clock speed with 
24-bit address and 16-bit data path. The 
internal 64-Kbyte ROM has 150-ns access 
time and 355-ns cycle time . The keyboard 
has 84 keys with the thoughtful addition 
of caps lock, number lock, and scroll lock 
indicators. 

The diskette drive is a half-height 
5 1/.i -in. double-sided drive with 1.2 
Mbytes of storage capacity. Standard in 
both AT models, a second drive of this 
type can be installed in the system unit. 
Both drives use the same fixed-disk and 
diskette drive adapter. The high capacity 
drive can read disks in 160/180-Kbyte, 
320/ 360-Kbyte, and 1.2-Mbyte mode. 
Technical specs include 512 bytes/ sector, 
15 sectors/ track, and 96 tracks/ in . In the 
96-track/ in. mode, average access time is 
94 ms. It supports 300- and 500-kbit/ s 
data transfer rates. 

In the base model, the 20-Mbyte fixed
disk drive can be the first or second fixed
drive; in the enhanced model it is the 
second drive. Customer installable, the 20 
Mbytes of storage has a 40-ms average 
access time with 512 bytes/ sector, 17 
sectors/ track, and turns at 3573 rpm. 
Transfer rate is 5 Mbits/ s. 

Memory options for the AT range from 
256- to 512-Kbyte increment expansions . 
The 256-Kbyte memory module kit allows 
the base model user to upgrade base 
memory from 256 to 512 Kbytes . It con
sists of 18 dynamic RAM modules that 
plug into existing sockets on the system 
board . The DRAMS are organized as 
128-K x I-bit, with 16-bit data paths . 

With the 128-Kbyte memory expansion 
option, the base memory of both models 
expands from 512 to 640 Kbytes. For 
users requiring support for the 512- to 

640-Kbyte address space, the AT is com
patible with PCs, XTs, and IBM portables. 
Performance characteristics are identical 
to the 256-Kbyte memory module kit. 

The 512-Kbyte expansion option allows 
for 512-Kbyte increment additions to 
expand above I Mbyte of base memory. 
Expansion slots hold up to five cards for 
a total of 3 Mbytes of primary storage. 

Available operating systems include 
DOS 3.0, DOS 3.I, and Xenix. The DOS 3.0 
configures itself to support six interna
tional keyboard versions and provides an 
enhanced screen dump utility program. A 
virtual disk feature allows the use of 
extended memory (above I Mbyte). The 
operating system uses approximately 36 
Kbytes of RAM. The DOS 3. I version pro
vides all DOS 3.0 functions, plus enhance
ments that support IBM PC Network 
hardware and software. 

The company also offers Xenix (by 
Microsoft), which is derived from Unix . 
It supports single- and multi-user configu
rations and can run several programs at 
one time . It supports large memories up 
to 3 Mbytes via the 80286. Device support 
includes CPUs, three drives, CRTs, and 
printers . Optional features include a soft
ware development package and a text for
matting system. 

Topview software is also available . 
With Topview users can operate several 
different programs concurrently, switch 

from one task to another, or view data 
from several programs using windows
all on a single display screen. A Toolkit 
includes information on accessing func
tions from application programs, sup
porting mouse devices, and creating and 
using windows. 

The lowcost broadband PC Network 
uses standard 7 5-fl CA TV coaxial and 
connection hardware. The 2-Mbit carrier 
sense multiple access / collision detection 
(CSMA / CD) network consists of an 
adapter, a translation unit, and cabling 
hardware. The network adapter is a cord 
that connects the PC , XT, AT, and por
tables to the IBM PC network. It contains 
the network BIOS in ROM. BIOS provides 
the basis for all network program con
trols. The translator unit provides broad
band frequency translation, from the 
return channel to the forward channel, 
for a passive network . A connector as
sembly attaches eight PC stations within 
a 200-ft radius. 

Price for the base model is $3995 and 
the enhanced model is $5795. Hardware 
options range in price from $350 to 
$1595, with network hardware from $59 
to $695. In software, DOS 3.0 costs $65 , 
DOS 3. 1 is $65 , Xenix is $395, and 
Topview software is priced at $149. IBM 
Corp, Entry Systems Div, PO Box 1328 , 
Boca Raton, FL 33432. -M.B. 
Circle 260 
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SYSTEM COIPOIEITS 

Dual-processor design soups up supermicro system 
The MC-500DP series gives multiple job 
users additional computing power 
through dual processors. The Unix-based 
realtime system can connect a second 
CPU, with associated memory, via multi
ple high bandwidth buses. This design 
offers performance superior to that of 
single-processor architectures. 

Incorporating single-processor fea
tures, the system includes an integrated 
array processor, multiple independent 
graphics processors, 8-MIPS data acquisi
tion and control processors, and an 
Ethernet communication processor. The 
dual processors can support disk sizes 
from 50 Mbytes to 474 Mbytes, floppy 
disks, quarter-inch cartridges, and half
inch magnetic tapes. 

The unit uses an asymmetric (master/ 
slave) system based on dual-processor 
extensions to the realtime Unix operating 
system. The software supports menus, 
window management, graphics, and 

several languages-including Fortran, C, 
and Pascal. 

The system operates in two modes. It 
will either automatically distribute the 
computing loads between CPUs or allow 
the user to define which tasks each CPU 
will run . Each CPU connects to its 
associated memory by separate memory 
interconnect (MI) buses . Communication 
occurs via an enhanced Multibus. 

Unlike multiple CPU architectures, 
memory access is not uniform between 
the two Mis. Operating system coordina
tion of separate cache address translation 
buffers minimizes the asymmetry effect 
for all but the most time-critical pro
cesses . For realtime maximum perfor
mance applications, the user can choose 
memory resource allocation options to 
ensure that pages of a process are on the 
same MI as the CPU executing the code. 

Two floating point processors, one on 
each MI, provide a 560,000 Whetstone 

benchmark performance. A CPU can 
access only the FPP that is on the same 
MI. Both master and slave CPUS can sup
port an FPP. 

The series consists of seven systems: 
three workstations, one tabletop, and 
three cabinet configurations . The lowest 
priced system is the tabletop version at 
$36 ,900. It includes the two CP Us, 
2 Mbytes of ECC memory , a 50-Mbyte 
disk, a 1-Mbyte 5 114 -in . floppy, a 15-slot 
backplane, terminal, 5 serial lines, and 
software. Masscomp, One Technology 
Park, Westford, MA 01886. -M.B. 
Circle 261 

Workstations unite 32-bit processing with graphics 

The 6000 family consists of two software 
compatible groups-the 6100 and 6200 
workstation series. Both use National 
Semiconductor's NS32000 micros . These 
devices feature a mainframe-like architec
ture and an instruction set designed for 
efficient execution of high level language 
programs. 

Members of the 6100 series employ the 
NS32016, a 32-bit processor with an exter
nal 16-bit bus . Three basic products are 
included in the series-the 6110 instru-
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ment controller , and the 6120 
and 6130 graphics worksta
tions. The 6110 instrument 
controller runs a realtime 
operating system (RTOS) and 
can execute object code pro
grams generated in Basic, C , 
Fortran, or Pascal. It fea
tures a GPIB port including 
pass control with optional 
DMA. Standard equipment 
includes 256 Kbytes of mem
ory, dual RS-232 ports, and a 
360-Kbyte flexible disk . 

The 6120 workstation uses 
the proposed ANSI Basic 

providing graphics functions, extended 
110, and interactive editing. Standard is 
a keyboard and mouse, I Mbyte of mem
ory, FPP, a 360-Kbyte, 5 114 -in. flexible 
disk, and a 10-Mbyte Winchester. 

Designed for data analysis, software 
development, and CAE applications, the 
6130 is similar to the 6120, but also 
includes an enhanced version of Unix . A 
20-Mbyte, 5 l/.i -in. Winchester disk, a 
360-Kbyte flexible disk, l Mbyte of 
memory, and an FPP are all standard . 

The 6200 series is based on the NS32032 
with a 32-bit data bus. It is expandable 
through the Global bus: a standardized, 
high speed (40-Mbyte/ s) interface that 
connects the computing systems. The two 
basic products in this series are the 6210 
and 6212 graphics workstations. The 6210 
is suitable for custom VLSI and gate array 
design. It can also be configured as a file 
and a peripheral server for workstations 
on a LAN . 

The 6212 workstation has dual 32-bit 
application processors, and large disk and 
memory. It is optimized for concurrent 
execution of compute- and interactive
intensive tasks such as editing designs and 
circuit simulation. 

For configuration flexibility, the family 
provides industry standard interfacing 
options. These include RS-232, RS-422, IEEE 
802.3 Ethernet, Centronics, Multibus, 
SCSI, and IEEE 488 interfaces. The 6110 
controller is priced at $4995. The graphics 
workstations range in price from $7995 
to $35,950. Tektronix, Inc, PO Box 1000, 
Wilsonville, OR 97077. -M.B. 
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Graphics software makes dynamic data stream display possible 
DataViews graphics software enables 
dynamic data display in real time. Users 
can compose, edit, and display numeri
cal data without programming. 
Data Views can be used for instrumenta
tion applications, in lieu of analog dis
plays. It can take temperature, rpms, 
pressure, and oil flow in an engine, and 
display this data as a simulated instru
ment panel on a color monitor. 

This system accepts data from a com
munication link to a physical process, 
from a data base or file, from programs 
generating information, and directly from 
a keyboard. Written in C, this package 
runs on Unix systems. It can be used on 
16- and 32-bit micros, minis, and super
minis. Minimum main memory of 512 
Kbytes is required. 

Data Views consists of two modules: a 
full library of graphics subroutines and 
a menu specification language that pro-

vides a high level interface to subroutin.:,. 
System integrators can em bed all or part 
of this general-purpose package, creating 
application specific display formats 
faster. Also, users can modify Data Views 
to create their own formats. The menu 
specification language module allo11' 
alteration of existing menus. 

Subroutines offer over 40 display for
mats including line graphs, dials, bar 
charts, surface plots, and flow fields. 
Multiple screens can be constructed with 

a variety of' iewports and formats. In an 
aerospace application, for example, win
dows show each dimension of net velocity 
as data is generated on a display of simu
lated vector fields. (A network of super
computers, minis, and color graphics 
workstations \\as used in the 3-D simu
lation pictured here.) 

Instrumentation, automatic test equip
ment and process controls, as well as 
engineering, science, and simulation are 
among Data Views uses. In quantities over 
25, the product is priced at $!000 for a 
one- or two-user system. Visua l Intell i
gence Corp, 160 Old Farm Rd, Amherst, 
MA 01002. 

/ 
-J. V. 

Ease of system installation highlights system clock chip 
Chip suppliers, off chasing the I 0-cent 
wristwatch 1c market, seem to have 
ignored general-purpose timing circuits 
for the computer industry. But system 
designers will find that the l~tC7 t 7 0ll 

timekeeping 1c, intended specifically for 
operation on an 8-bit data bus, furnishes 
excellent accuracy (which, depending on 
the crystal frequency chosen, can reach 
0 . 10 ppm), and provides a system access 
time of 250 ns. 

This realtime clock uses the c~tos 

process and an onchip power-down 
detector. Thus, a simple battery on the 
clock board prevents the loss of timing 

data during a power failure or system 
downtime. Timing information in eight 
internal registers provides time (in 12- or 
24-hour formats) to the 1 OOth of a sec
ond, month (in numeric format), date, 
day of week (also in numeric format), and 
a two-digit year. An external crystal 
drives the internal o,cillator, with 
optional crystal frequencies available. 
Designers can select 32. 768 kHz, 1.048576 
MHz, 2.097152 MHz, or 4.194304 MH z. 

An address latch enable input allows 
interfacing to microprocessors that mul
tiplex the add ress / data bu,. Clock data 
is latched each time the 1/ IOOths-second 

counter is accessed. This prevents roliover 
during the read cycle, and provides a 
stable time value. All output buffers are 
then latched until the next access of the 
1/ lOOths-second buffer, at which tim.: 
they are all updated. 

The 1cs use the now standard CMOS 
inverter (Pierce) oscillator and require two 
external capacitors (one can be trimmed) 
with the crystal. Configured as a 24-pin 
tJIP, the 10171-oB realtime dock is pric.:d 
at $9.50 in quantities of 100 per month. 
GE lntersil, Inc, 10710 N Tantau, Cuper
tino, CA 95014. -8.F. 
Circle 264 
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SYSTEM COIPOIEITS 

Seven ISO/OSI layers covered by powerful LAN boards 
Boards in the NP series are .-------------....... .---------------. 80186 microprocessor , up to 

second-generation intelligent 256 Kbytes of RAM, 16 
Ethernet processors that Kbytes of EPROM, an intelli-
connect to established buses . gent DMA interface, and an 
These boards can support all 82586 Ethernet LAN interface. 
seven layers of the ISO/OSI Data link diagnostic func-
communication protocol tions are onboard. 
model. By off-loading the For system integrators 
host's protocol processing working on specialized trans-
activity, NP units provide port or application level 
improved CPU performance protocols, a software devel-
and high throughput. opment tool kit is available 

Designers working with ,__ ___________ __. .,_ ___________ ___. that includes an operating 

Unibus, Q-bus, and Multibus systems can VAX/ VMS or RSK-IIM Plus, Q-bus hosts system executive with integrated device 
use the NPIOO, NP200, and NP300 proces- running RSX-I IM/M Plus, and Multibus drivers to the Ethernet and host bus. The 
sors, respectively. These allow connection machines running Unix System v. The network processors are compatible with 
to an Ethernet / IEEE 802.3 local area net- XNS/ ITP package offers high bandwidth Ethernode link level controllers. The Uni-
work (LAN). Software provides a high communications and a full set of trans- bus network processor with XNS/ ITP or 
level interface to the host environment port level services. The Internet Protocol/ IP/TCP is priced at $4290. The Q-bus ver-
and cuts the time needed to develop a Transmission Control Protocol (IP/TCP) sion (with x S/ ITP) and the Multibus net 
LAN application. implementation is also available for processor (with XNS/ ITP or IP/TCP) are 

The Xerox Network Systems/ Internet Unibus hosts running 4.2 BDS Unix priced at $2690. Interla n , Inc , 3 Lyberty 
Transport Protocols (XNS/ ITP) package and Multibus hosts using System v. Each Way, Westford, MA 01886. -J. V. 
is offered for Unibus hosts running network processor features a dedicated Circle 265 

Support package allows benchmarking and debugging 
First-time users of the MC68020 MPU can 
evaluate the chip and start code develop
ment with the Benchmark 20 system 
package. This 32-bit development pack
age includes hardware and firmware for 
benchmark testing, debugging, and paged 
memory management. The Benchmark 20 
is VERSAmodule-based, and can be con
figured with existing VERSAmodule 
boards to provide user target systems. A 
VME/ IO or EXORmacs host system can 
assemble, compile, and down-load soft
ware for execution the Benchmark 20. 

The Benchmark 20 includes two 
VERSAbus compatible boards: the VM04 
32-bit monoboard microcomputer and 
the VMI3 1-Mbyte memory board. Also 
included is a 4-slot VERSAmodule chassis 
with a power supply , and an EPROM
resident debug monitor named 02obug. 
The boards and 020bug can be purchased 
separately. 

The VM04 uses the MC68020 at a fixed 
clock rate of 16.67 MHz. It provides a 
socket for optional use of the MC6888I 
floating point coprocessor, which im
proves speed in arithmetic operations . 
The VM04 also has an onboard cache, 
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memory management, dual multiprotocol 
serial 110 ports, and a high speed RAMbus 
interface. 

Designed for use with VERSAbus and 
RAMbus, the VMI3 is a dual-ported, 
1-Mbyte dynamic RAM board with 
parity . The RAMbus interface is specifi
cally designed to enhance VM04 perfor
mance, and it allows concurrent DMA 
transfers on VERSAbus, with RAMbus 
transfers between the VM04 and VM 13 . 
The VM 13 has parity generation and error 
detection circuitry that works with con-

trot and status registers for error detec
tion and memory diagnostics. The VMI3 
uses high density 64-K x I-bit DRAM 
devices . 

In the Benchmark 20 system, 02obug is 
resident on the VM04. It allows the user 
to access any MC68020 internal regi ster, 
VM04 status / control bits, timer for 
benchmarking applications, and any 
memory-mapped VERSAbus or RAMbus 
resource . Additional features include two 
types of power-up, self-test diagnostics, 
and so ftware drivers to accommodate 
both serial ports, an operating system 
bootstrap command, and breakpointing 
and tracing capabilities. 

A cross macro assembler for 020 code, 
a C language cross compiler, and a cross 
linker are now under development. An 
MC68020 cross macro assembler is avail
able . As a single unit, the Benchmark 20 
system is priced at $14,995. The VM04 can 
be obtained separately for $6,855 and the 
VMI3 for $4,200. The 02obug package 
can be purchased for installation on the 
VM04 for $500. Motorola Microsystems, 
PO Box 20912, Phoenix, AZ 85036. 
Circle 266 -R.G. 
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NOW THOUSANDS OF CALIFORNIA OEM'S AND SYSTEMS 

INTEGRATORS FOCUS ON JUST ONE SHOW. 
And so can you ... on Mini/Micro West. 

Mini/Micro West is the one West Coast 
event that focuses entirely on computer design 
needs. That means you , as an exhibitor, can 
deal face to face with the prime concentration of 
OEM 's, systems integrators and software 
developers . 

Having their own event recognizes the 
importance of the Californ ia OEM market today. 
For you , it presents a unique opportunity to zero 
in on California OEM 's face to face-in an 
environment undiluted by other interests. 

So if you're after California OEM 's and 
systems integrators , be at Mini/Micro West. For 
complete information , call toll-free: 800-421-
6816. In California, 800-262-4208 . 

The Anaheim Hilton Exposition Center, 
February 5-7, 1985. 

M 
~~ Mini/Micro ~®~a 

Sponsored by California regional units of IEEE and the Electronic Representatives Assoc1at1on FOCUSING ON THE OEM 
CIRCLE 97 



SYSTEM COIPOIEITS/ [IDffilYffi m®[Vfl[Vfl[ill~~mOJITD®~~ 

Speech synthesizers 
incorporate complete words 
Model CE 4510-2 speech units synthesize 
complete words, instead of phonemes, to 
produce natural speech. Mounted on 4.5-
x 6.5-in. plug-in cards, the CF 4>10.~ is 
fully STD bus compatible. Each unit com
bines a standard vocabulary ROM set with 
144 proJ?,ram selectable words and signals. 

