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Announcing the WY-75. 

Our new WY-75, VT-lOO*software-compatible 
terminal is specially fitted for use with your 
DEC *computer. 

It offers a combination of features you can't 
find in any other VT-100 software-compatible 
terminal. Like a compact, ergonomic design. 
A finely sculpted, low-profile keyboard. And 
a swivel and tilt non-glare 14" screen, tailored 
with an 80/132 column format. 

At a price of $795, the WY-75 won't cost the 
shirt off your back. 

Contact Wyse Technology for more 
information. And put your DEC on the best 
dressed list. 

s795 

VT-100 software 
compatible and 

dressed for success. 

WYSE 
I I I I 

Make the Wyse Decision. 

Wyse Technology, 3040 N. First Street, San Jose, CA, 95134, 408/946-3075, 
TLX 910-338-2251, Outside CA call toll free, 800/421-1058, in So. CA 213/340-2013. 

' VT-100 and DEC are trademarks of Digital Equipment Corporation. 
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Nowyourcomputer 
.. can have 20/20 vision . 

• 

.. 

• 

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

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

The new SP-123 offers advanced 
signal processing of high resolution 
black & white or full color images at 
the rate of 14 megapixels per second. 

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

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

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

Call or write for our new Product 
Guide of Multibus, 0-Bus, and 
IBM PC compatible boards and 
systems. Datacube Incorporated, 
4 Dearborn Road, 
Peabody, MA 01960, 
Telephone: (617) 535-6644. 

Data cube 
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·NOTHING Ill THE 
WORLD SUPPORTS OEMS ~ 

LIKEQ-BUS. 
Few companies could 

legitimately promise you either 
the experience or the insight 
into the OEM market that has 
helped make Digital the num
ber one choice and world 's 
leader in systems and 16-bit 

com= ents. ~\ 

_ICJif ,:, 
&-: .. 
z~ 

With well over 25 years' 
experience behind us, we 've 
learned quite a bit about what 
ittakes to be a good OEM 
and how we-as a supplier -
can help. 

We 're aware of your con
cern for reliability and depend
ability. With your name on the 
product, you 're naturally the 
first one to get any calls . 

We appreciate the dead
lines you're forced to deal with. 
And your need for the thorough 
documentation and manufac
turer's support that can help 
you beat your competition 
to market. 

We also understand the 
commitment you make when 
you select an architecture. And 
your need for support of that 
architecture. Not just from the 
manufacturer, but from third 
party sources as well. 

These are precisely the rea
sons to choose Digital 's 0-Bus* 
architecture. Because only 

© Digilal Equipment Corporalion 1984. · The follow· 
ing are trademarks of Digital Equipment Corporation: 
Digilal, lhe Digital logo, Q-Bus, J11. MicroPDP-11 . 
Pro 350. MicroVAX, VAX, LSl-11 /73, KXT11-C. PDP-11, 
Falcon-PLUS, VMS, RSX, LSl-1 r. LSl-11/23, 
MicroPower/Pascal. 

0-Bus gives you the proven 
products and technologies, 
the flexibility, the commitment 
and support to help you reach 
your market. On time. And on 
target. With a minimum of risk. 

CHOOSE THE 
INTEGRATION LEVEL 
THAT'S MOST 
PRACTICAL FOR YOU. 

0-Bus is nothing if not flexi
ble. And that flexibility begins 
with the level of integration you 
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choose. From chips to boards 
to boxes to complete systems. 

You may, for instance, 
have the time and resources 
to develop your own system 
around one of our J11 *micro
processors, thus helping to 
reduce your hardware costs. 

On the other hand, if dead
lines are tight, you might opt for 
one of our complete systems, 
like the standalone Pro 350* 
workstation, the multi-user 
MicroPDP-11 ; or our powerful 
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32-bit desktop MicroVAX I ~ By 
rad ically reducing develop
ment time, perhaps almost 
eliminating it altogether, you 
increase your chances of beat
ing your competition to market, 
thus permitting you to earn 
the higher margins available 
at the beginning of a product 
life cycle. 

If your needs fall some
where in between, we recently 
introduced three board level 
CPU products to work with . 
Our LSl-11 /73; a new CMOS 
microcomputer that bench
mark studies show exceeds 
the performance of a simi-
larly configured MC68000 or 
NS 16032 in most appl ications. 
Our KXT11 -C* peripheral 
processor, which for the first 
time allows you to place multi
ple PDP-11 *processors on 
the 0-Bus, assigning sepa
rate tasks to each. And Falcon
PLUS; one of the smallest 
16-bit single-board computers 
for dedicated or limited RAM 
applications. In addition, 
you have two versions of 
Micropower/Pascal* system 
software available to you for 
use in VMS* or RSX* develop
ment environments. 

Digital 's new board-level 
products also take full advan
tage of the 0-Bus' block mode 
transmission, which effectively 
doubles previous throughput 
to nearly 3 megabytes per 
second. That means 0 -Bus
along with these new products 
and future generations - will be 
running strong well into the 
future with the full commitment 
of Digital behind them. 

And since all are based on 
the industry standard PDP-11 , 



# 

GEORGE E. FREEMAN ua • HIE \NS.1'l1'U1'E Al MEM~ 
• !.~JC.UH 'TECHNICAL 40 

you get the best of both worlds. l'llUJJ.l'r Ill llOttlC\ s1'rl~~ ~stor-agettdliteb~~ 
I- Advanced capabilities. With 
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proven technologies. So you 
r ~NJ o chances are, you can 

become more competitive with SJMIU.11 01'\.AI design your custom system 
... less risk. r tflWfl Utf'1HU! SYUU4~ around existing hardware, ttl C#!Pll(ICfSStlll L'(VfLOP!itflfl 

~Lllll ICAflUlt I Fl'l\I HJfrtG, rather than developing your .. COMPATIBILITY MEANS 5'1''411:""'"1"'-' own or working around some-
MORE FLEXIBILITY, IUI 1tAH111 

" r-
fJl!flh .\UIO!tAtlOH one else's limited product 

LESS REDEVELOPMENT. • Iii f l'l'IJ ((>lrilfNIJt 11Al4 ,\'..AH\f'• offering. And you may modify 
· ~ From the beginning, Digital • your product later with little ' I'' .. has been dedicated to a single concern over development 

philosophy with its product costs or delays. 
~ families. Compatibility. Not just 

from product to product. But BEST ENGINEERED 
from generation to generation. MEANS ENGINEERED 

To the OEM, that's particu- TOA PIAN. 
... larly important because it Digital 's Q-Bus products, 

means you can upgrade your 
P(W[R PUllT MOIUTOlllkC like all Digital hardware and 

• product at any time you like, r£UPAOC:USlllCI JIAOJOlOOY software products, are engi-
with an absolute minimum of CCU(GfCIWU11k·Cfltlut l(lTJt>OC!."fHT MliMGfMI H1 neered to conform to an overall 
development. 
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first 16-bit microcomputer, our C:CN(Ml AlM IHIUAATIOrt r.tt.[flAL flPl (SltAAlltC easily and expand economi-
• LSl-11 ~And now you find that CfHfflAL CIH'Ull llG cally. Only Digital provides you 

new demands on your prod-
OAfAPflOCl!:'IJ«O 

with a single, integrated com-~Hl~l rtn. ru ri MG 

uct require a more powerful f' PCACHlltl,,.OCUSCOtlflOl vuntt• OIPU't' sntr.MS puling strategy, from chips to 
system. Upgrading your QIJAU 0 NAMGUtUl l 0£M l ll)TlllMO TATIOli 32-bit systems, and direct from 
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processor to our LSl-11 /23* r 
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are absolutely minimal . With '" • of Digital 's Authorized Indus-
Q-Bus, instead of going back • • trial Distributors. Or call 1-800-

~ 
to the boards and starting 848-4400, ext.139. In Canada, 
over, you move your product call 617-542-6283. 
to market. Faster. With far 0 Please send detailed product 

• less expense. sped ications . 

MORE THIRD PARTY 
Ol'm in a hurry. Have your re pre-

sentative call today. o 0 8/84-123 
SUPPORT THAN ANY 

• OTHER ARCHITECTURE Name 

IN THE WORLD. tlAl#UC ~OO 

SUPCIYISOAY Cl'IWHOlS , 0.1$ Title 

Your advantages continue RI ,.. 
with the broad choice of 

Company 

peripherals available to you. SU ES ' con lUClUG 
Address 
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~ 
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igital Equipment Corporation, 
.._f!MC- eed Road, HL02-1/E10, 
lUCftfCAL COllTllOL son,MA 01749. 
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AAHflCl.Al Ul'T{lllCfllCf ll~tAIOI l~IAY MICJ!Q\Ml't'S IS THE BEST ENGINEERED t 0-Bus is not only supported by 
IHSTIClfilllfTAllOli A"-'l't'51\ lfAllllU 1,(1 
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Digital 's own line of processors TR.lloSPOltfAllUh Ul'd'AICU Oll.111J!Jli:;A(.llAl"HIU • IN THE WORLD 
and peripherals , but by those 
of any number of third party 

nmnomn'" sources as well. From memo- • 
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Industry Review: Building Graphics Systems From The Board Level 
by Gregory MacNicol 
The growing number of graphics workstations that depend on separate boards on a common bus is 
evidence of the success of the integrated graphics board approach. 

Designer's Guide To Uninterruptible Power Supplies 
by Dave Wilson 
When determining the proper UPS, several factors must be considered: the voltage demands on the 
load, the efficiency of the UPS, the quality of the AC power output desired, and the sensitivity of the 
load to voltage changes. 

Optical Disk Technology Creates A New Class Of Peripheral 
by Julie Pingry 

Optical disks offer higher density than magnetic memory, with both more bits and more tracks per inch 
possible; they are removable, but not erasable. 

Mass Memory For Tight Spots 
by Bob Hirshon 
Squeezing an adequate amount of capacity into a small footprint, power requirements, resistance to 
environment stress and cost are some of the difficulties in designing downsized disk and tape drives. 

Silicon Compilation: A Revolution In VLSI Design 
by Ron Collett 

Lengthy design cycles, high costs and shortages of chip designers have given impetus to other 
methodologies that facilitate the design of application-specific integrated circuits. 

32-Bit Microprocessors Support Parallelism and Cache 
by Ram Appalaraju 

The next generation of 32-bit machines from Zilog, National Semiconductor, Motorola, and Intel will 
include full 32-bit address and data paths, and the ability to support virtual memory. 

Extensions And Performance Improvements Keep Pascal Competing 
by Mike Cashman 

Although Pascal is an example of structured programming, others in the industry feel that it isn't a very 
good example, at least when applied to "real world" programming problems. 

ON THE COVER 
VLSI Technology lnc:s (San Jose, CA) completely integrated cell-based IC design system takes a design from hierarchical chip 
planning through schematic entry, physical layout, simulation and verification , and results in PG tapes ready for fabrication in 
VTl's silicon foundry. VTl's advanced proprietary tools include a cell compiler library that gives a designer the convenience and 
ease of designing with cells that can be modified to meet the functional and parametric needs of a particular design . 
Photo courtesy VLSI Technology Inc. 
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Of course, we're talking 
about the MULTIBUS" 

"' architecture. The most 
-widely accepted, best sup
. ported bus architecture 
.,. in the world. 

But since you've 
already made the wise de

•cision to use MULTIBUS 
... as your road to riches, 
't< we're now going to show 
you the best place to start 
your journey 
~ 

Right here. Because 
as you might suspect, we 
know just about all there 
is to know about MULTI
BUS. After all, we invented 
it. And we have the larg
est selection of MULTIBUS 
products to be found. 
Anywhere. 

For starters, there are 
our boards. We've pro
duced over a million 
since 1976. Which should 
give you an indication 
of the experience we have 
in manufacturing quality 
boards. Quality that's 
not easily achieved. 

Our boards are scrutin
ized at every level of 
integration. From chip 
through system level. And 
each board is tested to 
make sure it does its job 
in every one of its config
urations. We even pull 
finished product from our 
warehouse for retesting 
and inspection.Just to 
make certain nothing 
slips by 

You can count on the 
road being smooth for 
a long time to come, 
too. Reliability is assured 
from start to finish. We 
continually monitor each 
board throughout its 
entire production life. 
Even going so far as lot 
sampling older boards 
and putting them through 
5000-hour life test 
studies. 

Then there's the selec
tion. A big one. 

Over 115 different 
© 1984 Intel Corporation 

board-level products. 
Supporting 15 CPUs (from 
our 8080 to 80286). So 
you won't get stuck into 
one or even two design 
approaches. A tranquil 
thought when you consid
er how fast things change 
in the marketplace. 

What's more, you can 
count on getting every
thing you need. From 
peripheral controllers to 
memory expansion, data 
communications and 
graphic boards. Plus card 
cages and software (in
cluding iRMX 86~ the 
most popular real-time 
operating system in 
the MULTIBUS world). 

One more fact about 
our MULTIBUS products. 
You can get fast service 
anywhere along the road. 
We've got one of the 
largest field engineering 
forces in the world. Over 
600 factory-direct people. 
Not to mention localized 
support from our world
wide network of trained 
distributors. 

So don't miss the bus. 
Travel safely And arrive 
sooner. Call toll-free (800) 
538-1876. In California, 
(800) 672-1833. Or write 
Intel, Lit. Dept. C-20, 
3065 Bowers Ave., Santa 
Clara, CA 95051. 

We'll be happy to 
welcome you aboard. 

Write 6 on Reader Inquiry Card 
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Heurikon unveils a graphic so lution 
for your microcomputer application. 
On-card Feature Summary 
CPU Section: 
Z80A CPU 
Z80A OMA 
Up to 32K bytes of EPROM/ROM 
Up to l 6K bytes of RAM 
One iSBX module module 
132 byte bi-directional FIFO Buffer 
Multibus™ Multimaster or Slave 

mode 
24 bit address bus 
Memory mapping RAM 
Hardware and software selectable 

bus maps 

Video Section: 
NEC 7220 graphics controller chip 
5 I 2K bytes of video memory. 

arranged as 4 overlapping planes. 
1024 by 1024 pixels 

640x480 display format standard 
16 Color programmable look-up 

table 
4096 color palette 
Light Pen l/F 
Interlaced video 
Non-interlaced video 
Composite SYNC 
Separate SYNC 
BNC or MOLEX connectors on card. 

for the video 

3001 Latham Dr. Madison. WI 53713 • Telex 4695 32 

Call Heurikon Direct I 800 356~9602 In Wisconsin I 608 271-8700 
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The Lundy UltraGraf® 
is absolutely the fastest draw in the West 

or anywhere else. 
This is the fastest, most intelligent 3-D computer graphics wori<station available . 

The superlatives would seem to indicate a high price, too. But the Lundy UltraGraf wori<station is 
surprisingly low cost considering its unmatched performance features. 

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

The Lundy UltraGraf is first 
when it comes to speed and IQ. 

Keys to UltraGrafs instant response 
are a high speed microcomputer and a 
high resolution vector display, both de
veloped by Lundy. 

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

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

19 x 15 inches 
sets a new screen standard. 

UltraGrafs 21-inch CRT has the largest 
viewing area-19 x 15 inches-in the 
industry. Fast vector drawing and mini-

Lundy UltraGraf sets 3-dimensional standards. 

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

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

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

Lundy helps you 
see more in graphics. 

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

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

Get the draw on sluggish productivity with Lundy!; UltraGraf Shown here are six views of a six shooter generated in just a mattei· of seconds. 

Write 7 on Reader lnauirv Card 
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8cand81'd Madela in 1MftY sizes ......................... 
CustDnl 8uHt , .. camplet:e ....... 

Facilities fNlll llheet lll8tDI te finishing 
Quick Series: Various sizes end models of 
racks end cases stocked for immeciate delivery. 

Accesaarles: panels, fans. blowers, slides. shelves. 
drawers, outlet strips, chassis. hardware, et.c. 

Premier equals quality, good delivery end low prices. 

write for complete catalog and prices 

PREMIER METAL PRODUCTS CO. 
381 CANAL PLACE. BRONX. NEW YORK 10451 (212) 993-9200 
227 N. SUNSET AVE . CITY OF INDUSTRY. CA. 91744 (213) 336-4534 
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DATARAM. 
Your 11'2' drive 
connection. 

It's easy to interface your I!z'' drive to a 
DEC computer. When you have connections. 
Dataram provides tape drive connections to your 
host LSI-11, PDP-11, or VAX computer, with a 
family of couplers/controllers that operate in 
NRZI, PE, or GCR modes . Dataram's 
couplers/controllers operate with Yz" tape drives 
from all major manufacturers. As slow as 25 ips 
- or as fast as 125 ips . 200 BPI to 6250 BPI. 
With TMll and TSU emulations. 

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

For more information about 
Yz" drive connections, call (609) 799-0071. 
We'll help you make the connection you need! 

STANDARD AND STREAMER GCR 

AMPEX KENNEDY STC 
CIPHER PERTEC TELEX 
CDC S. E. LABS 
DATUM TANDBERG 
DIGI-DATA TDX 

Dataram Corporation. Princeton Road. 
Cranbury, NJ 08512 . (609) 799-0071. 
LSl- 11 , PDP and VAX are registered trademarks of 
Digital Equipment Corporation. 
FASTSAVE is a trademark of Computer Systems Advisors. 
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Qume can give your system extra appeal-with terminals 
made to order to your exact specifications. 

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

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

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

When you really 
• 

You'll find doing business with us 
easy, because we work hard to maintain 
your flexibility. Simple, straightforward 
contracts. No surprising incremental want it your way, 

we'll be there. charges. And because Qume is a member 
of the IIT family of companies, you know 
we'll be there to serve you. 

If you're looking for ways to beef 
up your system, call Mike Sugihara, 
Manager of OEM Marketing, at 
(800) 223-2479. And get the details 

from the one OEM terminal team 
that can really deliver it your way: 

Qume Corporation, 2350 Qume Drive, 
San Jose , CA 95131. Q 

1984QumcCoqx>rn<"'" ume® 
A Subsidiary o f ITT 

\ A/.,; +n 1 n') ......... 0 ..... -...1 ....... 1 .... -,,; ...... ,.....,. .. ...1 



'Demands for more processing and storage in 
smaller packages are being met by products 
shown at NCC. Making VLSI-based products to 
meet needs within market windows could be 
easier with silicon compilation.' 

EDITOR'S 
COMMENT 

P acking high-performance computing into desktop or 
smaller sizes is a major thrust for our industry. The first 

of the full 32-bit microprocessors will meet some demands for 
more power in smaller devices. Motorola's 68020 and the NCR 
32 were both displayed at the NCC show in Las Vegas last 
month. Our article on 32-bit microprocessors this month 
demonstrates that , like other areas of des ign, there are trade
offs between products . The 68020, for example. has only 
instruction cache; data cache is not on-chip. 

The NCR 32-bit microprogrammable processor may be used 
by Spectra Systems in their next VAX minicomputers-in-a
desktop-package, according to spokesmen at NCC. Using new 
processors, semi-custom and custom VLSI, such systems pack 
the P?wer and operating methods of established computer lines, 
in this case DEC computers, in packages a fraction the size. 

Desktop and smaller systems with power formerly offered 
only by refri?erator-size minicomputers need high-capacity 
data storage in a small footprint. In this issue, Bob Hirshon 
looks at magnetic disk and tape drives to meet the needs of micro 
and portable computer storage. 

Downsized memory systems with low power consumption 
and very high capacity were everywhere in evidence at the 
NCC. Disk and tape drives in a 3 1/2

11 form factor were displayed , 
as well as 5 1A 11 high-capacity drives. Interdyne showed a 3 1/2

11 

tape system with no cassette or cartridge, for interchangeability. 
sn:iall high-capacity drives like the Maxtor 170 Mbyte 51,4 II 

Winchester were also displayed in configured systems and 
~torag~ subsy_stems, like US Design's subsystems. Companies 
including Pnam showed small disk drives integrated with 
backup. 

Another type of dense data storage was premiered at NCC -
optical disk drives. Although initial systems are not in a small 
form factor, the 1-4 Gbytes available on a single 1211 or 14'' disk 
surface is phenomenal . As pointed out in this month's article on 
opt_ical disk sto_rage, these drives will not compete with mag
netic systems, since they are not erasable. They should become 
a new class of storage peripheral for on-line archives . 

As much storage and processing power as is available is 
already in demand for graphics systems. Both the products at 
NCC and Gregory Mac Nicol's article in this issue show that 
graphics modules are designed to accommodate the demands 
of specific applications. The article focuses on choices when 
designing bus-based graphics systems from the board level. 

Several new systems at the NCC pointed out innovations in 

architecture a_nd bus structure. Argonne announced a loosely
coupled multiple-CPU system based around the Multibus II, 

14 

• 
which Intel themselves have not yet used commercially. Flex
ible Computer _is using an "erector set" architecture to develop 
a multiprocessing real time system. With two common buses, _. 
10 local buses and a VME bus, the computer can easily be 
expanded or condensed. 

It seems that DEC-compatibility is no longer such a hot item, 
however. Many of the vendors in that market seemed relatively 
idle. It looks as if DEC themselves may purchase subsystems -1 

from several con:ipanies to meet market window. 
Vendors of communications and particularly local area net

working products seemed very busy. At the main entrance to the 
exhibit hall , 13 major computer, communications and industrial 
controls manufacturers linked their equipment in two LANs 
with NBS protocols. One booth, spearheaded by General ~ 

Motors, used IEEE 802.4 broadband token passing topology. 
The other was Ethernet-like 802.3 CSMA/CD baseband. 

As any large trade show, the NCC juxtaposed some of the 
largest companies in the world with new start-ups. Meeting pro
duction dates and specs without suffering continue to be pro
blems for small companies. 

But Ron Collett's article this month presents a new VLSI ~ 

design methodology that could allow more firms to produce 
working products during the critical market window: silicon 
compilation. This design path allows logic designers to create 
application-specific I Cs in silicon very rapidly. Market win
dows formerly open exclusively to companies with vast 
resources could open up to smaller systems houses now. The 
m~jor semic?n~uctor and computer houses are researching ~ 
s1ltcon comp1lat1on, too. But the tradeoff oflarger die size may 
not pay off for the quantities they will produce. 

New methodologies and technologies could shake up the 
indu:try. Judging from the low attendance, NCC probably 
d1dn t. It appears that I'm not the only one suffering from trade 
show burnout. Or maybe it was fear and loathing of Las Vegas 
tn July. At the rate technology is going, we may be able to avoid 
travel to trade shows. I hope we can really pack a VAX in our 
briefcase and analyze all of the new products on display in a 
traveling tractor-trailer. 

Julie Pingry, Senior Editor 
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CAD system integrators think 
· our newest plotters were designed 

just for them. 

A price/ performance 
breakthrough on intelligent 
pen plotters. 

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

You'll be able to give your clients 
a vector independent plotting speed 
of 25 ips, 2g acceleration and reso
lution to one-one thousandth of an 
inch. Plus, the ZETA 836 can run 
both cut sheet or roll media. At a 
price several thousand below what 
you would expect to pay. 

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

Incredibly, some plotters still 
grind to a dead stop to change pens. 

Not ours. We've put all eight self
capping pens on the carriage. And 
this does amazing things for plotter 
throughput. 

When you want to switch to liquid 
ink, simply snap in a four pen 
cartridge. 

You'll have total user control over 
such variables as speed, pen pressure, 
acceleration and pen up/ down delay 
times. Touch controls automatically 
adjust the ZETA 836 for perfect 
liquid ink plots. 

Compatible with virtually all 
computer protocols. 

Thanks to Nicolet's bui lt-in intelli
gence our plotters can handle a 
variety of plotting languages and 
protocols to run virtually any existing 
software applications programs. 

Get More Data-Write 16 on Reader Inquiry Card 

And you can use any of our plotters 
on-line, off-line or remotely via 
RS 232C or IEEE 488 interfaces. 

Save big on our new flexible 
pricing strategy. 

We've created a new discount 
program that lets you mix quantities, 
keep your inventory lean, and still 
earn the best price breaks in the 
industry. 

Choose from our family of plotters 
designed for the CAD system market 
- the ZETA 8 , an 8 pen 12" model, 
the ZETA 822, 8 pen 24.5" model or 
our newest ZETA 836, 8 pen 36" 
intelligent plotter. 

Call (415) 372-7568. Nicolet 
Computer Graphics Di.vision, 
777 Arnold Drive, Martinez, 
C4 94553 TWX 910481-5951 

~Nicolet 
Computer Graphics Division 

Attention 
OEM's 



VMEbus Industrial 1/0. 
The Better Mousetrap From Xycom. 

Fifteen Years of Industrial Experience Built 
Right In. The fact is, Xycom is the only 
major microcomputer board manufacturer 
with 15 years of industrial product ex
perience. With over 30,000 installations 
worldwide. 

These 1/0 Functions Are Available Now. 
Xycom offers the broadest line of industrial 
1/0 available today: •Digital 1/0•Analog1/0 

• Motion Control • System Resource 
• Intelligent 1/0 Controllers. 

Only Xycom Offers These Important 
Benefits• System 1/0 Architecture that sig
nificantly improves design and program
ming performance • Reliability backed by 
a two-year warranty• Exceptional Service 
before and after the sale. Send for your 
copy of our new VMEbus brochure today. 
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Performance, Price, Plessey 

Good to the last Byte! 
QUALITY, VARIETY and VALUE. These are the 

key ingredients that make up a Plessey memory. 

Plessey Peripheral Systems, Inc. is a leading 
manufacturer of DEC compatible board. system 
and peripheral products. We offer our customers 
a wide variety of memories for most DEC 
systems. Whether your system is LSI-11, UNIBUS, 
or VAX - we have a memory for you! 

We also offer the most advanced technology. 
Our newest memory. the PM-SV513. offers 1 MB 
of memory on a single, dual size board. The 
PM-SV513 uses the new 256K RAM technology 
which offers our customers the advantage of 

•PLESS EV 

more memory in less space. at a competitive 
price. 

All our memories are put through rigid testing 
before shipping. Quality control is carefully 
monitored to ensure that all Plessey memories 
are the highest quality possible. 

Plessey memories offer you a low cost alter
native. Check our prices against DEC --- you'll be 
glad you called Plessey. 

Want to know more? Contact: 
Plessey Peripheral Systems. Inc. 

17466 Daimler Avenue. Irvine, CA 92714. 
(714) 540-9945 or (800) 992-8744 

The Right DECision 
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Lr UPDATE 
VAX LISP 

The first fully supported Artificial Intel
ligence (AI) product from DEC, VAX 
LISP, is designed to run on Digital's VAX 
computer line and VAXclusters, and is 
targeted towards AI programmers and re
searchers in university, industry and gov
ernment. VAX LISP is an implementa
tion of COMMON LISP, a version of the 
LISP programming language. 

Second Sourcing 

Western Digital Corp. has entered into a 
license agreement with Texas Instru
ments whereby TI will become a second 
source for various storage and communi
cations controllers designed and manu
factured by Western Digital. The agree
ment covers components from Western 
Digital's line of integrated circuit floppy 
disk controllers and high level protocol 
devices. TI plans to manufacture and 
market Western Digital's WD1770/1772 
and WD1773 floppy disk controllers, the 
WD279X family of floppy disk control
lers, and the WD2501/2511 X.25 commu
nications controllers. 

Printronix 
Acquires Anadex 

Printronix, Inc. , man
~ a 

ufacturer of computer line printers , has 
signed an agreement in principle to ac
quire Anadex, Inc., a privately-held Cali
fornia-based company engaged in the de
sign, manufacture and sale of serial ma
trix computer printers, in exchange for 
$8,000,000 of Printronix common stock. 
Printronix designs, manufactures and 
markets medium and low speed matrix 
impact line printers designed for use with 
minicomputer systems and microcomput
ers, such as multi-workstation office sys
tems and other small computer systems. 

Ciak Controller 
Development for VME 

Interphase Corp. and Mostek Corp.'s Sys
tems Technology Division have entered 
into a technology development agree
ment to develop an SMD disk controller 
for the VME microcomputer bus. The 
single-board controller would be the first 
available which matches the performance 
capabilities of the 32-bit VMEbus. The 
VMEbus was developed in 1982 by Mos
tek and two other companies (Motorola 
and Signetics). The bus also supports 
16-bit and 8-bit microcomputers. 
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Da;ay Supp1;,,a IMI 1• ~ With Workstations -

Daisy Systems Corp. 
will supply computer- r -.. 

aided engineering (CAE) workstations to 
International Microcircuits Inc. (IMI), of 
Santa Clara, CA, a gate-array semicon
ductor manufacturer. IMI will lease the 
Daisy workstations to its customers so they 
can design IMI semi-custom gate-array 
CMOS circuits on the system in-house. 

UNIX System V Ported 
'1b Intel iAPX 286 

Digital Research Inc. has retained UniSoft 
Systems, of Berkeley, CA, to assist in the 
development of a version of AT&T's UNIX 
System V operating system for Intel Corp.'s 
iAPX 286 microprocessor. Under pre
viously announced agreements, Digital 
Research and Intel are engaged in a pro
gram to produce a version of UNIX Sys
tem V for the iAPX 286 for AT&T Tech
nologies. Digital Research will design the 
memory-management portion of the UNIX 
System V kernel for the 286. UniSoft will 
contribute to that design and will participate 
in its implementation. 

Gould Joins MCC 

Gould Inc. has joined the multi-company 
research venture Microelectronics and 
Computer Technology Corporation 
(MCC), located in Austin , TX. Gould is 
the 18th participant in MCC, which was 
formally launched in 1983 to conduct 
long-range, advanced electronics re
search. Gould's prime areas of research 
will include computer science and soft
ware, digital signal processing, micro
electronic devices and advanced mater
ials for electronics. 

CSPI, CEC Marketing Effort 

Digital Equipment Corp. and CSP Inc. 
(Billerica, MA) have signed a coopera
tive marketing agreement intended to 
promote customer recognition of the 
benefits of the joint use of CSPI's MAP 
array processors and Digital's VAX-11 
and PDP-11 computers for computation
ally demanding applications. The two 
companies will work cooperatively in 
marketing, promotion , sales, and appli
cations support efforts. CSPI's Mini
MAP product line is specifically con
figured to provide 32-bit floating-point 
arithmetic enhancements to VAX and 
PDP-11 computer systems. 

Computervision And 
Matheus Joint Venture 

Computervision Corp. and Metheus ~ 

Corp. have formed a joint venture to de
sign, develop, and market electrical 
computer-aided engineering (CAE) 
workstation products. Headquartered in .,.., 
Hillsboro, OR, the joint venture will be 
called Metheus-CV, Inc., and will com-
bine products and include personnel ~ 
from both Metheus and Computervision. 
Market emphasis will be in the areas of 
CAE, design , test , and manufacturing ~ 

products for custom ICs, standard cell 
and gate arrays, hybrid , and printed cir
cuit board design applications. 

ILC Cata Device Establishes 
Japanese Subsidiary 

ILC Data Device Corporation (DDC) has 
established a subsidiary company in 
Japan to sell and market DDC's products 
in Japan and the Far East . The new com
pany, DDC Electronics K.K., should al
low DDC to expand its presence in the Far 
East marketplace and result in increased 
growth for the Company. ILC Data De
vice Corporation develops and manufac
tures hybrid and discrete data conversion 
and MIL-STD-1553 data bus products. 

Feirchild/VTI • .. · =11 
Co-Development . I ~ 

The Gate Array Divi- .. uii f: 
sion of Fairchild Cam- •iil'i1 IJ 
era and Instrument Corp. and VLSI Tech
nology, Inc. (VTI) have signed a co
development and alternate source agree
ment for Fairchild's two-micron CMOS 
gate array family. The agreement includes 
provisions for joint product specification 
and development, product and software 
exchanges and process cooperation . VTI 
will have the right to offer Fairchild's gate 
array development system, FAIRCAD, to 
its customers through its regional design 
centers, and Fairchild will have the right 
to use VTI's proprietary cell-based cus
tom design system for the development 
of additional gate arrays and gate array 
macros. 

CIE Systems '1b Market Pick 

CIE Systems, Inc., a subsidiary of C. ltoh 
Electronics, Inc., has signed an agree
ment with Pick Systems to license the 
Pick operating system for use with its line 
of 68000-based multi-user business com
puter systems. Initial production is set for 
the third quarter 1984. 
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Mini-MAP makes it practi
cal to apply array process
ing to general-purpose sci
entific and engineering 
computing. 

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

Practical in terms of 
throughput: Because it is 
an array processor, Mini
MAP increases the computing speed of a mini or super
mini computer as much as 10 to 100 times. Where it takes 
a typical minicomputer minutes to perform tasks such as 
image rotation, Mini-MAP reduces interactive response 
times to seconds. Your computer may require hours to 
perform each step of a trial-and-error-process such as simu
lation, but Mini-MAP, can zip through in mere minutes. 
DEC, PDP· I I, LSI· I I, and VAX· I I are trademarks of Digital Equipment Corp. 
Mini-MAP is a trademark of CSP!. 

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

Some practical things to 
know about Mini-MAP: 

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

CSPI 
THE ARRAY PROCESSORS 

40 Linnell Circle, Billerica, Massachusetts 01821 • 617/ 272-6020 • 1WX:710-347-0176 



PC Systems _. 

Design Software~- · 
Arthur Andersen & 
Co. announced the 
availability of a systems design software 
package, known as DESIGN/I, that can 
improve the productivity of systems de
sign teams in large software development 
projects. The proprietary DESIGN/I 
package runs on IBM PC or PC XT per
sonal computers, and can support a multi
ple workstation environment using a local 
area network. It is primarily intended to 
support design teams working on systems 
development and implementation projects 
for medium and large computers. 

PC Company Focuses 
On OEM Niche 

OEMTEK. Inc., a new compatible PC 
company, has been formed to offer an 
open-architecture line strictly to OEMs, 
value added resellers and systems inte
grators. They hope to fill the void created 
by the current market scramble, which has 
left the needs of the OEM unaddressed. 
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Computers are 
good at dealing 
with digital data. But in a lot of cases 
the information you want isn't digital. It's 
pictures, diagrams, objects-image data. 