A custom ROM set with 126 selectable 
telecommunication words, prefixes, and 
suffixes is also onboard. Unit price is 
$349. Conway Engineering, Inc , PO Box 
6625, Oakland, CA 94603. 

Circle 267 

THE IBEX 
MAINSTREAMER™ 

At $1850* the price is the 
least of the breakthroughs! 

This IBM format-compatible 9-track tape drive weighs 
60% less than any equivalent system available. And occupies 
25% less space. (Save up to $200 on freight costs alone!). 
It's simple and reliable . Fewer moving parts. No automatic 
threading failures. No noisy blower. And look at all you get 

• Storage of up to 136M bytes per reel 

•Transfer rates of 20K to 160K bytes I second 

• 800 bpi NRZI, 1600 and 3200 bpi PE 

• Cipher I Pertee interface 

• Internal diagnostics 

• Mounting options: Door, Drawer or Table Top 

The IBEX MAINSTREAMER. Right for the times. 

Call , TWX or write today for the rest 
of the story. And for the telephone 
number of the sales office nearest you. 

"OEM quantities.1600 bpi PE format 
domestic prices. 

I B E X 
Right for the times 

Phoenix: ASA-NM , (602) 949-8293 • Los Angeles : Gemini Associates , (213) 594-9618 • Rochester, NY: 
Ossman Group, (716) 424-4460 • San Joae: Reptek - No. Calif ., (408) 947-0622 • Chicago: SEA, Inc., 
(317) 846-2591 • W11hlngton, o .C.: Scott Data Corp., (703) 765-7901 • Orlando: Southeast Data Prod .. 
(305) 788-3666 • Union, NJ : Stearns Associates. (201) 686-2980 • Boston: Sturdy Corp., (617) 
235-2330 • Dayton: Swenson Associates. (513) 866-3233 • Dallas: Thorson Company, (214) 233-5744 
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Fiber optic link offers 
range of 425 ft 
Data Channel is a fiber optic transmis
sion link that achieves a useful transmis
sion range of 425 ft without a repeater. 
It is field installable without additional 
tools, and plugs into an RS-232-C port. 
Using this device, electrica l data is trans
formed into a light signal and transmit
ted, then reconverted into an electrical 
signal. Data Channel contains one LED 
transmitter and one detector amplifier. 
The light guide is a twin-light path that 
permits two-way, side-by-side transmis
sion. Thomas & Bett s Corp, Opto
electronic Products Div, 920 Route 202 , 
Raritan, NJ 08869. Cirde 268 

High speed standalone modem 
transmits up to 14.4 kbits/s 

The F1925L standalone modem exhibits 
14.4-kbit / s synchronous transmission 
over unconditioned lines. It has an auto
matic adaptive equalizer that optimizes 
performance by continuously adjusting to 
line characteristics. In full compliance 
with CCJTT v .29, fallback speeds of 4800, 
7200, and 9600 bits / scan also be selected. 
This compact unit has a 32-char LCD and 
a built-in 6-channel time division multi
plexer. The F1925L lists for $6500. Fujitsu 
America, Inc, 1945 Gallows Rd, Vienna, 
VA 22180. 
Circle 269 

System links micros to mainframes 
and offers powerful menus 
Consisting of software and a plug-in 
expansion board that fit'> IBM and lll\t 
compatible PCs, the PCl-Link also has a 
coaxial cable that connects from the PC 
expansion slot to an IBM cluster controller. 
Software features allow cursor move
ments to initiate 3278 functions. Macros 
of up to 4000 characters let the user set 
common sequences. Runnin g PC·DOS, or 
MS-DOS version 2.0 (or later), is required, 
as is a 256-Kbyte main memory. Price is 
$995. Protocol Computers, Inc , 6150 
Canoga Ave, Woodland Hills, CA 91367. 
Circle 270 



Local network gains 
X.25 interface 
The Net/ One LAN can connect to a pub
lic data network via the X.25 Gateway. 
This interface supports as many as 32 vir
tual circuits with an X.25 link speed of up 
to 64 kbits/ s. Physical interface occurs via 
RS-232-C, V.35, or RS-449 connections. The 
Net/ One X.25 Gateway is certified for use 
with the Telenet public data network, 
with other certifications anticipated. The 
X. 25 Gateway is priced at $10,090, plus 
$2500 per net for X.25 software . 
Ungermann-Bass, Inc, 2560 Mission Col
lege Blvd, Santa Clara, CA 95050. 
Circle 27 1 

Frontend Ethernet processing 
enhances Unix-based system 
An Ethernet LAN package that features 
frontend processing and the transmission 
control protoco l/ internet protocol 
(TCP/ IP) is now available for the Samson 
computer system. This adaptation of 
Ethernet version 1.0 runs at up to IO 
Mbits / s and uses frontend Ethernet 

processing that off-loads the system CPU 
for improved performance. Up to 60 
Kbytes are available for packet buffering. 
Presentation and session layers are 
included in the software package. Price 
is set at less than $200 per user, based on 
a fully implemented Samson system. SGS 
Semico nductor Corp , IOOO E Bell Rd , 
Phoenix, AZ 85022. 
Circle 272 

Eight-line communication chip links 
peripherals to 16/ 32-bit devices 
A communication chip, called the 
OCTART, combines eight asynchronous 
serial lines. It connects terminals, 
printers, and other serial devices to 16-
and 32-bit microcomputers, terminal con
centrators, and multiplexers. This hybrid 
MOS chip is packaged in a 68-pin surface
mount, JEDEC standard carrier. It is 
functionally equivalent to eight UARTs. 
Integral, independent baud rate genera
tors for each line support data rates from 

The same training and methods we use 
©1984 AT&TTeclmologies, Inc. 

50 to 19,200 bits/s . Character transmis
sion/ reception monitoring methods are 
designer selectable. The OCTART chips 
cost $123 in 1000-unit quantities . Digital 
Equipment Corp , IO Main St, Maynard, 
MA 01754. 
Circle 273 

Intelligent comm controller 
operates in Multibus systems 
The TIL LPC458 supports 12 serial 110 

ports and 16 lines of parallel 110 with 
handshaking . The board conforms to the 
IEEE 796 standard, operates as a slave 
with 24-bit addressing and a 16-bit data 
bus; and generates 8 nonvectored inter
rupts. To a Multibus system, the board 
appears as 64 Kbytes of memory. Hard
ware features include a 68B09, operating 
at 1.8432 MHz; 64 Kbytes of CMOS 
SRAM, dual-ported between the 6809 and 
the Multibus; and a 6522 VIA for parallel 
communication and internal timers. TIL 
Systems, Ltd , 60 Yonge St, Toronto, 
Ontario M5E IH5. 
Circle 274 
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PolyFORTH®ll 
the operating system and 
programming language for 

real-time applications involving 
ROBOTICS, INSTRUMENTATION, 
PROCESS CONTROL, GRAPHICS 

and more, is now available for .. • 

DEC* PDP-II* 
and 

LSI-II* Systems 
The PolyFORTH II high 
performance features 
include: 

• Multiple users (30 
terminals on a LSI-II) 

• Unlimited control tasks 
• High speed interrupt 

handling 
• Reduced application 

development time 
PolyFORTH II software will run 
on any standard PDP* or LSI-II 
with RX02 disk (RSX* optional), 
Micro/PDP-II* and PROFES· 
SIONAL * 350 and is fully 
supported by FORTH, lnc.'s: 

• Extensive on-line 
documentation 

• Complete set of manuals 
• Programming courses 
e The FORTH, Inc. hot line 
• Expert contract programming 

and consulting services 

From FORTH, Inc., the inventors 
of FORTH, serving professional 
programmers for over a decade. 
Also available for other popular 
mini and micro computers. 
For more information contact: 

FORTH.Inc. 
2309 Pacific Coast Hwy. 
Hermosa Beach, 
CA 90254 

2131372-8493 . ~~,~~ 
RCA TELEX: 275182...: 
Eastern Sales Office 
1300 N. 17th St. 
Arlington, VA 22209 
703/525-7778 
'Registered trademarks of Digital Equipment Corp. 

CIRCLE 100 
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Expandable 300- and 1200-baud 
modem features clock/ calendar 
The ProModem 1200 is a Hayes
compatible Bell 212A, 300- and 1200-baud 
phone modem with built-in clock / 
calendar. It can be fitted with an optional 
64-Kbyte buffer memory. The buffer can 
be used to store messages for transmis
sion at a preset time-by means of the 
internal clock/ calendar-to a specified 
group of phone numbers from the direc
tory. Standard features include auto
answer and auto-dial, programmable 
intelligent dialing, tone and pulse dialing, 
built-in speaker, and separate phone and 
data jacks. Basic unit costs $495. 
Prometheus Products, Inc, 45277 Fre
mont Blvd, Fremont, CA 94538. 
Circle 275 

Micro-mainframe link 
adds IBM 3270 support 
Microseek Plus micro-mainframe com
munication software can link a PC or PC 
XT to a mainframe as both an asyn
chronous terminal and 3270 di sp lay . 
Microseek Plus includes file transfer , 
asynchronous and 3278 terminal emula
tion, a set of prepackaged log-on 
sequences, and the ability to automate 
repetitive PC/ host tasks. The package 

Quarter-inch tape drive 
capacity reaches 132 Mbytes 

Designed for use on small to midrange 
computer systems, the HP 9144A quarter
inch cartridge tape drive backs up HP 
fixed-disks with capacities up to 12 
Mbytes. A 60-Mbyte disk can be backed 
up in 30 min . The 12-Kbyte drive buffer 
and optimized system software minimize 
waits for data transfers and host com
mands . Read-after-write capability means 
that media problems are detected as they 
occur. The HP 9I44A is priced at $3500. 
Hewlett-Packard Co, 1820 Embarcadero 
Rd, Palo Alto , CA 94303 . 
Circle 27ll 

detects and corrects transmission errors. 
For 3270 access, the PC must be equipped 
with an IRMA circuit board . Microseek 
Plus costs $7000 plus maintenance. Main
frame software and diskettes for five 
micros are included. Additional diskettes 
are $200 per copy with multiple copy dis
counts available. Comshare, Inc, 3001 
South State St, Ann Arbor, MI 48106. 
Circle 276 

Communication package 
extends PC capabilities 
The Proto .Ca ll hardware/software com
munication package is designed expressly 
for the IBM PC and PC/ XT. It provides 
electronic mail, automatic send, and 
unattended send and receive capabilities . 
Hardware includes a zso microprocessor, 
64 Kbytes of RAM, I03 /2I2A modem, and 
RJll / RJ45 connector slots. Companion 
communication software diskettes include 
extensive help screens and menus . Real
time clock with battery backup permits 
stamping of all transmitted and received 
messages with the correct date and time. 
American Teleprocessing Corp, 10681 
Haddington, Houston , TX 77043 . 
Circle 277 

Nonvolatile CMOS static RAM 
boards attach to the Q-bus 
Static CMOS RA~I boards in the L 11164 
series feature two-month minimum da1a 
retention time . These 128-Kbyte Q-bus 
units offer 22 address lin es, and LSI-11 
bus interface, and a maximum operating 
current of 400 mA at 5 V . Automatic 
memor y pro1ect log ic is avai lab le 
onboard. The board ha'i a jumper
se lectable starting add res' n n 4000-word 
boundaries and a memory write protect 
on 8000-word boundaries. Battery backup 
options are two-fold: a rechargeable 
NiCad battery ensures 1500 h minimum 
data retention; and a nonrechargeable 
lithium battery provides minimum daia 
retention tim e o f 2 years wit h a projected 
battery life of up 10 10 years. Price is 
$ 1494, with di sco unt s avail ab le. Diversi
fied Technology, Inc , PO Box 748, Ridge
land, MS 39157. 
Circle 279 
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Data storage system 
is portable and intelligent 

The Minifile is a flexible high capacity 
system based on 5\1.i-in. floppy disks. The 
unit contains a disk dri ve, power supply, 
micro-based controller, seria l and parallel 
interfaces, keyboard, and display. Stor
age capacities range from 256 Kbytes to 
2. 7 Mbytes on one floppy. Serial inter
faces allow the device to connect to a ll 
types 0f computer-based systems and 
peripherals, while the optional parallel 
interface rep laces existing paper tape 
reading a nd punching devices. Cost is 
$2 195 . Greco Systems, 372 Coogan Way , 
El Cajon, CA 92020. 
Circle 280 

A 256-Kbyte RAM addition 
saves an expansion slot 
A 256-Kbyte RAM can be added to the 
Compaq Portable and Compaq Plus per
sonal computers. This upgrade gives users 
the capabi lit y for up to 640 Kbytes of 
RAM on the main system board. It there
by saves an expansion slot for modem, 
LAN, or othLT PC-compatible peripheral 
use. The ch ip can be in sta lled without 
system modification. The chip is a lso 
standard on the Deskpro model 4 system. 
Compaq Computer Corp , 20333 FM 149, 
Ho uston, TX 77070. Circle 281 

Memory board delivers 
256-Kbyte to 4-Mbyte capacity 
Emp lo ying 22-bit addressing, the 
MM-11230 is compatible with LSl-11 112 and 
LS l-11 / 23 microcompu ters and can be 
used as an enhancement or replacement 
for the DEC MSV 11 -LK and MSV 11 -P 
memories. With a 200-ns access and 
375-ns cycle time , the quadwidth board 
uses a single 5-Y supply. The family is 

PC/iRMX INTEL 
LANGUAGES 

available in 256- and 512-Kbyte versions, 
as well as in 1-, 1.5-, 2-, 3-, and 4-Mbyte 
versions. Price of the 1-Mbyte board i5 
$ 1795. Micro Memory, Inc. 9436 lrondalc 
Ave, Chatsworth, CA 91311. 
Circle 211~ 

Mini floppy drives provide unformatted 
capacities up to 1000 Kbytes 
Available in 'Ii - or Y2 -high versions, the 
GM3000 series includes a 48-track / in. ver
sion and a 96-track/ in . version. The posi
tioner/ head assembly has a compact 
linear stepping motor that is micro driven 
and has only one moving part. The direct 
drive spindle motor is a lso micro driven 
and designed for continuous use. MTBF is 
11 ,000 hours with no duty cycle limita
tions. Step times range from 3 to 6 ms 
with a 15-ms settling time . The drives use 
7 W in typica l operations. Okidata, 532 
Fellowship Rd , Mt Laure l, J 08054. 
Circle 283 

RTCS/UDI -
UNIVERSAL 
DEVELOPMENT 
INTERFACE ) 
Run Intel Serles 111 
software on the I BM 
PC/XT and other 
MS-DOS computers . 
MS-DOS 1s a trademark ol M1crosolt 

Real-Time, Mult iuser, 
Multi-tasking Oper
ating System for 
I BM PC and others . 

Pascal 86/88 Compiler 
Fortran 86/88 Compiler 
PLM 86/88 Compiler 

OTHER UTILITIES 
Software Debugger 
Hardware Debugger 
Target System 

Development Link 
1R MX rs a uademark ol In tel Coroora!lon 

Di st ributed in : Europe by MICROTECHNOLOGIE ELECTRONICS, Paris 
Japan by SYSCON CORP .• Tokyo; Israel by MLRN ELECTRONIC LTD ., Zahia 

C 86/88 Compiler 
ASM 86/88 Macro 

Assembler 

........ ~REAL· TIME COMPUTER 

INTEL UTILITIES 
Link 86 Linker 
Loe 86 Locater 

See us at BOOTH H7674 

~omo~~i -1Fa11 '84 
Nov 14 18, LAS VEGAS HILTON HOTEL 

~ ~ •-==SCIENCE CORPORATION ~~~:~~~~ ~~~~~~~~E~~;~E0~; 
P.O. BOX 3000-886, CAMARILLO, CALIFORNIA 93011 •PHONE NO. (805) 987-9781 •TELEX 467897 
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PLESSEY GIVES YOUR VMEbus 
SYSTEM WHAT IT NEEDS MOST. 
PLESS EV. 
A full line of board level hardware, software and technical 
support for all your VMEbus systems. 
A bus as powerful, versatile, reliable and future compatible 
as VME needs a supplier with the very same characteristics. 
In a word, that's Plessey. We have everything you need to 
board the VMEbus with complete confidence. 

Plessey VME. Plessey has a full range of VME 
board-level hardware, software and technical sup
port services. We'll give you the languages, the 
operating systems, custom driver services 
if you need them, complete technical as
sistance and, of course, that famed 
Plessey guarantee with worldwide 
backup. All to support our supe
rior VMEbus products, including .. . 

VMEbus Single Board Computers. 
Build your systems around any of our four 
new single board computers with features that 
include up to: 
• 10 MHz 68000, 512 Kbytes of memory and 

128 Kbytes EPROM 
• 512 Kbytes of dual ported memory 
• Memory management, DMA controllers, virtual 

memory processors 
• 3 serial ports, multi protocol serial I/O 
• 24-bit bidirectional parallel I/O 
• Floppy disk controller, real time clock with battery backup 
• And a lot more. 

VMEbus Memories. Enhance your system with 
add-in memories including: 
• Parity boards up to 4 Mbytes capacity with 

270 ns access time 

• ECC boards up to 3 Mbytes capacity with 300 ns access time. 
• Static RAM/EPROM boards with up to 256 Kbytes of both 

RAM and EPROM in 16 JEDEC standard sockets 
• And up to 128 Kbytes high speed static RAM boards with 

140 ns access time and on-board battery backup. 
VMEbus Controllen, Graphics and 1/0 Boards. 

Plessey VME also includes: 
• Wmchester I floppy disk controllers 
• Intelligent SASI controllers 
• 16-color graphics boards 

• 6-channel serial I/O boards 
• And more coming. 

VME Software. Support your system 
with our wide range of firmware and 

software products: 
• Monitor: EPROM resident 

monitor/debugger 
• Ideal: EPROM resident 

assembler/editor 
• Basic and Forth language compiler/ 

interpreters 
• COHERENT*: UNlxt V7 compatible 

single/multi-user operating system 
• pSOS: EPROM resident multi-tasking // 

real time executive. / 
VME ... the Plessey Way. If you are building your // 

business on VME, Plessey VME means business. Right / 
now and in the future with new VME products on the // 
way. For details on our comprehensive VMEbus / "o 
products and capabilities, call or write Plessey / / ~~'I>' 
Microsystems, One Blue Hill Plaza, Pearl River, / 0 <$' ~"' 
NY 10965. (914) 735-4661 or toll-free / 'I>~~~ 
(800) 368-2738. Or use the coupon below. / / ~1~iz. 

/ ~' ~~· 
' COHERENT is a trademark of the Mark W~liams Corp. 
tuN!X is a trademark of AT&T. / 

.,,,o ,...iz. r;:,OJ 
~OY "> 
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Floppy disk drive is 
Apple-compatible 
A single-sided, double-density Apple
compatible floppy disk drive has track 
density of 48 tracks/ in. and 5.5-kbits/ in . 
recording density. Using a brush less de 
drive motor, this unit sports a 250-kbyte/ s 
data transfer rate. Dubbed the FD-100, the 
disk drive uses a sensor that prevents disk 
damage by reducing friction within the 
mechanism. Write error protection cir
cu its eliminate errors caused by the pu lse 
of power on . The FD-IOO sells for $90 in 
100-unit quantities . Multitech Industrial 
Corp, 266 Sung Chiang Rd, 9F , Taipei, 
Taiwan . Circle 284 

Bubble memory system hooks 
up to LSl-11 microcomputers 
Fast access time in harsh settings is the 
driving force behind thi s bubble memory 
system design. An RL02-compatib le unit 
for DEC LS I-I I microcomputers, the 
OBL-11 102 contro ller has 22-bit address
ing. Storage capacity ranges from 256 
Kbytes to 32 Mbytes, depending on choice 

of Bu bbl-Board companion storage mod
ule. Bootstrap ROMS for both the RT-11 
and RSX -I 1 operating systems are 
included on the OBL-11 102. The controller 
uses an onboard, single-chip micro
processor to control up to 16 
Bubbl-Boards. The contro ll er also 
contains self-diagnost ics. The OBL-11 102 is 
priced at $776 (quantity ten). Bubbl-Tec , 
6800 Sierra Court, Dublin , CA 94568. 
Circle 285 

Dynamic RAM board extends 
STD bus environments 
The mode l 62 10 is a se lf-contained 
dynamic RAM . It has an onboard DRAM 
controller and crystal osci llator. Several 
jumper-selectable refresh modes let the 
user optimize performance . For example, 
hidden refresh mode can be enabled with 
either Z80 or 8085 CPUS. This STD bus 
product features a large bank-switched 
RAM compatible with all 8-bit CPUs. 
Onboard parity circuitry generates both 
a visual indicator (a front card LED) and 

Guaranteed Portability for 
your real-time systems. 

A real-time, multi-tasking, 
ROMable monitor for 
C and Pascal programs. 

Now you can have a portable base for 
embedded systems that lets you grow 
from 8- to 16- to 32-bit systems. JM l's 
C EXECUTIVE permits multiple C and/or 
Pascal programs to run in a minimum 
hardware configuration when disk sub
systems are not appropriate. Only 
main memory is required. 

C EXECUTIVE is especially suited for 
high volume, low cost board level 
products for instrumentation, control, 
data acquisition, and other real-time 
applications. 

Features 

• Real-time, fully-preemptive task 
scheduler. 

• ROMable-supports combination 
RAM and ROM systems. 

• High Level Language Support
written in C, provides built-in interface 
to user applications code. Also 
supports Pascal and BASIC. 

• Highly Portable-supports LSl-11, 
Motorola MC6809 and MC68000, 
Intel 8080/8085 and 8086/8088, 
Zilog Z80, and the National Semi
conductor NS32008, NS32016 
and NS32032. 

CIRCLE 103 

a vectored interrupt. The vectored inter
rupt can be used by the CPU to deter
mine which memory board generated the 
error. Memory capacity hits 128 Kbytes. 
Power requirement is 5 Ydc at 1.1 A 
maximum . Price is $465. Systek , 1023 N 
Kellogg St, Kennewick, WA 99336. 
Circle 286 

Removable Winchester provides 
10 Mbytes in sub-5114-in. format 
The SQ312RD has 740 tracks/ in ., 612 
cylinders, and 1224 read / write tracks. It 
is a single disk system with recording 
surfaces utili zed. The drive uses 3.9-in. 
thin-film metal plated disks, which are 
sputtered with graphite for improved per
formance. The graphite acts as a lubri 
cant for head takeoffs and landings and 
protects the disk surface . Quantity 1000 
price is $750, with the 10-Mbyte cartridge 
at $70. SyQuest Technology , 47923 Warm 
Springs Blvd, Fremont, CA 94539. 
Circle 287 

• JMI Portable C Library-a complete 
ROMable and sharable library is 
included. 

Order Now 

The JMI C EXECUTIVE single unit binary 
price is $575, and includes documenta
tion, media, and shipping. Source code 
for all 1/0 drivers is included. Quantity 
discounts are available. 

The JMI Portable C Library is also 
available separately. 

To order, or for more information, write 
or call JMI Software Consultants, Inc., 
215- 628-0846. 

MC6809 and MC68000 are trademarks of Motorola. Inc. 

D1 str1bu tors Australia, Fawnray Pty. Ltd., P.O .B 22 4. Hurtsv1tle, 
NSW 2220 (612) 570-6100. Japan. Advanced Data Controls Corp ., 
Ch1yoda-ku . Tokyo (03) 263-0383; United Kingdom, Real -Time 
Systems. Newcastle upon Tyne. 0632-733 13 1. 

JMI SOFTWARE CONSU~TANTS, INC. 
P.O. BOX 481 • 904 SHEBLE LANE 
SPRING HOUSE, PA 19477 
215-628-0846 
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Touch-sensitive feature 
offers input flexibility 

The Concept keyboard i, a\ ailable in 
three versions, with 128 to 256 touch cells 
that produce a unique output code. The 
code output is increment ing binary, com
mencing at cell 0 with hex 00 to hex ff at 
cell 127. The output code'> are compatible 
with the ASCII, ISO, and l·llCDIC. Stan
dard output is 8-bit para llel, but 4 serial 
output options are a\ailabk. Each is sup
plied with a switch selectable baud rate 
generator, covering a 50- to 9600-baud 
range. Power requirement is 5 V at 20 
mA. Star Microlerminals Ltd, 22 Hyde 
St, Winchester , Hampshire S023 7DR 
United Kingdom . Cirde 288 

Pin grid array socket has high 
performance screw machine contacts 
Series 709 PGA socket., feature high per
formance screw machine contacts a nd a 
four-leaf beryllium copper inner contact 
for secure retenti o n . The'c pin grid a rray 
sockets sport a IO\\ profile 0 .062-in. 
( 1.57-mm) blue gla '>'> ero") insulator a nd 
accept standard 1c lead,. Low inser
tion / withdrawal force (2. 1 1.8 oz) a llows 
easy insert ion . Pricing i-, S4.20 each for 
a 64-lead, gold-plated l'l· \ -,ocket in units 
of 5000. Midland-Ross Corp, 2055 
Gateway Pl, San .lcN·. C 1\ 951 10. 

Circle 289 
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Keyboards plug directly 
into the IBM PC 
The PC-84 features the IBM keyboard con
fi guration with return and shift keys in 
the customary position. The keyswitch 
has a passive contact system that isolates 
the contact force from the actuation force 
to optimize switch performance. The unit 
is IBM or ASCII compatible, meets the 
latest DIN standards, has a keyswitch life 
of 100 million cycles, and includes a 
30-char buffer. Tactile or linear feel is 
available. NM B/ Hi -Tek Corp , 7274 
Lampson Ave, Garden Grove, CA 92641 . 

Circle 2911 

Power MOSFET sports 
low threshold 
The TNOS has a maximum threshold of 
1.5 V, while the standard threshold 
devices are 3 to 3.5 V. The device requires 
only 5 V for full saturation for a signifi
cant voltage reduction, and is available 
in both 240- and 200-V versions. Offered 
in TO 92 and T0-39 packages, as well as in 
die form, the MOSFETs are $0.42 in 100 
piece quantities. Applications include 
so lid state relays, telecommunications, 
a nd battery operated systems. Supertex, 
Inc, 1225 Bordeaux Dr , PO Box 3607, 
Sunnyvale, CA 94088. 
Circle 291 

Compact rack-mountable CRT 
supplies 80 cols of display 
Half-rack width 2200C R and 3200CR sys
tem monitors have a full 24-line x 80-col 
display width . Standard features of the 
full RS-170 composite video output in
clude : bold writing, double height / width 
characters, blinking, reverse video, and 
bar graphics. The units offer optional 
ASC II keyboards, with a Drawbar feature 
tha1 permits up to 64 analog parameters 
to be simultaneously displayed . Also stan
dard are an RS-232/423 serial port and pro
vision for coaxial cabling to a larger 
remote screen for monitoring and annun
ciation. Adac Corp , 70 Tower Office Pk , 
Woburn, MA 01801. Circle 292 

Solid state relays help 
reduce current surges 
A Soft Start relay provides a grad ual 
power build-up feature that reduces 
surges. The two module relays wi ll last 
longer , produce less noi-,e, and afford 
g reater safety than SS Rs or elec
tromechanical relays. A proprietary con
trol circuit provices, by phase control, a 
gradual application of ac power over 180 
ms. Price for the re lay is $27 in 1000s. 
C ryd om , Div of Internatio na l Rectifier , 
1521 Grand Ave, El Segundo, CA 90245. 
Circle 293 

Character count on 
LCD matches CRTS 
Using a 5 x 7 dot matrix, the F6.!t D LDC 
shows 25 lin es of 80 chars and featurL"' 
low power requirement s. Power con
<,umptio n of 200 mW suits th e unit for 
portable applications. The F6.i1 D comes 
with C\I OS drivers on a PC board. The 
unit does not contain a character genera
l or. To simplify connection to other 
devices, the d1,play incorpo rates interfacL' 
circ uitry that reduces data input signals 
to 1wo lines. Outer dimen sions of the dis
pla) package measure 11.8 x 5. 75 x 0.5 1 
in. (29.9 x 14 .6 x 1.29 cm) while viewing 
area is 10.7 x 3.9 in. (27.2 x 10 cm). The 
1·6.!ID costs S410 in quantities of 100. 
Seik o In slruments , 2990 W Lomita Blvd. 
To rrance, CA 90505 . 

Circle 29.t 

Edge connector tc panels come 
in two sizes and 110 areas 
The 12os109110111 devices accept fi lter 
capacitors and have an 110 area of 70 
contacts (35 dual rows) or 140 contacts 
(two sets of rows). The series has tapered 
entry socket terminals, with four leaf, 
BeCu, closed-entry inner contact, and 
machined outer sleeve . Tails are suitable 
for I- , 2-, or 3-level wire wrapping. Glass 
epoxy boards have 2 oz of copper per 
side, 60/ 40 tin- lead p lated . A universal 
pattern accommodates DIPS on 0.300-
and 0 .600-in. centers. Precicontact , Inc, 
1150 Wheeler Way, PO Box 798, 
Langhorne, PA 19047. C ircle 295 



y this magazine 
and more than 

1,000 others let us 
go over their books 

once a year. 
Some magazines, we're sorry to say, keep their 

readers undercover. They steadfastly refuse to let BPA 
(Business Publications Audit of Circulation, Inc.) or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 1,000 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you , 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation , Inc. Wii9nA 
360 Park Ave. So ., New York, NY 10010.V I rl'\ 
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Product line is 
IEEE 696/S-100 compatible 
The multi-user 816/Dd is based on an 
8-MHz 8086 CPU, and features 512 Kbytes 
of 16-bit RAM (expandable to 1 Mbyte), 
two 8-in. floppy disk drives with 2.4 
Mbytes of storage, four serial ports, plus 
one printer and one parallel port. The 
10-MHz 68000 is at the heart of the 
816/Ee, which features 256 Kbytes of 
16-bit RAM. Designed as low cost ver
sions of the 816/ D and 816/E, the units 
offer the same features with less memory. 
The basic 816/Dd system costs $7995. A 
basic 816/ Ee lists for $6495. With an 
80-Mbyte hard disk subsystem configu
ration it costs $12,995. Comp uPro, 3506 
Breakwater Ct, Hayward, CA 94545. 
Circle 296 

Single-chip microcomputer sports 
Z8 family architecture 
Billed as a "ROMless" version of the zs 
memory control family, the Z869I pro
vides 8- or 12-MHz memory control. This 

si ngle-chip microcomputer handles a 
system addressing up to 128 Kbytes of 
offchip memory, supports many memory 
configurations, and provides up to 24 
programmable 110 lines. It uses a 5-V 
power supply and comes in a 40-pin, 
TTL-compatible plastic package. The 
Z868I is priced at $11.80 each in quanti 
ties of 100 or more units. SGS Semi
conductor Corp , 1000 E Bell Rd , 
Phoenix, AZ 85022. Circle 297 

Single-board systems 
featu re PC compatibility 
The FE 6420 series of single-board com
puters is IBM PC-compatible. The series 
uses the FE 2000 VLSI CPU controller chip 
and an optional FE 2100 flopp y disk con
troller chip. Models in the series include 
64 Kbytes of EPROM, two serial ports, a 
Centronix printer port, IBM-compatible 

keyboard port, and eight IBM-compatible 
expansion slots. The units' onboard soft
ware supports MS-DOS, PC-DOS, CP/ M 86, 
and Concurrent CP/ M. The 4-layer board 
sports RAM capacities of 64 , 128, or 256 
Kbytes . Quantity prices start at $285. 
Faraday Electronics, 743 Pastoria Ave, 
Sunnyvale, CA 94806. Circle 298 

Get your own 
If you 're reading someone 
else's copy of Computer 
Design, why not get your 
own? To receive a 
subscription-application 
form, circle 504 on the 
Reader Inquiry Card. 
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Key in to Component Data 
Locked somewhere inside your information system is the exact component, material , or 

specification you are searching for. Unfortunately, you don't always have the key. 
The key that unlocks your information system is now available from INACOM International: 

TECH-DOC/MICRO-INDEX, Computer Aided Access to component data, the system for 
today's engineering workstation. 

With TECH-DOC/MICRO-INDEX you can search for the specific data you need sensibly, 
reliably, and fast at your own workstation . Thanks to multiple cross-referencing by part/component 
description , IC part number, specification number, FSC, and supplier, you're in and out of your 
information system like Houdini . 

Available for mainframe , mini , or micro computers, 
TECH-DOC/MICRO-INDEX is regularly updated 
automatically, relieving you of tedious, time
consuming effort and resulting in increased 
productivity. 
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TECH-DOC TM 

MICRO-INDEX, 
the CAE workstation 
component data system 
from INACOM . 
1-800-443-INFO 



"We couldn't manage without 
Business Computing?' 

"Outlined 
vendor 

options for 
expanding 

our 
system:' 

Rolf Grueniger 
PRESIDENT AND 

GENERAL MANAGER 
Skytruck International 

Airfreight, Inc. 

"Saved me 
hours of 

research on 
spread
sheet 

software:' 

Karen Leahy 
PRODUCTION 

MANAGEMENT 
ASSOCIATE 

Buckley and Urbanski 

"Great . 
overview 

fora 
manager 
trying to 
keep up!' 

Bill Fowkes 
MARKETING 

MANAGER 
Home Box Office, Inc. 

"Thanks 
for the 
sound 

advice on 
word 

processing:' 

Jim Hill 
MANAGING EDITOR 

Hill Publishing 

Now there's a new magazine dedicated to helping you manage more profitably with your IBM PC. 
No games. No jargon. No fooling. 

Instead, BUSINESS COMPUTING delivers executive-level wisdom every month on how to use the 
latest software and peripheral technology to make sharper decisions and solve management problems. 

With step-by-step tutorials, sample applications and pertinent case histories. As well as guidance 
from managers like you, who share their own trial and error experiences so you won't have to. 

BUSINESS COMPUTING. It's the first non-technical magazine for managers about using PCs for 
profit. 

Try BUSINESS COMPUTING now. As a Charter Subscriber, 12 issues cost you BUSINESS 
only $14.75, over $9.00 off the regular subscription price. And BUSINESS 
COMPUTING is guaranteed to help you or your money back. Just use the reply COMPUTING 
card attached or call toll-free 1-800/922-4800. (In Utah, call 1-800-662-2500.) 

For the PC user who isn't playing games. 
A Pennwell Publication/119 Russell Street , Littleton, MA . 01460 

Th order, circle Reader Service No. 1 06 
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PUT YOUR PRODUCTS IN THE CENTER OF COMPUTER SYSTEMS DESIGN ACTIVITY 
There is only one publication in the world that concentrates 100% on the design, integration , and test of computer based 
systems: Computer Design. 

We define your market in terms of individuals ... those engineering managers and engineers who design systems that 
incorporate computer products. These are the systems creators, the technical experts who put it all together at chip level, 
board level , and box level . . . who marry hardware and software and who specify everything that goes into these systems. 

You reach more than 90,000 computer based systems designers - worldwide - in OEM companies, systems 
houses, consulting organizations and Fortune 500 companies . No other computer and/or electronics publication 
penetrates this subscriber base by more than 50%. 

Wherever computer based systems are designed or integrated, Computer Design readers are the key to specifica
tion and purchase! 