Our high-performance digital imaging 
camera systems let computers capture 
image data in medical , CAD/CAM, 
communications, office automation, 

Corvus Acquires 
Al Software 

Corvus Systems, Inc. , a subsidiary of 
Corvus Corp., has acquired BL Associ
ates, a Department of Defense contractor 
specializing in artificial intelligence soft
ware. BL is Corvus' second recent acqui
sition in the artificial intelligence arena. 
With its earlier acquisition of Greenbriar 
Systems, Inc. , Corvus is now marketing 
services to the defense and intelligence 
communities. 

Control Cata 
Integrates Xerox 8700 

A multi-million dollar agreement to sell 
electronic printers to Control . Data 
Corp. was recently announced by Xerox 
Corp. The printer is the OEM version of 
the Xerox 8700 electronic printing sys
tem. As part of the agreement, the print
ers will be used exclusively for the 
Control Data line of mainframe com
puter products, including the company's 
CYBER Systems and its new CYBER 
180 product line. 

and printing and publishing applications. 
Our new Series 850 cameras dramati

cally lower the cost of high-resolution 
imaging. The first digital imagi ng camera 
systems to use a 4096-€lement charge
coupled-device array, they combine CCD 
economy and sensitivity with resolution 
of over 16 million pixels per image, up to 
8 bits deep. And excel lent color. 
Write 57 on Reader Inquiry Card 

DEC Rainbow and 
IBM PC Subsystems 
Use SyGuest Drives 

Under terms of a recently signed $5 mil
lion contract, SyQuest Technology is 
shipping SQ306RD, 6.38 Mbyte, re
movable Winchester-technology disk 
drives to Univation Inc. The drives will 
be sold by Univation as part of add-on 
subsystems, and integrated into com
puter systems featuring both DEC Rain
bow 100, and IBM/PC personal com
puters . 

Rixon Acquired ~ 
By Case ~ 
Case (Computer And 
Systems Engineering pie) of Watford, 
England has completed its acquisition of 
US data communications manufacturer 
Rixon Inc. (Silver Spring, MD). The pur
chase, valued at approximately $27 mil
lion net ofRixon's cash balances, was pre
viously attempted by Digital Communi
cations Associates (DCA) of Norcross, 
GA, but never completed. 

For more information, contact Eikonix, 
23 Crosby Drive, Bedford, MA 01730, 
(617) 275-5070. 

El KON IX® 
TM 

-
© 1984 El KON IX'" Corp. 
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Feast your I/Os on this. 
Unplug the old. Plug in the new. Bit Pad Two. 
The newest addition to Summagraphics' 
MM Series Data Tablets is format, function 
and plug compatible with Bit Pad One and 
Ten, and our other RS-232 UIO tablets. 
Summagrid, Supergrid and Microgrid. 

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

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

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

For information contact Summagraphics 
Corporation, 777 State Street Extension, 
P.O. Box 781, Fairfield, CT 06430. Telephone: 
(203) 384-1344. Telex 96-43-48. European 
Sales Office, Geneva, Switzerland. Telep 
022-31-39-40. 



WASHING ION 
REPORT 

House Increases 
NSF Funds For 
Supercomputers 

In what Congressional backers pro
claimed was a clear statement of sup
port for supercomputers, the House has 
increased fiscal 1985 funding for super
computer research at the National Sci
ence Foundation to $60 million - a 50 % 
increase over figures proposed by the 
Reagan administration in its budget. 

The legislative history which accom
panies the bill makes clear that the House 
expects not just a research effort, but 
also support services for universities 
and industry researchers. The House 
Science and Technology committee 
specifically mentioned that it wanted to 
see the establishment of a distributed 
supercomputer network that would 
create a market for lower-priced, high
performance machines. 

The House also broadened NSFs tra
ditional emphasis on basic science 
research to include more support for 
engineering research , a move that had 
been promoted by IEEE and other pro
fessional engineering societies. 

The National Bureau of Standards did 
not fare so well in its efforts to get into 
supercomputers. Authorization for $4.3 
million to buy a class 6 supercomputer 
was cut in half as the NBS administra
tion was instructed to look into longer 
leases or lease-back arrangements. 

Incompatible Chip 
Protection Bills 

Bills to provide protection to semicon
ductor masks have passed both houses 
of Congress, but in such different forms 
that major compromises will be neces
sary in conference if any legislation is 
to be sent to the President for signature 
this year. 

The House version creates a new 
form of intellectual property protection 
for semiconductor masks, similar to 
that proposed for design works. It pro
tects reverse engineering and limits 
damages by innocent infringers to "a 
reasonable royalty." 

Jn contrast, the Senate version is 
based on traditional copyright concepts 
because Senate supportors were un
willing to jettison that accumulated 
body of copyright law and precedent in 
favor of a new concept that has not been 
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judicially tested. Under the Senate ver
sion, reverse engineering is not permit
ted as fuir use and the criminal penalties 
that have been part of the copyright law 
are retained for all infringements. 

Although both bills have grown out of 
a concern that some protection must be 
offered to creators of chips, the funda
mental differences between the two ap
proaches are so great industry officials 
are concerned that conferees are going 
to have major problems reconciling the 
wishes of both chambers. 

National Semi, Boeing, and 
SCC Run Into "Tt-ouble 

The Defense Logistics Agency is pre
pared to bar National Semiconductor 
Corp. from supplying military aero
space parts for up to three years if the 
company does not meet government de
mands and name the personnel involved 
in a testing and certification fraud against 
the government . Last March , National 
pied guilty to 40 counts of making false 
statements to the government concern
ing the testing of chips for the Pentagon. 
As a result , the company agreed to pay 
$1.7 million in fines and, according to 
industry figures, expected in return 
some form of suspension or reprimand. 

During negotiations with the govern
ment concerning the payment of court 
costs, DLA asked for the names of 
seven individuals it believes were in
volved in the fraud. When National 
refused to provide individual names, 
but insisted the company itself would 
stand responsible for any crimes, DLA 
moved to bar the chip maker from any 
contracts for which it is not the sole 
source for a period of up to three years. 
National officials have indicated that 
they plan to appeal the action. A large 
portion of the company's current busi
ness with the government is sole source 
work, a company spokesman said. 

Boeing Computer Services Compa
ny's federal systems division has run 
afoul of the Interior Dept. in a contract 
for the Parks Service. Interior claims 
that Boeing has inside information 
which it used to formulate its winning 
bid for a $5. 9 million financial and cost
tracking system for the park service. As 
a result, the contract has been cancelled 
and the federal systems group has been 
suspended from bidding on any future 
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government contracts for one year. Boe
ing has indicated that it will appeal the 
suspension. 

The Federal Bureau oflnvestigation 
has been ordered by a federal court 
judge to cancel its contract with System 
Development Corp. , a subsidiary of 
Burroughs Corp., and award the $49 
million contract instead to Delta Data 
Systems ofTrevose, PA. Delta Data had 
sued to block the contract charging that 
both its bid to supply terminals and 
printers to the FBI was lower and its 
equipment more advanced than.SDC's. 
The FBI was accused of downgrading 
the technical rating of the company's bid 
because it was uncertain about Delta 
Data's financial health. 

When the contract was cancelled, 
SDC had already supplied 634 B-20 
Burroughs terminals and 312 printers 
out of the more than 6000 terminals and 
nearly 3500 printers specified in the 
original contract. Changing vendors in 
midstream has thrown both the FBI and 
SDC into confusion. Already in place 
for the summer is an SDC-based system 
to monitor the security for the Summer 
Olympics and the national political 
conventions. And SDC has already 
spent millions executing the contract, 
according to a company spokesman. He 
suggested that changing vendors at this 
point would be very expensive for all 
concerned. 

E-CCMShut 
Down Facilities 
The U.S. Postal Service's Board of Gov
ernors has decided to close down the 
Postal Service's electronic mail opera
tion, E-COM, and to sell or lease its 
equipment. E-COM has lost money 
since it was launched in 1982 and has 
met with objections from private sector 
competitors concerned that E-COM's 
low rates were made possible by subsi
dies from first-class mail. The Board 
offered no explanation for its decision 
to act at this time. 

The governors directed the USPS to 
file a termination notice with the Postal 
Rate Commission within 30 days. How 
long after that it takes to actually end the 
service and dispose of the equipment 
remains uncertain. Postal Service offi
cials estimate some $40 million worth 
of equipment in 25 post offices will be 
sold or leased to private firms. 
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M THE VME ARENA FORCE PUTS MORE POINTS ON THE BOARD 

OUR OFFENSIVE LIME: CPU-1, CPU-2, CPU-3* ALL VMEbus COMPATIBLE 
128KB/512KB 68000 CPU-1 VMEbus Board 
SYS68K/CPU-1 
• On-board storage 128K/512K byte DRAM 
e 128K bytes of EPROM 
• 3 serial 1/0 ports plus 1 parallel 1/0 port 
• Real time clock with battery back-up 

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

capability 

MMU-DMA 68000 CPU-3 VMEbus Board 
SYS68K/CPU-3* (Preliminary Spec.) 
• Memory Management Unit 
• Direct Memory Access Controller 
e 16K bytes of SRAM , 64K bytes of EPROM 
• 4 level on-board bus arbiter 
• Multiprotocol controller 
• Real-time clock with battery back-up 

Write 14 on Reader lnauirv Card 

Other FORCE products of the SYS68K 
VMEbus family: 
• Analog 1/ 0 boards 
• Dynamic RAM boards 
• Static RAM boards 
• Floppy/Winchester controller 
• SASI Interface with OMA capability 
• Multiprotocol serial 1/ 0 board 
• Power Supply and Backplanes 
• High resolution color graphic board 
• Integrated configurations and powerful 

software 

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

FORCE COMPUTERS INC. FORCE COMPUTERS GmbH 
2041 Mission College Blvd. FreischutzstraBe 92 
Santa Clara, California 95054 D-8000 Munchen 81 
Phone (408) 988-8686 Telefon (0 89) 95 10 41 -44 
TLX 172465 Telex 5 24 190 forc-d 

® 



THE WRIGHT BROTHER~ 
THEY WERE JUST THI 



WEREN'T THE FIRST TO FLY . 
FIRST NOT TO CRASH. 

December 17, 1903. As Wilbur and others look 
on, Orville eases the Kitty Hawk Flyer down to 
the first soft landing in history. 

Why did the Wright brothers succeed? 
Because while others were busy jumping off 
cliffs, the Wrights were busy conducting experi
ments. They built a wind tunnel. Collected data. 
Tested hypotheses. And went down-gently
into the history books. 

At Priam, we build high-performance disc 
drives the same way. Instead of pushing far-out 
technologies to the very edge, we take the most 
advanced technology and make sure it works. 
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 51/1" 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 production facility, one of the largest 
and most modern in the OEM world. 

Whatever your disc drive needs, look to 
Priam. You can trust us not to crash. 

g.;q:;4·;. -~ -- . ., ..,,. 
JUST THE RIGHT DISTANCE FROM 

THE LEADING EDGE. 
20 West Montague Expwy., San Jose, CA 95134 (408) 946-4600 

Boston (617) 444-3973; U.K. (44) 734-884-788 

.... 
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Applications Run Concurrently In 
Multi-Operating System Environment 

In order to offer us
ers a wider choice 
of available appli
cations , Molecu
lar Computer (San 
Jose, CA) has intro
duced two new 
multiprocessor sys
tems, the Molecu
lar Series 9 and 
Series 36. Both are 
software compat
ible members of 
Molecular's Super
micro "X" family of 
systems. These new 
generation multi
user systems have 
been designed to 
allow users to concurrently run applica
tions written for the most popular 8- and 
16-bit operating systems, including 
CP/M-80, MP/M-80, CP/ M-86, MP/M-
86, and MS-DOS. Additionally, these 
systems provide a virtually linear growth 
path from a low-end three-user configu
ration with 20 Mbyte of hard disk to a 
powerful 64-user system supporting over 
400 Mbyte of online mass storage. 

Terminal Concentrator 
The introduction of a terminal concen
trator to Molecular's networking environ
ment increases user flexibility. Systems 
may be configured for the particular mix 
of 8- and 16-bit processors (and operating 
systems) required for a given set of appli
cations. Additionally, any user may rap
idly make a transition between different 
operating systems, leaving time-consum
ing batch processing to execute in a stand
alone processor. When the job stream is 
complete. the user may reattach to the 
processor and either release it to be used 
by someone else or execute another pro
gram. 

A typical Series 9 configuration utiliz
ing a TCP is shown above. Eight termi
nals are attached to the TCP, with each 
user having the ability to select from one 
of the 8- or 16-bit processors attached to 
the system bus. This particular configu
ration has a terminal concentrator, a tape 
interface card. and a mix of application 
processors. occupying a total of9 slots in 
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the base system chassis. Additional 
boards may be configured in the system 
by adding one or more expansion chassis. 
The same expansion chassis may also be 
used to increase the online disk storage in 
20 or 60 Mbyte increments, depending 
on the cabinet selected. 

The TCP is a two-board set consisting 
of both a processor and multiplexer card. 
The processor card is actually a standard 
16-bit AP/186 with 256K of RAM. The 
multiplexer card employs four 2-port 
DART chips that provide eight ports of 
serial I/Oat 19.2K baud per port (for an 
aggregate maximum throughput of 153.6K 
baud). The AP/186 is connected to the mul
tiplexer via a parallel bus and acts as a dedi
cated controller for the multiplexer. 

When configured in as part of the TCP, 
the AP/186 runs a proprietary multitask
ing operating system that oversees the 
operation of each terminal port. This 
firmware also provides the system logic 
functions for each user attached to the 
TCP. When a particular user identifies 
himself and enters his password, his pro
file is searched by the TCP to determine 
his default operating system choice, if one 
exists. If a default has been selected , he is 
automatica lly attached to an application 
processor running that operating system, 
assuming one is immediately avai lable. 
Should no default have been defined in 
advance, the user is presented with a 
menu that allows him to select his choice 
of operating system. 

Abol'e: Molecular '.v Terminal Conce111rator 
Processor (TCP) is a 1wo board sohaion al
lowing user-selecwble 8- and l6-bi1 proces
sors and mul1iple operaling sys1e111s. Left: 771e 
Molecular Series 9111ul1i111icro co111plllerfea-
1Ures 8-and 16-bil processors; CPIM, MPIM 
and MS/DOS. 771e expansion module is in 1he 
background. 

Modular Expansion 
Molecular has also developed the MMI , 
or Molecular Modular Interconnect. The 
MMI allows the system bus (m/BUS) to 
be extended between system enclosures. 
Thus, two systems may be physically 
joined to operate as a single, larger sys
tem. Also, multiple expansion cabinets 
(to a maximum of five) may be attached , 
accommodating additional users and/or 
mass storage capacity. 

For example, a small business may 
start with a single three-user 20 Mbyte 
configuration and enlarge the system with 
8- or 32-slot expansion cabinets to a 
maximum of 64 application processors 
and 400+ Mbyte of on line disk storage. 
Processor and mass storage capacity may 
be independently added to accommodate 
different varieties of application and user 
environments. Also, 8- and 32-slot sys
tems and expansion cab inets may be 
freely interchanged as required . 

The MMI may also be used to reduce 
mass storage contention in disk-intensive 
applications. Expansion cabinets may be 
configured with separate File Processors, 
in order to distribute disk I/O among dif
ferent disk drives and controllers. By 
eliminating a single controller as a system 
"bottleneck ," overall performance may be 
dramatically improved . The n/STAR 
operating system will automatical ly route 
all disk operations to the appropriate File 
Processor, yielding a true distributed 1/0 
environment. 

The MMI's ability to interconnect 
cabinets with separate File Processors 
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T he 
WY-1000 
stacks up to be 
a lot of machine 
from a few s imple pieces. 

By adding the WY-1000 to our popular 
display terminals, we created the most ex
citing concept in high performance desktop 
workstations on the market today. 

We also added sophisticated graphics, 
sui table for the most demanding 
applications. 

Plus, we added color capability, 
when used with our color term inal, and 
a IO Mbyte Winches ter disk option. 
FEATURES: 
• 80186 8 MHz Processor 
• 128 KB to 768 KB RAM Memory 
•Two Floppy Disk Drives (725 KB) 
• 14" 132-Column Display 
• Optional IO MB Winchester Drive 
•RS 232C and RS 422 Serial Ports 
•Optional Graphics/Color Graphics 
•MS-DOS™ Operating System 
• System Priced from $3090 
MS-DOS is a registered trademark of Microsoft Corporation. 

Best of all it's only 
avai lable from quali
fied system integrators 
who are commi tted to providing to tal 
solutions and can build the righ t system 
for your application. 

For a complete brochure on the 
WY-1000 contact WYSE Technology 
to ll free at 800/421-1058. 

WYSE 
I I I I 

Make the Wyse decision. 
Write 3 on Reader Inquiry Card 

WYSE TECHNOLOGY 3040 N. First St., San Jose, CA 95134, 4081946-3075,TLX 910-338-2251, Outside CA call to ll free, 8001421-1058, in So. CA 2131340-2013. 



Systems continued 

also helps reduce technological obsoles
cence in Supermicro systems. As new 
mass storage technology is made avail
able, disk/fi le processor subsystems may 
be introduced in separate expansion cab
inets that attach via the MMI. This allows 
future generation mass storage products 
to be mixed with existing disk drives in a 
single system. 

Multiple Operating 
System Support 
As described earlier, the TCP provides 
the ability for users to easily switch 
between applications running under di f
ferent operating systems. However, this 
addresses only part of the problem of sup
porting multiple operating systems in a 
single system. Differences between the 
MS-DOS and CP/M file structure pro
vide another challenge to developers. 

Two alternatives were considered in 
addressing these tile structure differ
ences: disk partitioning and hosting. Par
titioning would require that a part of the 
system disk drive be reserved for the MS
DOS tile structure. The remainder would 
be maintained by n/STAR, in its own 
native CP/M format. This necessitates 
permanently reserving space that may 
never be used and is inaccessible to 
CP/M software. Add itionally, maintain
ing different work areas for each MS
DOS user would be impractical and 
wasteful of space. 

Hosting was selected as the method of 
choice for supporting MS-DOS on 
Molecular systems. This involves the in
tegration of MS-DOS "volumes," which 
appear to MS-DOS programs as separate 
disk drives within the existing CP/M tile 
structure. Each MS-DOS volume, with 
its directories and other file structure ele
ments, is fully contained within a CP/M 
disk file. A volume may be as large as 10 

Mbytes, and there is no limit to the num
ber of separate MS-DOS volumes that 
may exist within a single system. Import 
and export utilities are provided to facil
itate the moving of data between MS
DOS and CP/ M files. 

Each MS-DOS user has a "profile" that 
contains the CP/M tile name and location 
of every volume that he wishes to access. 
For example, a user may have his own 
volume assigned to MS-DOS's ·~:" unit 

and a different volume assigned as "B: ". 
Another user would have a completely 
different set of assignments. When the 
MS-DOS user logs in to the system and 
identifies himself, his unique profile is 
loaded and becomes active. This enables 
each MS-DOS user to have a private vol
ume that appears as a separate "disk 
drive ." He may also access a number of 
other volumes, including common work 
areas. - Jerry Braun, 

Molecular Computer 
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8" Winchester Subsystems Provide More Storage For PCs 

Powerful programs that allow personal 
computers to perform database manage
ment and other complex functions push 
the limits of PC storage peripherals. Win
chester disks for micros are becoming 
common, and the increased expense of 
these di sks makes backup a critical issue. 
Two major storage manufacturers, Priam 
(San Jose, CA) and Interphase (Dallas, 
TX) have incorporated hard disks with 
some means of backup into subsystems 
for personal computers. 

Both of these subsystems include 
between 70 and 90 Mbytes of 8" Win
chester storage, a controller and interface 
for the IBM PC (Priam also offers these 
for Apple) and a power supply. The con
figuration of the systems is very different, 
however. Interphase's RDS 375 uses 50 
Mbytes of fixed and 25 Mbytes of remov
able 8" disk cartridge for 75 Mbytes of 
storage. Priam incorporates a tape drive 
for backup of their 86 Mbyte hard disk in 
the DataTower. 

Simplifying backup is important for 
networked business microcomputers 
used for the critical work once reserved 

Priam:~ DaraTower picrured 11 ·irh Apple:~ 

LISA . 
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for larger systems, as both of these com
panies have pointed out. Priam claims 
that DataTower allows file backup on the 
integral \4" 45 Mbyte streaming tape 
during system use with five commands. 
This scheme of integral backup capabil
ity on a Winchester subsystem is in all of 
Priam's DataTower subsystems, just an-

nounced thi s spring with IBM and Apple 
interfaces. 

Though the Interphase system does not 
provide the traditional tape or floppy 
drive for bac kup. the removable Win
chester of the Century Data Systems 
C2075 drive does provide high-speed 
secondary file storage. Unlike a fixed 
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Now you can use your MDS 
for 68000 development 

N ow . . . with Language Resources 
MDS-68K upgrade package. 

MDS-68K upgrades any Intel® lntellec® 
' Microprocessor Development System 

(MDS-800, Series II, Ill and IV) with 
a complete set of high performance 
68000 family software tools. A Multibus® 
compatible CPU board, software on 
lntellec compatible diskettes and a user 
documentation package supports complete 
68000 family microprocessor program 
development in an lntellec development 
system environment. 

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

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

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

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

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

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

Intel, lntellec, and Mulbbus are registered trademarks, and Credit is a claimed trademark of Intel Corporation. 0 1984 Language Resources 

Major Benefits 
• Provides 68000 family design freedom for 

your current Intel lntellec MDS 
• Meets development support needs for 

designs using a 68000 family chip and an 
Intel controller chip (e.g. 8051) 

• Saves capital equipment costs by utilizing 
existing MDS equipment 

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

• Generates code 
identical to LR's 
XDS-68 cross
software on 
VAX/VMS and 
IBMVM/CMS. 

~Language 
~Resources 
4885 Riverbend Road 
Boulder, Colorado 80301 
303 449 6809 Telex: ITT4992706 
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disk, the removable cartridge allows 
unlimited storage in a single drive by 
replacement of the medium. 

The systems both use the 8 11 form 
factor and the intelligent interfaces pre
viously reserved for storage peripherals 
on larger systems. Interphase uses the 
high-performance, high-reliability SMD 
interface for the RDS 375. With the same 
SMD interface as many drives and sub
systems already on the market , OEMs 
and integrators are working with a known 
quantity. 

Priam has developed the SmartT inter
face for their combined disk/tape subsys
tems. The board , also designated DSlOI, 
includes a 16-bit microprocessor and 
buffer memory. But OEMs desiring a 
standard peripheral interface to the sys
tem are not excepted from using Priam 
systems. At the same time as their intro
duction of the IBM and Apple interfaces 
for the DataTower, Priam announced sup
port of the SCSI and high performance 
IPI standard interfaces. For combined 
tape and disk control as needed for the 
DataTower, the IPI would be the logical 
choice for a standard interface. 

lnterphase incorporates fixed and removable storage, for 75 Mbytes total, in the RDS 375. 

Many users are making use of the 
power of multiple PCs in a network , and 
Interphase points out that large capacity 

disk subsystems like these can be used for 
file servers in local area networks of 
microcomputers. The primary advantage 
these 8" systems have over the 5 'A" stor
age systems traditionally used with PCs 
is speed. Priam claims 35 msec average 
access on the DataTower and Interphase 
systems offer 30 msec average access. 

Both systems use voice coil actuators 
and include error correction, like Win
chester systems traditionally offered for 
large computer systems. The Interphase
RDS 375, like lower-capacity RDS series 

DEPARTMENTS/Boards 

storage peripherals for the IBM PC and 
compatibles, is a desktop unit . The Priam 
DataTowers are all standalone units . 
These versions are $8,995 in single quan
tities. List price for the RDS 375 is 
$9,495, quantity one. Interphase is also 
offering the SMD controller and 
prewired subsystem enclosure separately 
for those who wish to buy disk drives 
directly from the manufacturer. - Pingry 

Priam . ..... . ... . ... . . . . Write 225 
lnterphase . ... ......... . Write 226 

PC Clone Boards: More Power At A Smaller Size 

The Faraday board 
offers more 110 
slots, an 8087 chip 
socket and on
board CRT and 
floppy disk con
trollers. 

The proliferation of software for the IBM 
PC is inducing systems integrators to de
sign around the PC's hardware . Having 
development tools, peripherals, and soft
ware in nearly all languages, the PC 
reigns high in functionality and is being 
seen more in industrial applications. 

Responding to an ever increasing mar
ketplace, Faraday (Palo Alto, CA) man
ufactures PC compatible boards foi:.the 
OEM. Stressing compatibility, Faraday's 
aim has always been 100% IBM PC com
patibility. The original 6400 series, intro
duced earlier this year, supports PC
DOS, MS-DOS and both concurrent and 
standard CP/M via the BIOS in EPROM. 
Adding a disk controller and display con
troller, systems integrators can attain eco
nomical results while retaining complete 
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compatibility with the PC. 
Faraday's newest addition , the FE6420 

series, offers even more power at a 
smaller size. Thanks to three CMOS gate 
arrays, the multi-layered board size has 
been reduced to 8.5'' x 12", while con
suming only 12 watts. The board has 
eight expansion slots for a wide array of 
applications, and includes monochrome 
display on-board. A floppy disk control
ler is available on all three memory con
figurations; 64K, 128K and 256K. The 
6420 is upgradable to 640K using 256K 
RAMs. EPROM space is also expanded 
to 64K supporting 2764, 27128 or m56s. 
Not available on the 6400 or 6410 series, 
the 6420 series has a socket for the 8087 
co-processor. 

The new board has two serial ports and 

a parallel Centronics port. Fully tested 
and burned in for industrial use, it comes 
with a one year warranty. 

The gate arrays allow the smaller beard 
space by eliminating 40 chips on the 
monochrome display alone. The func-
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We invite comparison on the basis of quality, 
reliability and performance . .. even though the 
comparison may seem unfair since the Houston 
Instrument C\Z)MPL\Z)T®costs much less than the 
competition. The competitive edge of the CPS-19 is 
based on solid design and meaningful capabilities. 
The end result is a highly cost effective 34.5" four
pen plotter that performs tirelessly and flawlessly 
on its owner's behalf. At a bottom line price of only 
$9,995', the Houston Instrument CPS-19 full-size 
plotter is thousands of dollars more affordable 
than others of comparable performance. 

The CPS-19 will continue its thrifty ways far beyond 
the time of initial purchase. For instance, the CPS-19 
will plot unattended, delivering drawings of up to E 
size, without interruption, on through the night and in
to the dawn. Since paper feed is continuous you can 
generate drawings at a time that's right for you or 
your system, rather than being restricted by an 
'8-to-5' plotter. 

·u.s. domestic price only 
®Registered trademark of Houston Instrument 

Finally, compare plot quality. The CPS-19 is an 
evolutionary stage beyond stepper-motor 
technology. Rugged servo drives incorporate both 
position and velocity feedback loops to tightly con
trol pen and paper movement. The result is curves 
drawn with grace and precision, and straight lines of 
unerring accuracy. Plu.s, the CPS-19 is now DM/PL 
compatible. 

For the complete story on how the CPS-19 beats 
the competition contact Houston Instrument, PO . 
Box 15720, Austin, Texas 78761 . (512)835-0900 . For 
rush literature requests, outside Texas call toll free 
1-800-531 -5205. In Europe, contact Houston 
Instrument, Belgium NV., Rochesterlaan 6, 8240 Gistel. 
Belgium , Telephone 059/27-74-45 . 

DiJ®C!00~0CiiJ 
1ns-trumen-t 

Write 27 on Reader Inquiry Card 
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Boards continued 

tions of the three chips are : monochrome 
display controller, CPU controller, and 
the floppy disk controller. 

Faraday is making a major commitment 
to OEMs by selling all three gate arrays. 
The monochrome display controller and 
the CPU controller come in a 68 pin J
type surface mount chip carrier. The 
CPU controller is designed to comple
ment the 8088 by providing a keyboard 

interface, clock generator, parity genera
tor/checker, and a wait state generator. 
The monochrome display controller inter
faces with the 6845 and provides all video 
timing and 1/0 channel synchronizing. 
Both CHMOS chips are second sourced. 

The floppy disk controller is a 48-pin 
CMOS dip. Designed to complement the 
NEC 765 or Intel 8272 controller chip, 
the combination provides a complete 
IBM compatible floppy disk adaptor. It 
has its own internal crystal oscillator 
circuit , and complete data separation can 
be FM or MFM decoded. 

Peripheral Controller Squeezes New 
Performance Levels Out Of The Multibus 

Use of an on-board 68000 microproces
sor, two high-speed bipolar state ma
chines and two gate arrays manufactured 
by Signetics, are the key design base be
hind the latest disk controller from Inter
phase Corporation (Dallas, TX) . Called 
the "Storager," it will support up to two 
5 1A" Winchesters using the ST506, ESDI 
or ST412HP interfaces. Additionally, it 
will support up to four quarter inch tapes 
using either QIC-02 or Archive inter
faces and up to two 3 V2", 5 1;.\ "or 8" floppy 
disks. 

The key to the design is its multitask
ing , virtual buffer architecture . The two 
bipolar state machines are used to man
age the high speed data streams between 
the controller and the Multibus and 
between the controller and the peripheral 
devices. These state machines operate in
dependently, allowing simultaneous data 
movement between the controller and the 
bus and between the controller and the 
peripherals. The 68000 is used to regu
late activity on the controller. It breaks up 
commands and sets up data transfer oper
ations. More important, it manages a 
pool of virtual buffers. The Storager has 
on-board 16 Kbytes of memory that can 
be treated as a series of sector buffers. At 
any given time individual buffers may be 
allocated to any of three devices - the 
disk , the tape or the Multibus. The 68000 
will dynamically allocate buffers as they 
are requested or released by the various 
devices. Since each device has a seem
ingly limitless supply of buffers, overrun 
and underrun problems are eliminated. 

With a large pool of buffers available, 
the controller applies certain techniques 

34 

to reduce rotation disk latency. A tradi
tional controller, upon receiving a multi
sector request from the operating system, 
will wait until it encounters the first re
quested sector before beginning to read 
and transfer data . Thus, it will undergo, 
on the average, a rotational latency equiv
alent to ha! fa track or eight milliseconds. 
If the request is for a full track of data, the 
controller will take a revolution and a half 
to accomplish the transfer. 

The Storager, however, will begin 
reading data as soon as the head lands and 
will begin transferring data as soon as it 
encounters any of the sectors of interest 
without waiting to rotate around to the be
ginning of the requested string. Thus, the 
controller will never take any more than 
a single revolution to transfer an entire 
track of data . 

As a result of the Faraday board series, 
new markets are opening up such aster
minals, instrumentation, process con
trol, communications, and factory auto
mation. Image analysis, where up to six 
boards are used, can utilize the full capa
bility of many expansion slots. Without 
having to re-invent microprocessor de
sign , system integrators and OEMs can 
take advantage of available software, di
agnostics, support and peripherals to in
tegrate a powerful system economically 
and effectively. - MacNicol 
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A multi-function caching disk/tape Con
troller, "the Storager '" supports ST506 
and high performance 5 !4 " Winchesters 
for Multibus-based microcomputers. 

The buffers also enable the controller 
to implement an intelligent caching 
scheme. Once the Storager has completed 
a read operation and transferred requested 
data , it will continue to read sequential 
data into the cache. If operating systems 
are designed for logically sequential data , 
the Storager can supply those from the 
cache without accessing the disk. 

Software options supported include all 
the ESDI specified methods of sector ad
dressing- hard sectoring, address mark 
and byte clock. It also supports all speci
fied methods of head positioning, includ
ing serial cylinder selection and stepper 
pulses, with software control of step rates 
to take advantage of drives supporting 
buffered steps. -Wilson 
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Child's Play. 
Complex pictures . 
Beautifully pro
duced on screen . 
Easily controlled 
and manipulated. 

For the D-SCAN 
GR-1104. it 's child 's 

----- play. Because this is 
the compact desktop terminal that thinks it 
costs twice what it does. And acts that way. 

Picture this . A 60Hz non-interlaced 14" 
display. Bright . Stable . And flicker-free . With 
1024 x 780 resolution! 

But that 's just the beginning. The 1104 lets 
you display 8 colors from a palette of 512 
(not the usual 64). And lets you expand 
display list memory to a full 512K! 

All of which means someone is going to 
be very happy. Visual cueing is better . And 
picture manipulation is localized . Which. of 
course. makes operators faster and more 
productive . And mainframes less bur
dened. Two cost-efficiencies every com
pany can live with . 

The 1104 will even support ANSI 3.64 . 
And give you a VT 100 keyboard (with 16 
function keys) . So there are no re-learning 
curves to finance . 

What 's more. the 1104 is Plot 10 compati
ble . Which means it can emulate the TEK 
401X instruction set . And you can save a lot 
of time and money on software 
development. 

Now for some impressive technology. 

The 1104 uses four (not the usual one) 
graphic display controllers . So figures are 
drawn. filled and manipulated faster . 
There 's no drag on the system caused by 
processor or memory overload . 

Next. the video formatter is our own 
custom-LSI design. A gate array (2000 gates) 
that reduces power consumption and board 
space . And provides the video speed neces
sary for output to our high resolution display. 

Which. we hasten to add. is beautiful. 
Especially with its .3lmm pitch shadow 
mask. And contrast enhancement filter that 
eliminates screen glare and improves visual 
acuity. 

You 'll also be happy to note that the 1104 
supports our Graphics Tablets (there are two) 
and Color Hard Copier (the one that 's 
already taking the industry by storm). 

One last item. Because we design. build. 
sell and service all of our products. you can 
count on getting the back-up you need. 
Direct service from 13 offices across the U.S. 

So make life easy on yourself . Call today 
to get the full GR-1104 picture . It 's easy. Just 
call your local Seiko Instruments sales per
son. or us at ( 408) 943-9100. or write 1623 
Buckeye Drive. Milpitas. CA 95035. 