Contact Your Local CD Sales Representative, or Call 
Bob Billhimer, Marketing Director, Toll Free, at 

1-800-225-0556 
In Mass: (617) 486-9501 

COMPUTER DESIGI 
PennWell Publishing Company, Advanced Technology Group 

119 Russell Street, Littleton, MA 01460 



Power supply line features low 
power output apt for micros 

Switchi ng power supplies offer low pro
fi le L-bracket or fully enclosed construc
tion. These models accept a 90- to 
130-Va.:: input voltage range. T hey also 
have built-in protection against overload 
and overvoltage conditions, as well as in
rush current limit. The line includes 15-, 
30-, and 50-W models with 5-Vdc single 
output. Also available are 40-, 50-, 65-, 
and 90-W models in triple and quad out
put that cover standard output combina
tions of - 5 and 5 Vdc , and - 12 and 12 
Vdc. Built-in emi filtering and low out
put ripple are added features. Sola Elec
tric, 1717 Busse Rd, Elk Grove Village, 
IL 60007. Circle 2'N 

Rugged switching supply 
sports extended input range 

A 165-W, triple-output military power 
supply, the M7958 offers extremely wide 
input voltage range of 45 - to 350-Vac or 
70- to 500-V de. Power supply outputs are 
5 Vdc at 5 A and ± 15 Vdc at 4 A. Each 
output is independently adjustable and 
protected against overvoltage and over
current conditions. The 0 to 71 °C opera
ting temperature allows operation in 
rugged environments. CEAG Electric 
Corp , P ower Supply Div, 1324 Motor 
Pkwy, Hauppauge, NY 11788 . 
Ci rcle 300 

Triple output de-de converters 
feature short-circuit protection 
Model MT02812T units provide both 5 Vdc 
at 2 A and ± 12 Vdc at 208 mA from a 
nominal 28-Vdc input. Rated as 15-W 
converters, these units are hermetically 
sealed in metal packages that measure 
1.95 x 1.35 x 0.50 in., and provide typi
cal efficiencies of 80 percent over the full 
input range of 16 to 40 Vdc. Thick-film 
hybrid circuitry provides small size and 
high reliabilit y. MT028I2Ts feature short
circuit protection, internal ripple filter, 
and full 110 isolation through use of an 
optocoupler in the feedback loop. The 
IOO-quantity price is $267. Integrated 
C ircuits, In c, 10301 Willows Rd, 
Redmond, WA 98052. 
Circle 30 1 

Multibus-compatible rack 
handles five cards 
The 0. 750-pitch rack has a bus structure 
with enhanced noise immunity. All signal 
lines run between two parallel ground 
lines. A ground line also runs directly 
under the signal on the connector side of 
the backplane. User installed wire wrap 
sockets, 1cs, pullup resistors, and appro
priate wiring convert the system from 
serial to parallel priority. The rack com
plies with the IEEE 796 M20 standard. 
Gold-plated edge connector fingers and 
connector contacts are standard and 
power connectors are installed in the 
backplane. A seven-position version is 
also available. Prices range from $193 to 
$273, depending on version and quantity. 
Mupac Corp , IO Mupac Dr, PO Box 
3099, Brockton, MA 02401. 
Circle 302 

Sealed lead acid standby power 
batteries require no ventilation 
The Liberty series is available in 6- and 
12-V units with capacities of 25 to 200 
A-h at the 8-hour rate. A special model 
handles high rate discharge . The batteries 
use an oxygen recombination electrolyte 
system for a better power to weight ratio, 
more watts per volume, and better short
term discharge capability. They never 
need water because, by means of an elec
trochemical process, the oxygen at the 
positive plate is reduced to water at the 
negative plate. C&D Power Systems, 3043 
Walton Rd, Plymouth Meeting, PA 
19462. Circle JOJ 

Conditioner and UPS tasks merge 
200- and 500-VA units 

Stabiline units combine uninterruptible 
power supply and conditioner function s 
in a single, compact assembly. Besides 
providing backup power, the units regu
late voltage within ± 3 percent of nomi
nal, and attenuate tran sve rse and 
common mode noise. The units sound an 
alarm and provide continuous sine wave 
output upon power disruption. An auto
matically charged battery gives a mini
mum of 10-min backup at full load or 
20-min at half load. Single-phase input 
ranges from 95 to 135 Vac at 60 Hz . 
Models are available in 200- and 500-V A 
ratings with prices ranging from $800 to 
$1000. Superior Elect ric Co, 383 Middle 
St, Bristol, CT 06010. 
Circle 304 

Compact UPS is one-third 
the size of standard units 
The ursjr comes in 750-VA, and 1.25-
and 2.5- kV A models. The online reserve 
transfer system provides complete power 
protection with zero delay transfer time . 
It suppresses transients, regulates voltage 
during brownouts, and maintains contin
uous power to the load during utility out
ages. Desk high , the unit runs at 55 dBa. 
Clary Corp, 320 W Clary Ave, San 
Gabriel, CA 91776. 
Circle 305 

Tell us what you like 
Did you remember to rate 
the articles in this issue of 
Computer Design? A special 
editorial score box is 
provided on the Reader 
Inquiry Card. 
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Utility off -loads host 
for fast plotting 

The Fastplot utility for Scicards and 
Schemactive software allows a random 
element processor to off-load sorting and 
rasterization. This produces fast electro
static plotting and reduces host overhead. 
Fastplot supports color and monochrome 
plotting. It requires Versaplot Random or 
Co lor. Random plotting software on a 
VAX system. Written in Fortran 77, the 
utility is available on magnetic tape (800 
or 1600 bits/ in.) for $2000. Versatec, 2710 
Walsh Ave, Santa Clara, CA 95051. 
Circle 306 

Integrated set of software 
tools aids design process 
Midas software consists of a set of inte
grated applications for logic simulation, 
fault simu lation, and layout. Distin
guished by an integrated data base and 
engineering data library, the software 
allows compatibility between all data used 
in different applications. It also allows 
simulation of complete systems rather 
than being limited to individual compo
nents . Midas works on CY BER computers 
and the Cybernet data services network. 
Control Data Corp, PO Box 0, Minnea
polis, MN 55440. Circle 307 

Seismic software speeds 
geologic interpretation 
In combination with a 32-bit standalone, 
Landmark 3-D interpretation software 
can increase interpretation speed by as 
much as 500 percent. Softcopy interpre
tation tools include color seismic and con
tour displays, windows for across-fault 
correlations, manual and automatic 
horizon picking, interactive horizon con
tour mapping, isochron and isopak cal
cu lations, volume computations, and pan 
and scroll of enlarged sections. Other fea
tures include split-screen, in line, cross-line 
or time-slice section comparison; horizon 
flattening; and horizon attribute map
ping. Landmark Graphics Corp, IOI I 
Hwy 6 South, Houston, TX 77077. 
Circle 308 
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Operating system is updated with 
development tools, faster speed 
An Oasis operating system-the Oasis8 
Version vi-adds application develop
ment tools and increases speed and over
all system performance. Enhancements 
include a command-level, full-function 
algebraic calculator and EXEC job con
trol language extensions. FIFO queues 
control disk 110 and overlay manage
ment, and improves multi-user perfor
mance. The algebraic calculator includes 
26 lettered variables that can be assigned 
and recalled. Oasis Technologies, Inc, 201 
Lafayette Cir, Lafayette, CA 94549. 
Circle 309 

Package converts Fortran 
programs to C 
Rapitech's Fortrix-C transforms Fortran 
programs and files to C code. The pack
age includes integer character string con
verters, space allocators, stri ng parsers, 
and other string manipulators not in
cluded in standard C libraries. lt can be 
used as a self-inst ruction aid in under
standing the architecture of C code. The 
Fortrix-C conversion process provides 
error validat ion for the input Fortran 
code. Fortrix-C is priced at $2500. 
Rapitech Systems, Inc , 565 Fifth Ave, 
New York, NY 1001 7. Circle 3IO 

Simulation tool brings 
GPSS to the PC 

Aimed at large scale :,imulation problems, 
the GPSS / PC software package-an 
implementation of the General Purpose 
Simulation System used on IBM 
mainframes-runs on PCs and PC-com
patibles. The package contains over 70 
GPSS blocks and commands, and over 45 
system numerical attributes. All blocks 
and SNAS can be accessed from within 
the program or entered interactively 
through the keyboard during a simula
tion. The GPSS/ PC is available for a 
one-time license fee of $900. Minuteman 
Software, PO Box 171, Stow, MA 01775. 
Circle 311 

Development package provides 
cEnglish to C translation 
The cEnglish language is based on dBASE 
11 syntax and supports a complete set of 
standard control flow and data manipu
lation facilities for application develop
ment. It supports virtual memory, 
procedure calls, parameter passing, and 
multidimensional arrays. A cEnglish 
transcompiler is included. This program 
translates cEnglish into C and uses the 
host C compiler to translate C into 
machine language. The cEnglish develop
ment tool is portable across micros, 
minis, and mainframes; interfaces a 
variety of popular database management 
systems; and a ll ows escape into direct C 
programming. The package costs $1495. 
cLINE, Inc, 20 W Ontario, Chicago, IL 
60610. 
Circle 312 

Concurrent PC-DOS turns IBM PC 
into multitasking system 
Concurrent PC-DOS can run up to four 
PC-DOS or CP/ M application programs at 
one time. The system provides menus 
both as a user aid and to let users create 
their own menus or to compose special 
commands. Communication capability 
allows work on one application while the 
system receives information from a data 
base. Windows provide the ability to 
monitor the execution of four simultane
ous applications. The windows can be 
anywhere onscreen and can be scrolled or 
sized to display certain parts of applica
tions. Price is $295. Digital Research , 160 
Central Ave, Pacific Grove, CA 93950. 
Circle 313 

Lattice windowing eases 
screen splitting 
Lattice Window software simplifies the 
task of creating programs with multiple 
onscreen windows. Up to 255 windows 
can be defined and each can be indepen
dently written to or read from, even if the 
windows are offscreen. Subroutines in 
Lattice Window automatically open the 
window, write text within it, process input 
from the keyboard, and close the 
window-thus restoring the screen to its 
previous state. The programmer can 
define the window's size, shape, color, 
border1 position, and priority, and cause 
it to move, shrink, or grow. The subrou
tine library is written in 8086 assembly 
language. Lifeboat Assoc, Inc, Dept C, 
1651 Third Ave, New York, NY 10128. 
Circle 314 



Two artificial intell igence 
languages get together 
A joint implementa tion of Li sp and Pro
log artificial intelligence languages ru11' 
on Prime computers. This package com
bines interpreti ve and compiled modes for 
both languages. Each la nguage may be 
compiled or int erpreted as required, mak
ing ca ll s on eac h o ther without returning 
to operating sys tem mode. Mapping 
between the t11 o is accomplished by iden 
tical representa ti on of atomi c cons tants. 
Written in Fortran 77 , the system com
piler can perform its own bootstrapping. 
110 is performed directly rather than with 
Fortran 110. Mitchell Assoc , PO Box 
6189, San Rafael, CA 94903. 
Circle 315 

Software controls 
information transfer 
Different computers can communicate 
with one another in a strictly controlled, 
secure environment using L: JS. The net
work application is called a virtual server 
and resides on the host or on small com
puters. It acts as a staging area for infor
mation and lets users access and transfer 
data . This server can port in formation to 
different types of hardware while trans
forming the files transferred to the appro
priate fi le format. Li nkware Corp, 77 
Rumford Ave, Waltham, MA 02154. 
Circle 3 16 

Engineering package appears 
in advanced version 
Integrated computer a ided engineeri ng 
and manufac turing (I CEM) softwa re now 
features advanced design drafti ng and 
num erica l cont ro l capabi lities. These 
added functions are united via a shared 
da ta base . This gives designers a nd 
engineers access to sim ilar vers io ns of a ll 
generated da ta and drawings. The ICEM 
design / draftin g function enables con
struction of 2-D a nd J-D geometries . 
Numerical control a llows generatio n of 
control tapes auto maticall y from design 
geometry . Enhancements of tCEM appear 
in the areas of design work plane and 
space, entit y selection, part integrity, 
tablet programs, Bezier curves, and online 
help functions. Control Data , PO Box 0, 
Minneapolis, MN 55440. 
Ci rcle 317 

Logic programmer links with 
high level Boolean package 
The zuo logic programmer has gained a 
high level, Boolean entry package . The 
Compiler for Universa l Programmable 
Logic (CUPL) software package allows 
logic specifications to be written for any 
programmable logic device without exact 

device definition. Written in C, CU PL is 
compatib le with VAX Unix, CP/ M-80, 
CP/ M-86, MS-DOS, and PC-DOS . A ZL30 
bundled with CUPL costs $2850. Stag 
M icrosystems, Inc, 528-5 W eddell Dr, 
Sunnyvale, CA 94086. Circle 3 18 

6502BASED 
MICROCOMPUTER 

FOR 
INDUSTRIAL 

APPLICATIONS 

When you buy a microcomputer from Cubit, we don't forget 
you need software and peripherals to talk to it. 
Cubit starts with an inexpensive board based on the 6502 
microprocessor. We have 72 lines of 1/0 and plenty of memory, 
but that is just the beginning . 
You can add a 20 character display, or a CRT, a printer and any 
of several keyboard options. And you can program the board in 
any of the Rockwell languages: Assembler, FORTH, BASIC, 
PU65 or PASCAL. Include our EPROM Programmer, and you 
have a complete development system for under $1 ,000. 
Once you have written your program, our computer board can 
function as a stand-alone controller for under $200 in your OEM 
product, or you can add additional boards to increase its power. 
Give us a call at (415) 962-8237. 

Expansion Modules 
Display • Printer • 3 Keyboards • Serial 1/0 

Parallel 1/0 • Power Switching Bus • RAM Expansion 
ROM Expansion • CRT Controller • Motherboards • Card Cage 

C BIT DIV. 
Proteus Industries 

190 S. Whisman Road, Mountain View, California 94041 , Telephone (415) 962-8237 
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Dual-bus architecture enhances 
Multiple controller 
A self-contained processing system with 
RAM, PROM, and 1/0-the CM-5646-con
trols up to eight ANSI-compatible Win
chester disks, and up lo four 3M HCD 75 
cartridge tape systems. Dual-bus archi
tecture allows an onboard 8089 to 
communicate with onboard devices over 
a 16-bit local bus, and with the host sys
tem over a Multibus. Communication be
tween the CM-5646 and the host is through 
parameter blocks in system memory. The 
CM-5646 performs all disk and tape con
trol, error correction, retries, and OMA 
control. It can execute user-written 8089 
programs from system memory or from 
local RAM . It is priced at $1755. Symbi
con Assoc, Inc, 89 Route lOIA, Amherst, 
NH 03031. 
Circle 3 l'J 

Data acquisition system teams 
with PC for powerful workstation 
The 1 DAS 500 provides 128 channels, 
14-bit resolution, 50-kHz throughput, 
and microprocessor control. The unit uses 
a versatile scan sequence that is down
loaded from a computer. Up to 128 chan
nels can be digitized in any order. The 
system has rea ltime channel monitoring, 
selectable display formats, programma
ble conversion rates, and setup through 
RS-232 or optional IEEE 488 ports. Price is 
under $3000 in quantity. Phoenix Data, 
Inc, 3384 W Osborn Rd, Phoenix, AZ 
85017. 
Circle 320 

Low cost interface controller 
expands Net/One LAN 
A low cost network interface controller, 
the Personal NIC, joins the Net / One Per
sonal Connection LAN line. The Personal 
NIC is compatible with other Net/One 
Personal Connection products and a llows 
PCs to link with the 10-Mbit/ s Ethernet. 
The NIC, unlike the NIU, executes its pro
tocols within the PC and, while the NIU 
is placed in a disk or print server PC, the 
NIC is placed in PCs that function solely 
as workstations. The Personal NIC is 
$595. When equipped with an optional 
onboard transceiver for use with thin 
coaxial baseband, the unit is $750. The 
Personal NIU is $1095. Ungermann-Bass, 
Inc , 2560 Mission College Blvd, Santa 
Clara, CA 95050. Circle 32 1 
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Analog-digital converter adapts 
to industrial settings 

A multifunction process monitor, the 
model 930, permits conversion of analog 
to digital signals. It features a dual-slope 
integrator that updates the signal at a 
fixed rate compatible with the controller 
access speed. The 930 accommodates 
voltage and current in a range of 200 m V, 
2 V, 20 V, and 200 V with I 00-µ V resolu
tion. Models are available for use with 5-, 
15-, or 24- Vdc input voltages. Output sig
nals are tri-state latches rated at 5 Vdc. 
Housed in a rugged aluminum case, the 
930 adapts to industrial settings. Cincin
nati Electrosystems, Inc, 469 Wards 
Corner Rd, Loveland, OH 45140. 
Circle 322 

Unit furn ishing a 128-byte FIFO 
buffer joins zsooo family line 
The Z8038 110 interface unit, available in 
4- and 6-MHz versions, provides an asyn
chronous, bidirectional 128-byte FIFO 
buffer between two CPUS or between a 
CPU and a peripheral. This buffer inter
faces with a 16-bit or wider data path and 
expands in depth to add as many Z8060 
FIFOs as are needed. The 4-MHz version 
is priced at $18.40 in units of 100; the 
6-MHz model is $23.50 in units of 100. 
SGS Semico nductor Corp , 1000 E Bell 
Rd, Phoenix, AZ 85022. Ci rcle 32J 

Rackmounted interface analyzer 
features LEO display 
Model 9700 is an analyzer for modems, 
terminals, multiplexers, and computers. 
This rackmounted EIA RS-232 module also 
handles CCITT V.24 diagnostics. The 9700 
sports a tri-state LED color display that 
shows polarity, activity, and validity of 
key interface signals. It can be patched 
in series between data terminal equipment 
and data communication equipment to 
access and monitor data, timing, and con
trol signals. Interface pins can be 
individually crosspatched with the analyz
er's minipatch cords to test and correct 
problems. The analyzer is priced at $275. 
Electro Standards Lab , Inc, PO Box 
9144, Providence, RI 02940. Ci rcle 324 

Board features 22-bit OMA, 
works without CPU intervention 
Model 1622DMA is an LSI -I I half-quad 
board with full 16-, 18-, and 22-bit 
addressing. This allows high speed 
memory transfers of analog and digital 
data from external devices. The board 
contains all necessary housekeeping and 
control functions for operation with com
panion A-D and TTL boards. It features a 
16-bit word count register and an 8-bit 
last channel register, plus a 16-bit control 
status register. The 1622DMA is com
patible with the 1620TTL digital 110 and 
I023FT si lo-buffered A-D board. ADAC 
Corp , 70 Tower Office Pk, Woburn, MA 
0180 I. Circle 325 

Interface multiplexer 
sports rapid data comm rates 
Aimed at meeting the data communica
tion interface needs of workstations and 
graphics displays, the VMZ/32HS is a 
16-line asynchronous mu ltiplexer inter
face. It supports rates up to 38.4 kbaud 
on a ll lines and is des igned for use with 
DEC VAX machines. The VMZ/32HS ex
hibits 120,000-char throughput and hard
ware flow control. Based on earlier 
VM Z/32 technology (wh ich emulates two 
DMF32 controllers), the device features 
rapid fault iso lation, programmable 
OMA, and modem control. MTBF for the 
VMZ line is set at over 100,000 hours. The 
VMZl32HS is priced at $3750. Able Com
puter , 1732 Reynolds Ave, Irvine, CA 
92714. Circle 326 

Personal computers share printer 
via intelligent interfaces 
ShareSpool family additions allow up to 
three personal computers to share one 
printer. Known as the ESl-2016 and the 
ESl -201 8, these devices act as intell igent 
printer interfaces . They automaticaly 
buffer and manage print output for one 
to three units. The ShareSpool family 
members require only one full-length 
option slot in on IBM PC/ XT, and use 
none of that machine's processing time . 
Using the ESl -2016, printer output from 
two additional personal computers of any 
type is accepted via their RS-232-C inter
faces. T he ESl -2018 allows sharing via a 
parallel, Centronics-compatible inter
faced printer. Basic ES l-2016 and ESl -2018 
models, with 64 Kbytes of memory and 
splitter cable, are priced at $595 each . 
Extended Systems, 6062 Morris Hill Ln, 
PO Box 4937, Boise, ID 83711. 
Circle 327 



Hard disk controller upgrades 
computer data storage facilities 
The LTl-5150 allows installation of ST4 I2 
half-height Winchesters to IBM PCs and 
compatibles. The controller includes a 
ROM BIOS that is compatible with PC- DOS 
2.0 without the need for software drivers. 
The board features error correction and 
handles drives with up to eight heads. The 
unit can be installed in any available 
expansion slot on the motherboard. Cost 
is $395 with quantity discounts available. 
Logicom Technology, Inc, 560 Forbes 
Blvd, S San Francisco, CA 94080. 
Circle 328 

Analog input expansion 
submultiplexer handles acquisition 
The model EXP-16 can be used with any 
data acquisition system. This universal 
a nalog input expansion submultiplexer 
concentrates 16 differential analog input 
channels into one analog output channel. 
It also delivers signal amplification, filter
ing, and conditioning. A high grade 

The Cost Efficient 
EPROM 

Programmer 

$995.00 
COMPLETE 

Dealer inquiries welcome. 

DISPLAY: 

instrumentation amp provides user
switch-selectable gains of 0.5, I, 2, 10, 50, 
100, 200 and 1000, and can be 
programmed for special applications 
needing specific gains. Provision is made 
onboard for filtering, attenuation, and 
measuring current. Analog input connec
tions are made on miniature screw con
nector strips. Price is $345. MetraByte 
Corp, 254 Tosca Dr , Stoughton, MA 
02072. Circle 329 

Integrated controller boards 
work with I BM PC 
The FE 5141 reduced-size floppy disk con
troller cuts onboard chip count to eight. 
It measures 4.5 x 3.8 in . (11.43 x 9.65 cm) 
and controls from one to four single- or 
double-sided 5 V. -in. floppies . The FE 5200 
is an integrated monochrome display 
adapter with a surface mounted CMOS IC 
providing co ntrol logic. The FE 5200 
measures 4.2 x 7 .36 in. ( 10.66 x 18.69 cm) 
and supports an 80- x 25-char display a t 

• Bright 1 " high display system 
• Progress indicated during 

programming 

• Fast and standard programming 
algorithms 

• Stand alone operation, external 
terminal not needed for full 
commandsel 

• Error messages 

KEYBOARD: 
• Full travel entry keys 
• Auto repeat 
• Illuminated function 1nd1cators 

INTERFACE: 
• RS-232C for data transfer 
• 110·19.2K baud 
• X-on X-off control of serial data 

• Single key commands 
• Search finds data strings up 

to 256 bytes long 
• Electronic signatures for easy 

data error l.D. 
• "FF" sk1pp1ng for max program

ming speed 
• User sets memory boundaries 
• 15 commands 1nclud1ng move, 

edit. fill . search, etc. functions 
• Extended mode reads EPROM 

sets 

ALSO AVAILABLE FROM sec: 
The Cost Efficient Erasing Units 

• Total support 
• 28 pin sockets 
• Faulty EPROMS 1nd1cated at 

socket 
• Programs 1 to 128K dev:ces 
• Built 1n d1agnost1cs 
• No caltbrat1on required 
• No personality modules to buy 
• Programs new CMOS EPROMS 
• Pnnter interface option 
• Complete with 128K buffer 

FIVE TIMES THE CAPACITY OF OTHER UNITS, FOR LESS THAN $200! 
FEATURES INCLUDE Three Models Available: 

• Unique wave design • Affordable and economical 
• Efficient bulb design • Portable, easy to use 
• All-steel, heavy duty design • EPROMS 
• Quick erasure time • Micro computer 
• Efficient • lndustml design 
• Reliable 
• Safe 

• ProductKJn environment ready 
• Timer included 

QUICK DELIVERY ON ALL PRODUCTS! 

EU-156. .. over 150 chips 

$195.00 
EU-312 ... over 300 chips 

$359.95 
EU-1050 ... over 1000 chips 

(EPROM or Micro Computer) 

CALL! 
FOR FURTHER INFORMATION ON secs COST EFFICIENT PROGRAMMERS AND ERASING UNITS CALL 

SOUTHERN COMPUTER CORPORATION 
3720 N. Strattord Rd , Atlanta, GA 30342. 404-231-5363 

CIRCLE 109 

350 x 720 pixels. Pricing for the FE 5200 
sta rts at $120; the FE 5141 sta rts at $50. 
Faraday Electronics, 743 Pastoria Ave, 
Sunnyvale, CA 94086. 
Circle 330 

Intelligent laser printer controller 
has universal interface 
Claiming compatibility with all present 
laser printers, the Pixel 300 offers three 
performance levels . It configures as an 
8- to 15-page/min machine, an 18- to 60-
page/min machine , or as a high perfor
ma nce grap hics printer with hi g h 
resolution and a 4000-cha r (32 x 50) full 
page bit map at 0.6 s. This 68000-based 
system 's open architecture accommodates 
VMEbus products and provides expand
a ble fixed font s, as well as text, form s, 
and graphics merge. It is offered at $3000 
per unit in quantities of 500 or more. 
Electronic Machine Corp, 417 South Hill 
St, Los Angeles, CA 90013. Circle 331 

DISKSTOR-M 

-
DI SKSTOR·M INTEGRATES MULTIBUS TM 
ARCH ITECTURE AND MASS STORAGE 
PERIPHERALS WITH A UNIQUE PACKAGING 
DESIGN . 

IT FEATURES: 

• 26 MEGABYTES OF WINC HESTER AND 1 
MEGABYTE OF FLOPPY DISK STORAGE 

• 8-BIT 5 MHZ 8086 OR 16-BIT 10 MHZ 8086 
PROCESSORS 

• 64K/ 128K BYTES OF MEMORY WITH PARITY 

• SERl'.lfi:/ARALLEL 11:!f1Jf!FACE PORTS 
• CP/M TO MS-DOS OPERATING SYSTEMS 
CALL OR WRITE FOR OUR NEW PRODUCT 
CATALOGUE 

COMARK 
COMARK, 93 WEST STREET, BOX 4 74 , 
MEDFIELD, MA 02052 6171359 8 161 

CIRCLE 110 247 



SYSTEM COIPOlllElllTS/ TI~~TI 

Software/hardware enhancements 
increase abilities of logic analyzers 
Enhancements to the uAnalysist state and 
timing logic analyzers include, software 
performance analysis histograms, context
dependcnt disk-based help, a 32-channel 
memory card, and 8088, 8086, and 68000 
disassemblers. The histogram menu offers 
programmable address ranges, masking 
by symbols, and babysitting mode. The 
memory card allows a greater number of 
channels per slot, with the maximum con
figuration at 80 channels of state analy
sis and 16 channels of timing analysis. 
Northwest Instrument Systems, Inc, 
15201 NW Greenbriar Pkwy, Beaverton, 
OR 97006. 
Circle 332 

System integrates development 
and debugging 
The MPDS speeds product development 
by combining hardware and firmware 
design tools . Emulation, symbolic debug, 
logic state analysis, and software perfor-

mance analysis are some of the system's 
features. An EPROM programmer permits 
immediate implementation of firmware . 
Based on CP/ M, the unit can run any 
CP/ M compatible application program. 
The CPU is a Z80A at 4 MHz, with a 
64-Kbyte DRAM and 4-Kbyte EP ROM . 
Other hardware includes dual 5 Y..-in. 
floppy drives, keyboard, and display. 
Price is $8400. MicroTek International, 
Inc, Science Rd 1, Science-Based Indus
trial Pk, Hsinchu, Taiwan, 300, R.O .C. 
Circle 333 

Machine improves memory 
testing capabilities 
Combining the features of its predeces
sor J389 memory tester with improved 
software and added testing capabilities, 
the J389E is marked by horizontal and 
vertical manual testing functions. Among 
the features are clock multiplexing and 
single-bit complement. The machine can 
test a broader range of memory products, 
including static and dynamic RAMs, ECL 
and NMOS RAMS, and ROMS. A realtime 

bit-mapping software enhancement 
allows on-the-fly modification of test pro
grams and produces displays of bit 
failures in up to 100 colors. Teradyne, 
Inc, Inquiry System Analysis, 535 Mor
rissy Blvd , Boston. MA 02125. 

Circle 334 

YOU CAN HAVE THE GUTS OF A LEADER 

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

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

In Star printer mechanisms 
you'll discover our long
standing commitment to 
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product reliability. 
You'll find Star mechanisms 

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

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

CIRCLE 111 

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

So if your OEM de-
sign needs a printer 

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

IL ~ 
~~@lr .. v -
m1cron1cs·1nc 
COMPONENTS DIVISION 

70-D Ethel Road West. Pi!-.cataway. New Jersey 08854 
(201) 571-9512 



Multifunctional system tests VLSI 
boards and gate arrays 
The VDS-8000L tests VLSI-based PC boa rds, 
gate arrays, and microprocessors. Inter
fac ing with a device-under-test (DUT) is 
possible with such devices as edge connec
tors and fl ying leads/ clips, o r by means 
of remote cont ro l boxes or probes. The 
system offers fi ve test modes: a go/ no go 
mode that invo lves a " pass" or " fail" fo r 
each test routine; a manu a l mode that 
resolves mism a tches bet ween predicted 
da ta a nd actual operati o n , a d ynamic 
probe mode that locates de fective modes; 
a learn mode; and a verify mode that al
lows checking o f tes t da ta against the DUT 
response. The Vanwell Co rp , 83 Hanover 
Rd , Florham Pa rk, NJ 0793 2. 
C ircle 33:' 

Digital sampling oscilloscope 
interfaces with IEEE 488 instruments 
The SAS-8130 o ffers a 7-in ., high-intensit y 
CRT, with th e brightness of waveform s 
and cha racters co ntrolled independently. 
Features include digita l tim e a nd vo ltage 
read o uts, plus a u to ma ti c waveform 
search a nd a ut o-ra nging. T wo sampling 
heads can be selected to ma tch the 
required frequ ency ra nge. Continuo usly 
varia ble po ts allow smooth varia tio n of 
th e wave form display's vert ica l pos itio n . 
Ergo nomically designed key boa rd ca n 
operate in manua l, continuous, a nd 
ASCtl modes. A 3.5-G H z, dua l-t race unit 
se lls fo r $23,000 . lwatsu Instruments, 120 
Commerce Rd , Ca rlstadt, NJ 07072 . 
Circle 336 

Universal programmer comes in 
small and light package 
A po rt able programmer , the O mni 6~, 

weighs a bo ut 14 lb a nd meas ures 3 x 9.5 
x 14 .2 in ., while fea tu ring plu g co m pa ti 
bilit y with ove r 300 different co mputers 
a nd operating sys tems. It uses up to 64 
high speed, hi gh current programm ab le 
p in d rive rs (e\panda ble to 128) . It has a 
la rge da ta base o f tes t a nd progra mmi ng 
a lgorit hm s to program N ~ t os. H~ I OS . 

CMOS, a nd bipo lar PRO~ I S, EPRO~ I S, 

EcPROMs, PA Ls, a nd sing le-ch ip m icro
processors o n j ust two ZIF sockets. Soft
wa re co n figured pin drivl:rS run a t up 10 
I 00 VI µs . U nit p ri cing star ts a t $3250. 
O li ver Advanced Engineeri ng, Inc , 676 W 
Wil son Ave, G lendale, CA 9 1203. 
Circle 337 

Single-board color graphics engine 
has display RAM of up to 2 Mbytes 
Color graphi cs processo rs in the VM-885t 
ser ies a re Mult ib us/1U:c 796-co mpat ible. 
These boards use 8088 microprocessors as 
CPUS. Combining DMA a nd programmed 
110 func tion ~, they offer 256 simul ta
neo us co lo rs drawn fro m one or four 
selecta ble -W96-co lor pa lett es. u,, 111 g 

256-Kbit devices, the bas ic 512-Kbyte dis
play RAM expands to 2 Mbytes . Optio ns 
available for the VM-885 t include graphics 
printer support , light pen and touch-screen 
input , an iSBX co nnecto r , and a resident 
interact graphics command interpreter. 
Programmable screen fo rmat for 512 x 
512 pixels o r 640 x 480 pi xels is offered. 
Pixel draw speed ranges from 40 ns to 3 
µs. Vermont Microsystems Inc , One Main 
St , PO Box 236, Winooski, VT 05404. 
Circle 338 

Personal supermini implements Unix, 
supports System v applications 
The u ! technical work sta tio n is based o n 
a 680 10 virtua l memory mi cro running a t 
8 MH z. It featu res demand-paged virtua l 
memory, high reso lut ion g raphics, a nd a 
multiwindow extensio n of BSD 4.2 U nix . 
Sta nda rds include I Mbyte o f memory, 
a 640-Kbyte disket te, a 22-Mbyte hard 
disk, high resolutio n mon ochrome di s
play, and virtual memory. T he system has 
a fas t fil e sys tem with eight times the per
formance of other Unix implementations . 
More than 250 uti lities a re available. 
Programmin g languages include C, For
tran 77, Pascal, Lisp , a nd assem bly. 
Price is $ 15,495 with qua ntity di scoun ts 
available . NBI , Inc , PO Box 9001 , 
Boulder , CO 8030 1. Circle 33'J 

Minicomputer has custom VLSI with 
support for 32 workstations 
The Astra 300 series o f 32-bit minis o ffers 
a price/ perfo rm ance adva ntage over the 
VAX, Da ta Genera l's MV series, and 
Prime's 2250 . This advantage is a result of 
a custom 32- bit VLS I CPU with virtua l 
memo ry segment a tio n tha t p rovides an 
execution environment free of memory 
constra ints. The minicom puters a re com
patible with the Astra 100 series . Soft
ware applica tions tra nsport to the la rger 
machines . The seri es is p r iced fro m less 
than $15,000. NEC Information Systems, 
Inc, 14 14 !\1 assac hu set ts Ave, Bo.\ 
boro ugh , MA 01 7 19. Circle 3_.0 

TAUBER AND GATES, 
YOUR POWER 
CONNECTION. 
Gates Energy cells give you design 
fiexibility, long life, superior per
formance and easy charging . Basic 
cells are built up in any configuration; 
series or parallel , case or sh rink w rap. 
Batteries are designed to meet the 
needs of your application , not the 
other way around. 

Tauber Electronics helped pioneer 
the Gates Value Distributor concept. 
From prototype to O .E.M . production, 
we deliver. 

~ 
Energy Products 

TAUBER~6~~(Q)(NJ~ 
490 I Morena Blvd. ste. 31 4 
San Diego, CA 92 I 17 
619/274-7242; No. CA 408/737-9408 

CIRCLE 112 

MULTIBUS* MEMORIES FROM 
COMARK CORPORATION , THE 
BUSMASTERS 

IF YOU 'VE BEEN LOOKING FOR POWERFUL 
MEMORY BOARDS AT A COMPROMISING PRICE, 
LOOK NO FURTHER. 
COMARK 'S MR SERIES IS WHAT YOU NEED 
• 3 2KB TO 512KB 
• 8 OR 16 BIT OPERATIONS 
• 16 MEGABYTE ADDRESS DECODING 
• PARITY GENERATION AND CHECKING, 
STANDARD 
• IEEE 796 COMPATIBILITY 
• OPTIONAL BATTERY BACKUP 
• SELECTABLE BANK DISABLE 

AND WHILE EVERYONE ELSE TELLS YOU THEIR 
LOWEST PRICE, WE'LL TELL YOU OUR HIGHEST 
PRICE , 512KB, IN SINGLE QUANTITY IS ONLY 
$ 1.39 5. 00 

QUANTITY AND OEM DISCOUNTS ARE 
AVAILABLE . 

CALL US FOR MORE INFORMATION ON OUR 
COMPLETE LINE OF MULTIBUS COMPATIBLE 
PRODUCTS AND FOR OUR NEW MULTIBUS 
CATALOGUE. 

CO MARK 
COMARK CORPORATION, POST OFFICE BOX 
4 74 , MEDFIELD. MA 02052 6 17-3 59 -8161 

· MULTIBUS IS A TRADEMARK OF INTEL 
CORPORATION 

CIRCLE 113 
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Micro offers color and 
monochrome graphics on the 8086 
Ba>ed o n th e XOX6 , Stearns' des kt o p sys
tems now have mo noch rome a nd co lor 
graphics ca pabiliti es. A mo nochro me 
graphics boa rd de li vers 720- -..: 348-pi xe l 
resolution and ' uppon s graphics programs 
(such as Lo tu s 1-2-3, A ut o ( "\ D, a nd PC 
Plot) developed fo r the Hercules graphics 
board. The mon oc hrome gra phics boa rd 
a lso gives a full 26-ro11 x 80-char di' -
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play . So ft functio n keys are availa ble 
for cus!O mi zing progra mming applica
tio ns and sto rin g repetiti ve keystro kes. 
Memory o f 64 Kbytes a llo ws th e boa rd 
10 s!O re two pages of graphics data. 
Stearns Com1rntcr S~·stem~ . PO Box 93~4 . 