You 'll see that getting better resolution 
from a more user-friendly terminal. for a lot 
less money. really is child's play. 

SEIKO 
INSTR U MENTS -

D-SCAN 1s a trademark ol 5e1ko lnslruments & Electronics. Ltd 
VT\001s a registered trademm k ot D1g1lal Equipment Corp 
TEK and Plot 10 are registe red lrademarks ot Tektronix . Inc 

:1' 1984 Seiko Instruments U S A . Inc . Graphics Devtces & Systems D1vis1on 
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DEPARTMENTS/ICs 

J-11 Microprocessor Designs Offer DEC Compatibility 

Designing products based around DEC's 
J-11 microprocessor can give the OEM 
some real advantages in the marketplace. 
Probably the most important of these is 
the ability to take advantage of the exten
sive operating system and application 
software that has been written for the 
PDP-II over the years. 

That was the philosophy behind the 
MCP 32/16, a new J-11-based computer 
system from Argonne Systems (Sugar
land, TX) . Built around Intel's new 
Multibus II architecture, the design 
allows multiple, closely-coupled central 
processors to run their own operating sys
tems within the same enclosure. A high 
system performance is achieved by giving 
each central processor a dedicated execu
tion bus with attached memory. System 
resources (disk and tape) may be shared 
or uniquely dedicated to a single central 
processor at the discretion of the systems 
integrator. 

PDP-II compatibility is provided by 
the use of the J-11 on the MCP 32/16 pro
cessor card , that also offers PDP-11170 
memory management and FPll float
ing-point operations. A storage control 
processor and I/O processor on the 
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Q-Bus 
PhastBus Adapter 

CPU 
Module 

Floppy 
Plus 
CTRL 
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Storage 
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Disk Processor 
Plus 

CTRL 

Figure 1: The Argonne system architecture. 

Multibus II supply multi-ported inter
faces between peripherals and central 
processors. These auxiliary processors 
emulate standard DEC interfaces. Sys-

Memory 
Module 

1/0 
Processor 

1/0 
Adapter 

1/0 
Adapter 

1/0 
Adapter 

terns can be configured with a combina
tion of peripheral devices : 10 Mbyte 
Winchester; 10 Mbyte removable disk; 
dual 51A " floppies and a 20-45 Mbyte 
cartridge tape. 

Within a week of the Argonne announce
ment , Digital Equipment Corp. (Hudson, 
MA) unveiled their own system imple
mentation of the J-11 chip set - the micro 
PDP-11173. Claimed to be comparable in 
performance to the PDP- 11/44, it may be 
used as a multiuser personal computer, as 
a host to personal computers or as a front
end to a larger host, such as a VAX . 

Q-bus-based , the new machine fea
tures the same enclosure and power re
quirements as the microPDP-11, avoiding 
the necessity for OEMs to repackage the 
whole system. It will be offered as a box , 
as a packaged system or as a system build
ing block. 

As well as using the J-11 as a central 
processing unit , other designs have 
realized its capability to offload the host 
in a co-processing environment. MDB 
Systems (Orange, CA) , for example, 

Figure 2: Th ese four Multibus JJ boards form 
the heart of the Argonne system. 
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* PROBLEM AREA 

* MTBF 

* COST TO REPAIR 

CPU BOARD FAILURE ANALYSIS 

Read The Fine Print. 
Letters . Numbers. 
Charts . Graphs. 
Fine curved or 
straight lines. 
Engineering 
drawings and 
presentation 

materials . On paper or film. 
The CH 5201 puts high quality color hard 

copy in your hands. 
With amazing consistency. Ask for 100 

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

There are no long waits, either. Because 

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

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

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

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

SEIKO 
I N ST RUM E N TS -

© 1984 Setko Instruments U S A . Inc . Graphic Devices & Systems Divtsion 
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ICs continued 

recently announced aJ -ll based front-end 
processor that features an on-board 512 
Kbytes of dual-ported memory, two high
speed serial ports and an external parallel 
TIO bus. Dubbed the MLSI-JFEPll , it is 
expected to find applications in data com
pression/decompress ion , message pro
cessing and routing and protocol conver
sion. The announcement marks a depar
ture for MOB who intends to move into 
the subsystems marketplace. 

The availability of the J-11 processor 
will continue to allow designers to build 
powerful DEC compatible board level 
and systems products. It will be interest
ing to see if DEC will offer the VAX chip 
sets discussed at the ISSCC in a similar 
way. - Wilson 
Argonne Systems ... . .... Write 232 
MDB Systems .... .. ... .. Write 233 
DEC ....... . . .... . .... Write 234 

Figure 3: MDB Systems front-end processor. 

NEC, Zilog To Market V Series Microprocessors 

Following a March agreement granting 
NEC a second source license for Zilog's 
Z80,000, the two companies have signed 
another license giving Zilog non-exclu
sive rights to worldwide manufacture and 
marketing of NEC's V Series of 8-, 16-
and 32-bit microprocessors and periph
erals. The V Series includes two families 

Process 

Transistor Counts 

Number of Instructions 

Minimum Instruction 
Execution Time 

High Speed Multiply/Divide 
Instruction Execution Time 

Memory Addressing Space 

Instructions With Special 
Features 

Emulation Capability 

Standby Function 

1 internal 
Data Bus Width 

l external 

Power Supply 

Power Consumption 

Package 
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of CMOS microprocessors, the standard 
micro µCOM-70K family of8-and 16-bit 
devices, and the supermicro µCOM700K 
family of 16- and 32-bit devices . 

The first two V Series devices will be
long to the standard micro family. The 
8-bit µPD70108C has an 8-bit external bus 
and a 16-bit internal bus. The 16-bit ma-

µPD70108C I µPD70116C 

CMOS 

63K 

101 

400 ns/ 5 MHz 

6 to 8 l's15 MHz 

1 M Bytes 

Bit Field Manipulation Instructions 

Bite Manipulation Instructions 

Packed BCD Operations 

Array Boundary Check Instruction Stack 
Frame Generation/Deletion Instruction 

8080AF Instruction Set 

Yes 

16bits 

8 bits I 16 bits 

5 volts 

500 mW (in operation mode) 

50 mW (in standby mode) 

40-Pin Plastic DIP 

chine, the µPD70ll6C has a true 16-bit in
ternal and external bus. 

To reduce the number of processing 
steps for instruction execution , a dual 
data bus method has been adopted for the 
µPD70108. The two data buses (the main 
data bus and the subdata bus) are both 16 
bits wide. For addition/subtraction , logi
cal, and comparison operations, process
ing time has been increased some 30 % 
over single bus systems. Dedicated hard
ware for memory access related opera
tions is built in . Called an effective 
address generator, the circuit is reserved 
only for calculating effective addresses 
and requires only two clock cycles for ad
dresses to be generated in any addressing 
mode. 

Both the processor's program counter 
(PC) and the prefetch pointer (PFP) func
tions are provided in hardware. A time 
saving of several clock cycles is realized 
for branch , ca ll , return , and break in
struction execution compared with mi
croprocessors that have on ly one instruc
tion pointer. 

The 70108 is object code, but not mi
crocode compatible with the Intel 8088. 
New instructions include bit fie ld manip
ulation instruction , packed BCD opera-

Table 1: Features of the 70108 and the 70116 
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TeleVideo corrects 
the VT220 key mistakes. 

~ The new TeleVideo" 922 shares but one feature 
with the VT220": full DEC"· compatibility. The 
similarity ends there. 

1 Take our keyboard, 
e for example. The 

RETURN key is within direct, easy reach. But 
.., VT220 users must stretch over an additional 

key to hit RETURN. Or have the hands of a 
concert pianist. 

Here's ours. 

2 
DECVf220 

Our ESCAPE key 
• is located above the 

TAB key, right where you'd expect 
to find it. 

Theirs isn't. 
In fact , you have to go 

hunt for the VT220 ESCAPE key 
halfway across the row of function 
keys. 

Where's the VT220 ESCAPE key? 3 Take a look below 
• at the 922 key· 

board . That's a true accounting keypad, complete with a Clear 
Entry, Double Zero and a TAB key. Not merely the numeric keys 
you get with the VT220. 

4 Our SHIFT key is exactly where it 
e should be, so it does exactly what it 

should do-shift. Their SHIFT key is shoved over 
by the < and >. key to create lots of ( and ) on the 
CRT. Of course with a little practice, you could re· 
learn their keyboard. But why, now that you've seen 
our922? 

Vf220 Display Screen. 

5 And after we built a better keyboard, we built a bet· 
e ter terminal. With exceptional reliability. Quality. 

Advanced ergonomics. Everything you'd expect from the in· 
dustry ANSI leader. 

The new 922 is available now and priced to move 
now. And it's backed by a worldwide sales and support net· 
work. Which means doing business with TeleVideo is yet 
another key difference. 

6. Here are 6 more advantages to the 922. 

TeleVideo 922 DECVf220 
15 15 Programmable 

Function Keys (30with shift) (shifted only) 

True Accountant 
Keypad 

Plug -in Graphics 
Upgrade Option 

Non-glare, Green 
Phosphor Screen 

Full Tilt & Swivel 

YES 

YES 

YES 

YES 
Enhanced ANSI Mode YES 

800-538-8725. 
In California, call 408 -745 -7760. 

NO 

NO 

NO 
NO 
NO 

TheTeleVided922 
O.TeleVideo Systems, Inc. 
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ICs continued 

Figure I: Architecture of the 70108 and the 
70II6. 

tion instructions, and bit manipulation in
structions. The latter is effective for 
graphic operations such as video data 
processing for bit map displays. In addi
tion, such instructions as an array boun
dary check and stack frame generation/ 
deletion are also in place to support high 
level languages. 

A 32-bit microprocessor (Y70) version 
of the supermicro JLCOM-700K family is 
currently under development. According 
to NEC, it will be a VLSI device integrat
ing about 700,000 transistors and will be 
designed using a five pattern CMOS pro
cess with 16 micron channel lengths. 

-Wilson 
Write220 
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DEPARTMENTS/Communications 

IBM's Statement On Communications Rouses LAN Activity 

From the beginning of the work on stan
dards for local area networks, IBM has 
made their interest in token passing ring 
architectures clear. This spring, the 
Information Systems Group (Rye Brook, 
NY) finally announced an IBM cabling 
system (not a network, but a cable 
scheme that might al low token passing). 
As part of this release on the cabling sys
tem, they suggested that the token pass
ing 802.5-style ring LAN is still two to 
three years off. In addition, "IBM Indus
trial Communications Direction," calling 
for token passing bus networks in the 
industrial environment, was published by 
the Industrial Systems Division (Boca 
Raton, FL). 

IBM's stance of waiting on the office/ 
campus network hasn't kept other com
panies from working on token ring net
working. Proteon (Natick, MA), for 
example , has long based their popular 
proNET system on a baseband token
passing ring. The cabling system that 
IBM did announce is similar to Proteon's 
physical configuration. Both the IBM 
cabling system and proNET provide a 
logical ring in a physical star configura-
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ti on or daisy-chained stars. (Figure 1). A 
single distribution closet or wiring 
center, as Proteon calls it, houses all of 
the facilities for rearranging network 
nodes. 

The IBM in-building cabling system 
uses a distribution panel in the hub closet 
that can be connected to as many as 64 
twisted pair cables. These low-cost cables 
are permanently wired from wall outlets 
throughout a building and into closets for 
connection. Moving a device from one 
office to another requires only unplugging 
from one wall socket and into another and 
moving a patch cable at the panel; not 
total rewiring . Though the twisted pair 
cable is generally lower performance 
than coaxial or other LAN cable, qua I ity 
is sufficient for PBX and telephone sys
tems from major manufacturers to oper
ate at full speed. In conjunction with ease 
of device reconfiguration, the cable sys
tem can be relatively low cost. 

Cabling systems from IBM are to be 
available in October, with prices for four 
types of cable, faceplates for wal 1 outlets, 
voice and data connectors, distribution 
panels and device interface equipment 

already announced. The interconnection 
of distribution boxes is specified for 
either twisted pair or fiber optic cable. 

In the wake of the publication of IBM's 
cabling system specs, Ungermann-Bass 
(Santa Clara, CA), one of the longest
established turnkey LAN suppliers, an
nounced that they will provide a network 
to operate on it. They feel that by provid
ing for both voice-grade and data-grade 
twisted pair, IBM is endorsing PBXs and 
LANs side-by-side in the office. The 
Ungermann-Bass Net/One has long been 
avai lable on baseband, broadband and 
optical fiber cable; now they will add 
twisted-pair copper, as well. 

What may be an even more significant 
direction for IBM is the industrial 
emphasis. The new Industrial Systems 
Division is not slacking off. At the Pro
grammable Controllers show in 
Houston, IBM was present in force; they 
announced a ruggedized version of the 
PC/XT, the 5531 , industrial software to 
connect to the four major programmable 
controller manufacturers' products to the 
Series/I, and also showed a Multimedia 
Plant Floor Terminal. 

AUGUST 1984 • DIGITAL DESIGN 



HOW TO DOUBLE 
YOUR CONTROL 

WITHOUT DOUBLING 
YOUR NTROLLER. 
If your plans for 

controlling disk and 
tape drives call for two 
boards and two CPU 
slots, you can now cut 
your plans in half. 

And use the 
SPECTRA 25 LSI-11 
emulating multifunction 
controller instead. You'll 
get all the control of separate 
disk and tape boards in just 
half the space. Half the slots. 
Half the spares. While using 
less power. 

SPECTRA 25 is the 
smarter way to handle 
SMD/Winchester and 
Y2-inch tape drives, and 
it's the first and only multifunction controller designed for 
DEC Q-BUS® computers. 

Its block-mode data transfer capability can increase your 
throughput by up to 50%. And it performs Error Correction 
Code (ECC) independently of the operating system. All 32 
bits worth. 

SPECTRA 25 fully emulates DEC's RM02/5 and RM80 
disk subsystems, and TSll tape subsystem. It can run two 
SMD disk drives and four tape drives, in any combination. Plus 
an E2PROM lets you easily reconfigure while the controller is 
in your system. 

But SPECTRA 25 puts something else in your system, too: 
proven reliability. Because you're working with half as many 
parts and pre-tested ICs. 

You're also working with excellent documentation that's 
regularly updated. And the most comprehensive one year 
warranty in the industry. All backed by responsive nation
wide service. 

BUS 

Disc 
Emulation 

TSll 
(4 drives) 

2.0MB/ sec 

Yes 

controller 

SPECTRA 25 
is the multifunction 
controller that 
doubles your control. 
And your advantage 
on the competition. 

Before you look 
at Emulex or Dilog, 

consider the SPECTRA 
25 from Spectra Logic. 

It could be all the controller 
you'll ever need. For further 

information on our expanding 
family of controllers for DEC 
Q-BUS and UNIBUS® 

computers, call or write 
us today. 

Spectra Logic Corporation, 1227 Innsbruck Drive, 
Sunnyvale, CA 94089, (408) 744-0930, TWX 910-339-9566, 
TELEX 172524 SPL SUVL. International Sales Office: 
The Netherlands (31) 23 273744, TELEX 71080 SPECL. 

The Multifunction Controller Company. 
!!:I 1984 Spectra Logic Corporation 
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Communications continued 

Their industrial plans for communica
tions include networking , specifically 
token passing broadband bus to the IEEE 
802.4 standard. This is the same choice 
General Motors has made for their 
MAPS network, demonstrated at the 
NCC this summer (Digital Design , June, 
1984). Broadband cabling is sensible for 
the industrial environment; it permits 
mixing of LAN information with the 
video common for monitoring and, in 
fact, many factories have broadband 
cable already installed . 

Since both the industrial and the office 
communications systems from IBM 
allow multiple-vendors to be connected, 
the fact that IBM is the or iginator wi ll 
have a big impact on LAN and linking 
schemes throughout the industry. 
Because IBM has not announced LAN 
products for the office environment, but 
only a cabling scheme with voice and 
data wires, Ethernet will continue to hold 
market and momentum for the office. 
More companies will work on token
passing networks , and IBM , in the 
rapidly awakening industrial market , will 
set communications standards with prod
ucts in a range of specifically industrial 
configurations. - Pingry 

IBM Information Systems .. Write 228 
IBM Industrial Systems Di v. Write 229 
Protean .. .. . ....... .. .. Write 230 
Ungermann-Bass ..... ... Write 231 

Figure 1: IBM's single cabling system can be used instead of coaxial, twinaxial, twistedpairand 
other special purpose cabling. The diagram shows terminals connected 10 wall outlets which , 
in turn , are connected to distribution panels mounted in wiring closers. Computers and devices 
can be connected by using patch cables on the panel. Wiring closers in the same building or dif 
ferent buildings on a campus can be connected. 

Global Digital Network Gets Silicon Development Commitments 

Components are finally in development 
for interfaces to a global information net
work. Seven semiconductor manufac
turers and three telecommunications 
system firms have announced their inten
tion to create products compatible with 
evolving Integrated Services Digital Net
work (ISON) standards. 

The Consultative Committee for Inter
national Telephone & Telegraph 
(CCITT) and ISO have been working on 
standards for this end-to-end digital facil
ity since 1981. The goal is for ISON to be 
a global standard for all information 
transport , including data , voice and other 
user facilities like videotext and broad
cast serv ices , as well as monitoring and 
control. 
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This spring, Intel (Chand ler, AZ), 
Harris (Palm Bay, FL), Texas Instru
ments (Richardson , TX), Siemens (Mu
nich , West Germany) , Matra Harris 
(Nantes, France) , Philips, (Eindhoven, 
Netherlands) and SGS (Phoenix, AZ) 
voiced their commitment to producing 
chips for the ISON architecture. All of 
the manufacturers are working on I Cs for 
various functions of the equipment for 
both digital and analog services. SGS and 
Harris are developing the SLIC (Sub
scriber Line Interface) chips for the PBX
like customer site equipment. Intel has 
published an architectural overview of 
their Line Card Controller and Feature 
Control Combo Codec. 

ISON user interfaces to the digital lines 

of the network will use a serial bus back
plane architecture. Both analog and digi
tal line cards to interface to the bus will be 
developed . Intel's schematic of an analog 
line card using their parts (Figure 1) 
shows a generalized configuration. 

The work on ISON is also supported by 
telephone system makers CIT-Alcatel 
(Paris, France) , Siemens and Ericsson 
(Stockholm , Sweden). The cooperation 
of several sectors will be critical in devel
oping a network appropriate to all users 
and suppl iers. In work planned to span 
the next two decades, users, national gov
ernments and international communica
tions and standards organizations should 
all be involved in setting ISON specifi
cations. 

AUGUST 1984 • DIGITAL DESIGN 



Communications continued 

Figure I: An analog line card for the IDSN 
serial bus backplane using Intel's iATC 29C52 
Line Card Controller and iATC29C5! Feature 
Control Combo. 

National governments are particularly 
important, since except in the U.S., they 
control telecommunications services. 
The difference in who controls services 
has created two views ofISDN up to this 
point. The U.S. view of a "digital pipe" is 
narrower than the European "lake;' which 
includes processing and storage as well as 
transportation of information. Current 
agreements from many sectors promise 
global compatibility, despite this discrep
ancy. ISDN will be a data and informa
tion network available to all users for any 
mix of current and future information 
services. -Pingry 
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DEPARTMENTS/CAD/CAM 

An Evolving Design Data Standard 

The wide variety of available CAD/CAE 
systems combined with the expanding 
semi-custom IC industry has created the 
need for a standard ·format to exchange 
design information. 

Presently, few standards exist that meet 
the needs of all types of design data. As 
a resu lt , passing information from one 
software or hardware tool to another is 
not a trivial task. 

Most interchange formats currentl y 
used suffer from any one of several draw
backs. One of the major problems is that 
many formats have been developed to ad
dress only specific types of design data. 
For instance, a particular format might be 
quite useful for netlist information but un
usable for mask artwork. None have ad
dressed the entire scope of the problem. 

Although some formats may exist to in
clude all types of design data , they are 
proprietary to a particular semiconduc
tor or CAD manufacturer. 

Also, as IC design methods evolve, 
new parameters must be added to the 
data. However, most current formats are 
not flexible enough to permit this growth. 
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During the past few years, several in
terchange formats have been developed , 
each addressing one or more of the draw
backs mentioned. These efforts were 
started to combat the mounting design 
data standardization problems. 

The Electronic Design Interchange 
Format (EDIF) is one format that seems 
to be gaining respect as a possible indus
try standard for design data communica
tion . The current EDIF effort was begun 
by the principles involved in four of these 
early development projects. It includes 
the best features of each, thereby provid
ing a single more powerful format. Or
ganizations involved in the current effort 
are: Daisy Systems, Mentor Graphics, 
Motorola, National Semiconductor, Tek
tronix and Texas Instruments. 

EDIF version 1.0 is aimed at facilitat
ing the exchange of design information 
for semi-custom IC designs (gate arrays 
and standard cells) in a multivendor en
vironment. This will allow semi-custom 
IC customers to use any vendor's fabrica
tion facilities or front end resources even 
ifthe task was begun on another vendor's 
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equipment. 
It is important to note that EDIF is a 

format for the transmission of design 
data. It is neither a programming lan
guage nor a database system . An EDIF 
description is expressed in a hierarchy, 
abstract at its top level, becoming pro
gressively more detailed at the lower 
levels. This allows the user to confront 
only the necessary amount of informa
tion for the particular task at hand. 

The syntax of this format is similar to 
the Lisp programming language in which 
all data are represented as symbolic 
expressions. The basic building ofEDIF 
are primitive data such as strings, signals, 
ports , layers, numbers and modifiers. 
More complex structures are built by 
parenthesized 1 is ts that contain either 
these primitive data or other 1 is ts. Often, 
the first element of a list is a keyword. It 
is reserved by the language definition to 
provide meaning to the subsequent ele
ments, based on their position in the 1 ist. 
New keywords can be added, responding 
to changing demand without requiring 
changes to existing parsers. By ignoring 
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z 

a b z 

a z 

(Cell NAND2 

) 

View Topological Logic 
(Interface 

(Declare (INPUT PORT ab) (OUTPUT PORT z)) 
(Body (Layer SchematicSymbol 

) 

(shape (20 0) (arc (40 0) (60 20) (40 40)) (10 40) 
(circle (60-21]) (50 20)) 

) 

(Portlmplementation a (Layer SchematicPort (Path (20 30) (30 0)))) 
(Portlmplementation b (Layer SchematicPort (Path (0 10) (20 10)))) 
(Portlmplementation z (Layer SchematicPort (Path (60 20) (70 20)))) 

) 
(Contents 

(Instance Nand2Primitive) 

(View Physical 
(Interface 

(Declare (INPUT PORT ab) (OUTPUT PORT z)) 
(Body (Layer Metal Blockage (Rectangle .... ))) 
(Portlmplementation b (Layer Poly ..... )) 

Permutable ab) 
) 
(Contents 

(Layer Metal (Path .. . ) (Polygon ... ) .. ) 
(Layer Poly (Path ... ) (Path ... ) .. . ) 

• 

Figure I: Shown , using the EDIF fonnat , is a dual two-input NAND gate cell. Included in the description is the logic model, schematic symbol, 
detailed layout, and layout abstraction for placement and routing. 

unrecognized keywords, old parsers may 
continue to extract their information , 
while new parsers may utilize additiona l 
information contained by an extended 
fo rmat. 

Several different kinds of des ign data 
can be exchanged using EDIF. Some of 

the more common types include: logic 
models, circuit models, macroce ll lay
out, layout abstractions, schematic sym
bols, base arrays, deta il ed layouts and 
netlists (Figure 1) . 

One area where this format is lacking 
concerns behavioral descriptions which 

is one of the most difficult aspects of stan
dardization. This and many other areas 
are currently under development by the 
six vendors mentioned earlier. The cur
rent vers ion of EDIF is not a panacea , 
however, it does represent a big step 
forward. -Collett 

Hardware Logic Simulator Decreases Simulation Execution Time 

With the capabilities to integrate hun
dreds of thousands of transistors on a 
sing le chip, and incorporate many of 
these chips within a single system , re 
fabrication process technology continues 
to tax the CAD/CAE tools that facilitate 

44 

system design. Of the many tools cur
rent ly used in the design cycle, log ic s im
ulation is probably the most important 
bridge between design and verification . 

Until recently, logic simulation was 
performed using software based simula-

tors such as Cal ma's TEGAS, running on 
a mainframe. For earl y design efforts, 
that had low gate counts, these simulators 
served very well. However, as in many 
expandi ng areas of technology, these 
simulators are hav ing great difficulty 
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keeping pace with the demands of simu
la ting today's VLSI based systems. Fo r 
example, a large des ign simulated with a 
softwa re based simulator, running on a 
VAX or IBM mainframe, might take from 
6 to 30 hours to fini sh. To most OEM s 
stri v ing to introduce a product within a 
narrow market window, these lengthy 
execution times are unacceptable. 

Rea lizing that rapid execution of log ic 
s imulation is crucial to effectively imple
ment a des ign, Zycad (Arden Hill s, MN) 
has attac ked the problem "head-on" by 
introducing one of the most useful too ls 
on the market - the Logic Evaluator. 
This logic simulation system , introduced 
just ove r a yea r ago, has proven itself as 
a viable solution for rapid execution of 
log ic s imulatio ns. 

The Log ic Eva luato r (LE-1000 series) 
eliminates the speed problem found with 
software based simulators by implement
ing traditional software simulation algo
rithms in hardware. In additio n. the sys
tem is eas ily upgradable so that use rs pur
chasing a low-end model can inc rease its 
capabilities as the s imulation problems 
get more complex. 

Unlike many des ign verification tasks. 
logic simulation is not mathematically in
tensive. Memo ry access speed and large 
memory requirements are the demanding 
aspects of logic simulation. Most software 
based s imulators take approximately 500 
instructions to simulate a logic event. An 
event is defin ed as a change in the output 
of a 3- input gate (or logic element such as 
a flip -fl op), and the associated fan out 
change on the inputs of the next level of 
gates (Figure 1). Exec uting 500 instruc
tions fo r each event taking place in a 
VLSI system requires excessive amounts 
of time. Zycad's Log ic Eva luator, how
ever. does not rely on these software in 
structio ns to s imulate log ic; these simu
lation instructions are implemented com
pletely in hardwa re . Each of the algo
ri thms implemented in hardwa re uses a 
dedicated processor that is directly linked 
to a separate large bloc k of high speed 
so l id state memory (Figure 2). Eac h of 
the processors are I inked in a pipe line so 
that new data is continuously processed . 

When benchmarked , a small simulation 
running under T EGAS on a VAX took 10 
minutes. The same simulation running on 
the Logic Evaluator took 0.8 seconds. The 
Logic Evaluator can execute close to 16 mil
l ion events/sec when used with all 16 pos
s ible modules. - Collett 

Write 227 

Figure 1: This logic di
agram defines an event 
on Zycad's hardware 
simulator. Input c is 
changed: the changes 
in state at the output of 
the 3-input AND gate 
d and the changes in 
state on the fanout in
puts (ej,g,h) represent 
a single event. 
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Figure 2: These block 
diagrams shmi• 1he dif 
fere 11ce i11 archi1ecture 
betll'ee11 a traditional 
computer (a) used to 
ru11 si11111latio11 and 
Zycad :~ (b) parallel 
processor Logic Ei•al
ua/01'. Me111orr ba11d-
11•id1h and si~e are the 
111 ·0 major hmtle11 ecks 
fo und i11 11 rchitec1ure 
(a). These ho// le11ecks 
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1Ulled i11 wd1i1ec111re (b). 
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When used as a disc replacement, the high speed, non
rotating MegaRam provides the software compatibility of a 
disc with the performance of main memory. Ideal for 
swapping, scratch files, overlay storage, process control, 
telecommunications, graphics, data acquisition, array 
processing, etc. 
Let us show you how the MegaRam can enhance the 
performance of your computer while providing outstanding 
reliability. 

Imperial Technology, Inc. 
831 S. Douglas Street • El Segundo, 
California 90245 ·Telephone: (213) 536-0018 
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Ironies' VMEbus single board computer system foundation 
module; VMEbus 512K/2 Mbvte dynamic RAM; VMEbus 
graphic displav controller; and VMEbus CRT controlle1: 

Building Graphics Systems 
From The Board Level 

by Gregory MacNicol, 
West Coast Technical Editor 

The versatility of the board approach as 
opposed to building from the chip level in 
a graphics system is substantiated by its 
promise of shorter design/production 
time and potential for better price/perfor
mance. More important , if additional 
colors are desired , for example, or a 
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faster display at higher resolution is 
required, upgrading is not difficult . 

The graphics processor is driven by 
virtually any operating system. Further, 
the availability of any mass memory stor
age system, 1/0, LAN or special terminal 
drivers may be chosen. Powerful graph
ics support may also be added with image 
analysis boards, array processors , and 
video digitizers. The growing number of 

graphics workstations that depend on 
separate boards on a common bus is evi
dence of the success of the integrated 
graphics board approach (Figure 1) . 

The primary criteria for choosing a 
graphics processor board are resolution , 
color, display speed and cost . While 
these qualities are of primary importance 
in any graphics system, the graphics 
board integrator is faced with a major 
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These three examples of solid modeling are 
from Para/lex Graphics. Top: Stippling uses 
8 x 8 pixel patterns to enhance color and aid 
pa11ern recognition. Middle: De jag is used to 
smooth edges of an image. The top image is 
without using thedejag command, the bottom 
using it. Bottom : High le1•el instructions in
clude four basic dra11•ing commands: polygon, 
box, circle and vector and form basicdrawing 
modes: solid, stipple, outline and BITBLT. 

choice : which system interface bus to 
use. Six buses dominate the graphics pro
cessor arena: the Intel Multibus, the 
DEC Q-bus and Unibus, the S-100 bus, 
the VME and STD bus. 

On The Multibus 
For the industrial and commercial mar
ket, VMI (Winooski , VT) offers two 
graphics processor boards for the Multi
bus ; the VM8850A and the VM8851. 
Both boards use an 8 MHz 8088 for local 
intelligence, OMA for fast memory ac
cess , and variable display format and 
depth . They also utilize "Interact ;' a resi
dent graphics command language in firm
ware. Interact is a powerful feature pro
viding users with 83 high level and 29 
graphics parameters , such as text with 
multiple fonts , pan , zoom, area fill , run 
length encoding, clipping and 3-0. Macro 
capabilities are unique with the firmware, 
where 256 macros , nesting at 16 levels , 
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are possible. Control of the maximum 
256 displayable colors is through a 4096 
palette lookup table. 

The more powerful UM8851 draws 
pixels at 40 nsec to 3 µ,sec per pixel onto 
a 640 x 480 or 512 x 512 , 256 color dis
play. The fast speed is partially due to ex
ecution of8 pixels per CPU cycle in addi
tion to use of Programmable Logic Ar
rays. A unique feature of the UM8851 is 
its ability to create large characters with
out appearing "blocky." A text smoothing 
algorithm creates proper looking charac
ters at any scale. 

VMI provides graphics system support 
with a video digitizer that interfaces 
easily with their graphics boards. The 
UM8830 two-board set accepts 512 x 
512 X 8 ofRGB data from a camera scan
ning at 30 lines/sec. The set includes an 
8088, firmware, and an ALU for real tiflle 
functions on one or two buffers of video 
data . Applications of a fast video digitizer 
combined with a graphics processor in
clude Landsat image analysis, pattern 
recognition , and automated inspection. 

The never-ending demand for speed 
has fostered Multibus boards designed 
around the bit slice AMD29116. The new 
VG-150 graphics module from Datacube 
(Peabody, MA) uses the part to interpret 
and execute a microcoded library of nine 
commands. The user can also develop 
proprietary microcode with several tool s 
that include a microcode assembler, 
compiler, writable control store, option 
board and a UNIX-based development 
system. The 1408 x llOO x 1 pixel dis
play can be moved at a rate of over 1.5 
Mpixels/sec. The additional .5 Mpixels 
of the 2 Mpixels on the board (Figure 3) 
is used for fast access to symbols, charac
ter fonts, complex cursors or any fre
quently displayed symbol. 

Choosing a totally new architecture, 
Parallax (Sunnyvale, CA) achieves a 
drawing rate of 12 mill ion pixels/sec. The 
design is based around four 4-bit ALUs 
instead of four AMO 290ls. The control
ler displays 640 x 480 pixels out of a 512 
x 1024 pixel memory at either 4 or 8 
pixels deep. It features a dual-ported 
video memory, two frame buffe rs, and 
RS-170 with genlock . 

Genlock is a feature in which external 
synchronization signal s are used to trig
ger the board's sync signals. This allows 
synchronization of a di splay output from 
a board , with , for example, an external 
camera. 

The real power of the system is con-
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The graphics board 
integrator is faced 

with a major choice: 
which system 

interface bus to use. 

tained in the firmware. The 85-command 
instruction set provides not only the stan
dard list of graphics functions but more 
useful instructions such as Clear Count 
Field and Read Count Field. These in
structions determine precisely how many 
fields have elapsed during critical oper
ations. The "Wait For Vertical Retrace" 
command provides a means of synchro
nizing operations to the blanking period 
in the display signal. The boundary fill 
and interior fill are impressively fast . 
Another useful instruction allows the 
capability of selectively drawing speci
fied colors. Especially useful is dejag, 
where vectors are anti-aliased. Bit Block 
Transfer (BITBLT) is becoming a popu
lar function on graphics controllers. With 
this command any section of any image 
using opaque and transparent overlays 
can be copied and repeated elsewhere on 
the screen . 

Focused on the OEM, Matrox (Mon
treal , Canada) provides all the Multibus 
boards needed for a complete system in
cluding terminals , software and d isk 
drives . Twelve graphics boards are of
fered from basic display controllers to the 
GXB-1000, boasting a 2K x 2K read/ 
write display area. The image, 1600 x 
1200 pixels at 4 bits deep, can accept up 
to 16 image planes. A large 256-instruc
tion command set is interpreted by a 5 
MHz 8088, pixel processor, video ECL 
processor and a hardware vector genera
tor. Matrox also offers a Tektronix 4113 
emulation package in C which runs on 
the MBC-86/12 (8086/8087) CPU board. 
The package uses a real time kernel 
which supports multitasking. 