10901 Bren Rd E, Minneapo li s, M N 
55440. 
Circle 341 
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Notebook-size portable 
provides 8 x 80 LCD 

The PX-8 portable is a 4-lb (1 .8-kg) 
notebook-size machine . The basic unit 
includes three MicroPro programs (for 
word processing , spreadsheet analysis, 
and scheduling) on ROM capsu les. The 
PX-8 offers CP/ M 2.2, p lus 32 Kbytes of 
ROM and 64 Kbytes of RA M. The PX-8 

measures 8.5 x 11.5 x 1.75 in. (21.6 x 29.2 
x 4.4 cm) and features an 8-line x 80-char, 
high resolution LCD that flips up and 
adjusts, a full -size ASC II keyboard , and 
built-in microcassette dri ve. Base price is 
$995 . Epson America, Inc, 3415 Kashiwa 
St , Torrance, CA 90505. 
Ci rcle 342 

Enhanced system supports 
multi-user configurations 
A high performance version of the Work
Force computer system provides support 
for up to 128 users. This version includes 
a 12.5-MHz 68000 or 680 10 microprocessor 
and a memory management board that 
accommodates up to 16 Mbytes of 
memory addressing in a multi-user 
environment. Multibus-compatible, the 
CPU design features a high speed secon
dary bus structure supporting 32-bit data 
transfers at up to 36 Mbytes/ s. The 
enhanced Work Force can run up to eight 
625-Mbyte SMD drives, eight half-inch 
nine-track tape drives, and a 6-Mbyte 
RAM . It also supports X. 25, 3780, and 
Ethernet protocols . Tentative pricing for 
a 16-user system is $24,000. Digital Data
com , Inc, 27721 La Paz Rd, Laguna 
Niguel , CA 92677 . C ircle 343 

Like to write? 
The editors invite you to 
write technical articles for 
Computer Design. For a 
free copy of our Author's 
Guide, circle 503 on the 
Reader Inquiry Card. 
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High level language 
simplifies software development 
Robasic is interactive at all times for easy 
software development and maintenance. 
Its speed eliminates the need for machine 
code programming in 90 percent of appli
cations. This language incorporates spe
cial industrial control commands such as: 
TACH, which measures the rpm of a 
tachometer signal at any or a ll ports, and 
PERIOD, which measures the period of a 
periodic waveform with a I 00-µs resolu
tion. Software development tools include 
a text editor for writing, testing, and stor
ing programs on a single-board computer. 
Octagon Systems Corp, 6501 W 91st Ave, 
Westminister, CO 80030. Circle 344 

Waveform acquisition machine 
based on HP 9816S 
System 1298 represents a complete multi
chan nel waveform acquisition, measure
ment, and processing machine. Centered 
around the HP 98 I6S computer, the system 
uses the MALPAK2 supervisory program, 
a DL1200 programmable waveform 
recorder, and an HP9I2ID dual 3 l/2-in. 
disk drive. The waveform recorder pro
vides high reso lu tion, 12-bit digitization, 
and buffer storage for up to eight simul
taneous waveforms together with 32 
channels of logic event recording. The 
MALPAK2 can sequence individual key 
functions and instrument commands into 
an automatic acquisition and measure
ment program routine that a user creates 
to suit a particular task. Transamerica 
Dela val Inc , CEC Instruments Div , 325 
Halstead St, PO Bin 7087, Pasadena, CA 
91109. Circle 345 

Production system works 
in batch-oriented environs 
The CTX4000-PC is a production control 
system designed for collection of inven
tory and ongoing work data associated 
with batch-oriented process manufactur
ing environments . Featured are bar-code 
reader input for error reduction and 
scheduling systems to manage processing 
priorities. The baseline CTX4000-PC 
includes software, an 86000-based CPU, an 
80-Mbyte Winchester disk drive, four ter
minals, a tape drive, a modem, two 
floppy disk drives, and a printer. System 
cost, including training and one year ser
vice agreement, is $150,000. CTX Inter
national, 575 N Pastoria Ave, Sunnyvale, 
CA 94086. 
Circle 346 

Box implements control 
in industrial settings 
The ISB-80C Control Box represents a 
complete realtime industrial control SY'-
tem. Based on the STD bus, the ISB-SOC 
consists of a single-board computer, a 
STD bus card cage, a 125-W power sup
ply, and a cooling fan. It contains a 
4-MH z Z80A CPU, 64 Kbytes or 256 
Kbytes of DRAM, four counter / timer 
channels, floppy disk controller, D~I' 

controller, 16 parallel 110 lines, and two 
RS-232-C channels. The system resides in 
a standard 19-in. rackmount enclosure. 
Disk storage is avai lable. A CP/ '.11 oper
ating system comes with the disk 
equipped models. Price is $2680. ISi 
International , 1275 Hammerwood Ave, 
Sunnyvale, CA 94089. Circle 347 

Industrial network 
software runs on IBM PC 
Powr-Spec, together with Adatek's RS-422 
expansion card, becomes an inexpensive 
master station in a factory network. The 
IBM master gathers data from any of the 
stations, displays it with color graphics, 
charts, and symbols; and stores it for 
future use. The network can include up 
to 128 programmable controllers. Dual 
twisted-pair cab les make connections up 
to 5000 ft. Control and monitoring func
tions include trend analysis, alarm 
monitoring and sounding; and data log
ging. The price is $4950. Adatek, Inc, PO 
Box 1339, Sandpoint, ID 83864. 
Ci rcle 348 

Numerical control boards 
cover axes movement 
Compatible with the Multibus, numeri
cal control boards include the CB-I02-2B 
master board for two-axis control, and its 
slave-the NCB-I02-3B, which allows con
trol of one or two additional axes. Appli
cations cover machine tooling, robotics, 
table movement, and plotting. Both linear 
and circu lar interpolations can be 
programmed. An onboard ZSOA allow~ 
high speed communication between the 
host CPU and the device under control. 
Functions provided include automatic 
acceleration / deceleration, emergency 
stop, jog/ step feed command, and 
encoder-pulse multiplication. Sample 
quantity price is $2150 for the NCB-I02-2B, 
and $1360 for the NCB-I02-3B. Toko 
America, Inc , 5520 W Touhy Ave, 
Skokie , IL 60077. 
Circle 349 

Integrated hardware and software 
system based on IBM 5531 PC 

An integrated hardware and software sys
tem centers on the IBM 5531-an 
industrial-strength version of the PC/ XT. 
Software support includes full capability 
for data acquisition of pressure, temper
ature, and other process variables. Com
plete process control functions and 
Action Factory Cale (which provides real
time analog and digital data acquisition 
spreadsheets compatible with Lotus I-2-3 
and dBase 111). Action Instruments, Inc , 
8601 Aero Dr, San Diego, CA 92123. 
Circle 350 

Control Basic streamlines 
programming of control systems 
The C4 Basic language requires minimum 
system RAM and ROM space for opera
tion . Well-suited for standalone applica
tion, it includes standard Basic commands 
and commands for 110 interfacing and 
control applications. The companion 
NOVOS software allows C4 programs to be 
created and tested directly on the target 
hardware. The C4 Basic (runtime) and 
NOVOS (development) software are each 
supplied on a 4-Kbit ROM for use with 
the Z80 Smart Card STD bus processor 
board. The cost is $150 each. VersaLogic, 
87070 Dukhobar Rd, Eugene, OR 97402. 
Circle 351 

Computer simulator tests 
software in industrial systems 
The Real Time Simulator imitates the 
operation of photocells, solenoids, motors, 
other system components, and process 
machinery when debugging system control 
software. A color / graphics display of sys
tem activity highlights stress points and 
evaluates component performance. The 
simulator can be used as a diagnostic 
monitor to reduce the time required to 
identify and correct component failures, 
without halting production. HEI Corp, 
290 S Main Pl, Carol Stream, IL 60118. 
Circle 352 
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Smart terminals based 
on ANSI X-3.64 
A smart terminal based on ANSI X-J .64 

standards, Fame 11 features a 14-in . 
screen and multiple-mode capabi li ty for 
the VT-100 and VT-52. Two bidirectional 
RS-232-C ports permit connection to dual 
hosts. Nonembedded video attributes and 
a 256-byte input buffer are standard. Op-

• 

Heurikon presents Minibox - a multiuser 
UNIX workstation based on its powerful 
HK68™ single board microcomputer and 
Uniplus+ TM UNIX System Ill or System V 
operating system with Berkeley enhance
ments. 

Designed with the OEM in mind, one size fits 
all. Both compact and flexible, the Minibox 
includes within its 10.5'w x 13.9'h x 20.5'1 
frame a 200 or 400 watt power supply, six 
slot Multibus™card cage, (4-5 available for 
user use!), single double density floppy disk 
drive, streamer tape drive, and 31 or 65 
Mbyte Winchester drive (expandable to 280 
Mbytes). All this within the same cabinet! 
System status LEDS on the front panel in
form the user of CPU and disk drive activity. 

With Uniplus+ ™, Minibox 
becomes a flexible and affordable 
tool for program development, text 
preparation, and general office 
tasks. Included is a full 'C' com-
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tions include full page soft setup screen. 
smooth scrolling, split screen, and com
plete local editing. Fame 11 sells for $795 . 
Falco Data Products, Inc, 1286 Lawrence 
Station Rd. Sunnyvale, CA 94089. 
Circle 353 

piler, associated as.5embler and linker/loader. 
Optional languages are: 

Macro assembler, ISO Pascal compiler, 
FORTRAN-77 compiler, RM-COBOL™, 
SVS BASIC (DEC BASIC compatible inter· 
preter), SMC BASIC (Basic-Four BB3 com
patible interpreter!. and Ada™. Other 
utilities include UltraCalc™ multiuser 
spread sheet, Unify™ DBM, Ethernet™, 
and floating point processor. Alternate 
operatin~ systems available are 
PolyForth M, Regulus™, CP/M 68K™, and 
others. 

CIRCLE 115 

Monitors available as 19-V 
models with high resolution 

Two 19-V high resolution analog color 
monitors handle computer graphics. The 
CDA-203 HA and CDA-203 HLA are raster 
scan units with precision inline gun CRTs. 
The CDA-203 HA, with standard P22 phos
phor, displays 1024 x 512 pixels in a 
noninterlaced mode. The CDA-203 HLA 
displays 1024 x 1024 pixels in a noninter
laced mode; long persistence phosphors 
are used to eliminate flicker. Both models 
feature horizontal scan rates of 28 to 36 
kHz and video bandwidths exceeding 40 
MHz. lkegami Electronics, Inc, 37 Brook 
Ave, Maywood, NJ 07607. Circle 354 

Video upgrade 
improves PC output 
Designed for upgrading PC and PC
compati ble displays, the RGBvision 
model 440 represents a high resolution 
RGB color monitor. Combined with the 
BoB board, the 440 features 720 x 500 
line resolution, a 0.31 dot pitch, black 
face CRT, and a 4000-char display capa
bility. It uses advanced 24. 75-kHz 
horizontal scan frequency. The RGBvi
sion 440 costs $899.95. Taxan Corp , 
18005 Cortney Ct, City of Industry, CA 
91748. Circle 355 

Thermal printer available in 
two unique carriage sizes 
Whisper printers with standard 2048 char 
buffers have a 35-char/ s print speed. 
They perform a screen dump of twenty
four 80-char lines in less than 2 s. These 
standalone, receive-only printers come in 
two sizes. A 4 \12 -in. carriage handles 
40-col printing and supplements this with 
an 80-col compressed printing mode. 
And, an 8 \/2 -in. carriage performs 80- and 
136-col printing. Both serial and parallel 
interfaces are offered . The thick-film 
thermal printhead (which has a 50-million 
char life expectancy) and paper drive con
stitute the only moving parts . 3M, PO 
Box 33600, St Paul, MN 55133. 
Circle 356 



Video display terminal is intended 
for VT-100, VT-220 operations 
A code-compatible replacement terminal 
for the VT-JOO and VT-220, the 922 sports 
enhanced ANSI characteristics, and has 
block and function keys that can be 
programmed in either the shifted or 
unshifted positions. These features 
simplify 922 use in software design 
applications and increase throughput. 
The 922 has a tilt-and-swivel screen and 
a keyboard that meets DIN standards. It 
sells for $995. Tele Video Systems, Inc, 
1170 Morse Ave, Sunnyvale, CA 94086. 
Circle 357 

Dot-matrix printer touted as 
low cost portable 
An 80-col dot-matrix printer family-the 
Hush so-features bidirectional printing 
at 80 chars/ s, graphics at 4800 dots/ in.2, 
and weighs only 28 oz. The Hush so is 
offered in three models, each of which 
can be equipped with a built-in recharge
able nickel-cadmium battery pack option. 
The SOP is a Centronics parallel version, 
while the sos provides a serial RS-232 in
terface. A single PC card measuring only 

2Y. x 11 in. incorporates the internal pow
er supply, print controller, and interface 
electronics. Complete with interface and 
cable, prices start at $159.99. Ergo Sys
tems, Inc, 1360 Willow Rd, Menlo Park, 
CA 94025. Circle 358 

Printer utilizes double 
daisy wheel design 
With a built-in buffer that stores up to 
2048 chars at a time, the 5040 printer has 
a 40-char/ s, letter-quality daisy wheel 
operation. The unit prints in both direc
tions with adjustable character spacing of 
10, 12, or 15 char/ in., and can handle 
spreadsheets up to 16-in . wide. The 5040 
double-daisy design accommodates up to 
125 chars on a single wheel. Various type
faces are available. External software 
controls allow the 5040 to print up to 309 
international Teletex characters. The unit 
is priced at $1695. Amdek Corp, 2201 
Lively Blvd, Elk Grove Village, IL 60007. 
Circle 359 

Compact unit delivers dot-matrix 
and near letter-quality printing 
The GP-550 offers both standard dot
matrix printing and near letter-quality 
printing in a single compact unit. In the 
draft mode, the printer can work at 86 
chars/ s with six different character sets. 
The GP-550 has a self-test mode for diag
nosis. It has built-in interfaces to 
microcomputers including Apples, IBM 

PCs, and PC lookalikes. With built-in 
interfaces, units start at $319. The PC
compatible unit costs $299. Axiom, 1014 
Griswold Ave, San Fernando, CA 91340. 
Circle 360 

Let's hear from you 
We welcome your comments 
about this issue. Just jot 
them on the Reader Inquiry 
Card. 

LOW COST DISK BACKUP 
OR DATA LOGGING FOR 
IBM PC• AS-232 • S-100 • Q-BUS*• MULTIBUS** 

See us at booth 2780 
COMDEX/FALL '84 
Las Vegas Convention Center 

•Trademark of Digital Equipment Corp. 
••Trademark of Intel Corp. 

FEATURING: 
• 1 SM bytes of formatted storage per cartridge 
• Read/Write at up to 1.2M bytes per minute, 30 ips 
• High speed 90 ips search 
• Full system hardware and software compatibility 
• Proven data reliability 
• Streaming or start/stop operation 
• Optional serpentine recording 
•Software for disk backup and restore (IBM PC, S-100 and 

Multibus) 
• Small desktop size 
Come to Digi-Data for all your 1/•" and 1/2" tape drive 
requirements. Digi-Data has been designing and manufac
turing tape drives and subsystems for 21 years. 

CIRCLE 121 

DIGl-DATA 
CORPORATION 
8580 Dorsey Run Road 
Jessup, MD 20794 
Tel. (301) 498-0200 
TWX 710-867-9254 
® ••• First In Value 

Digi-Data Ltd. 
Unit4 
Kings Grove 
Maidenhead, Berkshire 
England SL6 4DP 
Tel. 0628 29555-6 
Telex 847720 
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SYSTEM COMPOIEITS/ m~m~rnmwTI~rn aiomairnowi 

Bipolar PROMS sport 
access time of 15 ns 
Fast 32-bit x 8-bipolar TTL PROMS work 
instead of (or in conjunction with) pro
grammable logic arrays. The devices use 
125-mA maximum power supply current, 
with output drive capability set at 16 mA. 
Featuri ng tri-state outputs and full 
Schottky clamping, 63S08IA applications 

Here is a Multibus* based system designed 
for your real time applications, such as 
process control / monitoring and data 
concentration. With it you get: 
• Our OB68KlA™ l OMHz 68000 
single board computer with I 28K bytes of 
zero-wait-state, dual-ported RAM 
(addresses 16MB). 
• 6 RS232C serial ports, 4 can be RS422. 
• 3 (I 6 bit) parallel ports ( 1 configured as 

a Centronics compatible printer port). 
• I QIC-02 compatible tape interface. 
• 20 /40 /80 MB 8" hard disk. 
• 1 .2 MB 8" floppy disk. 
• 8 slot IEEE 796 card cage (5 slots user 

definable) with 200 Watts available. 
• Calendar clock with battery back-up. 
• DMA disk controller. 

include random logic replacement and 
code converters. In quantities of 100, the 
plastic version costs $2.98, and the cer
amic is $3.48. Monolithic Memories, 
2175 Mission College Blvd, Santa Clara, 
CA 95050. 
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Software packages from Omnibyte address 
your real time needs. These include 
polyFORTH / 32 • *, a 32 -bit compact 
operating environment (ideal for process 
control) with operating system, high level 
language, assembler and development tools. 
Also available, is ldrist , a Unixtt-like 
operating system with real-time enhancements. 
High level language support includes C, 
PASCAL, BASIC compiler, FORTRAN 77, 
C Executive, 68000 Native Assembler, 
hardware floating point support and more! 

For more specifics, call Peter Czuchra, 
Marketing Manager. 

• Mult1bu~ 1~ J trademark of lnt('I Corp 
• " polyfORTH / 32 1~ J tr.ldffilJrk of Fonh Inc. 
t ldn~ 1 ~ a tradem.irk of Wh1te~m1th, ltd 

t tUn1~ I\ a trademark l'f AT~ T Bell Labora1one\ 

A Look at Today. . . Dl'"OMNIBYTE coRPORAr10N 
. . 245 W Roosevelt Rd. 

A VIS/on of Tomorrow. v West Chicago, IL 60 185 
~ (312) 231-6880 

Intl. Telex: 210070 MAGEX UR 
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High density CMOS ROMS 
have 75-ns access times 
The 256-Kbit 23C256 ROMS are produced 
on a 2-micron HCMOS 11 process. Worst
case access times are 100 and 120 ns over 
the commercial temperature range, and 
150 ns in industrial and mi litary ranges. 
They also feature, under worst-case con
ditions, operating current of 25 mA, 
standby current of JOO µA, and LSTTL
compatible I/ Os. These asynchronous 
and full static CMOS ROMS require no 
clocks or strobes. Production volume 
prices are below $20 each. Solid State 
Scientific, Inc, 3900 Welsh Rd, Willow 
Grove, PA 19090. Circle 362 

Microprocessor system 
increases memory speed 
Two high performance 16-Kbyte PROMS, 
the 82SI9IA and 82SI9IB, feature maxi
mum address access times of 55 and 45 
ns, respectively. Current consumption 
hits 185 mA . Made with nickel-chromium 
fuse technology, these devices operate 
from a single 5-Y power supply with a 
typical power dissipation of 775 mW. 
Signetics Corp, 811 E Arques Ave, 
Sunnyvale, CA 94086. Ci rcle 363 

Gate arrays in HCMOS have 
75-MHz flipflop toggle rates 
Flipflop toggle rates of 75 MHz are fea
tured on a series of HCMOS gate arrays. 
Designated Quad Logic arrays, these 
semicustom family members use a basic 
4-gate equivalent cell arranged as two 
2-input and two 3-input gates. This 
architecture limits the number of gates 
needed to implement macro functions . It 
also ensures efficient routing and inter
connection. Use of double-layer metal in
terconnections and 3-µm processing 
technology a llows high density circuit lay
out. Hughes Aircraft Co, Solid Sta te 
Products Div, 500 Superior Ave, Newport 
Beach, CA 92663. 
Circle 364 

Talk to the editor 
Have you written to the 
editor lately? We're waiting 
to hear from you. 