It may be useful to fully emulate pop
ular terminal functions on a board . Ge
nisco (Costa Mesa, CA) is primarily a 
manufacturer of CAD/CAM terminals 
and sells the 12" X 16" board that drives 
the G-2200 terminal. The Integrated 
Graphics Terminal (IGT) board has two 
graphics processors, four planes of mem-
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ory, and three 1/0 ports. Software support 
is a key factor in choosing a board such as 
this because interfacing software such as 
TEMPLATE, ANVIL, Dl-3000, or em
ulating VT-100 terminals is already inter
na lly implemented. An OEM can later 
upgrade the system using the Genisco ter
minal with no change in software. 

A major trend in computer graphics is 
graphics fu nctiona lity on a chip. Sil icon 
Graphics (Su nnyvale, CA) and Weitek 
(Sunnyva le, CA) have developed graph
ics chips providing major graphics dis
play functions. While Silicon Graphics 
does not se ll their geometry eng ine, 
Weitek sell s boards in addition to a work
station aimed at the CAD/CAM market. 

Weitek se ll s two products based on the 
Multibus providing different fu nctions. 
One board , the Transformation Proces
sor, executes all global graphics functions 
such as rotation and translation using a 
3-D database. It can take high level equa
tions that describe a parametric bi-cubic 
patch and display the image at 100,000 
3-D points/sec. The second product is a 
two board set they call the Tiling Engine. 
The Tiling Engine is a fast processor spe
cifically designed for quickly displaying 
shaded objects using a hidden surface re
moval algorithm. Through the use of a 
24-bit deep z-buffer, objects are given 
display priority. Each pixel is also given 
an intensity value. One board contains the 
z-buffer memory whi le the other is the 
actua l Tiling Engine. The fast processing 
is due to on-board 32-bit floating point 
processing. The three board set includes 
what Weitek calls a Solid Modeling En
gine. While the resultant image cannot be 
read back after it has been displayed , the 
fast processing ability easily lends itself 
to the demands of CAD/CAM. where 
rotating a smoothl y shaded object must 
be done quickly. 

Q-Bus/Unibus 
The long history of Digital Equipment 
Corporation has brought widespread ac
ceptance of the Q-bus and Unibus. A 
large number of hardware and software 
developers continue to support these 
buses, utilizing mainframe power at a 
reasonab le cost. While DEC is focused 
on developing their VAX line, they 
haven't abandoned support for the Q-hus 

Figure I: T_1pical high pe1jim11a11ce color 
gmphics ter111i11a/ 11si11g Mmro.r· GXB-1000 
co111plete graphics s1·s1e111. 
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The G-500, Genisco '.~ 

pmverful two-board, 
quad size fiwne buffet: 

or Unibus. DEC had recently introduced 
several boards based on the Q-bus and 
aimed at computational and 1/0 intensive 
applications. Additional enhancements 
such as block mode DMA transfers and 
22-bit addressing make the Q-bus com
petitive with alternative buses . 

Peritek (Oakland, CA) has long sup
ported the Q-bus and Unibus with several 
board level products. Six graphics boards 
are offered on the Q-bus for monochrome 

or color applications. The VCH-Q dis
plays a 512 x 512 x 8 bit-mapped image 
using a 256 x 24-bit color look up table. 
The higher resolution of the VRH-Q dis
plays a monochrome 1024 x 1024 dis
play and includes a 64 x 128 character 
alphanumeric display generator. PALs 
and IFLs allow the dual-high boards to be 
compact: 8" x 5". Software support in
cludes a version ofGKS, VD!. two levels 
of graphics subrout ines, and an image 
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For whatever system you're de
signing there's already an advanced 
color graphics system to go with it. Either 
the economical, easy to use VX128A or 
the versatile VX384A with its 16.8 million 
color palette and 512 simultaneously 
viewable colors. 

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

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

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

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

If graphics should be a part of your 
system, Vectrix should be a part of your 
plan. Let us tell you just how we fit your 
system. Vectrix Corporation, 2606 
Branchwood Drive, Greensboro, North 
Carolina 27 408. Phone (919) 288-05 20, 
Telex 574417. 

Vectrix 
THE COMPUTER GRAPHICS COMPANY 

Write 51 on Re;irler lnni 1irv C:;mi 
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editor using a mouse. 

Riding The 32-Bit Bus 
When it comes to greater functiona lity 
and power, larger 32-bit machines be
come a natural choice. However, greater 
memory addressability and computa
tional power are not the only reasons for 
the popularity of the larger word size. 
Newer boards with their display power 
can utilize software already written for 
advanced graphics applications. CAD/ 
CAM , animation and image analysis pro
grams are easily interfaced with graphics 
boards having large instruction sets. 
Also, support tools, multitasking operat
ing systems, floating point processors 
and memory management units increase 
the virtues of a graphics processor board. 

Some manufacturers are betting heav
ily on the newer 32-bit CPUs like Moto
rola's 68020. One such company, Graph
ics Strategies (San Jose, CA) is using the 
Yersabus for its YGM series of graphics 
boards based on the NEC 7220. Users 
can develop programs on the 68000 and 
then upgrade the system with no change 
in software. The YGM series comes in 
three resolutions at 4 bits deep: 512 x 
512 , 1024 x 768, and 1184 x 885. Each 

Peritek's VRH-Q, offered 0 11 the Q-bus, is 
capable of a monochrome 1024 x 1024 dis
plavand includes a 64 x 128 character alpha
numeric display generator. 
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Figure 2: The GXB-1000 board set from Matrox combines VLSI circuits with high-speed ECL logic 
and advanced software. 

board can process 36 graphics primitives 
in addition to alphanumerics. The YME-
512 is a similar board but is based on the 
YME bus. It can display eight colors at 
512 x 512 pixels in two intensities. 

VMEbus Support 
Strong support for the YME bus comes 

from Ironies (Ithaca , NY) . They supply 
a complete set ofVME boards in addit ion 
to a graphics board. Based on the NEC 
7220, three resolutions on the IV-1651 are 
ava ilable: 16 colors at 600 x 800, four 
colors at 1024 x 1024 or 1280 x 768. Ad
ditional cards can be synchronized to ob
tain more colors at the higher resolution . 
A CRT board supports displays up to 66 
lines of 102 characters, interlaced . It has 
a 256 character set and al lows users to de-

fine their own fonts and mosaics for spe
cial applications . Both boards may be 
combined to overlay alphanumerics on 
graphics. 

For some system integrators , terminal 
emulation is important. PsiTech (Tustin , 
CA) is a manufacturer of terminals and 
also sells graphics boards separately. 
They offer three versions: the VME/l, /2, 
and the /3. The YME/l has all the fea
tures of their 6809-based terminal. The 
/2 is a higher resolution version of the /1 
at 640 x 480 noninterlaced or 1024 x 
1024 interlaced. The /3 is an even greater 
upgrade with a text overlay plane allow
ing extra functionality such as scrolling 
or non-scrolling windows. Up to 16 win
dows can be displayed beyond the view
port, if the user, for instance, wanted to 
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diagram. 
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see six lines out of 100 ex isti ng 'l ines of 
text. Terminal emulation of Tektronix 
4107 is possible on the /3 for easy inter
facing with ISSCO and PYI software. 

The S-100 And STD Buses 
Originally designed for 8-bit hobbyist 
applications. the S-100 bus sti ll prevails, 
with numerous systems and boards avail
able. Endorsed by the IEEE, many S-100 
based graphics boards are ava ilable with 
functionality rivaling that of mini frames. 
Systems integrators find the S-100 based 
boards less expensive than comparable 
boards on other buses. 

prov ides fast Direct Image Access . Using 
a 68000 host, the image transfer rate to 
and from the static RAM is 3 Mbytes/sec. 
These high data transfer rates are 
required for video animation. 

Industrial applications opting for small 
size and high re liabi lity have utilized the 
STD bus for 8-bit industrial applications. 
As a result, manufacturers such as Ma
trox and Ironies who have experience 
making graphics boards on other buses 
also offer an STD configuration. A 
number of other companies such as Ap
plied Micro Technology (Tucson , AZ) 
rely on the 6845 to provide graphics 
boards for the industrial market such as 
real time process control display. 

S(1ft1rnre .1·11pponfiir Peri1eJ.: :1· VRH-Q includes 
a 1·e1'.1·ion of'GKS. VD/. 111 ·0 le1 ·e/s (!/'graphics 
.rn/Jmu1i11es. and an image ediwr using a 
111011.\'('. 

Many manufacturers cater to specific 
markets. Digital Graphics Systems (Palo 
Alto, CA) manufactures eight graphics 
boards at different resolutions. The CAT 
1600 is their most powerful and comes in 
three versions: a single image plane at 8 
bits deep. three images also at 8 bits deep. 
and one image at 24 bits deep. An exten
sive on-board library of fu nctions is inter
preted by a 7 MHz 8086 providing 
smooth scroll. pan and logarithmic 
zoom, in addition to basic image process
ing functions . A dual ported memory 

High Resolution For The IBM PC 
The popularity of the IBM PC and its 
clones has led to peripherals galore. some 
with remarkable capabilities on a single 
board. Thanks to the NEC 7220 and 64K 
RAMs, small board size is possible with
out compromising performance. 

Yectrix (Greensboro, NC) makes the 
Midas board displaying 480 x 672 pixels 
with 4096 simultaneous colors . The 
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tax!s h,1of114liWftitm 
phics controllers let OEMs and 
tern integrators add astonishing 
phics power to standard micro-

t
mputers - Multibus and Q-bus 
ntrollers are available now. 

ese controllers are designed for 
sy integration and are self-hosting 
just plug the Parallax controllers 
o a Multibus or Q-bus system, add 

a high-resolution 
color monitor, 

and you 
..., are 

ady to begin 

1 
elopment of powerful 
phics applications. 

e Parallax graphics controllers 
~o give you the advantages of low 

~
er consumption, light weight -
with their advanced board-level 

signs, provide a price/performance 
io that is ideal for individual 
phics workstations. 

ceptional Speed 
th drawing speeds of up to 88 
lion pixels per second, you get 

• The Series 600 single-board 
controllers draw at 12 million pixels 
per second. 

• The high performance Series 1000 
board-set controllers draw at 88 
million pixels per second, with 
Block lmag~ Transfers (BUT) at 14 
million pixels per second. 

" ... drawing speeds of up to 
88 rnlllion pixels per second:' 

With immediate interactivity, 
applications such as animation, 
CAD/CAM, on-screen page make-up, 
and business graphics are easier to 
work with, simply because images 
and graphics appear instantly on 
screen - and can be changed just 
as quickly. 

Parallax's rich instruction set 
provides single-instruction Polygon, 
Box, Circle and Vector drawing, Solid 
Fill, Outline, Stipple, Block Image 
Transfer, Opaque/Transparent, 
standard and user-defined Text 
modes, vector Dejagging - and the 
list goes on. 

High Resolution 
1024 x 1024, 60 Hz non-interlaced 
display is yours with Parallax's high
performance graphics controllers. 

• The Series 600 provides 640 x 480 
display resolution; standard 4 bit 
planes provide 16 colors from a 
palette of 4096 colors. 

gh Perfbrmance Color Graphics Controllers 

'bus is. a t'.ade~ark ~I l~tel Eorporation_ Write 36 on Reader In u· Card 

Series 1000 
is expandable to 
24 bit planes. Other 
standard Parallax features 
include double buffering, smooth 
pan, and integer zoom along either 
axis - Parallax controllers have a 
long list of features that mean high 
performance graphics power for your 
microcomputer system. 

Contact Parallax Graphics today. 
We'll be glad to draw a clear picture 
of all the advantages OEMs get with 
our graphics controllers. 

Bl .. iliiBC=lR [~GRAPHICS 
1095 East Duane Avenue, Suite 215 
Sunnyvale, California 94086 
408 720-1600 
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board functions s imilarly to their VX-
384 graphics processor having nearly the 
same 80-command instruction set. The 
difference is the Midas board has faster 
performance with an 80188 and OMA . 

Graphics Board 
Manufacturers 
To receive more information on the graph
ics board manufacturers mentioned in the 
preceding article, please write in the appro
priate number on the Reader Inquiry Card . 

VMI ... . ........ .. . .. ... . Write 300 
Datacube .......... . ... . . Write 301 
Parallax .. .... .. . ........ Write 302 
Matrox . . . . . . .... . ... .. . . Write 303 
Genisco ... ...... . . . ... . . Write 304 
Weitek .. ... . ....... . .. . . Write 306 
Peritek .......... . . . . . . . . Write 308 
Graphics Strategies .. . ...... Write 309 
Ironies .. . . ... . ...... . .... Write 310 
PsiTech . ... . . . ......... .. Write 311 
Applied Micro Technology ... . Write 312 
Number Nine .. . ......... .. Write 313 
Omnicomp Graphics .... . ... Write 314 
Vectrix . . ............. . . . Write 315 
Digital Graphics Systems . .... Write 316 
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We have the hardware 
for your software. 

12460 Gladstone Avenue 
Sylmar. CA 91342-0336 

telephone (818) 365-9661 

Options include a Siggraph Core library, 
4010 emulation , Plot-IO compatible li
brary and a paint system. 

Also relying on the NEC 7220, Num
ber Nine (Cambridge, MA) , manufactures 
a board displaying a maximum of 1448 x 
1448. At 512 x 512 resolution , the board 
can display" 256 simultaneous colors . 
Multiple boards for more bit planes can 
be added for additional colors. RS-liD gen
lock is standard, slaving external video sync 
to the boards' video output. 

Omnicomp Graphics Corp. (Houston , 
TX), packs massive power on a single 
board for interfacing with many buses. The 
Omni 1000 GDC has a display resolution 
of 1024 x 1024 at eight planes. It uses an 
8086, 8087, 8089, and a 7220 for graph
ics processing. 1024 Kbytes of RAM is u;>ed 
for display while 256 Kbytes is used for 
list and image processing. Software sup
port includes 140 GKS commands. What 
is unique about the board is its ability to 
interface with other buses via interface 
boards . These are available for the IBM 
PC. Multibus, and DEC buses . In addi
tion, ital lows a VAX to talk with an IBM PC. 

The competition for greater performance 

Write 34 on Reader Inquiry Card 

on the board level has led to two predom
inant trends. Increased use of VLSI and 
more important , custom chips, are beat
ing the path to greater fu nctionality, not 
just speed. Some chips are aimed at dis
play techniques while others are focused 
on accelerating numerical execution . 

The other major trend is software sup
port , where specialized tasks such as shad
ing and hidden I ine algorithms are imple
mented in firmware. Printer control, light 
pen inputs, graphics tablet input , and other 
functions that liberate the host CPU will 
be seen more on graphics boards . 

As users become more sophisticated , 
demands on g.raphics board manufac
turers increase. Integrators and OEM's 
have much to look forward to, as CPUs, 
firmware and architecture power and 
functionality improve. D 

How useful did you find this article? Please 
write in the appropriate number on the 
Reader Inquiry Card. 

Very Useful ....... . . . .... . . . . 600 
Useful . . . 601 
Somewhat Useful . ... . . . . . .. . . . . 602 
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Leadership certainly has its advantages. As well as 
its problems. 

Consider a corporate name change. Problem is, most 
people expect a long-winded rationale. Full of "new 
commitment" and "new dedication" and other such pro
fundities. Boring stuff to be sure. 

But one of the rewards of leadership is that you don't 
have to create excuses. If your heart is true. And your 
products are outstanding. 

So good-bye Data Systems Design. Hello Qualogy. 
We didn't really like the old name. And we've become 

quite attached to the new one. 
Qualogy represents where we've been. And where 

we're going. It stands for the quality OEMs have banked 
on for over nine years. Quality that's sold through to 
customers. And supported for the life of a system. 

It also represents technology. Practical. User-oriented. 
And reliable. 

The Qualogy name will appear on the industry's fore
most line of D EC®-compatible mass storage devices. 
Products that are currently shipping. And others that 
are being developed to meet market demands. 

The name will also appear on our complete family of 
MULTIBUS® products. Our current line. With innova
tions to help you compete. And win. 

Look for some surprises on the way, too. Products that 
will fit very nicely into your future profit picture. Products 
that are being readied for introduction in the very, very 
near future. 

If you'd like to know more about our products and 
services, call the sales office nearest you. 

The phone numbers haven't changed. 

QUALOGV 

Eastern Regional Sales: Norwood. MA (617) 769-7620. South Centra l Regional Sales: Dallas. TX (2 14) 980-4884. 
North Central Regional Sales: Chicago. IL (312) 920-0444. Western Regional Sa les: Santa Clara. CA (408) 727-3 163. 

Distributors Worldwide. Corporate H eadquarters: 2241 Lundy Avenue. San J ose. CA 95 131 
9 DEC Is a registered trademark of Digital Equipment Corp . MULTIBUS is a registered trademark of In l ei Corp. 

PSMOT m eans Please See Me On This. © 1984. Qua logy. 



Triad made 
line voltage regulators 

cooler and lighter. 
Triad's Linestar™ voltage regulators and 

Powerstar™ uninterruptible power 
supplies operate up to 20 °C cooler than 
competitive models ... and they weigh up 
to I 5 percent less! 

Perfect for small or large computers, 
point-of-sale terminals, word processors 
or virtually any microprocessor-based 
industrial control, Linestar voltage 
regulators protect equipment and 
operation with accurate voltage control. 
Available in portable and hard wire 
models, the Linestar has output ratings 
ranging from 70 to 30,000 VA. 

The Powerstar uninterruptible power 
supply ensures continuous power supply 

... with up to an hour of valuable battery 
back-up time to prevent loss of entries or 
memory. 

For unsurpassed quality, competitive 
price ahd fast delivery, contact your 
nearest Triad-Utrad distributor or write: 
Triad-Utrad Standard Products, 1124 E. 
Franklin St., Huntington, IN 46750, 
219-356-6500, lWX 810-333-1532. 

Triad Winds Up The Best. 

~ TRIAD-UTR D 
Standard Products 

Litto 





DESIGNER'S GUIDE SERIES 

Designer's Guide 
To Uninterruptible 
Power Supplies 

by Dave Wilson, Executive Editor 

AC power delivered to most facilities is neither steady nor re
liable. In fact, commercial utility power is rarely of the consis
tent quality required forthe operation ofa wide range of mod
ern electronic and industrial equipment. 

Utilities have specifications defining limits for frequency 
variations, amplitude variations and harmonic distortion. They 
do not , however, officially recognize the existence of fluctua
tions lasting less than 30 msec that occur during load switching 
or phase compensation. This official silence is not wholly un
reasonable, since many of the transients, fluctuations and in
terruptions are not caused by power company equipment. Some 
officials, however, have disclosed that voltage variations, con
ceivably as great as 300%, and lasting from 30 msec to one 
minute, are more likely to occur several times a day than several 
times a year. While power generating companies make every 
effort to ensure the quality of their output, it would still be im
possible to control every disruptive variable that might be en
countered in the distances between the generators and the AC 
socket where critical equipment is connected. 

It is important to note that the American National Standards 
Institute (ANSI) allows normal transmiss ion line power to sag 
below nominal (typically 120V AC) by as much as 8.3 % by the 
time it reaches the users' service entrance. ANSI also allows 
an additional 3.4 % drop in voltage due to the normal intra
building impedances, such as cables, connectors and fuses. 
Together, these allowed voltage losses may provide AC power 
that is 11.7 % below nominal before it reaches the users' equip
ment (Figure 1). 

Defense Against Power Problems 
Most smaller computer-based systems cannot operate properly 
when AC voltage reaches approximately 15 % below nominal. 
But sensitive equipment often operates from a power line which 
is near this level even during normal conditions. Under adverse 
conditions, it is not uncommon for AC voltage to drop as much 
as 21 % below nominal , well outside the tolerance range of 
computer-based equipment. In order to ascertain the quality of 
the power output, it is first necessary to have some familiarity 
with the nature of the problems that may exist. 

Blackouts are the easiest power problem to detect , except for 
those with very short durations, such as half second switchovers 
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Above: This 1.0 k114. UPS is from Sola Electric. Preceding page: 11:irious 
size and power UPS systems comprise the /soreg lsoguard series. 

In order to ascertain the quality 
of the power output, it is first 
necessary to have some 
familiarity with the nature of 
the problems that may exist. 

from one substation to another. These can have the most detri
mental effects on equipment, data files and manufacturing pro
cesses. Uninterruptible power supplies (UPS) are the only real
istic cure for problems of this magnitude. 

Brownouts are planned voltage reductions that can be rela
tively easy to detect and are often announced by the power com
panies in anticipation of excessive demand. Generally, they even 
fall within the 10 % working tolerances of most equipment. An 
overall voltage reduction , however, can result in greater suscep
tibility to other voltage or noise problems. The effect of mod
erate level brownouts can be alleviated with the use of a power 
line conditioner. Unplanned undervoltages and all voltage drops 
in excess of 15 % usually require the installation of a UPS. 

Voltage fluctuations , when severe, can be detected by the 
visible flickering of electric lights. Fluctuations to high voltage 
can result in damage to equipment, while short periods oflow 
voltage can cause a loss of data, improper functioning of real
time manufacturing systems with the possibility of a resulting 
waste of materials, disturbance of continuity in security sys-
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terns, and erroneous readings in monitoring systems. 
Noise and transients superimposed on the power line are the 

most common sort of power disturbances, but fortunately, the 
easiest to correct . They are, however, often the most difficult 
to detect, as their durations average only one to 200 µsec . Power 
line noise can be caused by lightning, poor grounding and radio 
and TV transmissions. Noise and transients can cause false trig
gering, lost data, data entry errors and in extreme cases, equip
ment damage. Line conditioners and UPS are designed to elim
inate this problem. 

.. An uninterruptible power supply is the answer to the widest 
range of power problems. It may not always be necessary unless 
blackouts or severe low-voltage fluctuations are expected or the 
operation being protected is essential . 

To effectively deal with noise, transients and voltage fluctu
ations, a number ofline conditioner solutions exist and can be 
selected, based on the specific combination of power problems. 
But where any combination of severe line conditions or criti
cal applications exist, a UPS is the solution. 

Choosing a UPS 
When determining the proper UPS system, there are several 
factors that must be taken into consideration. These include the 
voltage demands of the load, the efficiency of the UPS, the qual
ity of the AC power output desired, and the sensitivity of the 
load to voltage changes. 

The first step in selecting a UPS is deciding what size kVA 
rating is needed. A collective power rating will consist of not 
only the critical load or protected device, but also any periph
eral devices, such as emergency lighting and power to ventilate 
the battery room. The AC service input line should carry ap
proximately one and one-quarter the total kVA rating. This is 
required because following a line failure, the UPS must draw 
enough power to satisfy the load and recharge the battery bank 
simultaneously. 

Several factors are important to consider in the evaluation of 
UPS units. 1) Steady-state regulation is a measure of the UPS 
voltage output fluctuation going to the critical load under nor-
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Power 
from .__......-'Ii...-.. 
Substation 

ANSI Normal line losses 
Standards of -8.3% at the 
Allow: service entrance. 

Figure 1: Together, allowed voltage losses may provide AC power 11. 7% 
below nominal before it reaches the user's equipment-courtesy Topaz. 

mal conditions. UPS systems with the least fluctuation better 
protect the load. 2) Dynamic regulation is a measure of the over
voltage and undervoltage that occurs in the output voltage wave
form when the load changes. This should be within 8 % . 3) 
Transient response is a measure of the speed with which the 
UPS system can react to sudden changes in the critical load. The 
faster the response, the better the protection and regulation . 
Output harmonic distortion is one measure of the quality of the 
AC sine wave created by the UPS system. Minimal harmonic 
distortion provides cleaner power. This should be within 5 % 
total and 3 % single harmonic. 4) Overload capability is a mea
sure of the amount of output power overload a UPS system can 
withstand without damage. The figure should reach up to 125 % . 

Forward Vs. Reverse Transfer 
Before examining some of the design issues that relate to UPS, 
it is important to note the distinction between forward and re
verse transfer systems. In forward transfer systems (Figure 2) , 
the UPS is off-line, and the commercial line actually drives the 
critical load through a transfer switch. During this time, the 
UPS is rectifying that same commercial line and providing "hot 
standby" current for the inverter as well as the current neces
sary to maintain the battery at full charge. The inverter idles 
during this time, supplying no power to the critical load. 

When the commercial power is interrupted or fails, a switch 
transfers the critical load to the inverter. In this mode the inverter 
draws current from the battery until commercial power is 
restored. Note that the rectifier-charger is never required to pro
vide current directly to the loaded inverter, but need only be 
large enough to recharge the battery. 

Because the critical load operates from the commercial power 
line in the normal mode, it is vulnerable to any transient, fluc
tuation or noise that occurs. In reverse transfer UPS systems 
(Figure 3), the UPS acts as a buffer between the commercial 
power source and the critical load . The rectifier/charger pro-

Behlman Engineering's Model UPS 100-11. 
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5 1 Closed Until AC Power Fai ls 
5 2 Open Until AC Power Fai ls 

1101220 51 ____ 1_,10 ... 12_,2 ... o_ 
VAC In VAC Out 

Figure 2: SUPS -forward transfer is common in systems greater than 
JkVA. 

vides current to the inverter and maintains the battery charge. 
The charger must be able to meet the input requirements of 

the loaded inverter as well as maintaining the battery charge. 
Consequently, it must be larger than the charger used in a for
ward transfer system. Also, the inverter is under more stress, 
since it is always "on-line." 

Powering The UPS 
The rectifier/charger is the heart of the UPS. Its principle func
tions are to deliver the power required to drive the inverter and 
maintain the charge on the battery. It must be able to deliver 
enough power to drive the inverter at full load (except in the 
forward transfer system) and have sufficient margin to handle 
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s1 Open > u ·11 P F ·1 
82 Closed nt1 nput ower a1 s 

110/220/440 

VACln 
50, 60, 
415Hz 

VACOut 
50, 60, 
415 Hz 

Figure 3: SUPS-reverse transfer is used in systems less than lk~ . 

momentary overloads on the order of 125-130 % . 
The inverter subsystem of a UPS is the major determining 

factor in the quality of AC power delivered to the load . Each 
type has certain characteristics which are directly related to its 
suitability for various applications. 

The function of the inverter is to change the DC voltage from 
the rectifier/charger or the battery to DC which in turn can be 
shaped and filtered to produce a sinusoidal voltage to meet the 
requirements of the critical load . The most commonly used 
types of inverters are the ferroresonant , quasi-square wave, 
pulse width modulation and stepped wave. A hybrid inverter 
combines the features of the stepped wave and pulse width mod
ulated inverters. 

Ferroresonant Inverters 

Commonly used for single-pulse inverters and line voltage reg
ulators, the ferroresonant transformer has been adapted for 
three-phase UPS use . The size and weight of ferroresonant in
verters limit their use to smaller kVA inst~llation s. . 

Topaz, for example, makes use of ferro resonant inverter cir
cuitry for its UPS systems below output power levels of3kVA. 
In the middle power range of3kVA to 15kVA, Topaz claims that 
the quasi-square wave circuitry has cost, performance and reli
ability advantages. 

The ferroresonant approach (Figure 4) starts with an unreg
ulated inverter producing a square wave or quasi-square wave 
and has a ferroresonant transformer for its output. The trans
former regulates the output voltage, smooths the waveform to 
acceptable distortion limits and provides current limiting. An 
inherently simple approach , it does have its limitations. Since 
it depends on energy storage to perform its functions , a ferro
resonant inverter always has considerable overshoot upon load 
removal , and a significant undervoltage upon load addition . 
Because of its simplicity and low component count , the design 
is reliable and relatively inexpensive. 

Sola Electrics new Mini-UPS unit. 
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parameters and clock settings. An 'If your power is critical, 
f"mding your power problems 

easy-to-read LED display 
will verify all of 
the settings. And 
the 3600A's self
test diagnostics 

·is even more critical. 
Today's computer systems, delicate J 
instruments, and communications systems 
demand clean, pure power to perform 

; accurately. 
Unfortunately, that kind of 

power isn't always there. 
Today's blackouts, brown- -

outs, and power surges can 
quickly destroy or alter 
precious data and delicate 

· circuits. 
The Liebert 3600A 

Power Line Disturbance 
Monitor® ( PLDM®) won't 
stop these problems, but it will 
help pinpoint them. 

It detects disturbances that 
1exceed sensitive thresholds and classi
fies them by type, magnitude, and 
duration. The printout tells you when the 
problem occurred so you can compare 
the information with load equipment 
errors, problems, and failures. 
Easy to Use 
The fully programmable Liebert 3600A 
is extremely easy to set up and use. 

Instructions are located on the inside 
of the unit's lid and on the operating face 
plate. Even if vou use the 3600A onlv 

once a month or less, you won't have to 
wade through an entire manual to make 
certain you set it up correctly. 

Simolv kev in vrn1r thrt>shnlrl 

ensure everything 
is operating properly. 

When your tests are completed, 
simply close the lid and take the 3600A to 
the next test site ... across the building, 
across town, or across the country. 

UL-Listed 
The Liebert 3600A is UL-Listed so 

you're assured that it meets the 
same rigid requirements as the 

equipment and systems it is 
designed to monitor. 

Whether you specify, 
install, test, or use 

sensitive electronic 
systems, make cer
tain you can count 
on the power you 
use . 

Find out more 
about the Liebert 

3600A PLDM . 
Call or write us today. 

r9J Liebert 
Programmed Power Division 

995 Benicia Ave .,Sunnyvale, CA 94086 
(800) 538-1770. InCA (408) 245-8900 
PLDM is a regislered trademark of Liebert Corporation . 
tf"l f"",..,.., ,. .. ; ,....,. 1nnA 1 : ... ~ ..... . ,-. ..... ----• : --
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ACOut ut 
; 

Figure 4: Configuration of aferroresonant inverter from Gould. 
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Figure 5: Regulation and.filtering circuit diagram from Lortec. 

A three-phase ferroresonant inverter is three single-phase 
inverters tied together with their square waves 120° apart. 
Ferroresonant output is inherently limited by the current due 
to the inductive coupling between the primary and secondary 
of the transformer. Output voltage of a ferroresonant is not 
dependent on a closed loop, but more on the design of a trans
former. 

Inverter System Choices 
A different regulation and filtering technique has been used by 
Lortec Power Systems for its three-phase inverters. Like ferro
resonant inverters, the Lortec design is simple, rugged and 
reliable. But where the ferroresonant is a single-phase device 
adapted to three-phase UPS use, the Lortec circuit is inherently 
a three-phase device. 

A simplified circuit schematic of the Lortec system is shown 
in Figure 5. Inverter modules Al , Bl and Cl produce square 
wave outputs that are phase shifted from each other by 120°. The 
square waves are coupled to the primaries of transformer Tl 
through linear inductors LI , L2 and L3. Tl is a conventional 
three-phase isolation transformer, not the three single-phase 
saturating transformers typically used in a ferroresonant 
inverter. The primaries of Tl are connected in a delta configu
ration to eliminate the third order harmonic and all other har
monics which are odd order multiples of the third. As a result , 

6 4 

,, 

less filtering is required than for a ferroresonant system. 
The quasi-square wave approach (Figure 6) is the simplest 

that uses true electronic (rather than magnetic) regulation. It 
creates a variable duty cycle that must be filtered by the tuned H 

series and parallel LC networks (LI-Cl and L2-C2). Since these 
filters are tuned , this inverter responds slowly to load transients 
and its frequency must be fixed. Its efficiency is typically about 
75 % and it requires voltage-regulation and current-limiting net
works, which increases component count and circuit complex-
ity. The performance characteristics of this approach are gen
erally limited by filter design and impendance. 

The pulse width modulation inverter is in reality a combina
tion of two inverters. Sometimes referred to as a fourth gene
ration inverter, like the others it does have its own set of advan
tages/disadvantages. Essentially, a square wave is generated at 
a high frequency and its duty cycle is varied . 

The number of pulses per half cycle depend on the frequency 
employed , as does the inverter output performance. In the de
sign and selection of pulse-width modulated inverters , there is 
a distinct tradeoff. By using a higher frequency system, high 
performance can be achieved, but the SCR state-of-the-art is 
being pushed and reliability is severely compromised . In these 
applications, transistors are used in place of SCRs. For example, 
in RTE Deltec's 3000 series of on-line UPS systems, available 
in 500YA, and lkVA ratings, FETs switching at 50 KHz are 
used. 

The step-wave inverter (Figure 8) is usually employed in large 
three-phase inverters. An expensive system , it combines a 
number of inverters: three, six and sometimes twelve. 

Three-phase six-step inverters provide very stable output 
voltage, compensate for line droop and allow instantaneous and 
infinite control of voltage. Multiple SCRs tum the DC input into 
a six-step wave configuration approximating a sine wave. A 
filter system removes harmonic components to produce a true 
AC sine wave. Because fifth and seventh harmonics must be re
moved , a filter is necessary. 

The three-phase twelve-step inverter increases the number 
ofSCRs used. This produces a truer approximation of the sine 
wave before passing through the filtering system to become a 
true AC sine wave. Because less harmonics must be removed, 
smaller filtering systems can be used . This reduces space and 
weight and makes the three-phase twelve-step inverter ideal for 
larger kVA rated systems. 

D.f lnput J!!!!!! 

Current 
Feedback 

AC 
Output 

Figure 6: A quasi-square wave inverter-courtesy Gould. 
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WITH AN RTE DELTEC UPS, 
YOUR LAST RESORT WON'T BE 

THE FIRST THING TO BREAK DOWN . 

When your power fails , you 
need an UPS (uninterruptible 
power system) that won't . 
Because blackouts do more than 
leave you in the dark. They leave 
your computer without a memory. 