Onchip voltage regulation 
marks EEPROM processed in SNOS 
An 8-pin , 256-bit serial device, the NCR 

59306 expands the NCR family of 
n-channel silicon-nitride-oxide-silicon 
(SNOS) EEPROMS . This 16- x 16-bit chip 
uses a 5-V power supply. An onchip 
voltage generator allows programming 
without external high voltage supplies. In 
the standby mode, power consumption 
registers only 25 mW . The device is pin 
compatible with the NMC9306. The NCR 

59306 supports four instructions-read, 
write, word erase, and chip erase. NCR, 
Microelectron ics Div, 8181 Byers Rd, 
Miamisburg, OH 45342. Circle 365 

Family of EPROMS offered 
in two addressing versions 
With 512-Kbit capacities, the 27512 and 
27513 devices use HMOS 11-E technology. 
The 27513 features page addressing, 
making the EPROM compatible with sys
tems based on 8-bit micros and 8- and 
16-bit microcontrollers. Partitioning the 
device into four 16-Kbyte pages frees the 
processor's address space for additional 
memory. Both versions provide high den
sity firmware storage for a broad range 
of applications . Typical -programming 
time is less than 6 min. Each comes in two 
speeds, offering access times of 250 or 300 
ns. The 300-ns version, in 1000s, is $140. 
Intel Corp, 3065 Bowers Ave, Santa 
Clara, CA 95051 . Circle 366 

Programmable logic array devices 
provide high speed data path 
Four programmable logic array devices 
operate with typical propagation delays 
of 10 ns (15 ns maximum). Sporting maxi
mum output register toggle frequencies of 
50 MHz, these units are suitable as high 
speed data path logic replacements. Cur
rent requirements remain unchanged at 
180 mA maximum. The series consists 
of a TIBPALI6L8 with six 110 ports, a 
TIBPALl6R4 with four 110 ports and 
four tri-state registered Q outputs, a 
TIBPALl6R6 with two 110 ports and six tri
state registered Q outputs, and the 
TIBPALl6R8 with eight tri-state registered 
Q outputs. Devices are available at $5.18 
each in 25,000-piece quantities . Texas 
Instruments, Inc, Semiconductor Group, 
PO Box 809066, Dallas, TX 75240. 
Circle 367 

Gate array circuits 
offer high density 
The Q3500 series gives 3500 equivalent 
gates and support ECL, TTL, or combined 
ECL/TTL. The Q3500S, the initial array, 
operates at 0.5-ns typical gate equivalent 
delays, with power remaining at 1 mW I 
equivalent gate. Cell use averages 95 per
cent of the 242 internal logic cells, with 

automatic placement and routing. The 120 
universally programmable 110 cells per
mit interface to TTL, ECL IOK, ECL IOOK, or 
5-V referenced ECL. Applied Micro Cir
cui ts Corp, 5502 Oberlin Dr, San Diego, 
CA 92121. 
Circle 368 

Digitize any standard 
or custom active area 

up to 60" x 72" for 
under $2,600.00. 

Only with a SAC®GP-8. 
This is it ! True, microprocessor

based, state-of-the-art digitizing of any 
active area, custom or standard, up to 
60" x 72" for less than $2,600.00. It's 
yours for the asking with our refined 
Model GP-8 sonic digitizer. Check out 
these key features: 

J 
I 
I 

L-frame sensor assembly for 
active areas from 14" x 14" to 
60" x72". 

Interactive graphics for CAE/ 
CAD/CAM (available from systems 
houses). 

No tablet or special work surface 
means a transparent work area. 

Relocatable ORIGIN , LINE , 
METRIC, and STREAM standard 
menu functions. 

RS-232, BCD parallel, or 
binary parallel interface. 

CIRCLE 1 17 

I 
I 
I 

0.01 resolution (0.005 optional). 

Use with any computer (Wang 
shown). 

Data take-off w ith stylus or 
cursor. 

There's a lot more to our GP-8 story 
than low price. We'll tell all: Write or 
call for our new technical bulletin. 
We're Science Accessories Corpora
tion , 970 Kings Highway West, 
Southport, CT 06490, (203) 255-1526, 
Telex 964-300. 

SAC® SCIENCE 
ACCESSORIES 
CORPORATION 
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LITERATURE 

Batteries fo r memory protection 

Five types of sealed nickel cadmium 
batteries are described in an eight-page 
illustrated brochure. Detailed data on 
application>, charging, discharge rate>, 
and temperature ranges are provided for 
these memory protecting devices. Varta 
Ba tteries, Inc, Elmsford, NY. 
C ircle 410 

Industrial computers 
Brochure contains information on the 
IMP-68000 industrial multiprocessor sys
tem. The eight-page document outlines 
these rugged, expandable single-board 
products, I nd oco m p I nc, Drayton 
Plains, Mich. 
Ci rcle 411 

Protocol converters 
System descriptions on a full line of pro
tocol converters include spec outlines for 
ASCII to SNA SDLC, ASCII to Bisync, _in) 

to SNA/ SDI l, and other conversion,. 
Protocol Co m p uters, Inc, Woodland 
Hills, Calif. 
Ci rcle 412 

Transceiver connection 
Installation and operation of the NTIOO 
Ethernet / IEEE 802.3 transceiver unit is the 
topic of an NTtOO user manual. General 
truths garnered from three years of local 
net experience make this pamphlet par
ticularly handy. lnterlan, Inc, Westford, 
Mass. 
C ircle 413 

Interconnections galore 
Pin-grid array, DIP, high temperature, 
LED, and surface-mounted sockets are 
among the sockets depicted in this 18-page 
catalog. Advanced lnlcrconnection,, 
Warwick, RI. 
Circle 414 
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Programmable motion controller 
Brochure highlights the P420 multiple axis 
programmable motion controller. Appli
cations and system features (eg, simulta
neous coordinated control up to four axe' 
and linear and circular interpolation) are 
depicted. North Coast Automati o n , Inc, 
Cleveland Ohio. 
Circle 415 

Custom strip assemblies 
The S-83 strip products catalog contains 
specs on a line of socket and terminal 
strips. These strips can be used to inter
connect or :-.tack PC boards, mount tu,, 
op amps, relays, or as test points. Samiec, 
Inc, New Albany, Ind. 
Circle 416 

Digital to resolver converter 
An eight-page, two-color data sheet intro
duces the HDR2116 16-bit digital to 
resolver converter, which has a 2-V A 
output and microprocessor compatibility. 
Na tel E ngi neering Co, Inc, Simi Valley, 
Calif. 
Circle 417 

Data acqu isition for Apple II 
Data acquisition, control, and laboratory 
analysis programs for the Apple 11-based 
DAISI line are profiled in this directory. 
Algebraic functions, colorimetry, fast 
Fourier trans forms, and robotic applica
tions are described. Interactive Structu res, 
Inc, Bala Cynwyd, Pa. 
Circle 418 

Optical cable termination 

.. 
' 

Procedures and techniques for terminat
ing optical fiber cables are illustrated in 
a SO-page manual aimed at demystifying 
these proce,:-.cs. Optical Fiber Technol
ogies, Inc, Nutting Lake, Mass. 
Circle 419 

Networking glossary 
A 24-page book let covers important terms 
associated with loca l area networking. 
Access methods, topologies, and media, 
as well as gateways and protocols, are 
briefly explaineq. U ngerma nn-Bass, Inc , 
Santa Clara, Calif. 
C ircle 420 

Monochrome displays 
An 18-page, full-co lor brochure covers 
monochrome disp lays in 5- to 15-in. diag
onal sizes. Ze nith Electronics C orp, Glen
view, Ill. 
Circle 42 1 

Circuit board packaging with ZIF 
Packaging technology using zero insertion 
force (ZIF) card guide retainers is chroni
cled in a comprehensive brochure that 
provides engineering application informa
tion. Interna ti o na l Electronic Research 
Corp , Burbank, Ca lif. 
C ircle 422 

Amp bulletin 
A four-page bulletin presents W -series 
ultra broadband rf power amps. It covers 
models delivering linear operat io n over 
the 100 k H z to IOOO M H z spectrum with 
I, 5, IO, 50, and 80 W minimum output 
ratings. A mplifier Research , Souder
ton, Pa. 
Circle 423 

Video instruments 
Bibliography depicts the uses and app li
cations of expansive video instrument li ne 
that includes video frame stores, peak 
stores, digitizers, X-Y indicators, position 
analyzers, pointers, and mass image stor
age systems. Colorad o Video, Inc, Boul
der, Colo. 
Circle 424 

Intelligent disk controllers 
A four-page, four-color brochure 
describes Sybercache intelligen t disk con
trollers. Charts depic t performance 
improvements based on Sybercache u'cr 
results. StorageTek , Louisville, Colo. 
Circle 425 

Switching power 
Fifty types of standard switch ing power 
supplies are out lined in a catalog. Included 
are listings from 15 to 150 W, single-. 
triple-, and quad-output;, in enclosed or 
open types. Disk drive switchers a lso are 
considered. L-Co m , Inc, N Andover, 
Mass. 
Circle 426 



CAL El DAR 

CONFERENCES 
OCT 29-NOV 1-Comdex/Europe, RAI 
Congress and Exhibition Centre, 
Amsterdam, The Netherlands. 
INFORMATION : The Interface Group, 
Inc, Rivierstaete, Amsteldijk 166, PO 
Box 7000, 1007 MA, Amsterdam, The 
Netherlands 

OCT 30·31- Flat Information Display 
Conf, Red Lion Inn , San Jose, Calif. 
INFORMATION : Murray Disman , lnt 'I 
Planning Information , Inc, 164 Pecora 
Way, Portola Valley, CA 94025. 
Tel: 415/854·7306 

OCT 30-NOV 2-Wescon High 
Technology Electronics Exhibit and 
Convention, Anaheim Convention 
Center, Anaheim, Calif. INFORMATION : 
Dale Litherland , Electronic 
Conventions, Inc, 8110 Airport Blvd , 
Los Angeles , CA 90045. 
Tel: 213/772-2965 

NOV 2·4-Autotestcon, Sheraton 
Washington Hotel , Washington , DC. 
INFORMATION : M. D. Myles (Code Air 
552), Naval Systems Command , 
Washington , DC 20361 . 
Tel: 202/692-3146 

NOV 4·8-lnt 'I Congress on Advances 
in Nonimpact Printing Technologies, 
Stouffer's Concourse Hotel , Arlington , 
Va. INFORMATION: Richard C. Beach, 
Itek Graphic Systems, 811 Jefferson 
Rd , Rochester, NY 14692. 
Tel : 716/475-9050 

NOV 12·15-IEEE lnt'I Conf on 
Computer Aided Design, Santa Clara, 
Calif . INFORMATION : John A. Demiter, 
Bell Telephone Labs, 4K523, Holmdel , 
NJ 07733. Tel: 201/949-6675 

NOV 13-17-Elektronica, Munich Trade 
Fair Center, Munich , W Germany. 
INFORMATION: Kallman Assoc, 
5 Maple Ct , Ridgewood , NJ 07450. 
Tel: 201/652-7070 

NOV 14-18-Comdex/Fall, Las Vegas 
Convention Center, Las Vegas, Nev. 
INFORMATION: The Interface Group, 
300 First Ave, Needham, MA 02194. 
Tel : 617/449-6600 

NOV 16·17-Forth Interest Group 
Convention, Hyatt Palo Alto , Palo Alto , 
Calif . INFORMATION : Forth Interest 
Group, PO Box 1105, San Carlos, CA 
94070. Tel: 415/962-8653 

NOV 27-30-Conf on Magnetism and 
Magnetic Materials, Town and Country 
Hotel , San Diego, Calif. 
INFORMATION : Alex P. Malozemoff , 
IBM Research Center, PO Box 218, 
Yorktown Heights, NY 10598. 
Tel: 914/945-2154 

NOV 28·30-Winter Simulation Conf, 
Sheraton-Dallas Hotel , Dallas, Tex . 
INFORMATION: Udo W. Pooch , Dept of 
Computer Science, College of Engin , 
Texas A&M Univ, College Station, TX 
77843. Tel : 409/845-5498 

DEC 3·9-lnt'I Microcomputer Conf & 
Display 1984, The Guangdong 
Scientific Hall , Guangdong , People's 
Republic of China. INFORMATION: 
Meridian Technology Exhibitions Ltd , 
Rm 1201 Kai Tai Commercial Bldg, 
317 Des Voeu x Rd C, Hong Kong 

DEC 4-6-Western Design Engin Show, 
Moscone Center, San Francisco, Calif. 
INFORMATION: David J. Caplin , Clapp 
& Poliak, 708 Third Ave , New York, NY 
10017. Tel : 212/661·8010 

DEC 5·7-Conf on Artificial 
Intelligence Applications, Sheraton 
Denver Tech , Denver, Colo . 
INFORMATION: R. Haralick, Dept of 
Elec Engin , VPI & SU , Blacksburg, VA 
24061 . Tel : 703/961 -6819 

DEC 6-California Computer Show, 
Hyatt Hotel , Palo Alto , Calif. 
INFORMATION: Norm DeNardi 
Enterprises, 289 S San Antonio Rd , 
Suite 204, Los Altos , CA 94022. 
Tel: 415/941 -8440 

DEC 6·8- Realtime Systems 
Symposium, Hyatt Regency Hotel , 
Austin, Tex. INFORMATION: Miroslaw 
Malek, Dept of Computer Science, Univ 
of Texas at Austin , Austin , TX 78712. 
Tel : 512/471 -5704 

DEC 9·12-IEEE lnt'I Electron Devices 
Meeting, San Francisco Hilton and 
Towers , San Francisco, Calif. 
INFORMATION: Melissa M. Widerker, 
Courtesy Associates , Inc , 665 15th St , 
NW, Suite 300, Washington , DC 20005 

DEC 10·11-IEEE Computer Society 
Computer Networking Symposium, 
Nat '! Bureau of Standards, 
Gaithersburg , Md . INFORMATION: 
Computer Networking , PO Box 639, 
Silver Spring , MD 20901 . 
Tel : 301/589-8142 

DEC 11·13-Fifth·Generation and 
Supercomputer Symposium, 
Rotterdam, The Netherlands. 
INFORMATION: Rotterdam Tourist 
Office, Stadhuisplein 19, 3012 AR 
Rotterdam , the Netherlands. 
Tel : 010/14 14 00 

JAN 24-26-Modeling and Simulation 
on Microcomputers, Bahia Hotel, San 
Diego, Calif. INFORMATION: Ray 
Swartz, Berkeley Decisions/Systems 
Inc, 730 Park Ct , Santa Clara, CA 
95050. Tel: 408/984-6397 

FEBRUARY 

l 
FEB 5-7-Mini/Micro West Computer 
Conf and Exhibit, Anaheim Hiflon 
Hote l, Anaheim Calif. INFO.RMATION : 
Nancy Hogan , Electronic Conventions, 
Inc, 8110 Ai rport Blvd, Los Angeles, CA 
90045. Tel: 213/772-1965 

FEB 13·15-lnt'I Solid State Circuits 
Conf, New York Hilton, New York, NY. 
INFORMATION : Lewis Win ner, Almeria, 
Coral Gables, FL 33134. 
Tel: 305/446-8193/4 

Feb 25·28-Compcon Spring, Cathedral 
Hill Hotel , San Francisco, Calif . 
INFORMATION: Harry Hayman , PO Box 
639, Silver Spring, MD 20901 . 
Tel : 301/589-8142 

SHORT COURSES 
NOV 7-9-VDT Ergonomics: Man· 
Machine Interface, Washington , DC. 
INFORMATION : George Harrison , The 
George Washington Univ, School of 
Engin and Applied Science, 
Washington , DC 20052. 
Tel: 202/676-6106 

NOV 7-9-Los Angeles ; DEC 5·7-New 
York-Data Communications and 
Networking for Personal Computers. 
INFORMATION : Software Institute of 
America, Inc, 8 Windsor St , Andover, 
MA 01810. Tel : 617/470-3880 

NOV 12-14-Workshop in Data 
Communications for Microcomputers, 
Washington , DC. INFORMATION : 
George Harrison , The George 
Washington Univ, School of Engin and 
Applied Science, Washington , DC 
20052. Tel : 202/676-6106 

NOV 26-.27- Personal Computers/ 
Worcester Polytechnic Institute, The 
Hilton, Natick, Mass. INFORMATION : 
Kathy Shaw , WPI , Offi ce of Continuing 
Education , Worcester, MA 01609. 
Tel: 617/793-5517 

NOV 28·30-Engineering Use of Lotus 
1 ·2·3/Worcester Polytechnic Institute, 
Int '! Management Services Computer 
Lab, Framingham, Mass. 
INFORMATION : Kathy Shaw, WPI , 
Office of Continuing Education , 
Worcester, MA 01609. Tel : 617/793-5517 

NOV-DEC-Misce llaneous data 
communications seminars at various 
locations. INFORMATION : Beth L. Holl , 
Datapro, 1805 Underwood Blvd, Delran , 
NJ 08075. Tel : 609/764-0100 
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1\11CROCOMPUTER GRAPHICS 
AND PROGRA'.VIMING 
LANGUAGES 
By Harry Kat:;an. Jr. 