RTE DELTEC technology brings 
you an UPS that keeps your com
puter running smoothly through
out blackouts. brownouts. spikes, 
surges. In short, any disturbance 
on your power line. 

Our UPS will always keep you in 
power because we keep our 
design simple. We use the mini
mum number of conservatively 
rated parts. That means fewer 
parts to break down. And fewer 
parts to keep up. 

The result of this simple logic is 
an MTBF that exceeds 100,000 
hours . And our uninterruptible 
power systems are available in 
ratings from 500VA to 45KVA. 

Write 52 on Reader Inquiry Card 

So if you need an UPS you can 
count on under any conditions. 
put RTE DELTEC to work . And dis
cover the power of simplicity. 

RTE DELTEC Corporation, 2727 
Kurtz Street, San Diego, CA 92110. 
Phone (800) 854-2658. In Califor
nia (619) 291-4211 . TWX (910) 
335-1241. 

!XJu&DELTEC 
Formerly Gould Inc .. Power Conversion Division 
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Figure 7: A Gould block diagram of a pulse width inverter. 

Output Transfer Switch 
The output transfer switch is designed to protect the load from 
interruption by continuously monitoring both the inverter and 
load. Three types of output transfer switches are commonly 
employed- electromechanical, static and a hybrid of the two. 

1) An electromechanical transfer switch is a relay or contactor. 
Because of the relay action, there will be a loss of power for two 
to six cycles during transfer. 

2) The static switch is a solid-state device configured from 
power SCRs, that can transfer the load between the inverter out
put and auxiliary power in a few msec with virtually no inter
ruption . 3) A hybrid switch is a cross between the electrome
chanical and static switch, consisting of both motor-operated 
circuit breakers and SCRs. The SCRs maintain power to the 
load until the inverter breaker opens and bypass breaker closes. 
Continuous UPS systems only have a manual transfer or bypass 
switch, since adding an automatic transfer switch converts the 
continuous UPS to a reverse transfer UPS. 

Battery Backup 
UPS systems are installed with batteries which provide from as 
little as 30 seconds to 24 hours or greater backup time. Many 
people purchase a UPS primarily to prevent the costly errors 
that line transients can cause and only want a reserve adequate 
to effect an orderly shutdown of their operation when a total 
blackout occurs. Others will install a standby engine-generator 
to provide long-term blackout support, supplying power to the 
UPS input when the utility has failed. Other UPS users may re
quire continuous operation regardless of utility conditions and 
do not wish to get involved with installing a generator. 

Different battery options exist depending on the application. 
Lead-calcium, for example, offers many advantages to the user 
who has no secure, ventilated area in which to locate a conven
tional wet-cell battery bank or who wishes to perform no main
tenance. The disadvantages of these is their finite life in UPS 
applications-approximately five years. Conventional lead
calcium batteries are typically warranted on a prorated basis for 
at least 10 years; they must, however, be installed in a secure 
ventilated area . 

Lead-antimony batteries are equivalent to lead-calciums in 
terms of current and support lines. However, their warranty 
periods are only about half that of lead-calcium and require 
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Familiarity with the varieties 
of power supply problems that 

may exist at any particular 
installation is the first step in 

determining whether an 
uninterruptible power supply 

is truly a necessity. 

Various 
Frequencies 

Oscillator 
and 

Control 

Current Feedback 

Figure 8: A step-wave inverter - courtesy Gould. 

AC 
Output 

monthly equalize charging to retain their capacity. Nickel
Cadmium (NI CAD) batteries are typically the most expensive 
of the battery types used in UPS. Their advantages lie in small 
size and weight for a given capaci.ty-and excellent high and low 
temperature properties. NICADs do require monthly equalize 
charging as well as periodic deep discharge cycles to retain their 
capacity. They have long life, nearly that oflead-calciums and 
require maintenance at six-month or shorter intervals. 

Conclusion 
Familiarity with the varieties of power supply problems that , 
may exist at any particular installation is the first step in deter
mining whether an uninterruptible power supply is truly a 
necessity. Certainly, other options exist, ranging from surge 
suppressors to line power conditioners. These may solve a great 
majority of the computer integrators' problems. 

UPS systems, however, available in a wide range of sizes and 
features, still remain the answer to the widest range of power 
supply problems. 
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The best way to 
choose the best drive 
is to test it yourself. 

When you're designing your systems to handle more 
work faster and more reliably, you'll want to use half· 
height, high-capacity floppy disk drives so your system 
will run longer and more efficiently hour after hour. 

We designed our family of drives to keep up with 
your hard-driving technology. 

Drives that incorporate our field-proven technology, 
Philips patents, and manufacturing experience. 

Drives with up to 1.6 MB capacities and data 
transfer rates that are compatible with 8-inch drives. 

96 tpi drives with access times less than 3 msec 
and 48 tpi drives with access times 

of 2.5-6 msec. 

SPECIFICATIONS X3131 

Capacity 250 KB 500 KB 500 KB 1 MB 1.6 MB 
(unformatted) 

Track 48 !pi 48 !p i 96 !pi 96 tpi 96 tpi 
density 

Positioning 2.5 -6 msec. < 3 msec. < 3 msec. < 3 msec. 
time 
(track to 
track ) 

Interlace ANSI/INDUSTRY STANDARD 

Media ECMA 66 ECMA 66/70 ECMA 78 ECMA 78 ECMA 78 
Recording 5876 (MFM) 5876 5876 5876 9870 
density 

RPM 300 300 300 300 360 

Werranty: 1 year on all parts and labor (seldom used). 

But what will really impress you are the low part 
count and exceptional simplicity of design. 

Our precision split band actuator, stepping motor, 
and performance-proven clamping cone assure highly 
reliable data interchange ... even under extreme 
conditions. 

Write ':fl on Reader Inquiry Card 

Philips has a full family of drives for today. And an 
aggressive development program that is keeping pace 
with the worldwide requirements of people such as 
you who are planning tomorrow's systems. 

We're so confident in our Philips half-height 
floppy drives, we'll give you a comprehensive testing 
guide to help you prove Philips drives are unsurpassed 
in performance. 

And unequaled in reliability. 

1-----------------------
1 FREE Call or write today for your copy of Disk Drive 
I Evaluation Techniques and more Information on the 
I drives with higher performance and greater payloads. 

Name/Tit le -----

Company ___ _ 

°'$~ °Q1i'-,"'8..:.. City ______ _ 

1£'1-...'-»~" 
1"9.CR-.,QU~ 

_. State/Zip ___ _ 

I 
1
1 

Mal~ Phitips Peripherals, Inc. 385 Oyster Point Blvd., Unit 12, 
South San Francisco, CA 94080, (415) 952-3000 

I ------------------------
PHILIPS 

CJnsu!Passed in Test 
After Test After Test ... 
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Optical Disk Technology Creates 
A New Class Of Peripheral 

by Julie Pingry, Senior Editor 

Dramatic increases in computers' capa
bilities create escalating demand for 
quantity mass storage. Equally rapid de
creases in system size put a premium on 
space. Partly because of these trends, op
tical disk data storage, with the capacity 
to store at least 1 Gbyte on a single 12" 
surface, has received significant attention 
and development funding . 

Though single optical disks can store 
larger quantities of data than magnetic 
disk or tape, they are not erasable. There
fore , the impact of these devices is not 
like that of new high capacity Winches
ters, tapes or solid state memory. Optical 

SB 

disk drives are actually a new class of 
mass storage peripheral. 

Not only is the recording technology 
new, the capabilities and advantages of 
optical storage drives are different than 
any existing part ofa computer system. 
Optical disks offer higher density than 
magnetic memory, with both more bits 
and more tracks per inch (bpi, tpi) possi
ble. In addition, the medium is remova
ble, one of the advantages that has made 
floppy disks so pervasive. 

The spinning disk provides fast quasi
random access to data , like magnetic 
disks . Optical disks generally spin more 
slowly than magnetic platters, but the 
speed to access 1 Gbyte is much better, 
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This new technology 
provides a removable, 
permanent file that 
can be rapidly 
electronically 
accessed. 

since the data is on one disk surface and 
can be accessed without pausing to 
change disks. 

Because current optical disks are a 
non-erasable medium , they are a 
fail-safe means of permanent archival 
storage. Users cannot inadvertently 
modify optically stored data by recording 
over it. Error correction codes can cor
rect small overwrite errors so no change 
is ever seen. If a large area is overwritten, 
the ECC should flag the area as unrecov
erable. OSI and Optimem include write 
protection fo r each sector. Also different 
from the magnetic tape now used for 
computer archives is that optical disks 
degrade very slowly over time (most are 
guaranteed for IO years or more) and 
don't need rewinding. 

Still, optical data storage will not likely 
replace magnetic tape altogether. Tape 
has value as an alterable archive for rela
tively short-term storage when speed of 
access is not critical. It is compact re
movable storage that allows modification 
of files. Filing cabinets could be the main 
victim of early optical drives, since com
puters can directly access archives on op
tical disk . This new technology provides 
a removable, permanent file that can be 
rapidly electronically accessed . 

Devices announced thus far include 
Write Once, Read Many times (WORM) 
and Optical Read Only Memory 
(OROM). There is a huge effort to pro
duce erasable optical memory to compete 
with magnetic storage devices. The drive 
in Figure 1 announced by Matsushita 
(Osaka, Japan) is to be available next 
year, l;>ut generally, further research is 
needed to make rewritable optical disks 
feasible. Commercial offerings from 
other firms are probably at least a year or 
two from announcement. 

Typical of new technologies, optical 

Left: A 3M WORM optical disk stores as much 
as reels of tape. 

Figure I: (right) The first erasable optical disk 
drive from Matsushita /Panasonic. 
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storage has, as yet, no standards. This 
will undoubtedly slow the acceptance of 
optical drives. In introducing a new class 
of peripherals, optical system manufac
turers must launch a large education cam
paign to convince users of the advantages. 
The technology and products are here 
now, and will likely have a solid place in 
system design soon . 

Available Systems 
Current optical disk storage systems are 
either read-only, similar to video and 
audio optical disks, or writable only 
once. Most early products are the latter 
WORM systems. These provide perma
nent copies of files for backup to a com
puter's primary storage system. Read
only drives, like video or audio record 
players, are designed to allow access to 
information generated at a master site. 

Some of the earliest optical systems 
were huge, expensive multiple-disk 
systems. Jukebox configurations from 
RCA, Philips and Panasonic (Digital De
sign , September, 1983) promise nearly 
instantaneous retrieval of Terabytes of 
stored information. Even for mainframe 
computer systems, the instant access 
capability of these expensive, sophisti
cated optical jukeboxes is generally over
kill. The systems that RCA (Camden , NJ) 
is preparing for two government custom
ers hold 128 disks, and can access up to 
101 3 bits in under five seconds. Though 
only two such drives have been ordered , 
many companies working on optical 
memory drives admit that the enormous 
on-line capacity of jukebox-style sys
tems makes them a product under con
sideration for future development. 

To address larger segments of the mar
ket , several companies have announced 
19" rack-mountable optical drives. As 
of this spring, five companies had an
nounced 12" disk systems (Figure 2) that 
will be available by the end of the year. 

These mid-range drives are specified 
to read and record I to I. 3 Gbytes per disk 
surface. This spring's conference on Op
tical Data Storage sported papers de
scribing systems in this range from Op
tical Storage International (OSI) (Santa 
Clara, CA), a joint venture between Con
trol Data and Philips (Digital Design, 
June, 1984); Shugart'sOptimem Division 
(Sunnyvale, CA), Thomson-CSF (Le 
Plessis-Robinson, France), NEC (Kawa
saki , Japan) and Hitachi (Tokyo, Japan). 

All these systems use disks of a similar 
size and capacity and are aimed at the 
same market as backup and archival 
storage for medium- size computers. 
With initial systems in production this 
year, integrators can begin to design op
tical drives into systems demanding 
massive on- line storage. 

Read-only is the other type of non
erasable optical memory that will be 
commercial very soon. Like audio and 
video laser disks, a master copy is repli
cated to produce prerecorded disks. The 
first contender in that market is Reference 
Technology (Boulder, CO). Their system 
reads digital data from standard video 
format disks. The use of these disks, 
which are in mass production, will do 
much toward keeping media costs down . 

These read-only systems will allow the 
dissemination of large, unchanging or 
periodically updated bodies of informa
tion at relatively low costs; the drive is 
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MEET THE STRONGEST 

here's a lot 
more to a Fujitsu 
gate array than 
glass, gold, and 

aluminum; it's the human element 
that really sets our product apart. 

When you order a Fujitsu gate 
array, you become part of a team. 
You work through your objectives with 
a highly-skilled design engineer who 
knows silicon the way you "know logic. 

That way, you combine your 
expertise with ours to shape the subtle
ties of silicon into product advantages. 

Instead of glitches. 
This approach is a good part 

of the reason that since 1974, Fujitsu 
has produced more than 3,000 gate 
array designs - and every one of them 
has worked according to plan. 

Our engineers can help you 
execute designs in a complete range 
of technologies - CMOS, TIL, ECL
you name it. Because the Fujitsu 
team's incredible versatility comes 
from a solid background within each 
of those technologies. 

That's how you get numbers 
like these: 

CMOS 
GATE PROP DELAY GATE 

TECHNOLOGY LENGTH TIME* COUNT 

STD CMOS 3.6µ 7.0ns 700-3900 
HCMOS 2.8 µ 5.0ns 440-3900 
VHCMOS 2.3µ 2.5 ns 2600-8000 
*2-lnput NAND Gate, F/0 = 2 

BIPOLAR 
POWER 

PROP DELAY GATE DISSIPATION 
TECHNOLOGY TIME* COO NT PER GATE 

LS TTL 1.8ns 500 2.3mW 
LS TTL 1.9 ns 240-1100 0.8mW 
LS TTL 0.95 ns 2000 0.65mW 
*3-lnput NAND Gate, F/0 = 1 



TEAM ON THE CIRCUIT. 
There are now three fully 

equipped Fujitsu Gate Array 
Design Centers in the U.S.; 

in Boston, Dallas, and 
Santa Clara. There's a 
sophisticated telecom

munications network 
between centers, and 

high-speed leased
line and satellite 
communications 
with FMI host com

puters in Japan. 
All that, 

and a first
class gate 
array design 
team, too. 

Call the FMI Design 
Center nearest you. 
We'll show you how to 
get our team on your 
circuit. 
Boston Design Center 

57 Wells Avenue 
Newton Centre 
Massachusetts 02159 
( 617) 964-7080 

Santa Clara Design Center 
3320 Scott Boulevard 
Santa Clara, CA 95051 
(408) 727-1700 

Dallas Design Center 

With you 
as star 

player. 

1101 East Arapaho Road 
Suite225 
Richardson, TX 75081 
(214) 669-1616 

Literature req_uest line: 800-556-1234 (ext. 82) 
In Califomia,800-441-2345 

FUJITSU 
MICROELECTRONICS, INC. 
Technology that works 
3320 Scott Boulevard, Santa Clara, CA 95051 · ( 408) 727-1700 

Write 10 on Reader Inquiry Card 
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expected to cost under $10,000, and disks 
can be stamped out for under $10 each 
now. The main application of this type of 
optical drive will be software and data
base distribution. Read- only systems 
will have a specific niche, and arc yet 
another new peripheral emanating from 
the optical disk technology. 

The huge capacities of optical disks 
may offer immediate advantages to large 
computing facilities currently using 
sophisticated Winchester disk packs. The 
initial commercial offering of a single
platter system for use with mainframe 
and large computers comes from Storage 
Technology Corporation (Louisville, 
CO). Their 7640 OEM unit is over 41/i' 
tall and uses 14'' disks, packing 4 Gbytes 
of formatted data on a side. Units with an 
IBM interface as well as an OEM model 
for integration into other large compurer 
systems are available. The basic drive 
costs about $130,000. and platters will 
cost between $150 and $250. 

Comparing the Storage Technology 
system to the 12" systems is like viewing 
an IBM 3380 next to a small disk system . 
The technology and basic principles are 
similar, but the markets served are dif
ferent . Optical storage drives for use with 
medium to high-range computers, both 
writable and read-only, are in beta test 
and will be available by the beginning of 
next year. 

Parameters Of 
A New Peripheral 
There is a concentration of WORM 
single platter drive products using 12" 
video size disks of about the same capa
city in protective cartridges. Most of 
these initial systems are offered by tradi 
tional data storage manufacturers. Their 
expertise and understanding of peripheral 
integration will probably be an advantage 
in the launching of the new technology. 

The announced drives all use a stan
dard disk drive interface. In the case of 
the Optimem and Thomson- CSF, the 
SCSI is used ; OSI is offering SCSI or the 
high-performance ISi and Hitachi's drive 
will use the GPIB. Only NEC has modi
fied their interface, the SCSI . The other 
drives will be integrated through avail
able controller boards and boxes. This 
foresight will almost certainly have the 
desired effect of increasing the number of 
designers willing to try optical storage. 

Fierce competition for market share 
should provide rapid enhancements and 
innovative strategies. The five manufac 
turers of 12" drives offer users the same 
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Figure 2: Upti111e111 '.1· 
1000 drive is one of 
sei'era/ syste111s that 
reads and ll'rites I 
G/Jyte per side of 12" 
disks. 

general capacities and average access 
times (seek time plus average latency) 
ranging from 157 msec (with the Opti
mem drive) to 250 msec on the NEC and 
Hitachi drives. The systems will have 
similar capabi lities and integrate in a sim
ilar fashion , making optical disk drives a 
true class of computer peripheral. 

The majority of new products in the 
next year will probably be smaller form 
factor drives, not larger. As seen in mag
netic disks , the popularity of small sizes 
increases with the power of desktop sys
tems. Companies like Information Stor
age Inc. (Colorado Springs, CO) have 
5 14 " products close to announcement. 

Several start-up companies are eyeing 
that and even smaller sizes, for use with 
the microcomputers that have made these 
sizes popular for magnetic disk drives. 
According to Ed Rothchild's Optical 
Me11101}' Newsletter, Cherokee Data Sys
tems (Boulder, CO) plans to focus on 5 14 " 
and smaller ruggedized drives. Optical 
Information Systems Ltd . (Hong Kong), 
a new company formed by British firms 
Acorn and BSR, will also look at the 
smal l form factor drives. 

Regardless of the size of the drive or 
disk, these systems arc the same class of 
peripheral. They store large quantities of 
information in a small space, but are re
movable. Because they depend on sens
ing optical signa ls instead of magnetic 
flux changes, the head flies much higher 
off the disk surface than magnetic heads. 
As a result, the drive is nearly impervious 
to effects of dust on the disk surface. 

The big difference between these new 
devices and magnetic drives is that the in
formation cannot be overwritten. Though 
that is an advantage for unchanging ar
chives, it could require software revamp
ing. Most software programs now as
sume that data on a disk can be erased and 
overwritten and will need to be altered to 
operate in a write- once fashion . 

Optical Recording Schemes 
Prices of optical systems vary, and the 
techniques involved in recording differ 
greatl y, even between those 12" products 
of nearl y the same capacity. The Opti
mem and Thomson systems are an excep
tion. Since they were developed jointly, 
they look very much alike and are 
planned to be compatible, for second
sourc ing and disk interchangeability. 

Most disks now use glass sandwiched 
over the sensitive layer. This keeps dust 
and dirt away from the recording surface, 
for physical protection as well as an ele
ment of distance. Because of the distance 
between the outer surface and recording 
layer, any dust or dirt is out of focus. 

The goal is to use plastic layers instead 
of glass, for lower costs per disk. Op
timem and Thomson say that their drives 
will use prcgroovcd disks available in 
e ither glass or plastic. The pregrooving 
is a common method for recording per
manent clock and tracking marks. The 
recording of grooves doesn't add much to 
disk cost, but does enhance the inter
changability, since head position mark
ings are not created by the write optics of 
a particular drive. 

Formatting the disk is a key considera
tion for maximizing data density and 
minimizing access times of optical disk 
drives. There are several methods of for
matting data to mark sectors. For servo 
and tracking , various areas on a disk can 
be marked to serve as reference. Formats 
simi lar to those for magnetic disks are ef
fective, although optical systems use a 
different tracking technology. 

The Optimem/Thomson design uses 
spiral tracks in contrast to concentric 
tracks like magnetic disks. Spiral tracks 
can provide continuous transfer of very 
large files. This is not generall y a critical 
advantage. since transfer rates are very 
fast, and the stepping of a laser head at the 
end of each track of disks with concentric 
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That's right! Now you can 
have subnanosecond perfor
mance with the low power dis
sipation of CMOS. It's a result of 
our new PicoMOS technology, an 
n-well silicon gate CMOS process 
with two micron channel widths. 
According to published specifica
tions from U.S. and Japanese produ-
cers, there's no faster CMOS in the world. Here's the 

~ kind of typical performance you can expect: 

Function 
Inverter 
2-Input NAND 
3-Input NAND 
2-Input NOR 

Delay1 

0.7ns 
0.9ns 
1.3 ns 
1.5 ns 

1F.O. of 2 

And, PicoMOS operates over a voltage range of from 3 to 6 
volts and a temperature range of -55° C to + 125° C. 

To enable you to use PicoMOS in your high performance 
products, we're also introducing our new IS0-2 family of gate 
arrays. With nine different arrays sized from 180 
to 2400 gates, chances are there's an IS0-2 that .... ·? . 
will fit your application perfectly. ·· ~ 

The IS0-2 family of arrays is an ideal choice \ 
if you're involved in signal processing, video 
controllers, high speed disk drives, main
frame glue logic.CAD/CAM graphics, or mili
tary/ aerospace realtime computers. 
They're fast, cool, and economical. 

i And, IS0-2 arrays are easy to 
design. You can use our UNICAD-1 

design terminal to capture 
and simulate your circuits at 

your desk. Or, send your schematics 
to our engineering team and we'll do the en

tire job. Either way, you'll have high performance 
silicon in record breaking time. 
Stop thinking TTL and LSTTL ar:id start thinking CMOS. 

Give us a call at 408-279-2830 and we'll send complete details 
on PicoMOS and IS0-2 arrays. 

The ISO-Z CMOS Array Family 

Designation Gates 1/0 Buffers Pads 

IS0-21 180 30 40 

IS0-2A 360 36 46 

IS0-2B 540 48 58 

IS0-2C 720 54 64 

IS0-2D 960 62 72 

IS0-2E 1200 68 78 

IS0-2F 1500 76 86 

IS0-2G 1800 82 92 

IS0-2H 2400 96 106 

: UNIVERSAL SEMICONDUCTOR INC. 
1925 Zanker Road, San Jose, California 95112. 

Write 55 on Reader Inquiry Card 
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Figure 3: A greatly magnified photo of a re
corded band on the STC 7640: the large white 
areas at the edges are prerecorded band boun
daries; the central patterns are user-recorded 
tracks. 

tracks is a minimal portion of that time. 
Nevertheless, for use as tertiary storage, 
unbroken transfers to magnetic primary 
memory can be an advantage. 

On the other hand , short files may not 
be easy to access on a spiral track. Using 
the same mechanisms as magnetic disk 
drives, but with slightly different 
methods, is the common mode for optical 
drives. One way to format concentric 
tracks is to group tracks into bands. 
StorageTek's 7640 uses this scheme; 48 
user tracks can be written per band 
(Figure 3). At the band boundaries, 
special tracks are prewritten for servo in
formation. This has a similar effect to that 
of pregrooving. 

There are two main head-to-media in
teractions now used to optically read and 
record data on a disk. The technique most 
used and talked about is ablative, in 
which the write beam melts holes in a 
tellurium surface (Figure 4). These holes 
are then detected by their changed reflec-
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tivity in the presence of the read laser. 
Optimem and Thomson use a bubble
forming recording method, in which the 
write laser beam heats up the medium, 
forming gas that is trapped under a metal 
substrate but has enough force to deform 
the covering layer. The read beam of the 
laser in these systems detects the surface 
deformation. 

The makers of bubble-forming 
systems claim that this type of recording 
layer is more stable and corrosion-resis
tant than ablative materials. In addition, 
there is some improvement in signal to 
noise (SNR) because the rim of material 
displaced during ablation (Figure 4) can 
cause diffraction. But the SNR of optical 
recording is so much higher than magnet
ic that these differences are oflittle con
sequence. In addition, the tellurium used 
for ablative holds promise as an erasable 
medium, as demonstrated by the Matsu
shita system. 

The optical heads of the 12" products 
are all similar (Figure 5) . Lenses colli
mate the diode laser's light into a parallel , 
circular beam. A mirror routes the light 
through a quarter-wave plate that changes 
the linear polarization of the light by 45 ° 
and passes it through to the objective lens 
that forms part of the actuator system. Light 
reflected from the disk comes back up 
through the same objective lens and polari
zation plate. Now linear again and rotated 
90° from the original, the plate reflects 
the beam through an optical system and 
onto a photodetector. The feedback from 
the detector is used to check focus and 
tracking during recording. Such direct 

read after write (DRAW) techniques al
low continuous error detection. 

These single-laser optical recording 
systems are capable of recording about 
14,500 bpi ofuser information on tracks 
spaced about 1.6 /Lm apart. While denser 
than magnetic storage, this is not the 
technology's recording limit. Advances 
in lasers and disk drive electronics should 
allow even more storage per optical disk 
surface. 

For more sophisticated systems, such 
as the Storage Technology 7640 drive, a 
trade-off of complexity is made for 
capacity and speed. Three lasers are 
used in the 7640 for the accuracy of 
recording at a density of 400 Mbits per 
square inch. A very high power laser 
diode acts as write device, a low power 
HeNe gas laser performs reading, focus
ing and fine tracking, while another laser 
is needed for coarse seeking and track
ing. This compares to a single laser 
diode, writing at high power and reading 
at a lower intensity, in the smaller drives. 

Integrating Optical Drives 
Prior to these optical systems, there have 
been three vehicles of long-term data 
storage: floppy disks, magnetic tapes 
and, for permanent storage, paper files. 
Optical disks will provide easy access and 
more compact storage than any of these. 

One advantage of a non-erasable 
recording device is that a permanent 
record will be made of not only current 
files, but all iterations they undergo. Un
like current hardcopy files that require 
both a printer and filing cabinets, even a 

Figure 4: Data on the right was written by ablation in a Philips tellurium surface that is pre
grooved (horizantal lines); notice the rims of displaced material around the holes. 
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Augat's wire-wrapping services 
get your product to market, 
faster, for less. 
At the heart of Augat's Datatex wire-wrapping 
services is the state-of-the-art D.E.C./VAX 111750 
system. It makes us compatible with more 
engineering groups. And it provides the most 
reliable and cost-effective method of wire
wrapping panels from prototype to production 
in less time than you can probably do it yourself. 

Especially if you're using 
Augat socket panels. 

If you are, all you have to 
do is send us your magnetic 
tape. We'll program the panel 
for free. Then we'll wire it and 
inspect it for approximately 
ten cents per wire. We'll ana
lyze each signal and furnish 
total cross references, too. 

Datatex wire-wrapping 
techniques include automatic 

for sensitive circuits, minimal wire lengths 
and production wiring. Also semi-automatic 
for twisted pair, special routing, off-grid 
terminals and low-volume production. Automatic 
wiring is orthogonal. While semi-automatic is 
point-to-point. With respect to reliability, our 
Wire-Wrap'M* connections have been approved 
for military and other high reliability applications. 

So if you'd like to wrap up your production 
in record time, contact Augat's Datatex Service 
Centers: 10935 S. Wilcrest Drive, Houston, 

TX 77099 (713) 495-3100, or 
at 40 Perry Avenue, Attleboro, 
MA 02703 (617) 222-2202. 
For more information, call toll 
free 1-800-526-7443, ext. 996. 
In the New Jersey area, call 
1-800-522-4503, ext. 996. 
*Trademark of Gardner -Denver Co. 

-

Quality and 
Innovation 
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ADVANCED TECHNOLOGY SERIES 

filled disk will provide rapid , on- line ac
cess to all of the information stored. The 
huge capacities of optical disks allow all 
versions, even of older files, to be saved. 
In contrast, when a filing cabinet gets 
full, the user must sort through all of the 
stored information for priority and chro
nology and throw some of it away. 

Data files stored on magnetic tape or 
floppies , though more compact and ac
cessible than paper, are usually record
ed-over at some point , and older infor
mation is discarded . In addition, the in
formation on a magnetic disk is rarely in 
sequential order, so sector seeking on a 
disk is highly critical. Optical disks pro
vide that same random access to informa
tion in sequential format like tapes. But 
since optical systems use disks instead of 
lengths of tape, access is not slowed by se
quential formatting. 

Using optical disk data storage could 
allow magnetic tape and disks to be used 
as a temporary record only, while infor
mation may still be rewritten and altered. 
Once information is in a form useful for 
future reference, it may be optically 
recorded . For storage of applications 
programs, optical storage could replace 
tape; tape has provided accessible off
line storage for such data and with the 
capacity of optical disks, many programs 
could be stored on-line. 

This is the general premise behind the 
Integrated Electronic Filing System from 
Canon (Tokyo, Japan) . It uses optical 
disk and microfilm for document storage 
compatible with older office microfilm 
files plus high capacity rapid access to 
any information on optical disk . 

If stored data is of general interest, like 
a database or training course, it could be 
used to master ROM disks. Distribution 
of large bodies of data would be inexpen
sive with the pressed disks. In addition, 
shipment would not be a problem for the 
plastic, cartridge-encased platters. 

Vendors of optical drives have chosen 
standard interfaces, realizing that they 
will face obstacles in selling the new de
vices. The same controllers already in 
place for magnetic disk drives will be 
available for integrating optical storage. 
Even with StorageTek's product for high
end markets, either the IBM or an OEM
configurable host interface is offered. 

Software design is really the only ele
ment that could be tricky in transferring 
some storage from magnetic to optical. 
Optical storage should not present major 
problems when used only as backup for 

Telescope Lens 
Assembly (3) 

Collection Lens (2) 
Assembly 

Laser Diode (1) 

Detector 

Polarizing 
Beamsplitter/ 
Quarter-Wavelength 
Plate Assembly (6) 

Figure 5: 7he numbers associated with pans of Optimem 's laser read/write head indicate the order 
in which light passes through them; the recording medium 1vould be at the top of the illustration. 

magnetic media. But to use optical and 
magnetic recording simultaneously re
quires a clear understanding of how the 
format of data on the optical record dif
fers from that on magnetic tape or disk . 

As erasable optical systems become 
commercial, users will have the choice 
of magnetic or optical. Features that 
will make optical systems attractive in
clude high capacity removable disks 
and the small effect of dirt and dust on 
error rates . The goal is for units to be 
capable of recording either write-once 
or erasable disks. With two types of 
recording possible, these future optical 
drives may be more flexible than mag
netic drives. 

Erasable Optical To Compete 
In addition to the improvements in 
technology for WORM and ROM optical 
storage, the next few years will bring the 
industry closer to erasability. Only Mat
sushita now claims that they have a 
material and method that is effective for 
erasable and rewritable optical storage. 

There are two types of optical pro
cesses that lend themselves to erasing and 
rewriting: one involves a combination of 
optical and magnetic technology, called 
magneto-optic ; the other is based on a 
phase change in the sensitive material 
from crystalline to amorphous. It is dif
ficult to get a strong enough signal from 
a magneto-optic device for it to be reli-

ably detected at reasonable carrier to 
noise (CNR) levels. Phase changes tend 
to take longer than is practical for data 
recording, and several write/ read cycles 
tend to permanently deform the surface. 

The Matsushita erasable optical stor
age system uses phase changes in tellur
ium with submetal s added for reversi
bility. Two lasers are used for the system. 
A single lens for the two lasers allows 
nearly simultaneous erasing and record
ing (Figure 6). 

Most in the optical industry contend 
that magneto- optic is more promising for 
commerical erasable systems. This 
technique uses optics to sense the effect 
of a magnetic field on a laser beam re
turning from the magnetized disk. Mag
neto-optic technology displays very good 
cyclability and data retention . 

The current research is targeted on 
finding materials that do not lose their 
coercive force (strength of holding mag
netic field) after repeated write cycles. 
Methods of increasing the Kerr rotation 
(the light quality actually sensed) are also 
under study, so signals can be discerned 
from noise. SNR will need to be improv
ed for recording density with magneto
optics to compete with phase change. 

Several companies are working on this 
combination optical/magnetic recording. 
The concensus seems to be that multiple 
layer recording through glass and metal 
layers to a rare earth transition metal sen-
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ADVANCED TECHNOLOGY SERIES 

sitive layer holds the promise of efficient 
f magneto-optic data recording. 

When methods of erasing become 
available, optical drives will compete 
with magnetic drives. But the place for 
non-erasable optical recording will not 
be threatened. In fact, most of the eras
able drives will probably be made by the 
same firms as the current WORM and 
OROM devices . New drives will likely 
read non-erasable disks as well. 

Though the density and environmental 
immunity of erasable optical recording 
may give it advantages over floppy drives 
and the removability should give it an 

' edge on Winchesters, it probably will not 
replace magnetic storage altogether. The 
sheer quantity of data now on magnetic 
disks and tape will keep the market alive. 

Improving Optical Storage 
In bringing optical disk drives to the 
market , concentrated development work 
has been devoted to focus and tracking 
and error detection/correction mechan
isms. The raw bit error rate (BER) of op
tical data storage disks is between 10- s 
and 10-7, not nearly good enough for ar
chives. These are about the specs for 
video disks; audio disks are corrected to 
about 10- s or 10- 9 . But these only need 
to be as sensitive as human hearing and 
sight demand . Sophisticated error cor
rection codes (ECC) used on all of the 
commercial drives lower the BER to 

1 10- 12 in the 12" products. To match the 
high performance of their system, STC's 
4 Gbyte platters show 10- 13 BER. 

As for focus and tracking, the pre
grooved tracks and DRAW head have 
been critical in developing working prod
ucts. The schemes are effective, however, 

(B) Two Beam Method 

at the expense of heavy read/write heads. 
Some advanced work in holographic and 
integrated optical components could 
make optical heads lighter. This is several 
years away, but could provide the possi
bility of transportable optical drives. 

Transportability again brings up the 
issue of size. Smaller form factor drives 
will be appearing close on the heels of the 
current class of drives. Most companies 
with products announced will admit that 
5 'A" and smaller disks are under study, 
and the new companies popping up are 
strong evidence of the trend toward this 
size optical drive. 

As with other storage devices, there 
will be a variety of sizes and capacities to 
serve various computer systems. Optical 
drives from jukeboxes to 3" single disk 
systems will all find markets. Companies 
like Drexler Technology (Mountain 
View, CA) are working on alternative for
mats; in their case, it is a card . Optical 
tape cassettes have been developed by 
DOCdata (Venlo, The Netherlands). 
They have shown a prototype carousel 
similar to disk jukeboxes. There has also 
been study of spherical surfaces, in which 
the head would not have to move. Beam 
deflection methods have been most cum
bersome, however. 

Developments in lasers could be a huge 
factor in optical data storage systems. 
With shorter wavelength lasers, data 
packing density can increase. To increase 
data rates, lasers about 10 times as power
ful as those used now, or about JOO mW 
out, would be ideal . Laser lifetimes could 
stand improvement, as could their im
munity to electrical interference. 

A particularly interesting possibility is 
the use of several diode lasers in an array 
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Figure 6: Matsushita uses two lasers; a large spot lower-power erasing laser heats the tellurium 
alloy to the softening point; the read/write laser produces a smaller spot that raises the material 
temperature to melting. 
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for optical recording. RCA has developed 
a head using a 10-diode monolithic array. 
This would allow either much higher data 
rates or simultaneous multiple track 
seeks. A good lens can see 100 tracks, so 
this method would allow moving only the 
laser beam and not the head . 

Critical in all of the developments in 
optical data storage devices will be com
patibility. The companies in the field have 
made a major commitment to the tech
nology and will no doubt make increas
ingly sophisticated drives . Downward 
compatibility of future models with older 
models will be critical. With the similar
ity in current write-once and erasable 
recording technologies , manufacturers 
hope to develop erasable systems that will 
also read non-erasable disks. 

Conclusion 
Improvements in magnetic recording will 
keep users' capacity needs satisfied for 
some time. Future development of erasa
ble optical storage could bring the tech
nology into competition with magnetics. 
At that point, the technologies and mar
kets will dictate where each is used and 
whether optical storage will replace 
magnetic. 

These first non-erasable optical stor
age drives do not compete directly with 
existing magnetic drives, however. As the 
differences between WORM and OROM 
non-erasable and any sort of erasable media 
become clear, optical storage could find 
a niche in the archiving and electronic pub
lishing and database distribution markets. 

The sheer capacity of a single optical 
disk will allow entire software systems to 
be put in one place and distributed or 
mailed . Storage of documents and large 
files will be greatly facilitated, and initial 
jukebox systems are being tested for 
document storage in the Library of 
Congress. 

Optical storage will be another periph
eral to accompany magnetic disk and tape 
drives for the next couple of years. Once 
the uses and requirements for the WORM 
and ROM optical systems are realized, 
this new class of computer peripherals 
will become more significant. D 
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by Bob Hirshon, Contributing Editor 

Business computer manufacturers are 
fond of saying that the most valuable real 
estate in America is the executive's desk
top. As notebook-sized computers be
come more powerful and popular, the 
real estate inside his briefcase is becom
ing equally valuable. Personal and port
able design and test systems are now 
doing the same for the property values of 
engineers' desk-tops and briefcases. 

Rotating memory is a key constraint in 
downsizing small computers to answer 
this demand. Because disk and tape 
drives are electromechanical devices, it 
is especially difficult to reduce their size 
and their power requirements. As elec
tromechanical devices , they are more 
susceptible to shock and vibration - an 

Bob Hirshon is Contributing &Jitor, Peri
pherals , ofDigital Design and &litor-in
Chief a/Memory Update (78 Oldham St., 
Pembroke, MA 02359. 1-800-962-2001) , 
a news joumal of mass memory technology. 
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important consideration for computers 
intended for travel. 

Nonetheless, more and more companies 
are meeting these challenges and intro
ducing miniature rigid disk drives, flex
ible disk drives, and tape drives designed 
for the confines of small personal , port
able and even notebook-sized computers. 

Small Considerations 
Squeezing an adequate amount of 
capacity into a small footprint is only one 
difficulty in designing downsized disk 
and tape drives. Other factors include 
power requirements , resistance to envi
ronmental stress, and cost. 

Keeping power requirements low is of 
particular importance in small drives. 
Not only because many of their target 
applications are battery-powered , but 
also because tight space requirements 
make heat dissipation a problem . Merely 
by downsizing the components of the 
drive - using smaller spindle and posi
tioning motors, for instance - power is 
reduced . In addition, the use ofCMOS
based electronics, although costly, is 

Figure/: Microjloppies are curre11tlyojfered 
that use 3", 3.25" , and 3.5" media. The 3.5" · 
drives, like the Shugart drive pictured, are to \ 
date the most popu/c11'. 

necessary for portable applications. 
Environmental stress is also of special 

importance for portable applications. 
Rotating memory is notorious for being 
unable to handle even the benign environ
ment of the computer room. Taking that 
into account, designing drives to with
stand the rigors of travel would seem 
impossible. 

Downsizing drives, however, increases 
their resistance to environmental factors. 
Problems with media deformity due to 
temperature changes, for example, are 
less pronounced in smaller diameter 
disks . This is especially important for 
microfloppy diskettes, which may be 
mailed or carried around in shirt pockets. 
Less recording surface area means less 
chance of surface contamination from 
particulates, both for microfloppies and 
3.5" Winchesters . And the shorter, 
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One look at a Canon floppy disk drive - and hearing its 
silence while seeking - tells you it's made by masters in the 
art of designing and manufacturing ultraprecise miniature 
mechanisms. 

A second look would reveal some unique features: 
Pushbutton clamping ... disk is damped - and ejected 1 o to 
20 mm - by pushing the same button, which is locked while 
the heads are loaded. Steel belt head positioning, for 
outstanding accuracy. Soft landing mechanism in the head 
loading system, and thin R/W heads (tested beyond 10 million 
taps) , to minimize head and media wear. 

Canon drives. More flexible up front. 
Our drives are available with the bezels shown - or with no bezel 
at all, so that you can determine your own packaging design. 

33.5 mm bezel Standard half-height bezel 

Canon drives were designed originally for 96 TPI; the 48 TPI 
versions therefore have that added reliability. 

Single Drives· MOD 221 : 96 TPI, double sided/density, 1 Mbyte.•. 
• MOD 211 : 48 TPI, double sided/density, .5 Mbyte. 

Dual Drives· MOD 423: 96 TPI, double sided/density, 2 Mbyte. 
· MOD 413: 48 TPI , double sided/density, 1 Mbyte. 

Let Lee Heller tell you more. Call him at (516) 488-6700, Ext. 4958. 
Or write to him at Canon U.S.A., Inc., Disk Drive Division, 
One Canon Plaza, Lake Success, NY 11042. 

Dual drive: Dual drive: 
Standard 2/3 height (57.5 mm) bezel Standard full height bezel 

Canon '* Recognized under the Component Program of Underwriters Laboratories Inc. 

Write 11 on Reader lnqu_ir.-Ca_ rd ____ _. 







Demand for higher 
performance porta
ble computers and 

more compact desk
tops has spurred a 

demand for smaller, 
lower power disk 
and tape drives. 

lighter, more rigid R/W head armatures 
used in the smaller disk drives are less 
susceptible to vibration and shock. 

Cost is an important factor in all mass 
memory devices, but it is especially im
portant with miniature memory devices. 
This is because the same applications that 
call for tight constraints on size call for 
tight constraints on price. Portable com
puters and knee-top computers must re
main below strict price ceilings to be 
competitive. This means that the total cost 
allotment for mass memory in these com
puters ranges from about $150 to $800. 

Consequently, price, not state-of-the
art technology, determines the perfor
mance level of miniature memory com
ponents. High-performance, high-capa
city drives can easily be built , but their 
price would be a substantial percentage of 
the total system cost. The challenge is 
designing drives of adequate capacity and 
performance, priced low enough for 
portable applications. 

Smaller Rigid Disks 
Two years ago, high capacity 5.25" 
micro-Winchesters attracted considera
ble attention at NCC. Last year, half
height 5.25" drives did likewise. This 
year, the spotlight is on 3.5" Winchesters. 

The class "3.5"" is a general term for 
Winchesters with a faceplate measuring 
1.625" high by 4" wide (the same as that 
of microtloppy disk drives) . The platters 
on 3.5" Winchesters vary in diameter, but 
are generally about 3.75 ". Seagate, Mini
scribe and several media manufacturers 
proposed standard physical dimensions 
for the media last year, which most U.S. 
manufacturers may eventually adopt. 
Media manufacturers, however, are will
ing to supply media of any dimension 
provided there is sufficient market, and 

ee 

since there is no interchangeability ques
tion with fixed Winchester disks, there's 
far less need for a standard than with 
other memory media (such as flexible 
disk and tape). 

For space-constrained memory appli
cations, half-height 5.25 " Winchesters 
may also be suitable. With a faceplate 
measuring 1.62" by 5.75 ", and a length of 
about 8 11

, they may be somewhat large for 
notebook computers, but ideal for small 
desktops and portables. U.S. companies 
now offering half-height 5.25" drives 
include Cogito Systems, Microcomputer 
Memories, Inc. (MMI), Microscience 
International , Minisc.:ribe, Quantum , 
Seagate, Shugart , Tandon and Tulin . 

Half-heights have a number of advan
tages over 3.5" drives that will keep them 
popular in applications where smallest 
possible footprint isn't the overriding 
concern. The most important advantage 
is that half-height drives are a more estab
lished technology, having been manufac
tured for a longer time by more compa
nies . They use many of the same readily 
available, standard components used in 
full-height Winchesters. Also, because 
they have more disk surface area, they 
can easily accommodate higher capa
cities. Until 3.5" Winchesters mature, 
half-height 5.25" drives will continue to 
fill many space-constrained, portable 
computer applications. 

Sizing Up The Sub-4" Drives 
The first sub-4" Winchester introduced 
was SyQuest Technology's 3.9" remova
ble cartridge Winchester, announced in 
May of 1982 (Figure 2) . Although the 
media is 3.9" (lOOmm), the form factor of 
the drive is half-height 5.25". It wasn't 
designed to fit the industry standard sub-
4" form factor because it was announced 
before there was an industry standard. 

Figure 2: SyQuest's 
306RD was the first 
Winchester to use suh-
4" media. The JOOmm 
disk cartridges cur
rently store 5 Mbytes; a 
JO Mbyte version is 
planned. 

As a non-standard drive using unique 
media , the SyQuest drive took a long ""' 
time to move into volume production , 
and a long time to gain market accept
ance. Now that SyQuest has ramped up, 
they have a sizeable backlog, and they 
claim to have shipped 35,000 of the 
drives. In addition, they are manufactur- "' 
ing 25-Mbyte and 38-Mbyte half-height 
fixed-disk drives, and are developing a 
10-Mbyte removable cartridge. 

The first company to offer 3.5" Win- ~ 
chesters was Rodime pie (Glenrothes, 
Scotland). Announced in January of 
1983, their RO 350 series includes 5- and I' 

10-Mbyte (formatted) versions using 
oxide media and ferrite heads . Their open 
loop positioning system is precise enough i" 

to record at 600 tracks per inch (tpi), and 
has an average access time of 85 msec. 

The market for 3.5" drives over the 
4 

past year was small, but Rodime's 350, 
being alone in the field, managed to at
tract a number of contracts. These include 
Compaq, TeleVideo and, most recently, "'• 
Applied Computer Techniques, who de
signed the Rodime drive into their new 
Apricot executive portable computer. To 
keep up with this demand, and to mini 
mize shipping costs to U.S.-based custom
ers, Rodime recently opened a production 
facility in Boca Raton , FL. By ramping 
up production quickly in Boca Raton , Ro
dime hopes to maintain a leadership posi
tion in 3.5" Winchesters, despite the entry 
of a number ofU.S.-based manufacturers. ~ 

The first U.S.-based disk drive manu
facturer to introduce a 3.5" Winchester 
was Control Data Corp. (Minneapolis, 
MN) . Their 5-Mbyte Cricket was intro
duced at last year's NCC, but then was 
withdrawn . CDC claimed that their mar
ket research found the Cricket to be too 
slow (117 msec average access time) and 
too low capacity to compete effectively. 
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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 tlffAITI 

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

Applied 
Circuit 
Technology 

2931 La Jolla Street, Anaheim, CA 92806 
714/632-9230 Ext. 750 

Telex 683466 

Regional sales offices: San Jose, CA; Boulder, CO; Boston, MA 

Write 32 on Reader lnouirv ~rrl 



They have been working on a higher-per
formance, higher-capacity model ever 
since, but introduction of that drive has 
been delayed indefinitely. 

Meanwhile, at least a half-dozen other 
companies have either announced 3.5" 
drives, or have announced plans to an
nounce 3.5" drives . These include 
LaPine Technology, Microcomputer 
Memories, Inc. (MMI), Microscience 
International, Miniscribe, Seagate Tech
nology, and Tandon. In addition, Hew
lett-Packard and a new start-up company 
called Epelo are developing drives. 

Most of the initial offerings are 5-
Mbyte to 10-Mbyte drives with open 
loop, stepper motor positioning. High
er-capacity, highe ~formance drives 
with closed-loop, v01ce coil actuated 
positioning are promised from some of 
the companies. 

LaPine Technology stresses rugged
ness as the major advantage of their 
Ranger series of drives (Figure 3) over 
the rest of the pack. "You can throw this 
drive in the back of your car;' claims one 
LaPine spokesman . With power off, the 
Ranger drives withstand a shock of 40G; 
with optional external shock mounts, this 
is increased to IOOG. Power off temper
ature range is -40°F to 158°F. During 
operation, the drives can tolerate temper
atures of 40°F to 122°F. 

MM! offers a pair of3.5" drives simi
lar to LaPine's, as well as a half-height 
5.25" drive. Both LaPine and MMl intro
duced their 3.5" Winchesters several 
months before NCC, avoiding the stam
pede of similar products announced by 
other drive manufacturers. Both com
panies plan to get an early lead in 
low-performance 3.5" Winchesters and 
then , when the arena gets glutted with 
manufacturers, bring out high-perfor
mance versions with 30 Mbytes to 50 
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Figure 3: A new com
pany offering 3. 5" Win
chester disk drives is 
LaPine Technology. 
Their Ranger series 
stores up to 10 Mbytes 
(formatted) and with
stands shock of up to 
IOOG in a non-operat
ing condition. 

Mbytes and sub-40 msec access times. 
This formula of addressing immature 
markets by using advanced technology, 
keeping slightly ahead of the larger, more 
conservative disk drive manufacturers, 
worked well for a number of start-up 
5.25" and half-height 5.25" drive mak
ers. LaPine and MMI will try the same 
strategy with 3.5" drives. 

Another company keeping one step 
ahead of the big drive companies is Mi
croscience International. They were an 
early manufacturer of low-capacity half
height 5.25" drives. As more companies 
entered the market, they introduced a 
higher-capacity version of the half-height 
(20 Mbytes). Now, as more firms are en
tering the 20-Mbyte half-height 5.25" 
Winchester arena, Microscience has an
nounced a 10-Mbyte 3.5" drive. 

A new company, Epelo, is developing 
a high-performance high-capacity (50- i.,.-

Mbyte) disk drive, for introduction next 
year. Former Atasi CEO Frank Gibeau is 
directing the effort. 

Large Companies Enter Market 
Withhigh-performance5.25" drives, the 
large Winchester manufacturers lagged 
far behind the smaller firms. With 3.5" 
drives, however, several big drive makers 
are only a step in back of the start-ups. 
While high-performance, high-priced 
5.25" drives have a limited market, dis
tasteful to companies geared for high vol
ume, 3.5" drives have the potential to be 
commodity items. Therefore, the large 
companies have no intention ofletting the 
start-up firms deprive them of market
share, even if it means announcing prod
ucts earlier than they would have liked . 

Miniscribe and Seagate, two leaders in 
5.25" Winchester drives, have shown 
their first 3.5" products, storing 10-
Mbyte, and Tandon is expected to follow 
suit. Hewlett-Packard is also working on 
a 3.5" Winchester, to serve as an upgrade 
to the 3.5" microfloppy it now offers on 
its desktop computers. HP also is ex
pected to offer the drive to OEMs. 

Microfloppies Mature 
Sub-4" flexible disk drives are more ma
ture technologically by about a year than 
sub-4" Winchesters. Three different 
media types are offered - 3" hard shell, 
3.25" flexible jacket, and 3.5" hard shell 
- and although the 3.5" hard shell is by 
far the most popular, the other formats 

.. 

Figure 4: The Irwin Magnetics 210 tape drive fits into a 3.5" jbotpri111 and stores 10.38 Mbytes 
on a single minicartridge tape. 
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; A CRASH COURSE 
IN DISK AND DRIVE 

TESTING: 
" 

.. 

Disk Testing 
ADE RVA instruments will 
show you how to test 
excessive acceleration, 
flatness, radial waviness, 
datum positioning, axial 
run-out and thickness. 

It Spindle Testing 
Learn the nuances of 
testing axial and radial 
runouts , bearing quality, 
axial/ radial acceleration, 
non-repetitive runout, 

• radial resonance, 
wobble, and high 
frequency vibration. 

, ADE Corporation 
77 Rowe Street 
Newton, MA 02166 
Telephone: (617) 969-060e 
Telex: 922415 

-9J•! ..-- ...-

Head/Assembly 
Testing 
ADE RVA instruments give 
you advanced instruction 
on head positioning accu
racy, head motion studies, 
dynamic flight character
istics, pitching and rolling . 

ADE RVA instruments 
maintain quality control 
from design through 
production. Only ADE 
systems can measure 
dynamic displacements 
from tenths of microinches 
to thousandths of an inch 
from 0 to 50 KHz frequency 
response. Sign up for the 
ADE course (every major 
manufacturer of disks 
and drives already has). 
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Figure 5: lnterdyne:~ ID 1000 series fits imo a standard 3.5" footprint and stores up to 20 Mbytes on a reel of quarter-inch tape, and 40 
Mbytes on a reel of ha/finch tape. 

still have their following. 
Last year, when drive manufacturers 

failed to get a unanimous decision on a 
microtloppy media standard and ended 
up with three different formats, industry 
analysts predicted that the market would 
decide the question, comparing the tech
nical merits of each format and picking 
the winner. "The market is a lot smarter 
than you might think," said James 
DeStefano, Dysan Business Strategist. 
The comparison used to describe the situ
ation was the videotape market , in which 
Beta-format and VHS-format tape car
tridges vied for the market, with VHS 
ultimately dominating, based on a num
ber of technical advantages. 

industry support. 
Over a dozen manufacturers now make 

3.5" microtloppy drives , most notably 
Shugart (Figure 1) and Tandon . Apple 
and Hewlett-Packard are the two major 
buyers of the drives, and IBM is expected 
to join them shortly, incorporating them 
into a transportable computer. But small 
computers may be only one of many 
applications for the microtloppy. "3.5" 
microtloppies will be used in many appli
cations other than computers," predicts 
Shugart spokesman Jim McCartney. "For 
example, they will be incorporated into 
telephone and television-based systems, 
storing directories, and even into cars, 
storing maps for navigation systems." 

suitable for the same range of applica
tions as the 3.5", but to date have limited 
support . The 3" hard shell format is pop
ular in Japan, but has fared less well in the 
U.S. Consequently, some Japanese man
ufacturers who initially supported only 
the 3" diskette now are offering 3.5" 
drives as well, to compete in the U.S. 
market. The 3.25" format, supported 
chiefly by media-maker Dysan and drive
manufacturer Tabor, remains a viable 
product , thanks to Dysan's promotional 
efforts. But even Dysan has announced 
that they will also support the 3.5" format 
ifthe market demands. 

Tape Fits Back-Up Role 

.. 

" 

The microtloppy market, however, has 
proven far different. Buyers of micro
tloppy drives, unlike buyers of videotape 
equipment, care little about slight tech
nical advantages, as long as the drives 
function reliably and are available in 
quantity. The number of companies sup
porting a standard, and the reputation of 
those companies , is the most important 
consideration of large volume OEMs. 

The other two microtloppy formats are No Winchester manufacturer questions ,1 

As a result, the 3.5" hard shell format 
has clearly emerged as the leader. This 
was not a result of the market deciding 
that the 3.5" format was technically 
superior - all of the formats are service
able, and each has its advantages- but 
rather a result of the majority of drive 
manufacturers supporting one format, the 
users favoring the drive with the most 
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Figure 6: fllrerdy11e 
claims their self
threading tape trans
port syste111 has per
for111ed m •er 150,000 
loads without a failure. 
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the importance of backing up data 
recorded on fixed disk drives, but few 
address the problem. This is especially 
true of small Winchester drives. 

The first Winchester drives introduced 
in a g iven size category generall y are 
used as floppy disk upgrades, offering 
greater performance and approximately 
JO times the capacity. Back-up for these 
drives is usually accomplished by pairing 
the drive with a flexible disk drive. But as 
higher-capacity Winchesters in the same 
size category are introduced , flexible 
disk drives become inadequate for the 
task . At this point , designers must turn to 
magnetic tape or removable disk car
tridges to serve as back-up. 

For 5.25" Winchesters, quarter-inch 
cartridge tape drives provide an answer to 
high-capacity back-up needs. Clever 
packaging has even allowed the design of 
half-height quarter-inch cartridge drives ; 
the drives are not much larger than the 
media they contain. But no amount of in
genious packaging can produce a quarter
inch cartridge drive for a 3.5" footprint -
the media itself is considerably wider 
than the 3.5" drive faceplate. Therefore, 
designers looking for tape back-up in a 
3.5" drive footprint must look to other 
technologies. 

Minicartridges, which are smaller ver
sions of the quarter-inch cartridges, are 
small enough for use in a 3.5" footprint 
tape drive. The only company offering a 
product for this purpose thus far is Irwin 
Magnetics. 

The Irwin 210 (Figure 4) stores 10.35 
Mbytes on a DC-JOOA minicartridge. It 
operates in streaming or start/stop 
modes, and can dump or restore an entire 
tape in eight minutes (streaming). The 
210 draws 14.5W of power and weighs 1.7 
lbs. - both about the same as a 3.5" Win
chester. Dimensions are 4" by 6" by 
1.688 " high , again about the same as a 
3.5" Winchester, although addition of the 
electronics card adds about 0.25" in 
height. The 210 uses a standard mini
floppy interface (SA 450), and can be 
connected in a four-device daisy chain. 

Another type of tape drive specifically 
designed for 3.5" Winchester back-up 
has been announced by Interdyne. Their 
ID 1000 family consists of drives that use 
a 2. 25" reel of magnetic tape, and stores 
5 Mbytes, JO Mbytes, or 20 Mbytes per 
reel, using quarter-inch tape, and 40 
Mbytes using half-inch tape (Figure 5) . 
The drives operate in streaming as well as 
random access modes. 

Interdyne uses a self-threading tape 
transport which they claim has per
formed over 150.000 loads without a 
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fai lure(Figure6). The drives measure4" 
by 6" by 1.625", weigh 1.4 lbs., and draw 
8.5W. Interface is via standard mini fl oppy 
SA 450/SA 300 "The ID 1000 family in
terface is truly a floppy interface," stresses 
Interdyne's Paul Gillovich, "using a Dy
san PAT-II floppy tester for product 
assurance." 

Finally, cassette tape is well-suited for 
3.5" Winchester back-up, and the com
panies now offering cassette drives in 
half-height 5.25" formats can be expected 
to bring out 3.5" format versions in the 
near future. 

Forecast Bright and Unsettled 
The future of miniature memory compo
nents is bright , but uncertain in some of 
the low-capacity applications, primarily 
because of the advent of high-density 
semiconductor memory. 

Intel's introduction of an entire family 
oflow-power CHM OS dynamic RAMs, 
for example, could eventually have a pro
found effect on portable computer appli 
cations. At $150 per part , these RAMs 
currently have no impact on price-sensi 
tive portable computers. But as prices 
come down, this may change. According 
to Intel , a study performed by Montgom
ery Securities predicted that by 1988, I 
Mbyte of dynamic RAM , consisting of 32 
256K chips, will cost about $200. It is 
possible that by then, most portable com
puters will use semiconductor memory, 
rather than magnetic memory. In fact, 
semiconductor memory may fill many 
primary storage needs, with magnetic 
storage used as non-volatile back-up. 

Nonetheless, the growing need for 
higher-capacity memory for memory
intensive operating systems, such as UNIX, 
and for memory-intensive applications, 
such as computer graphics, will still require 
magnetic memory. And magnetic memory 
still has plenty of technological room to 
grow. In the not-too-distant future, im
proved media , high-density recording 
techniques (including vertical record 
ing) , and improved positioning systems 
will allow capacities of over 100 Mbytes 
in a 3.5" footprint, and access times 
under 20 msec. Miniature memory com
ponents have come a long way in recent 
years, but clearly they have far to go be
fore reaching their technological limits. 

How useful did you find this article? 
Please write in the appropriate number 
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by Ronald Collett, Technical Editor 

Until recently, a system that automati
cally synthesized complex VLSI chips 
with minimal human intervention was 
wishful thinking. However, several re
search laboratories and a few vendors 
have been quietly engaged in the develop
ment of this ultimate IC design tool-a 
silicon compiler. Not surprisingly, sili
con compilation promises to have dra
matic impact on the entire electronics 
industry. 

To fully appreciate the power of a sili
con compiler, compare it to a Fortran 
compiler and the difference between 
writing a program in Fortran and writing 
that same program in machine language. 
With the Fortran program, the compiler 
converts the high level instructions to ma
chine language. Similarly, a system 

BB 

The expanding 
application-specific 

integrated circuit 
market has spawned 
a new generation of 
tools that automate 

VLSI design. 

architect describes the operation of the 
chip in a high level language and the sili
con compiler automatically synthesizes 
the masks necessary to fabricate the chip. 

Forces Driving 
Silicon Compilation 
Handcrafted full-custom chips typically 
require one to two years to develop, with 
costs ranging from $200,000 to $1 mil
lion. In addition, only a few highly spe
cialized engineers have the skills neces
sary to design a full-custom chip. To make 
matters worse, high volume and a wide 
market window are two criteria for the 
profitability of a handcrafted IC. If these 
parameters are questionable, the develop
ment of a custom chip is often too risky. 

Lengthy design cycles, high costs and 
shortages of chip designers have given 
impetus to other methodologies that fa
cilitate the design of application-specific 
integrated circuits (ASIC) . Among the 
various ASIC alternatives, semi-custom 
ICs (i .e. gate arrays and standard cells) 
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Left: This 16-bit, "Fanatically Reduced instruction Set Computer," 
(FRISC) was designed by Metalogic's silicon compiler. Above: This 
simplified Universal Asynchronous Receiver/Transmitter (UART) was 
also designed with Metalogic's silicon compiler. 

Using Metalogic's silicon compiler, this Automatic Gain Control (AGC) 
chip was designed in less than three weeks by a digital systems designer 
who had no previous IC design experience. 

are spearheading the migration away 
from off-the-shelf components. Unlike 
full-custom , semi-custom and silicon 
compilation allow logic designers to use 
their current skills to build chips. The 
latter is based on a different design phi
losophy and until now, has been confined 
to the research lab. 

Absolving the design engineer from 
transistor layout tasks is the primary ben
efit of a semi-custom chip. For instance, 
imagine a particular design having 25 
blocks (from a block diagram) which 
corresponds to 5000 gates, translating to 
12 ,000 transistors- equaling nearly 
250,000 polygons. With semi-custom, 
the design engineer would be responsible 
for managing and implementing only the 
block and gate level data . In addition, 
turn around times for these parts typically 
span six to 20 weeks with non-recurring 
engineering (NRE) costs ranging from 
$5,000 to $75,000. In comparison to full
custom handcrafted designs, there is little 
doubt that gate arrays and standard cells 
have overwhelming advantages. How
ever, semi-custom design forces the sys
tem architect to become entangled in cir
cuit and logic design . 

Aside from being caught in a labyrinth 
of transistors , gates or registers, tradi
tional design routes force engineers to 
follow an inefficient design cycle. Al-

Designed by Silicon Compilers Inc. and mar
keted by Seeq Technologies, this Ethernet 
data-link controller chip was the industry's 
first Ethernet local area network VLSI 
product. 
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though most projects are organized in an 
efficient top-down style on paper, those 
models are not a reflection of actual de
sign practices. 

In a typical design cycle, for example, 
the system problem is defined first , then 
the system definition is born . Drawing a 
block diagram of the solution is the next 
step and each engineer on the project is 
given a portion of the system to imple
ment (Figure la) . Observing this com-

mon style of organization and flow, one 
would think that this is a true top-down 
procedure. However, since each engi
neer is designing a small piece of the 
system and rarely knows how the entire 
system works, the design is actually be
ing implemented from the bottom up 
(Figure lb). 

The engineers designing the logic are 
usually given a specification of the elec
trical output signals their circuit is ex-

BS 



Problem 
Definition 

System 
Verification 

Figure la : 7hisjlow chart outlines a typical 
design cycle using a top-down approach. 7his 
is, however, on/y a conceptual procedure and 
not a reflection of what actually occurs. 

pected to produce. This is based on 
another specification outlining the input 
signals which are coming from another 
engineer's design. As a result , the build
ing blocks that make up a complete sys
tem are put together by many individuals 
who typically have limited knowledge of 
how these elements are related to the re
mainde r of the system . 

With this scenario in mind , the design 
is orchestrated using a top-down strategy 
and then implemented from the bottom 
up. From a system point of view, the en
gineers' creativity is never realized since 
they are not given a full appreciation of 
global architecture. Only the few that 
conceived the architectural definition are 
able to exercise creativity at the system 
level. 

In addition , once the logic is designed , 
it is very difficult and excessively time 
consuming to alter the system's architec
ture. This discourages engineers from 
making architectural enhancements 
even if they recognize areas needing im
provement. Freeing the designer from 
this constraint is one of the primary ad
vantages of silicon compilation. 

In contrast to semi- and full-custom de
signs, silicon compilation divorces the 
system architect from transistor layout 
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Brie Introduction To Problem 
Definition and 
System Overview 

Engineer Receives 1/0 
Electrical Specification 

Engineer Begins To Gather 
System Integration 1+--------..i Information On How The 

Entire System Operates 

System Verification 
Engineer Can Provide 
Architectural Creativity 

Figure lb: Ench engineer actually implementing the circuitry follows this design cycle. Compared 
to Figure la, this is a bouom-up procedure which discourages the engineer from exercising archi
tectural creativity until the Lauer stages of the design cycle. 

and logic/circuit design. With this por
tion of the design cycle eliminated, engi
neers can spend more time on optimizing 
the chip's architecture. Of equal impor
tance , silicon compilation provides 
greater leverage with the minimum effort 
necessary to achieve maximum output. 
Gaining maximum leverage is a primary 
concern when choosing among the vari
ous VLSI design methodologies and 
tools. With this in mind, silicon compil
ers have the potential to decrease the de
sign cycle's length by an order of 
magnitude. 

Approaches to 
Silicon Compilation 
Presently, there are two schools of 
thought on how silicon compilers should 
tackle design problems. These differences 
of opinion boil down to a single argu
ment- how much of the design should be 
done by the compiler versus how much 
should be performed by the human. Com
pilers from one camp rely on engineers to 
define the chip's architecture, whereas the 
second school allows the computer to 
take on those responsibilities. 

The first group maintains that silicon 
compilers cannot adequately solve the 
architectural problems associated with 
designing a VLSI chip. After the design 
team delineates the chip's architecture, 
the compiler is responsible for imple
menting the various functions that have 
been outlined. Vendors including Silicon 

Compilers Inc. (SCI) (Los Gatos, CA) 
and VLSI Technology Inc. (VTI) (San 
Jose, CA) have taken this approach. 

VLSI Technology's system is based on 
an Apollo computer and includes 175 dif
ferent "cell compilers." Some of the more 
sophisticated compilers synthesize such 
funct ions as PLAs, ROMs, RAMs and 
ALUs. Selecting a particular cell com
piler from the library causes the system 
to prompt the user for electrical param
eters that are variable within the cell. 
With these parameters, the compiler gen
erates the geometrical primitives of an IC 
layout in the Caltech Intermediate 
Format . 

On the other hand, according to SCI's 
President, Phil Kaufman , the turnkey 
system SCI is planning to introduce next 
month (September, 1984) will be much 
different from VTI's system. It appears 
that SCI's system will require less detail 
about the function it's told to implement, 
and rely more on register transfer type 
data . Kaufman explains, "Our silicon 
compiler supports exploratory design. In 
other words, given a little bit of input in
formation about the architecture, the 
compiler will provide the engineer with 
parameters such as die size, speed and 
power consumption ." 

SCI's silicon compiler is based on 
David Johannsen's (one of the firm's 
founders) doctoral thesis on silicon com
pilation prepared at the California Insti
tute of Technology in 1981. Bristle 
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Blocks, the name given to Johannsen's 
compiler, focused on generating geome
tries for IC layout. It synthesized a struc
tured data flow and was limited in the 
types of architectures it could build. SCI 
claims that Bristle Blocks has been ex
tended so that virtually any architecture 
can now be synthesized . 

Analog circuits, however, cannot be 
synthesized by the compiler. To integrate 
analog circuits into a chip that the com
piler is creating, the user can either build 
the function or call it up from an already 
established analog library. Once the elec
trical and physical parameters of the 
circuit arc known , the user tells the com
piler that a prefabricated design is to be 
included on the chip. 

Although SCI's turnkey silicon compi
lation system will not be formally intro
duced until next month , the firm has 
made the compiler's accomplishments 
known . Three chips have been synthe
sized , including the data path chip for 
Digital Equipment Corporation's Micro
VAX I (Figure 2) . This chip was re
portedly finished in seven months. How
ever, details about the amount of human 
effort that went into the chip's develop
ment were not made public. 