E,plains ho11 lo i.1p the innp1 ·11,ill' opporlu 
nities in computer graphit·, to neall' e\riting 
1isual i111 ages 11i1h just the right impact. Thl' 
author shows hll11 lo 11si· animation and co lor 
coding, make graphic imagl' transformations, 
and write programs using lcl\\· or high-resolution 
graphics. 
S22.50 Circle 445 

DESIGNER'S BOOKCASE 

LOGICAL DATA BASE DESIGI' 
By Robert M. Curtice and Paul E. Jones 

This far-reaching guide pro1·ides a 11orkablc 
frarlll'Work for appraising a -1'1 of concept' :ibou r 
data and data ha,t• as 11ell a> s1wcial tinH·-,;a1·ing 
lip, 011 hcJ11 to docunH•nt a logical design . E,. 
arnpk·, prornole ea>' app lication of information 
lo 1111-tlll'-job situation,. 
S3 1.50 Circle 446 

ROBOTICS RESEARCH: 
THE FIRST l'.'lTERl'ATIONAL 
S) '.\'IPOSIU'.\-1 
Edited by Mif'hael Brarfr and Rif'harrl Paul 

The fif11-thn·e rontributi1llb rnlll'clecl in thi, 
l>0ok pn.,;ent leading currl'nt r""·arch in one of 
thl' faste:<t mm ing field, of artificial intelligence. 
Organizl'd around a 1 il'll of robotic,; as "the 
intelligent ro nn t·ction of perception lo action." 
thl'1 rnn1e1 thl' l' v itl'llll'nl of n .. ss-di,;rip lina n 
di,;cu"ion IJ1 ,cholar' from the Unill'd States, 
Japan , France, thl' Lnitl'd Kingdom, We,;I Ger
man~, and Australia. 
565.00 Circle 447 

HOW TO ORDER: 
15-DA Y FREE EXAM/NATION 
(U.S. AND CANADA ONLY) 

l\1JCROPROCESSORS 11' 
INOUSTR) 
By Michael Hordeski 

Hl're is the first book to inti · grate all asp1..-ts .,1 

rninoprocessor s~stems dl'sign and control 
theor~ for industrial applications. In vil'll of re
l'l'llt de1elopments in distributed processing and 
cornputer networks, readers will especia ll~ appre
riate chapter on the latest 16-bit rnicroprnce,;
,.;ors, bubble me111 .. r~ systems, ,,,flware desig11 
ll'chniques, transmission tl'chniques and rorn
munical ion protocols. 
s ~9.50 Cirde 448 

GENERATING LANGUAGE-BASED 
ENVIRONMENTS 
By Thomas W Reps 

This book addn·,scs a fundarncntal softwa r<' 
engin eer ing issue, applying formal techniq ues 
and rigorous analysis to a practical problem of 
great current int erest: the incorporation of 
language-specific knowledge in interactive 
programming environments. It makes a basic 
contribution in this area by proposing an 
attribute-grammar framework for incremental 
schematic analysis and estab lishing its algo
rithmic foundations. 
$27.50 Circle 449 

Simply circle the appropriate number(s) on the Reader Inquiry Card at the back of this magazine. Your book will be sent 
to you for your IS-day free trial. If you are sat isified keep the book and an invoice will follow. Otherwise return the book 

by the end of the 15-day period, and owe nothing. 
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SYSTEM 
SHOWCASE 

CIRCLE 4 7 5 for rates and information 
CALL: SHIRLEY LESSARD 

800-225-0556; 1n MA 617-486-9501 
...,~TELEDYNE RELAYS 

C76 SERIES SOLID STATE DIP 1/0™ 

M odules are designed fo r use in computerized con trol 
systems for noise-free isolated interfacing of computer 
logic elements to harsh industrial environments. Modules 
employ custom microcircuits in a T0-116 DIP. Low "Per
point" cost. Meets VOE spacing and voltage requirements . 
Features CMOS and TTL compatibility, optical isolation , 
high noise immunity and an ENABLE function on input 
modules. $8.70 to $9.65 {depending on function) at pro
duction quantities. TELEDYNE SOLID STATE PRODUCTS, 
12525 Daphne Ave, Hawthorne , CA 90250. Tel : 12031 
777-0077 . 

CIRCLE 476 

SELL BY PHONE WITH 
NEW AUTOMATIC 
SYSTEM 
New solid state electronic 
system makes selling by 
telephone big business . 
Speeds up calling many 
times , cuts costs . Invalu
able for getting sales leads, 
direct selling, fund raising, 
political canvassing. As 
automatic as a computer, 
as personal as the human 
voice. Simple to operate . 
For details contact : BOX 
1 60-M BARRINGTON, NJ 
08007-0160 

CIRCLE 479 

RS232 or 8 BIT PARALLEL 
MINI CASSETIE SYSTEM 

e LOW COST- $388 @ 100 UNITS• 
• Microprocessor Controlled 
• > 200K Bytes Formatted/Tape 
• Variable Saud Rate (110-9600) 
• Error Rate 1 in 10 to the 9th 
• Small - 3" x 3 .5" x 5" W/0 Case• 

21 OTHER CA RTRIDGE. CASSETTE. FLOPPY 
SYSTEMS WITH STORAGE TO 12 MEGABYTES 
Basic Drive with R/W EIE'ctronics Start at $150 
ANALOG & DIGITAL PERIPHERALS INC 
( > 81 5 Diana Drive 

il r;\~D Troy. Ohio 45373 
~ 513/ 339-2241 

<: ) TWX 8 10/450-2685 
Branch Oft Oklahoma City OK - Factoiy: Yucca Valley.CA 

CIRCLE 477 

6801 Test Bed 
& Programmer 

INTEL USERS-SPEED UP YOUR 
DEVELOPMENT BY 3 TIMES WITH THE 
ORIGIN DISK CACHE/PRINTER 
SPOOLER 
For series 2 or 3, MOS 800 and NOS II work 
stations. Works with single or double density 
floppies. Totally transparent. Automatic allo
cation of 480 K-Bytes of cache memory . 
Built in 196 K-Byte print spooler. The model 
OR-88C is $ 2850 each and in stock . 
ORIGIN, Inc, 91 36 Gibson St, LA, CA 
90034. Tel: (213) 202-0772. TLX704809. 

CIRCLE 478 

STD BUS MICROFLOPPY SUBSYSTEM 
Plug a disk drive directly into your STD bus 
installation . Choice of 3" or 3.5" system. 
Western Digital disk drive controller. Low 
power, 2. 5" high , 5 VDC only option. Com
plete STD bus development and control sys
tems available with 8088 master and 
ROMmed BASIC or FORTH and CP/M-86 . 
VESTA TECHNOLOGY, INC . 1777 S. Bel
laire, Suite 211, Denver CO 80222 (303) 

CIRCLE 480 
759

-
4988 

CIRCLE 481 
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NEW TRACKBALL II WITH RS232 
INTERFACE 
eliminates need for interface logic between 
trackball and computers and other systems 
with RS232 dataports. TBSll is a low-cost, 
compact man/machine interface that gen 
erates digital signals. Few moving parts 
ensures mechanical reliability . Can be hand 
held or panel mounted. Molded of high
impact plastic; weighs 11 oz.; ball diameter 
is 2.250". ENCODER DIVISION , LITTON 
SYSTEMS INC ., 20745 Nordhoff Street, 
Chatsworth, CA 91311. (818) 341 -6161. 

CIRCLE 482 

8096, 8051 & 8048/8041 CROSS 
ASSEMBLERS FOR THE IBM PC/XT 
AND COMPATIBLE COMPUTERS 
Save money by developing your Single Chip 
Microcomputer software on your PC instead of an 
expensive development system. Save time and 
improve programmer's productivity by using Cross 
Assemblers specifically designed for Single Chip 
Microcomputers. Metalink 's Cross Assemblers 
provide : 
- Software support of all standard and unique 
memory spaces 
- Symbolic access to all hardware registers 
- A full range of assembly time operators, listing 
and output cont rol s. 
- Macro and conditional assembly capabilities 
- A detailed User's Manual and explicit error mes-
sages to simplify usage 
The Cross Assemblers are machine language opti 
mized for extremely fast assemblies. They support 
all components in the 8096 family , the 8051 
family or the 8048/ 8041 family . Standard Intel 
Hex format is output for PROM programmers . 
Only $145 .00 METALINK CORP. 33 W . Boxelder 
Place, Suite 110, Chandler. AZ 85224 (6021 

926-0797 CIRCLE 485 

I 

Z80 SINGLE BOARD COMPUTER 
- S 100 Bus !IEEE 6961 

M aster Slave Selec table 
CPU Z80A-4MHz °' Z80B-6MHz 
M emory - 64K RA M 
2 Serial 110 Port s with RS 232C Drivers 
2 Parallel Bidirectional Ports 
Support s 8 Levels of External Vectored 
Interrupt s 

- 4 Programmable Counter -Timer Channels 
Up to 16K of EPROM 
External System Reset, Bus System Reset 

- System Monitor and CP Net· Drivers 
Available 

Z80A $ 77 512808 $ 31 0 
UCI CORPORATION , 948 Cherry St .. Kent , Ohio 44240 
Tel : 12161673-5155 800 UCl-Computer 
· Trademarke Digital Research 
Call for Volume Discounts CIRCLE 488 
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32bit Single Board Computer 

68008 Single Board Computer. 100 by 
1 60mm Eurocard . 3 RAM/EEPROM/EPROM 
sockets for 2K-64K byte devices (2K RAM 
included) . 6 8 bit Bi -Dir 1/0 ports with hand
shake and individually vectored interrupts . 
4 16 bit timers. Dual async serial RS232 
ports. 256b nvRAM. Diagnostics LEDs. 
Multitasking kernal option. 295/unit. Quan
tity discounts available. HERITAGE SYS
TEMS CORPORATION, PO Box 10588, 
Greensboro , NC 27404 . Tel: (919) 
274-4818. 

CIRCLE 483 

ASYNCHRONOUS EIGHT PORT RS-232 
INTERFACE FOR IEEE-796/MULTIBUS 
(tm) SYSTEMS 
The card has full modem control on each 
port , including ring indicator . Speeds are 
software selectable form 50 b/s to 19200 
b/s . Split speed operation is possible at 
75/ 1200 b/s or 110/ 1200 b/s. Card can be 
operated as a terminal (DTE) or a modem 
(DCE). Sample driver for 8086 is included. 
RMX-86 (tm) driver is available. Single quan
tity price is $925. VTT TECHNOLOGY INC. 
Videotex services, Lehtisaarentie 2. 
SF-00340 Helsinki 34, Finland . Tel: + 358 
0 484 483 . Telex : 122972 vttha sf 
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NEW UNIVERSAL EPROM AND 
EEPROM PROGRAMMER 
for $995.00. The PPC -1200 self con
figures upon entry of the Device Number for 
programming any current EPROM to 256K
bits without the use of personality modules 
or adapters. Editing, Remote-Control, Illegal
bit check, Blank check, Backwards device 
check plus 21 data formats are all standard. 
An expander port is provided for program
ming Microcomputers. WALMOR DATA 
SYSTEMS, INC. Elk Grove Village, II. 60007 
(312) 364-1530 
UNIVERSAL EPROM PROGRAMMERS 

CIRCLE 489 

LOW COST ADVERTISING 
You can market your products to over 
92,000 systems builders 

Hardware 
Software 
Services 
Consulting 

For only $655.00 your ad will be typeset . 
laid out, and appear in this space. Sale s 
leads will automatically be sent to you as 
we receive them . 

Start today I Call Shirley Lessard for details 
on how to start a low cost advertising pro
gram. Your sales results will tell you that it 
is the best decision you have ever made. 

COMPUTER DESIGN 
(800)225-0556 (Outisde Mass) 
(617)486 -9501 
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INTELLIGENT STEPPER MOTOR 
CONTROLLER FOR D.E.C. 0-BUS 
COMPUTERS 

Operates 2 stepper motors independently . 
Dedicated microcomputers relieve host of 
ramping & positioning responsibilities. Fac
tory & laboratory automation uses include: 
robotic welding, dispensing , custom plot
ters, CNC, CAM , position control of mirrors, 
laser beams, translation stages, telescopes, 
ultrasonic scanners, etc. 
Special limited offer: List $795 - 50% off 
ROBOTIC SYNERGY, INC . P.O. Box 8226, 
Salt Lake City , UT 841 08 
Tel: (801) 487-9483 CIRCLE 487 

COMPUTER DESIGN 
SUPER DECKS 

• Now 90 ,000 circulation - 75 ,000 
qualified Computer Design U.S . 
subscribers, plus 1 5,000 pass-along 
engineer inquirers 

• Six mailings in '84 - January , March, 
May, July, September and November 

• Less than a penny per ca rd for 6 time 
users . 

• Rates start at $1195 .00 and go down 
with frequency. 

• Closing 21 st of previous month of 
mailing . 

Contact Shirley Lessard, Computer 
Design, 11 9 Russell St, Littleton, MA 
01460. Tel: Toll Free (800)225-0556 . 
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ELECTRONICS 
ENGINEEM 

There are key openings right 
now on Bl-B Avionics, 
Minuteman, Peacekeeper, 
artificial intelligence and 
other advanced projects. 

Computing Systems 
Advanced Computer Graphics 
Artificial Intelligence 
Business Systems Applications 
CAD/CAM 
Functional Test 
Microcomputer I Personal 

Computers/ Workstations 
Network Architecture 
Operating Systems 
Software Engineering 
Scientific/ Engineering 

Applications 
Systems Software/Systems 

Engineering 
Telecommunications 

Electronics 
Advanced Microelectronics 
ATE Design 
Avionics 
Communications 
DigitaUAnalog Circuit Design 
Display Design 
EE Parts/Packaging 
EE Power Supply Systems 
Electronic Manufacturing 
EMP/EMC/TEMPEST 
Guidance & Navigation 
Interconnect Design & 

Components 
Microwave Technology 
Nuclear Survivability 
Optical Sensor 
Particle Accelerator Technology 
Pulsed Power 
Radar and Antennas 
Reliability I Maintainability 
RFLinacFEL 
Sneak Circuits 
Systems Engineering 
Systems Safety Engineering 
SWL Laser Technology 
Test Engineering 
Training Sxstems 

Design/ Simula ti on 



The Molex MXSCf flat cable system 
meets or exceeds MIL-C-83503. 

.025" round 
solder tails available 
for .062" or .125" thick P.C.B. 
Optional .610" wire-wrap tails_.-...., 

The electronics industry has focused on military 
specification MIL C-83503 as its standard for .050" " 
(1 ,27mm) centerline ribbon cable connectors and headers. 

The primary feature of this specification is the method 
of polarization. The new Molex MX50™ system has 
polarizing ribs on the header and corresponding mating 
slots on the connector. 

Unique to this system are the options of either loose or 
molded-in polarizing ribs and the combination of .025" 
(0,64mm) square contact interface with .025" (0,64mm) 
round , P.C. solder tail header pins. For wire-wrap 
applications, a .610" (15,50mm) length , wire-wrap tail is 
available . 

To provide maximum performance at the lowest 
cost, both the connector terminal and header pins are 
selectively gold plated. 

The #40312, pre-loaded connector and straight and 
right-angle headers are available in a wide range of 
popular circuit sizes. 

First in Customer Service ... Worldwide 

.025" 
selectively gold 
plated-square pins 

Molex 
ribbon cabl 

upper 
housing 
with 

j 

test ports 

Optional, 
reinforced, 
double strain 
relief latches to upper 
and lower housing. 

Molex also offers quality, UL-recognized ribpon cable 
and a new line of complementary edge card and transition 
connectors to complete your system requirements . Four 
basic transition connector options are available : 1) 
staggered row/paddle board; 2) and 3) .100" x .300" (3 ,54 
x 7,62mm) and .100" x .600" (2,54x15,24mm) grid , dual 
in-line connectors, that can be soldered directly to the 
board or plugged into a DIP socket; and 4) .100" x .100" 
(2,54 x 2,54mm) grid , dual in-line, for dense packaging 
requirements. 

Molex also provides easy-handling, semi-automatic 
production tools for cost-saving application. 

For more information on our MX50 ribbon cable system 
and the many ways Molex can help you lower your total 
applied costs, contact the Molex office nearest you . 
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Corporate Headquarters: 2222 Wellington Ct. , Lisle, IL 60532 Phone: (312) 969-4550 Telex: 27-0072/25-4069 
European Headquarters: Molex House, Church Lane East, Aldershot, Hanis, England GU11 3ST Phone: 02520318221 Telex: 851-858988 
Far Eastern Headquarters: 785 Suwa Fukemi , Yamato Shi-Kanagowa Pref., Japan 242 Phone: 462-614500 Telex : 781-03872468 



COLORS YOU CAN COUNT ON 

COUNT ON COLOR. Without even realizing it, we 
are constantly responding to color stimuli every
day, everywhere. Color attracts attention. Color 
emphasizes. It distinguishes, accents and high-

lights. In essence , color communicates and that 
really counts. And color is counting even more 

as needs increase for information to be comprehended 
faster, more accurately and with greater retention. 

COUNT ON TC1040. For effective color 
communications the TC1040 has a unique 

4 ,913 color palette-a powerful vocabulary 
you can count on. Our color ink-jet system 
prints up to 120 dots per inch , delivering 

crisp and clear type fonts, graphics and images 
on a variety of media. Push button console , flexible media 
handler and snap-in disposable cartridges make operation 
as easy as 1-2-3. No complicated procedures, no elaborate 
set-ups, no messy pens or ribbons to replace . And the 
TC1040 is fast-full image-seeking and bi-directional 
capabilities will print an 8 112 " x 11" page in just one and 
a half minutes. 

COUNT ON PRINTACOLOR. Since our intro
duction of the first desk-top color ink-jet 
printer in 1980, we have advanced ink jet 
color technology to a high level of refine-

ment, sophistication and reliability. You can 
count on our experience for putting quality 

color into your business graphics, audio-visual presenta
tions, process control operations, scientific data analysis, 
medical imaging. Whatever your application , we' re ready 
to put our our unique 4 ,913 color communicators into it. 
For details, write or call: Printacolor Corporation , 6040 
Northbelt Drive, Norcross, Georgia 30071; 404-448-2675. 

( ,. ~,,,,_. ,,,..,--_ 
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__.. ... : _,.,,--
,- :~ ---
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THREE REASONS TO CHOOSE 
OUR X.25 COllllECTIOll 
FOR YOUR DEC HOST. 
If you need to network your DEC 
computer on a private or public 
packet network (like Telenet, 
Tymnet, or Uninet) , look to ACC . 
You'll see X.25 communications 
taken tn new levels. 

1. INCREASED 
HOST Pfl1FORMANCE 
Communications belong in a 
communications processor - not 
in your host. 
Our powerful microprocessor 
front-ends deliver X.25 protocol 
handling and remote terminal 
support on their own - without 
slowing down vital business 
applications. We can also attach 
local terminals to 
networks 

without interrupting your host. 
ACC gives you a high 
performance alternative to host
resident communications 
software . 

2. HIGH JPEEDI 
HIGH THROUGHPUT 
You can transfer data at line 
speeds to 56 kilobits per second. 
ACC uses Direct Memory Access 
to your VAX, PDP-11 , and LSI-11 
to achieve high speed while 
providing further reduction in 
host loading. High speed means 
faster file transfer, faster data 
base access. 

3.MAXIMUM 
PRODUCTIVITY 
You need full-screen 

editing to achieve 
maximum 
productivity. ACC 

provides full - screen 
support to remote 
and local terminals 
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accessing your network host. 

If you need network access and 
maximum host efficiency, ask us 
about our high performance X.25 
products. ACC also offers other 
communications processors 
which support a wide variety of 
protocols and standards. Contact 
us today. 

Advanced Computer 
Communications. 
720 Santa Barbara Street 
Santa Barbara, CA 93101 
TWX 910 334-4907 

(805) 963-9431 

Advanced Computer 
Communications 