Other achievements from SCI include 
an Ethernet controller which was de
signed by Seeq Technology Inc., and a 
high resolution graphics chip which is 
used in Sun Microsystem's workstations. 
The Ethernet and graphics chips were re
putedly developed in five months and 
nine months, respectively. 

The Second Approach 
For the most part, the second approach to 
silicon compilation has stayed in the re
search laboratory. Since this version puts 
far greater design responsibility in the 
hands of the compiler, it is much more 
difficult to develop. 

A spin-off from MIT/Lincoln Labora
tory, Metalogic (Cambridge, MA) is en
gaged in the development of a compiler 
that falls into this second category. While 
working at MIT/Lincoln Laboratory, the 
founders of Metalogic, Jeff Siskind, Jay 
Southard and Ken Crouch developed 
MacPitts- a silicon compiler funded by 
the Defense Advanced Research Projects 
Agency. This combined research effort is 
the foundation of the firm's current work. 

According to Southard, the firm is cur
rently putting the final touches on a sili
con compiler which is scheduled to go 
into beta site this month . The new com
piler, called MetaSyn , is an extension of 
the MacPitts effort. 

One of the problems of MacPitts was 
that it did not have a performance predic
tion system. Without this, it was very dif
ficult to determine an IC's critical timing 
areas and maximum clocking speed. 
Metalogic recognized many of the short
comings of the MacPitts effort and has 
since incorporated these enhancements 
into MetaSyn . 

Although their system requires some 
human intervention , it can supposedly 
extract register transfer data from a sim
plified behavioral description of the chip. 
The behavioral input is in the form of an 

Figure 2: Th e DEC MicroVAX I Data-Path chip, developed by Silicon Compilers In c. was.fin
ished i11 seven momhs. 
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algorithm which describes how the chip 
operates. The language used to interface 
to the compiler is similar to LISP, 
although it has many characteristics spe
cifically tailored to IC design. 

MetaSyn makes architectural deci
sions and tradeoffs about the hardware 
used to implement the algorithm. For ex
ample, if a macrofunction composed of 
an accumulator and a multiplier were 
synthesized by MetaSyn and the input al
gorithm stated that another multiplication 
function was needed , MetaSyn would 
explore whether the multiplier contained 
in the macrofunction could be used to 
perform this additional multiplication 
task. IfMetaSyn found that the multiplier 
contained within the macro (multiplier/ 
accumulator) was not used when the ad
ditional multiplication task was needed, 
it would implement some extra control 
logic so that the imbedded multiplier 
could be used during that time period. 

As a result of this exploration, the sili
con compiler would synthesize simple 
control logic instead of another complex 
multiplier. This allows design engineers 
to explore not only the tradeoffs associ
ated with the hardware implementation 
but also the performance of the algorithm 
driving the hardware. This is far more 
important , since the hardware is only as 
good as the algorithm . 

Silicon Compilation 
In A Nutshell 
The objective of silicon compilation is to 
transform behavioral or structural de
scriptions into the geometric data neces
sary to fabricate an IC. The difference 
between the two approaches to silicon 
compilation is determined by whether the 
description is behavioral or structural . 
Also, it should be understood that silicon 
compilation is a concept as opposed to a 
piece of software. It involves the transfor
mation of a conceptual description to a 
concrete piece of circuitry. As a result, 
there are many differing ideas about the 
exact definition of a silicon compiler. 

A complete explanation of the various 
approaches to silicon compilation is best 
described in the Y-chart developed by 
Gajski and Kuhn shown in Figure 3. 
Their objective was to develop a hierar
chical model of the various approaches to 
VLSI design. Each line segment of the Y 
depicts one of the various ways to de
scribe the functional elements (building 
blocks) of a chip : behaviorally, structur
ally or geometrically. All three are then 
further broken down hierarchically such 
that by moving from the center to the out
side of the Y, the elements become larger. 
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The dotted arcs shown between the 
~ axes represent CAD tools that transform 

one type of representation to another. For 
example, the two arcs shown in Figure 4 
depict a silicon compiler that can trans-

~ form Boolean expressions to gate repre-
sentations and then to mask geometries. 
The loop on this gate level represents an 
analytical tool such as a logic simulator. 
Similarly, the loop on the mask geome
tries represents an automatic design rule 

~ checker. 
Behavioral representations sit at the 

highest and most abstract level of the Y
chart and are implemented as a function 
of time. For example, ifthe system archi
tect wanted a circuit to add two numbers 
(x and y), the memory location of these 
variables and the type of ALU would be 
left to the compiler's discretion. The de
scription would say nothing about how 
the addition function is implemented . It 
would simply instruct the compiler to 
synthesize a device that added two num
bers at time=tl and output the results at 
time=t2 . 

At its lowest level , the behavioral char
acterization might take the form of Boo
lean equations. Moving away from the 
center, the Y diagram shows the compiler 
accepting behavioral data in the form of 
an algorithm. (Metalogic's silicon com
piler, MetaSyn, is represented at this 
point in Figure 5) . Finally, at the apex of 
the behavioral axis, the system architect 
could describe the chip in terms of its sys
tem level input and output behavior. 

Structural 
Representation 

Moving down the hierarchy (across the 
Y), a compiler working from a structural 
description defines a distinct set of func
tions to implement, say, a microproces
sor. With this type of compiler, the chip's 
global architecture is first defined by the 
system architect. The various blocks 
needed to implement the design would 
then be constructed by the silicon com
piler. (SCI's silicon compiler is repre
sented at this position on the Y diagram 
of Figure 6) . In this case, the fact that the 
microprocessor's architecture was de
fined by the system architect and not by 
the computer highlights the major differ
ence between structural and behavioral 
strategies. 

Compilation shown on the structural 
axis accepts only structural data , such as 
a transistor, gate or register. Such a struc
tural description can come from one of 
two sources. As described above, the de
sign team may specify the input data . The 
other possibility is that structural output 
data from a compiler on the behavioral 
axis can act as the front end. In this case, 
compilation that falls along the structural 
axis is an interim compilation level of be
haviorally specified data. 

The geometrical representation of the 
Y diagram ignores the function that the 
chip is destined to perform and deal s pri
marily with the hardware implementa
tion of the structural or behavioral 
parameters. Moving away from the Y's 
hub, the first level would be mask geom
etries which refer to the polygons used to 

form a transistor. Continuing along the 
geometric axis, a cell could pertain to 
several transistors joined together to 
make a gate. Layout refers to the physical 
silicon area where a function is assigned 
and represents the highest level in geo
metric hierarchy. 

The ideal silicon compiler requires no 
human intervention to define a chip's 
architecture. So, to make design trade
offs, the compiler must have a certain 
amount of intelligence. Research into the 
use of expert systems coupled to silicon 
compilers is underway at the University 
of Illinois under the direction of Dr. 
Daniel Gajski . Other research into the 
use of expert systems has also come from 
Carnegie-Mellon University. Some of 
the results of their work include an auto
mated design tool that synthesized an 
MCS-6502 microcomputer in four 
hours. As research into this technology 
continues, these automated chip design 
tools will acquire greater de
cision-making power. 

Problems To Conquer 
Large die sizes are one of the major prob
lems that plague today's silicon com
pilers . Chips synthesized by these auto
mated tools have yielded dies that are I. 3 
to 10 times larger than those done by 
hand. (The more advanced compilers can 
consistently produce chips 1.3 to 3 times 
as large.) With the cost of silicon at a pre
mium , this poses a serious obstacle to in
dustry's acceptance of this new technol-

Behavioral 
Representation 

Structural 
Representation 

Behavioral 
Representation 

Mask Geometries 
Mask Geometries 

Cells 

Layout Planning 

Geometrical 
Representation 

Figure 3 : 7he Y diagram illustrates the three ways to represent the VLSI 
design data: beha viorally, structurally or geometrically. 
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Figure 4: 7he dolled arcs illustrare C4D tools such as a silicon compiler 
rhea rransforrns one data representation to another. 
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Another Player in the Arena 
Sil icon Design Labs, Inc. is developing several products using 
a silicon compiler technology. The silicon compiler is based 
on a new language designed specifically for the description 
of integrated circuits; it supports both circuit attributes (geom
etry, connectivity, etc.) and computing. For example, Transis
tor is a language primitive and routing is handled within the 
language. Programs that can synthesize full-custom circuits 
are written in this language and can be linked together hier
archically to build larger blocks. 

One of the key parameters in efficient silicon compilation is 
the lowest level language performing the layout. The quality 
of the behavioral- or structured-level human interface is 
strongly influenced by the flexibility of the language. If the sil
icon-level language can only compile rigid or semi-rigid cells 
and not build an application-specific circuit , then the silicon 
compiler may not map the designer's exact requirements into 
silicon . Hierarchy is used to control and manage complexity 
of SDL:s system. 

The first initiation of these principles was the PLEX project , 
undertaken by SOL founders while with Bell Labs and pre
sented at the ICCAD Conference last September. PLEX was 

a full-custom core microcomputer that could vary the data 
width , instruction set and word size, data word size, stack 
depth , etc., depending on the application it was to perform . It 
also built a unique instruction decoder based on the instruc
tions actually used in the program . 

PLEX was a malleable computer that could be tailored to fit 
a particular instruction set. It could be changed through the 
use of variables in the silicon compiler. PLEX was a demonstra
tion of how a highly complex digital component could be trans
lated from functional specification to a hand-quality layout with 
the system designer doing no work at the silicon level. This 
capability to create full-custom solutions with only a functional 
description can most readily be accomplished using a compiler 
technology that supports hierarchies and full parameterization. 

The products SOL is developing rely on the concept of hier
archy and a unique layout language. SOL is developing prod
ucts for both the IC designer and the systems designer that are 
both design rule and technology independent. 

- Peter D. Rip, Vice-President, 
Silicon Design Labs, Basking Ridge, NJ 
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ogy. Much research is currently under
way to solve this potentially cr ippling 
problem. Silicon compilation experts 
confess that it will be several more years 
before the size of a s ilicon compiled die 
is equivalent to handcrafted designs. 

D ie size will be the most significant 
tradeoffwhen deciding between a silicon 
compiled or full-custom approach . OEMs 

making the choice must decide whether 
small die size is more important than 
short time to market. Turn-around times 
for silicon compiled chips should range 
from a few weeks to a few months . Judg
ing from the present , shorter time to 
market has the most influence over 
whether or not a full-custom chip can be 
implemented into a system . 

Laying out a chip is the second area 
where silicon compilers fall short. 
Unlike gate arrays whose cells have fixed 
dimensions or a standard cell which has 
a fixed height, functional blocks synthe
sized by most silicon compilers are of 
variable height and width . The automatic 
place-and-route algorithms now used to 
lay out chips are unable to effectively cal-
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The availability of 
silicon compilation 

will create a 
revolution in 
VLSI design. 

culate the most efficient placement of 
variable sized blocks. In addition, as the 
number of blocks increases, the time the 
computer needs to make layout calcula
tions increases exponentially. As a result 
of this problem , current silicon compil
ers leave most of the layout task to 
humans. 

Conclusion 
The availability of silicon compilation 
will create a revolution in VLSI design . 
In essence, silicon compilation is the 
realization of"computers designing com
puters." This evolving technology will be 
the cure for the tremendous demand of 
custom chips. 

Present CAD/CAE design tools such as 
workstations are bandaids that temporar
ily ease the VLSI design problem. These 
tools are quite useful for moderately sized 
design efforts: the task of designing a chip 
with 200,000 gates is overwhelming if 
each gate, flip-flop or register must be 
drawn. Essentially, schematic capture tools 
are electronic upgrades of the drafting 
boards of a manual design methodology. 

The real solution to the increasing de
mand for custom ICs requires tools that 
remove system architects from logic de
sign. New formulas for VLSI design 
must be truly top-down , to allow engi
neers to exploit their design expertise. 
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32-Bit Microprocessors Support 
Parallelism And Cache 

by Ram Appalaraju 

Today, some 16/32-bit microprocessor
based computer systems are claiming 
performance comparable to minicom
puters. In the future, the threat to higher
end systems will be further compounded 
by the introduction of the next generation 
of 32-bit machines. Manufactured by 
Zilog (Z80,000), National Semiconduc
tor (NS32032), Motorola (MC68020) 
and Intel (iAPX386), the features of these 
processors include full 32-bit address and 
data paths, and the ability to support vir
tual memory. 

The high performance of these pro
cessors is mainly due to three design inno
vations: pipelined architecture, cache 
memory and memory management to sup-
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port virtual memory. In some respects, 
the implementation of one or all of these 
features is unique to the manufacturer. 
For example, the Z80,000 is a six staged 
pipelined architecture whereas the iAPX 
286 implements pipelining in four stages. 
The Z80,000's cache is used both by 
instruction and data whereas the 
MC68020 has a cache exclusively for 
instructions. 

Pipelined Architecture 
Designers of previous generations of pro
cessors have relied heavily on ever higher 
clock frequencies to provide increased 
throughput with more complex instruc
tions and memory systems. However, the 
design considerations of a higher clock 
frequency and the memory speeds re-

quired made such designs expensive. The 
alternative is to implement pipelining 
techniques to minimize the number of 
clock cycles for each instruction. 

Intel's approach to pipelining allows 
the processor to perform four million 
register-to-register instructions per 
second. The 286 processor is pipelined at 
three levels: the memory bus interface, 
functional unit level and within a func
tional unit. Four functional units perform 
one step in the instruction pipeline. They 
are called the bus unit , the instruction 
unit, the execution unit and the address 
unit (Figure 1) . 

The bus unit provides the interface 
between external memory and the inter
nal units. Housed in the bus unit are a bus 
cycle controller and functional blocks for 
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In some respects, the 
implementation of 
pipelined architec
ture, cache memory 
and memory man
agement on 32-bit 
chips is unique to 
the manufacturer. 

implementing code prefetch, and buffers 
to write data from the last instruction . 
The prefetch block holds up to six code 
bytes for the instruction unit. Func
tionally, the bus unit is used by various 
other internal units like the address unit , 
data unit , etc. The prioritizer in the unit 
examines bus cycle requests from four 
sources and prioritizes them according to 
source as follows: HOLD request from 
bus master, processor extension data 
transfer, address unit and code prefetch 
unit. 

The memory bus interface provides 
memory cycle pipelining. This enables a 
faster transfer of information between the 
internal logical units and memory. In the 
286, a data transfer consumes as few as 
two clocks, thus providing a bandwidth of 
8 Mbytes per second. The pipelining is 
achieved by examining the address of the 
next memory cycle while the current 
memory cycle is in progress (Figure 2) . 

An important element of the NS32032 
pipelined implementation is shown in the 
block diagram of Figure 3. An 8-byte 
queue FIFO synchronizes the operation 
of the bus interface unit and the instruc
tion decoder. The effect of this is that the 
instructions are ready to be executed 
when needed by the processor, i.e. the 
fetch time has been overlapped with 
execution of prior instructions. 

The instruction decoder pulls 
instructions from the FIFO, a process 
that requires cooperation with the 
execution unit. As the execution unit 
signals the end of each instruction fetch, 
the decoder begins assembling the next 
one, while the execution unit performs 
the specified operation. When room for 
another 32-bit transfer has been freed in 
the FIFO, the bus interface unit per
forms another read. 
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Figure 2: Pipelining on 
the iAPX 286high per
formance bus involves 
the presence oft he ad- CMD 

dress for the next mem-
ory cycle during a cur- DATA 
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The Z80,000 has a six-stage pipeline 
architecture that performs the functions 
shown in Figure 4. For simpler instruc
tions, all stages of the pipeline (except for 
operand store) are completed in one pro
cessor cycle (two clock cycles). Therefore 
at 10 MHz, the peak instruction execution 
rate is 5 MIPS. In practice the instruction 
execution rate is about one third the peak 
rate depending on the instruction mix and 
system configuration . 

The on-chip cache is time-multiplexed 
between instructions and data accesses 
within the same processor cycle. The 
pipeline then flows smoothly without 
having two stages competing for the same 
resource. Similarly, there are two ALUs, 
one for address calculation and one for 
instruction execution. This eliminates 
sharing a single ALU between the 
address calculation stage and the execu
tion stage. The on-chip translation buffer 
also helps smooth the pipeline flow as the 
address translation is done in the address 
calculation stage without having to go 
off-chip. 

Operand storage is the only stage 
which requires several cycles. Perfor
mance is not seriously degraded, how
ever, because most instructions do not 
store results in memory, and the store 
operation can usually overlap with the 
processing of other instructions. 

Cache Memory 
In spite of pipelining and improved bus 
timing and control, a lot of time is still 

consumed by memory read and write op
erations. To enhance the processing capa
bility of the CPU, cache memory may be 
added between the CPU and the main 
memory. Cache improves performance 
mainly by decreasing memory access 
time. Faster access rate is achieved by 
making a copy of previously selected 
main memory into cache. When a CPU 
needs data or address for execution it first 
checks for it in the cache; ifthe required 
information is found there, fetch time is 
considerably reduced. 

Previously, cache memory has been a 
feature of only larger systems. But the 
advent of VLSI has enabled a single chip 
to incorporate cache, memory manage
ment unit , etc., in addition to the CPU. 

Zilog's 80,000 uses a 256 byte, fully 
associative cache memory to attain an 
access rate of 80 nsec. The cached is or
ganized in 16 blocks each containing 16 
bytes of data. The processor, according to 
Zilog, allows the system programmer to 
cache instructions only, data only, in
structions and data or fixed memory. 

In contrast, the MC68020, uses cache 
only for instruction fetching. The instruc
tion cache is best used when the program 
involves many short branch loops. The 
processor fetches data from external 
memory and executes them through the 
instructions found in the cache (Figure 
5) . Such an organization, according to 
Motorola, assures that only the latest data 
is used in the system where another 
processor or source may modify the data . 

(co11ri1111ed 011 p. 103) 
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In the Z80,000 and the iAPX286 (and 
probably the 386) , memory management 
is on-chip. The NS32032 and MC68020 
are supported byNS32082 and MC68451/ 
MC68851 respectively for memory man
agement. The Z80,000 and NS32082 use 
demand paging while the iAPX286 im
plements memory management by seg
mentation. Motorola can use either 
technique. 

Displacement and 
Immediate Extractor 

o:rn 
A segmented address space is essen

tially a collection of small linear address 
spaces. Segmented addresses consist of 
two components: the segment selector, 
which picks the segment in which a 
datum is located; and the displacement 
selector, that specifies the number of 
bytes from the start of the segment to the 
desired location . 
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Figure 3: The 8-byte 
queue FIFO in the NS 
32032 provides pre
/etched instructions to 
the decoder; fetching 
occurs during execu
tion of the previOU$ 
instruction. 

Some claim that a segmented memory 
is better tuned to the organization of 
modern modular programs and struc
tured data than a linear memory. Since 
the structure oflogical address spaces in 
a segmented architecture reflects the logi
cal structure of the program, mechan
isms for preventing access to segments 
can be used to protect meaningful pro
gram units. 

(et111/illl1t'dfi-0111p. 97) 

The looping mechanism and the cache in 
the 68020 enable custom user-written 
string operations to be executed faster. 
After the first pass, loops need only ac
cess read and write data . In terms of pro
gramming, repetitive operations may 
optimally make use of such a scheme. 
Since the instruction cache organization 
leaves the external data bus free for use by 
another processor or OMA controller in 
the system, performance is further en
hanced . 

Virtual Memory 
In many computer systems, the logical 
address space is far larger than the semi~ 
conductor memory. Virtual memory 
frees the user from limits on physical 
memory size by making the entire logical 
address space appear available. At any 
given moment, only a few pages of the 
logical address space are mapped onto 
physical memory. The other pages, 
stored on a peripheral storage device such 
as a disk can also be accessed in a virtual 
memory scheme. 

Whenever the CPU of a virtual mem
ory system generates a memory address, 
the hardware checks whether that address 
lies in a page in main memory. If it does , 
the address is translated to the appropri
ate physical address. If not , an operation 
called a swap is performed , and the oper-
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ating system software loads the missing 
page from disk . If this operation is per
formed rapidly, the user will have the im
pression of having an enormous physical 
memory. 

There are two distinct approaches to 
swapping: segmentation and demand 
paging. In a demand paged memory, the 
size of the swap is based on a fixed-sized 
unit called a page. Page size is specified 
by the system designer. In a segmented 
memory system, the size of the swap is 
variable, determined by the size of the 
segment . 

Unfortunately, most segmented archi
tectures allow only fewer than 128 seg
ments of 64 Kbytes or less each . This size 
limitation was originated to allow soft
ware compatibility with systems in which 
the entire linear address space was 64 
Kbytes . 

Intel's 80286 operates in two modes : 
iAPX86 real address mode and protected 
virtual address mode. In real address 
mode, programs use real addresses with 
up to I Mbyte of address space. Programs 
use virtual addresses in protected virtual 
address mode. Both modes provide the 
same base instruction set , registers and 
addressing modes. 

Instruction Fetch Instruction Decode Address Calculation 

Program Cache Data Address Arithmetic 
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~ 
Read 

~ 
and Logic Unit 

Increment Microword Translation t"\ 
Cache Tag Generation Lookaside-Buffer 
Compare Tag Compare 

TLB Data Read 

I' 
Operand Fetch Execution Operand Store 
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ALU Execut ion Memory Write 
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Figure 4: The ZB0,000 uses six stages of pipelining; instruction fetch , instruction decode, address 
calculation, operand fe tch, execution and operand store. 
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Figure 5: Cache on the 68020 is for instructions only, important to pro
grams with many short loops. 

Figure 6: Protected mode memory addressing in the iAPX 286 adds the 
32-bit pointer to the 24-bit segment base address to f orm the physical 
address. 

In protected mode, the CPU automa
tically maps 1 Gbyte of virtual addresses 
per task into a 16 Mbyte real address 
space. This mode protects memory to 
isolate the operating system and ensure 
privacy of each task's programs and data. 

As in the real address mode, protected 
mode uses 32-bit pointers, consisting of 
16-bit selector and offset components. 
The selector, however, specifies an in
dex into a memory-resident table rather 
than the upper 16 bits of a real memory 
address, and the 24-bit base address of 
the desired segment is obtained from 
the tables. The 16-bit offset is added to 
the base address to form the physical ad
dress as shown in Figure 6. All iAPX286 
instructions which load a segment reg
ister will reference the memory-based 
tables, that contain 8-byte values called 
descriptors. 

Descriptors define the use of memory 
or new functions for transfer of control 
and task switching. The 286 has segment 
descriptors for code, stack and data seg
ments and system control descriptors for 
special system data segments and control 
transfer operations. Descriptor accesses 
are performed as locked bus operations 
to assure descriptor integrity in multi
processor systems. 

In the demand paged technique, the 
entire logical memory is divided into 
pages of equal size that can be traded 
between mass storage and physical 
memory. The page size is dependent on 
the particular processor. For the 32000 
series, it is 512 bytes and for the Z80,000, 
it is 1024 bytes. 

Minimizing the delays associated with 
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the translation of logical addresses to 
physical addresses has become an impor
tant consideration. In the Z80,000, a spe
cial on-chip translation look-aside buffer 
(TLB) minimizes these delays by storing 
logical addresses and their correspond
ing physical addresses as they are trans
lated through the memory-resident 
tables. Subsequent accesses to the same 
page are simply retrieved from the TLB. 
Only when an entry does not exist in the 
TLB (a TLB miss) must the tables per
form a translation . The 286's TLB can 
hold the 16 most recently referenced 
pages. 

In National's demand-paged approach, 
the NS32032 MMU utilizes an associa
tive on-chip translation cache containing 
the 32 most recently accessed virtual 

280,000 

Technology NMOS 

addresses and their translated physical 
addresses. When the CPU specifies a vir
tual address to the MMU, the address is 
checked for match to an entry in cache. If 
the address matches a cache entry, the 
MMU will check for protection level 
and, if access is permitted, make the phy
sical address available for memory 
immediately. 

In segmented multi-program systems, 
available memory space can become 
fragmented during swapping. This can 
leave inadequate contiguous physical 
memory for a large segment. Because of 
this memory fragmentation problem 
associated with swaps in segment-based 
virtual memory systems, some claim that 
page-based mapping may be more 
efficient. 

NS32032 MC68020 iAPX386 

HMOS XMOS HMOSlll 

Pins per chip 64 68 84 68 

Clock frequency 
(MHz) 10,18,25 6-10 8,10,16 8 

Direct accessible 
memory 4 Gbytes 16 Mbytes 256 Mbytes 32 Mbytes 

Cache memory instructions NO instruction NO 
and data only 

Instruction queue 6 stages 8 bytes 2words 4 stages 
2ALUs 

Extended YES YES YES YES 
processing 

On chip MMU YES NO NO YES 

Virtual memory Paged Paged Paged/ Segmented 
Segmented 

DMA Optional Optional Optional Optional 

Table 1: A comparison of the critical parameters of four 32-bit microprocessors. 
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Attribute Paging 

Page Size Fixed 

Replacement Hardware 
algorithm 

No. of linear 1 
addressing 
spaces 

Ability to protect No 
a procedure 
and data 
separately 

Ability to 
distinguish a No 
procedure and 
data separately 

Fluctuating Cannot be 
table sizes accommodated 

Sharing of 
procedures No 
between users 

Unused 
memory space none 

Since all pages of a demand-paged 
system are the same size, if any physical 
page frame is available, it can hold any 
page being swapped . There is no need for 
the virtual memory management 
strategies to deal with large, odd-sized 
blocks of main memory, or to take into 
account any information about how 
memory will be used by the running task. 

Segnentation 

Variable 

Software 

Many 

Yes 

Yes 

Can be 
accommodated 

Yes 

possible 

32-Bit Choices 

Table 2: There are sig
nificant advantages to 
each of the two schemes 
for virtual memory, 
segmentation and 
demand-paging; the 
choice depends on sys
tem needs. 

The choice of a microprocessor is , to a 
great extent, dependent on application. 
For example, if an application requires a 
high I/O transfer rate, it is best if address 
and data lines are non-multiplexed , as in 
the MC68020. However, multiplexing 
can reduce the pin count and hence the 
chip area . The pin count of the 68020 is 

as large as 84, compared to 68 for the 
NS32032 , which uses multiplexed ad
dress and data buses. 

Various amounts of pipelining, imple
mented on different parts of the system, 
are factors in the speed and complexity of 
32-bit machines. With cache memory, 
not only the size, but also what is able to 
go to cache is important. Cache may be 
for instructions only, as with the 68020; 
this will require some external logic for 
faster access to data . The Z80,000 allows 
a choice of what is in cache: data only, 
instructions only or both . 

Virtual memory management is the 
other critical factor in differentiating be
tween the 32-bit microprocessors. Of the 
discussed , two use external support chips 
for memory management and the others 
have on-chip management. Efficient space 
utilization during swapping with demand
paged schemes is traded off against the pro
tection oflogical segments in segmented 
virtual memory systems. D 
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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 

Write 54 on Reader Inquiry card 

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 -
nucron1c1•1nc 
COMPONENTS DIVISION 

70· D E1hel Road West . Piscataway. New Jersey 08854 
(2011572-9512 
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Extensions And 
Performance Improvements 
Keep Pascal Competing 

The emerging 
Big Three advanced 
languages appear 
to be Pascall 
Modula-2, Ada, 
and Lisp. 

by Michael Cashman, 
West Coast Technical Editor 

In the late '60s, Professor Edsger Dijkstra 
co .. 1plained that we in the computer in
dustry would be headed for a disaster in 
the future ifwc didn't clean up the act of 
programming. 

His specific complaint was about the 
GO TO statement in Fortran (he could 
have cited other examples and other lan
guages). Although the GO 1D statement 
was seen by programmers as very flex
ible, it did encourage "spaghetti coding." 
Programmers could jump all around in a 
program - and did so with great regular
ity. Consequently, programs written in 
this fashion were often impossible for 
their own programmers to debug. This 
was an affront to mathematicians like 
Dijkstra who suggested that we despe
rately needed languages that would en
courage more logica l programming hab
its. Otherwise, the future's more sophis
ticated programming projects would be 
almost impossible to implement. 

Another European professor, Nicklaus 
Wirth, reacted to Dijkstra's vision by cre
at ing what can be termed a teaching lan
guage for demonstrating to students the 
emerging technique which came to be 
known as structured programming. He 
named the language Pascal. Although 
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Pascal is an example of structured pro
gramming, others in the industry (often 
with vested interests) feel that it isn't a 
very good example. At least when ap
plied to "real world" programming prob
lems, they claim Pascal falls short. 

The language does have its shortcom
ings , but so do all languages. Even Wirth 
moved on to an expanded, updated lan
guage which is very Pascal-like, which 
will be discussed later. But there is a large 
pool of university-trained programming 
talent that has grown up on Pascal and 
learned to minimize or work around the 
language's shortcomings. 

Extending Pascal 
"If I were constructi ng a relatively com
plicated program for industry and had a 
good idea what it would look like, no 
doubt I'd program that application in 
Pascal. But if it were a very complicated 
experimental system and I wasn't too sure 
whether it could be done, l'd program it 
in Lisp," says Dr. Terry Gray, head of 
UCLA's Center for Experimental Com
puter Science. Dr. Gray states that he 
wouldn't have been able to make that 
statement a year ago, before performance 
and programming improvements were 
made to the language. One of the compa
nies specifically mentioned by Dr. Gray 
as contributing to this cond ition is Bor
land International (Scotts Valley, CA). 

Philippe Kahn , President of Borland , 
feels that Pascal is a very good program
ming language, but that it needed to be 
extended. He was frustrated with using 
the Pascal implementation made popular 
by the University of California at San 
Diego and set out with others to create a 
better one. 

This product , called Turbo Pascal, is 
generating new interest in the language. 
First , Kahn defined the set of extensions 
he felt the language needed to be a more 
powerful program development tool. 
These included: 
• absolute address variables 
• bit/byte manipulation 

• direct access to CPU memory and 
data ports 

• dynamic strings 
• free ordering of sections within dec

laration portion 
• full support of operating system 

facilities 
• in-line machine code generation 
• include files 
• logical operations on integers 
• program chaining with common 

variables 
• random access data files 
• structured constants 
• type conversion functions 
• automatic overlays 
• windowing (for IBM PC XT, or jr. 

and true compatibles) . 
In three man-years, Turbo Pascal was 

written in assembler code for Z-80 and 
8088/8086-based microcomputers, with 
support for the 8087 co-processor on the 
way. The one-pass compiler generates 
native code for machines running the 
CP/M. CP/M-86, and MS-DOS/PC-DOS 
operating systems. Turbo Pascal requires 
only 35 Kbytes of disk space, compared 
with 129 to 300 Kbytes for competitive 
products, and thi s includes a full-screen 
editor. Finally, sensing that the features 
contained in Tu rho Pascal might make it 
a very popular software product , Kahn 
priced it at $49. 95. 

It always seems that compilers which 
compi le and I ink code relatively fast tend 
not to provide comparable run-time per
formance, but that isn't the case with 
Turbo Pascal. For example, Turbo Pas
cal's compile and link speed on the Eight 
Queens program contained in Nicklaus 
Wirth's book ''Algorithms + Data Struc
tures = Programs" yie lds the (cla imed) 
performance values in Table 1. 

"I won't claim we've made any revolu
tionary advances in compiler design," says 
Kuhn. "I just think that the product man
agers at the other companies have either 
forgotten or never knew what a compiler 
shou ld be. Other products are relatively 
inefficient; they are the result of poor 
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"1 programming habits , and they appear to 
be committee compromises. A compiler 
must be an effective tool : It must be fast 
and interactive, it must be one-pass, and 
the user interface must be good." 

... 
Pascal-Like Language 
Languages have their supporters and 
their detractors. Dick Heiser is a Cali
fornia-based computing consultant who 

"' may be putting recent Pascal develop
ments in a fair perspective. "I feel Pascal's 

" prime time has passed . Some of these re
cent developments , like Turbo Pascal , 
should have come out some years ago. 
Even Pascal's creator [Wirth] , after creat
ing advanced versions of Pascal , went on 
to create new languages which can only 

t- be described as being Pascal-like." 
The latest of these languages is Mod

ula-2. While some fatal shortcoming can 
be observed in seemingly any program
ming language, about the only criticism 
lodged against Modula-2 is that it isn't yet 
popular. (n creating Modula-2 , Wirth 
didn't just engage in an exercise to fix 
every alleged shortcoming of Pascal . By 
this time (1977), he had years of experi
ence in struggling with the problems of 
attempting to apply structured, logical 
programming techniques to real-world 
computing problems. 

Modula-2 uses self-contained modules 
to solve many of the problems inherent in 
Pascal . The programming statements 
themselves look very similar to Pascal, 
and it's claimed that Pascal programmers 
can be up and working in Modula-2 
within hours and proficient within a 
week. A similar learning curve is claimed 
for C programmers. 

Volition Systems (Del Mar, CA) is the 
first commercial vendor of Modula-2. 
Versions are supplied for the Apple II, 
Ile, and III ; IBM PC and XT, and the 
Sage II and IV. Modula-2 in this imple
mentation is not just a compi ler; rather it 
is a total integrated development system. 
It contains the Modula Operating System 
similar to Apple Pascal . For example, in 
the IBM PC and XT implementations, it 
runs as a subsystem under PC DOS 2 .0, 
and permits programs to transparently 
access DOS data files. Features of this 
product include: 
• interrupt support (except Apple III) 
• one-pass Modula-2 compiler 
• syntax error messages displayed with 

erroneous source 
• conditional compilation 
• no module linking required for 

compilation 
• source compatibility between Apple, 
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IBM and Sage 
• comprehensive module library and 

library manager utility 
• text editor (ASE'") 
• program development utilities for 

the IBM and Sage 
• a set of 48 sample and tutorial pro

grams, and 
• documentation, including an intro

duction to Modula-2 
One especially nice feature of this sys

tem is called p-Shell. p-Shell is a collec
tion ofModula-2 programs that provide 
a UNIX-like programming environment. 
It consists of a command shel I and several 
commonly used UNIX commands. The 
shell supports UNIX-like features that in
clude wildcards, scripts, and input/output 
redirection . Although the pipes feature is 
implemented as intermediate files, it's 
claimed that it offers approximately the 
same level of efficiency as UNIX' pipes. 
Pricing for Modula-2 begins at $295. 

Both Heiser and UCLA's Gray feel that 
this is a system to watch over time. "Just 
solving the problem of how to store local 
variables was a big step in qualifying this 
language for financial applications, 
which are miserable to accomplish with
out this capability," says Heiser. 

The conversion, if it 
can be called that, 

from Pascal to 
Modula-2, doesn't 

seem very great. 

language is criticized by almost everyone 
as trying to be all things to all people, but 
the power of government to mandate its 
usage in defense applications is compell
ing use, if not acceptance. 

Pascal's Future 
For now, Pascal , a language that industry 
charged (with some fairness) as being out 
of touch with real-world applications, yet 
become so widely taught inside the uni 
versity community, seems to have gotten 
its second wind . At the least , this will 
lead to more converts for a language avant 
garde theorists feel should pass from the 
scene. Still, the conversion, if it can be 

Turbo Pascal IBM Pascal Apple Pascal Pascal MT+ 

compile/link 1 sec . 97 sec. 14 sec. 90 sec. 

execution 2.2 sec . 9sec. 65 sec. 3sec. 

Table I: A comparison of the performance of Turbo Pascal with three other microcomputer ver
sions of Pascal running "Eight Queens"shows its great speed advantage for both compile/link 
and execution . 

Lisp, Ada Gain Ground 
UCLA's Gray likes Modula-2 , but feels 
that interest is swinging toward Lisp and 
its variants and also mentions Ada. "For 
example, Pascal seems to be oflittle or no 
interest at MIT. There, Lisp is the lan
guage that is taught." While this language 
is closely associated with artificial intel
ligence research, it is by no means limited 
to these exotic applications. Gray sees its 
influence spilling over into more gener
alized applications despite the fact that 
Lisp lacks the strong advantage Pascal 
features in rigorous data typing. Lisp, of 
course, is typically interpreted; only 
recently have compatible Lisp compilers 
and interpreters become available. 

According to Gray, Ada is coming on 
strong, with heavy usage building in the 
aerospace community. This particular 

called that , from Pascal to Modula-2 , 
doesn't seem very great. In fact, Borland 
International is thinking of developing 
Modula-2 and C compilers that it feels 
wi ll complement, rather than compete 
with, its Turbo Pascal. 

Systems implementers should care
fully evaluate these advanced languages 
and analyze whether it is time to convert 
to a language that simplifies the system 
development process and overall product 
reliability. D 

How useful did you find this article? 
Please write in the appropriate number 
on the Reader Inquiry Card. 

Very Useful . 
Useful . 
Somewhat Useful . 
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MARKET TRENDS 

Marketing The Integration Solution 

Market window pressure on design cycles 
is encouraging companies to invest in 
computer-aided engineering and design 
systems. Some companies have auto
mated the individual stages in the elec
tronics development cycle, but bottle
necks invariably develop in transferring 
between those automated systems. 

Racal-Redac (Westford, MA) has re
cently introduced their CIEE (Computer 
Integrated Electronic Engineering) sys
tem to provide integration ofCAE, CAD 
and CAM. Running on industry-standard 
hardware, including the VAX, Apollo's 
CAE and graphics workstations and the 
IBM PC, CIEE provides specific soft
ware packages for each stage of the de
sign cycle, integrating these packages 
with a relational database. 

The CIEE system enables an engineer 
to conceptualize and create circuitry on 
a workstation and then simulate its perfor
mance before design commitment. The 
same system supports the design phase for 
PCB, hybrid, gate array, standard cell and 
full-custom circuitry. As other Racal-Redac 
systems, it provides both automatic and in
teractive facilities for maximum design pro
ductivity. CIEE also provides a range of 
outputs for manufacturing, including NC 
drills and profilers, pattern generators, 
automatic component insertion and auto
matic test equipment. This single system 
thus brings a circuit from concept through 
design , manufacture and test. 

A key feature of CIEE is its relational 
database which enables data transfer be
tween all workstations and software 
packages. The database can be used to 

Racal-Redac's CIEE 
engineering design 
software being dis
played on an IBM PC 

establish job files containing all the per
tinent information on the status of indi
vidual jobs and allows the creation of 
authorization levels and procedures for 
management control and project man
agement. The database also allows data 
transfer to existing office and CAD sys
tems, for full integration. 

Racal-Redac's marketing agreement 
with Apollo Computer represents the 
first time such an extensive range of ap
plications software for the electronic 
design process - including integrated cir
cuit and printed circuit board de
sign - has been integrated into one 
package on Apollo's DOMAIN worksta
tions. While the VAX brings high speed 

and the capacity to handle complex com
putational programs, the Apollo worksta
tions offer a flexible environment through 
the DOMAIN network . 

CIEE products will become available 
over the next six to nine months . Circuit 
design and data capture facilities on the 
IBM PC will be available in September 
1984. Circuit design , analysis and 
simulation will be available on Apollo 
workstations in October 1984. The com
plete range ofCIEE software, including 
full-custom , standard cell, gate array and 
an alternative PCB design package will 
be available in the second quarter of 1985. 

- Hanrahan 
Write236 

AT&T PC Coexists In MS-DOS/UNIX Environment 

AT&T's complement to the previously 
announced 38 line of superminis and 
supermicros is the PC6300, a personal 
computer which rounds out AT&T's 
"blueprint for the future;' the Information 
Systems Architecture. AT&T has offored 
an answer to the IBM PC by designing its 
machine in MS-DOS with capabilities to 
access a UNIX environment. 

AT&T particularly emphasizes the new 
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PC working in tandem with the 382, a 
multi-user, multi-tasking 32-bit UNIX
based supermicro that is of desktop 
dimension and accommodates up to 18 
users. Through a device called a Context 
Switch, a user can switch between a PC 
application and terminal emulation mode 
for access to outside applications while 
suspending the PC application. This 
capability allows the advantages of UNIX 

to be accessed from an MS-DOS envi
ronment, thus protecting the large 
installed base of DOS programs and , at 
the same time, offering opportunities to 
use the coming influx of UNIX software. 
With the Context Switch the user can 
operate a PC as a stand-alone MS-DOS 
system or a dumb UNIX terminal. 

Jack Scanlon , Y.P. of the AT&T Com
puter Systems Division, described cor-
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porate strategy as "UNIX all the way 
down to the PC" stating that it is qu ite 
natural to expect UNIX on any box that 
AT&T offers. A UNIX-based PC is ten
ta ti vely scheduled for int roduct ion in 

6502 64K COMPUTER-CONTROLLER 
The model 83-230 single board computer 
has 55K of dynamic RAM , up to BK of 
EPROM, four parallel ports, 1 serial RS232 
port, and four timers. This 4.5" X 6.5" 
computer uses the 44 pin AIM bus. This 
computer was designed to be used as an 
industrial controller. A 2716 monitor EPROM 
is available for $19.95. Bare board for 
$49.95 or assembled and tested for $299.95. 

John Bell Engineering, Inc. 
1014 Center Streel 

San Carlos. CA. 94070 
(415) 592-8411 

Write 61 on Reader Inquiry Card 
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MARKET TRENDS 

the fa ll. 

771e AT&T PC6300op
erates in MS-DOS yet 
can act as a UNIX 
dumb terminal. 

AT&T will continue its strategy of an 
open architecture approach by encourag
ing OEMs to design specific interfaces 
either with the PC or the 382, part icu-

larly in the area of specia l communica
tions dev ices or interfaces to various peri
pherals. Scanlon emphasizes AT&Ts com
mitment to open architecture by encour
ag ing OEMs, "We're very happy to pro
vide them with all the bus specs and tech
nical ass istance to des ign their interface." 

The 6300 is built on Intel's 8086, 
clai ming an 80% operati o n speed 
increase over the comparable IBM PC's 
8088. Seven usable expansion slots a re 
offered , six slots include hard di sk con
figuration. A 16 to 8 bit data bus con
verter allows use of industry standard 
8-bit expansion boards fo r communica
tion interfaces. The memory available on 
the 6300 is either 128K expandable to 
640K or 256K expandable to 640K. 

The display resolution is higher than that 
of the IBM PC; PC-DOS compatible col
or graphics are 320 x 200, while the pro
prietary display resolution is 640X400. 

The PC6300 is now avai lable and is 
priced at $2,745 up to $4,945 with addi 
tional memory. - Hanrahan 

Write 235 

Eat Your Heart Out, Prolog! 

• Lower price 
• Longer life 
• Mix RAM, ROM, or 

EPROM on one card 
•Full STD BUS 

compatibility 
• Proven long term 

reliability 
• Delivery from stock 

STD BUS 
64 K 
CMOS 

105 S. Main Street 
Greer, S.C. 29651 

803-877-7471 

Write 60 on Reader Inquiry Card 
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APPLICATIONS NOTEBOOK 

Medical Device Uses In-Circuit Programming 

A "state-of-the-art" solution to the unique 
programming needs of a manufacturer of 
implantable medical devices has been 
implemented by Medtronic, Inc. (Minne
apolis, MN). Medtronic selected the 
Data I/O 156A In-Circuit Programming 
System to program its Memory Mod soft
ware cartridge for system flexibility and 
ease of use. 

The Memory Mod is a small , 56 Kbyte, 
EPROM-based memory cartridge con
taining seven 27C64 EPROMs plus inter
face circuitry. The cartridge was de
signed to plug into a Medtronic cardiac 
pacemaker programmer. The 156A makes 
it possible to program eight of the Mem
ory Mod cartridges at once. The system 
will also allow Medtronic to program 
loaded circuit boards simultaneously 
instead of programming individual, or 
batches of individual EPROMs to be 
placed onto circuit boards later. 

The system was also chosen because it 
was relatively simple to adapt the 156A 
electrical and mechanical design to create 
the programming interface. Medtronic 
engineers created the basic design with 
assistance from Data I/O over a three
month period. The software-based oper
ation makes the 156A easily adaptable to 
future applications, which include plans 
for use with two other medical instru
ments within the next year. The CRT dis
play and full typewriter keyboard opera
tion make for easier use. 

In the early stages of its development, 
the MemoryMod was programmed singly 
with a Data I/O Model 19 that was espe
cially modified for Medtronic's Memory
Mod application . Switches on the modi
fied Uni?ak selected one of seven 27C64s 
to be programmed. The production 
schedule required a less time-consuming 
system making it possible to program 
many parts at one time. In the near future 
Medtronic will be able to download the 
data from an HP64000 microprocessor 
development station directly to the 156A 
via its RS-232 port , making future 
software changes simple to make. 

Specifications for the MemoryMod 
called for a part that is small , low power 
and user replaceable. In addition , the car
tridge must interface to an NSC800 
CMOS microprocessor. In order to meet 
the initial requirements, Medtronic chose 
EPROMs ratherthan masked ROM. The 

110 

7he MemoryMod is used for the Medtronic Model 9710 pacemaker programming system. 

EPROMs provide a memory module 
with -the flexibility to respond to pro
ducing not only production quantities of 
parts, but quickly producing small quan
tities of parts to support clinical studies. 
EPROMs also provide the quickest 
method for producing Memory Mods and 
getting them to physicians following a 
clinical study and FDA approval , Med
tronic is able to program the part and 
avoid the time delay associated with 
masked ROM . The customer can then 
return his current part which can be 
erased, tested, and reprogrammed. 

7h.e Medtronic Mem
oryMod is a small 56 
Kbyte, EPROM-based 
memory can ridge con
taining seven 27C64 
EPROMs plus inter
fa ce circuitry. 

The Memory Mod was designed to in
clude on-board address/data demul
tiplexing and a bidirectional data bus to 
accommodate the EPROM program
ming write cycle. Low power compo
nents were required because the device 
was to be battery powered. This require
ment was met by using Fujitsu 27C64 
EPROMs and 7400 series high-speed , 
CMOS circuits for the interface. 

Medtronic was able to accommodate 
the small size requirements by using 
EPROM and interface !Cs in die form and 
having them wire-bonded to a ceramic 
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Introducing the Data 1/0 156A 
In-Circuit Programming System. 

Data I/O's 156A is the first fully 
automated programming system spe
cifically designed for in-circuit EPROM 
programming. It gives you all the relia
bility and cost efficiencies of program
ming fully loaded circuit boards in a 
single operation-instead of program
ming batches of devices for stuffing 
into circuit boards later. 

Up to eight boards at once. 
Cost-efficiency is a major 

bonus with the 156A. It handles 
up to eight identical boards 
at a time, each with up to 
96 installed 27128s-or 
over 1.5M bytes per 
board. A 64-board 
software option will 

also be available. 
Devices in all kinds of packages 

can be programmed, including stand
ard 600-mil-wide DIPs, chip carriers, 
hybrids and flat packs. 

A new way to reduce costs. 
Since the 156A programs EPROMS 

after they're loaded, it reduces 
handling and eliminates 
the need to maintain 
an extensive and costly 

inventory of sockets 

and pre-programmed EPROMs. 
Programming in-circuit also lets 

you update, reprogram or change 
your product mix without removing, 
handling and reinserting devices. 
Even if you have only one EPROM to 
reprogram per board, the time and 
money you save by avoiding these 
steps can add up fast. 

Call toll-free 1-800-426-1045 
for more information. 

Talk to a Data 1/0 representa
tive today about programming the 

whole instead of programming 
the parts. With the Data 1/0 

156A it's not only possible .. . 
it's easy. 

Data 1/0 Corporation . 10525 Willows Road N.E .. C·46, Redmond, Washington 98052. For immediate action . contact us DATA l~O 
directly, CALL TOLL FREE : 1·800·426· 1045. In Washington. Alaska and Hawa11. call 206·881 ·6445. Europe : Vondelstraat 50·52. 

1054 GE. Amsterdam . The Netherlands, Tel : (20) 186855. Germany GmbH : Bahnhofstrasse 3 , D-6453 Sehgenstadt. 
West Germany. Tel : (6 182) 3088. Japan : G1nza Orient Building 6-F, 8 ·9· 13. Ginza Chuo· ku . Tokyo 104. Japan. Tel : (03) 574-0211 . 
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APPLICATIONS NOTEBOOK 

substrate. The part meets environmental 
requirements for storage and operation of 
the device, and the circuitry is hermeti
cally sealed with a sapphire window for 
ultraviolet penetration. This exotic form 
of high reliability packaging was pro
duced for Medtronic by Teledyne Micro
electronics (Los Angeles, CA). The re
sulting part has a 25-pin, sub-miniature 
D connector and dimensions of 2.9 x 
1.35 x .24 inches and is contained in a 
plastic case that is 3. 2 x 1.7 x . 38 inches. 

The Memory Mod is used for the Med
tronic Model 9710 pacemaker program
ming system which consists of the pro
grammer, printer and transmitting head. 
The system was designed to fit into a 
small attache case for easy portability and 
storage. Criteria for creating the 9710 sys
tem were based on input from physicians, 
who indicated they wanted a simple to 
use, compact and updateable system. 

With the programmer, implanted pace
makers can be reprogrammed from out-

side the body as the patient's needs 
change. The physician can use the Med
tronic Model 9710 programmer with all 
present and future Medtronic pace
makers by replacing the MemoryMod 
cartridge. Earlier programmers could not 
be updated to interface with new pace
maker models. 

Medtronic produces neurological sys
tems, mechanical heart valves, and in
strumentation for medical diagnosis and 
monitoring. Write 218 

Fiber Optics Joins Advanced Microcontroller 
In Distributed Workstation Architecture 

When interfaces between the components 
of a workstation are not general purpose, 
the system designer may find product 
evolution difficult. Connecting cables 
between modules may be expensive in 
terms of material and labor. The ubiqui
tous RS-232C interconnect is insufficient 
for such designs. Cabling itself can lead 
to EMI and data security problems. In 
addition, low data rates between modules 
are often a system performance limiter. 

A workstation design which over
comes these drawbacks while keeping 
modular system design advantages is 
illustrated in Figure 1. This design uses 
an advanced central microprocessor, 
the Intel 80186, 16-Bit microprocessor, 
to provide a highly integrated system 
console. 

The main system console consists of an 
iAPX 186 microprocessor CPU with up 
to l Mbyte of DRAM controlled by an 
8208 DRAM Controller. The 8208 
DRAM Controller directly drives 
memory and provides refresh and timing 
control. An 8MHz 80186 allows use of 
150 ns DRAMs with the 8208 to provide 
zero wait state performance. The remain
der of the system console consists of two 
boot/diagnostic EPROMs, system real 
time clock, disk interface, and the pri
mary serial station which links each pe
ripheral subsystem. 

The disk interface subsystem uses an 
82062 Hard Disk Controller to support 
up to four disks, and an 8mA Floppy 
Double Density Disk Controller to sup
port up to four floppies. OMA support 
for the disk subsystem is provided by one 
80186 OMA channel. This OMA chan-
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Figure I: System block diagram illustrates workstation designed around the Intel 80186, plus 
a distributed peripheral architecture providing system modularity. 
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VMECPU 
• 68000 CPU, 8MHZ 
• 16 BIT, 256 KBYTE RAM 
• SERIALl/O 
• PARALLEL 110 
• FLOPPY DISC CONTROL 
• MEMORY MANAGEMENT UNrr 

(UNIX) 

Electronic Modular Systems, Inc. is proud to offer 
the VME System you've been waiting for. Solely by 
connecting to a terminal and one or more floppy ~--' 
disc drives, the VMEbus CPU board Model CPU-1 
from EMS can be transformed into a highly
compact 68000-based microcomputer system 
which supports either CP/M 68k or UCSD. The 
heart of the system is the 16 bit microprocessor 
68000, and the CPU board forms the basis of 
a microcomputer system with minicomputer 
capability. In addition, the system supports the 
multi-user operating system UNIX System Ill Ver
sion 7, including the Berkeley enhancements. The 
bus interfoce on the CPU board fully implements 
VMEbus specifications. If a multi-processor system 
is required, several CPU boards can be connected 
to the bus simultaneously. This very powerful 
operating system allows practically unlimited 
applications both in commercial and in scientific 

and technical fields. 

VMEHDC VME-ICC DIN CONNECTORS VME BUS 
• HARD-DISC CONTROLLER 

4 x 5V• DRIVES 
• SEAGATE ST 506 INTERFACE 
• 8809CPU 
• INTERRUPT LEVELS/VECTORS 

ARE PROGRAMMABLE 

• ZBOCPU 
• 4 SERIAL RS 232C PORTS 
• 1 PARALLEL PRINTER PORT 
• BUFFER, MAX 12 KBYTE 
• 4 KBYTE DUAL PORT RAM 
• ARMWARE OPTIMISED FOR UNIX 

• COMPLETE LINE 
• PRESSffi 
•SOLDER 
•STOCKED 

Currently seeking agents in Chicago, California, and Massachusetts. 

Ciii§ ELECTRONIC 

I MODULAR C SYSTEMS INC. 

• 5, 9, 20 SLOTS 
• P1/P2 
• ELECTRICALLYTESTED 
• SOLDERLESS PRESS m 
• REPAIRABLE 

4546 Beltway Dallas, Texas 75234 (214) 392-3473 



APPLICATIONS NOTEBOOK 

nel is multiplexed between the hard and 
floppy disks as needed. Using this inter
face for bulk transfers leaves the serial 
peripheral loop free to support CRTs, 
keyboards, printers, plotters, and special 
1/0 devices . 

Up to this point , the system architec
ture is conventional , using highly inte
gr;i ted VLSI components wherever pos
sible to provide CPU, memory, and disk 
resources . All other peripherals , which 
would normally reside on the CPU bus 
arc distributed across a serial link . The 
peripheral link in this design is a high 
speed (375K baud) , low cost , self
clocked serial path using SDLC loop 
protocols for link control. Loop architec
ture combined with self-clocked data 
allows a single data path to link all system 
modules. 

The primary SDLC station residing on 
the main system console is based on 
Intel's 8044 microcontroller. This 8044 is 

Figure 2: Th e 8044 Primary Sration Su/J
svste111 . 

dedicated to running the serial network 
and driving the 186 data and command 
interface. The 8044 to 80186 hardware 
interface is detailed in Figure 2. One 186 
OMA channel drives the send/receive 
ports to the 8044. In turn , the 8044 
handles the data and command ports 
from the 186 and provides serial loop 
control. The 8044 can pre-process 
incoming data or format outgoing data for 
specific device requirements. For 
instance, format conversion to suit a 
particular printer can be handled here, 
with the details hidden from the main 
CPU. Serial loop transmit and receive 
functions are handled by the 8044's Serial 
Interface Unit , thus reducing the commu
nications processing load and increasing 
system throughput. 

Until recently this type of peripheral 
link was too expensive for attaching low 
cost peripherals such as dumb terminals 
or inexpensive dot-matrix printers. Using 
the 8044 microcontroller for link control , 
as well as the peripheral function , solves 
part of the interconnect problem. Prob
lems of cabling cost , size, EMI, and data 

rate support must also be addressed. 
Since Intel has a loop configuration for 
peripheral interconnects, fiber optics is 
a good transmission medium. This re
duces system restrictions concerning 
module placement, eliminates possible 
cable EMI problems, and provides excel
lent data security. 

Recent advances in low cost , high per
formance fiber optic transmitters/receiv
ers have significantly reduced cost for this 
type of interconnect. These components 
plus inexpensive plastic duplex fibers 
are fine for data rates and distances used 
in this design. Such devices are avail
able from Hewlett-Packard Opto elec
tronics in their HFBR series , and from 
Motorola's Fiber opt ic Low-Cost System 
(FLCS). Prices for the transmitter/re
ceivers in these lines are competitive 
with standard RS-232C drivers. HFBR-
1502 transmitter from Hewlett-Packard , 
combined with the HFBR-2502 receiver, 
can support data rates of 1 Mbaud up to 
22 meters. This is the device selected 
for peripheral interconnects. Figure 3 
shows the interface between the 8044 

<J DREQ1 
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APPLICATIONS NOTEBOOK 

The 8044 Sub-System Controller 

The 8044 is a complete peripheral sub-system controller 
(Figure 1). It contains CPU, program memory, data memory, 
parallel 1/0, timer/counters, plus a serial processor which 
directly supports the high speed SDLC serial interface on a 
single chip. CPU and peripheral functions are identical to the 
8051 single-chip microcontroller except for a larger data 
memory (192 bytes) and special HDLC/SDLC serial processor. 

The serial port or Serial Interface Unit (SIU) is a processor 
in it's own right and operates concurrently with the CPU, off
loading most of the SDLC link control tasks. The SIU imple
ments a SDLC protocol subset directly in hardware, and 
contains on-chip support for SDLC loop mode used in this 
application. The SIU responds to polling sequences from the 
primary station automatically. A complete frame may be trans
mitted in response to a poll with no intervention from the 8051 
CPU. Acknowledgement of received frames is also handled 
transparently by the SIU processor. This ''.A.uto" mode provides 
fast turnaround time and a simplified software interface to the 
serial link. In Auto mode the 8044 acts as a normal response 
mode secondary station adhering strictly to IBM's SLDC 
definitions. 

The Serial Interface Unit (SIU) to 8051 processor interface 
is through dual-port RAM and registers. This allows the SIU 
to run concurrently with the main 8044 CPU. The SIU can be 
programmed to act as either primary or secondary station of 
a SDLC loop. In this application, the system console 8044 acts 
as primary station, and each peripheral system 8044 acts as 
a secondary station. These secondary stations run in ''.A.uto" 
mode, supporting many automatic communications opera
tions without CPU overhead . 

To receive a frame in Auto mode, the CPU writes a buffer 
start address and receive length into two on-chip registers. The 

Figure 1: 8044 block diagram. 

External 
110 
Interface 

SIU receives the frame, verifies the Frame Check Sequence, 
examines the control byte, and takes appropriate action. If the 
frame is an information frame, the SIU will load the receive 
buffer, interrupt the CPU (to have the receive buffer read), and 
issue the acknowledgement to the primary station auto
matically. 

To send a frame, the CPU fills the transmit buffer and writes 
buffer start address and length into two on-chip registers. The 
SIU sends the frame, complete with proper sequence 
numbers, when the Go Ahead flag is received. After the frame 
is transmitted the SIU waits for acknowledgement. If the 
acknowledgement is negative the frame is retransmitted, 
otherwise the SIU interrupts the CPU to signify transmission 
is complete. This entire sequence occurs without intervention 
by the 8051 CPU. 

and the fiber link. 
The physical interconnect mechanism 

for the loop consists of two fiber strands, 
one for inbound and one for outbound 
data. Each module interconnect uses an 
optical receiver to accept loop data, with 
an optical transmitter providing the link 
to the next station. A switch in each 
module connector identifies the final out
bound module by absence of additional 
cable connections, and turns the inbound 
route back to the main system console, 
via the inbound fibers. This daisy chain 
arrangement allows simple physical bus 
construction of the logical SDLC loop 
and supports automatic reconfiguration 
of the peripheral network . To add a pe
ripheral to Intel's workstation, simply 
attaching the snap-in cable at the end of 
the daisy chain extends the loop to sup
port the new device . 

keyboards, several printers, plotters, and 
other specialized devices . Some of these 
devices will be designed with the 8044 as 
the total solution, such as the dumb CRT, 

keyboard and printer. 
- Michael K. Webb, 

Intel Corporation 

Write224 
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The system supports multiple CRTs, 

Figure 3: The 8044 link to optical interconnect. 
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NEW PRODUCTS 

CAE/CAD WORKSTATION 

T
he Saber Station is a CAE/CAD 
workstation whose application 
processor utilizes the National 

STRUCTURED ANALYSIS TOOLS 

The Structured Analysis Tools are targeted to 
provide front-end system and software requirements 
definition through graphic editing, error checking. 
error correcting and data output techniques. The SA 
Tools include a graphic editor which allows the entry 
and modification of data flow diagrams, and formats 
the diagrams in accordance with SA notation. 
Another tool checks for errors such as undefined 
data paths and syntax errors in the data dictionary. 
A third checks the consistency of the analysis. 
including relationships between elements at differ
ent levels in the hierarchy. A formatting tool allows 
the analysis to be output to color copiers and plotters. 
Price is $9,500. Tektronix, Beaverton. OR 

Write 135 

OPERATING SYSTEM 

The XELOS Operating System is a UNIX System 
V derivative for the Perkin-Elmer Series 3200 
family of superminicomputers. XELOS software 
includes the Menu Maker interface to create menus 
that customize XELOS based application systems. 
The XE LOS operating system includes the standard 
AT&T command interpreter shell. as well as the C 
Shell from the University of California at Berkeley. 
Users who so wish can augment or replace these 
shells with customized interfaces. C and 
FORTRAN-77 compilers. a Series 3200assembler. 
and a symbolic debugger are included in the software 
development too is packaged into the XE LOS oper
ating system. The Source Code Control System and 
Make Facility were designed for software develop
ment and maintenance. Perkin-Elmer, Oceanport. 
NJ Write 144 
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Semiconductor NS32032 32-bit micro
processor. Operating at a 10 MHz clock 
rate , it executes an instruction set at l.2 
MIPS. It provides demand-paged virtual 
memory and a hardware floating-point 
co-processor. Industry-standard Berke
ley UNIX is provided. The workstations 
graphics processor uses a 32-bit , 20 
Mbyte per second op-code/data bus 
structure. Image memory is 1664 x 1248 
pixels, producing a 2-megapixel display. 
The basic system is available with two
to-eight image planes per pixel. The 
expanded system allows expansion ofup 
to 24 image planes and a color pallet of 
16 million colors. Price is $40,000. 
Saber Technology, San Jose, CA 

Write 128 

SOLIDVIEW SYSTEM 
This 1280 x 1024 version of Lexi data's Solidview 
display system ge nerates line drawings and solid 
images. The Mode l 34SV-3 has eight image planes, 
a 12-plane depth buffer, a color look-up table capa
ble of displaying 256colors simu ltaneously. a serial 
communications processor. and a 19" color 
monitor. Options include paralle l interfaces to 
several minicomputers. three-ax is joystick, data 
tablet. and keyboard . Price is $39.500. Lexidata ,_ 
Billerica. MA Write 138 

PERSONAL ENGINEERING 
WORKSTATION 

The EAS/300 personal workstation provides an inte
grated environment for electronic design when 
linked with the EAS/770 workstation and PCX soft
ware. Net-list data can be extracted from various 
levels of the hierarchy to feed data for logic simu
lation , or for physical board layout via an integrated 
EAS/700 PCB CAD system. The EAS/300 is based 
on the IBM personal computer. EAS offers the 
product as a complete turnkey workstation, or will 
provide upgrade hardware and software kits for 
customer-owned IBM PC/XT computers. A typi 
cal hardware configuration includes 640K of RAM. 
hard disk . color monitor. graphic mouse . serial 
interface and network controller. The IBM-DOS 2.1 
operating system is included . EAS, Boston . MA 

Write 133 

H P-BASED CAD SYSTEM 

Artech is a CADD workstation that includes a 32-bit 
Hewlett-Packard computer and can be connected in 
a network . The sys tem displays two- and 
three-dimensional images on a 19" color sc reen , and 
utilizes a graphics tahlet. A fully configured system 
includes workstation , dual disk drive. a D-size plot
ter. and SKOK's Arplan two-dimensional design and 
drafting software. Price is $27.000. Skok Systems, 
Cambridge, MA Write 139 

SPEECH DATA ENTRY SYSTEM 

The Model 3015 voice data entry system allows four 
users to share one speaker dependent. continuous 
speech processor. The system is able to connect to 
any computer that supports RS-232C interfaces. 
The Model 3015 has a vocabulary of 360 words. 
which can be divided among four users to supply 
them with independent application vocabularies of 
90 words each. Users enter data sequentially and the 
system recognizes the current user by processing the 
input through a speech input multiplexo r. which 
transfers the input to the single speech processor. An 
applications interface provides buffering and mes
sage table translations . in addition to interface con
trol to the user's host computer system. Verbex, 
Bedford. MA Write 132 
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INTRODUCING THE VQ-11 SE RI ES . .. 

• 

THE " RSATI LE 
. Q-BUS SYSTEM PACKAGE 

~i 

IT SAVES YOU TIME AND MONEY! 
The VQ-11 series is a complete family of Q-bus 
system packages which is compatible with the DEC 
Micro/PDP-11. The VQ-11 combines all the benefits 
of a custom-configured system with the pricing 
and delivery of a standard product. 

The design of the VQ-11 pro
vides the ultimate in mass 
storage versatility. It 
accomodates almost 
any combination 
of winchester, 
floppy and tape 
drives. The three 
systems shown 

The VQ-11 concept encompasses a wide spectrum of 
Q-bus system packages from fully integrated (computer 
and mass storage) systems to expansion chassis for 
card cages and/or mass storage. Zoltech will provide 

the VQ-11 in configurations ranging from empty 
metal shells for the OEM to complete 

turn-key systems with 
.. peripherals and 

application software 
for the end-user. 

Zoltech will build 
custom VQ-11 systems 

to fit your requirements, 
whether you want one or 1,000. 

~~::::~~~~~~~~~~!Jbl All this at a competitive price! 
Zoltech also offers a wide selection 

significantly different configurations. 
of Q-bus compatible hardware, software 

The flexibility of the VQ-11 does not stop with mass and systems. Call or write today. 
storage. The 8 x 4, 8 x 2 and 4 x 4 card cages provide 
the full 22-bit Q-bus at all slots. The 1/0 distribution 
panel is compatible with the Micro/PDP-11 while 
providing more flexibility . In addition to the illustrated 
rack-mount enclosures, the VQ-11 is also available 
in desktop and floor-standing versions. 

DEC and M ic ro/PDP-11 are trademarks of the Digi ta l Equ ipment Corporation 

Multibus is a trademark of Intel Corporation 

?z I :l(Q)l"f[E(C[HI 
L::~~. C OJ ~ r? OJ lA A T ~ (Q) N 
7023 Valjean Avenue, Van Nuys, California 91406 USA 

(818) 780-1800 Telex 755451 
Representati ve and dealer inquiries are invited . 

Upcoming from Zoltech: V-series packages fo r Multibus, VME and 5-100. 

Write 53 on Reader Inquiry Card 



NEW PRODUCTS 

BOARD TEST SYSTEM 

T he L280 test system includes periphera ls fo r oper
ator/programmer interaction. A VT240 Operator's 
Mo nito r, is mounted on a rotating arm and may be 
tilted to the viewing ang le of the operator's choice. 
A plain paper printer is housed in the system's cabi 
net. It may be plugged into jacks on either side of the 
fi xture . A hand-held Cont rol Module replaces the 
O perato r's Console for interaction with the test sys
tem during production ope ration . The system is 
des igned fo rtesting boards such as the 8088. 68000. 
gate arrays. and custom LSI. Price starts at $425.000. 
Teradyne, Boston. MA Write 141 

MONOCHROME AND COLOR CAD/D 
SYSTEMS 

Tcrak Corp. enhanced the ir CA D/ D Systems by 
add ing a 10 Mbyte hard disk dri ve, 15" monochrome 
monitor. a 12" x 17" CA D/D digitizing tablet. and 
a low-profil e adjustable keyboard . The systems arc 
ca lled the Terak 8510/10 Monochrome CAD/D Sys
tem and the Terak 8600/10 Color CAD/ D System. 
T hey incorporate a 1.2 Mbytc noppy di sk dri ve and 
a 10 Mbyte 5 'A" Wincheste r hard di sk. The new 
monitor has 640 x 480 X 2 resolution. Price sta rts 
at $12.500. Terak, Scottsda le. AZ Write 137 

UNIX SYSTEM V-BASED 
SUPERMICROS 

CYB Systems has added three systems to its fa mily 
of UN IX System V-basecl supcrmicrocomputcrs. 
T he systems a re ca ll ed Work Manager II & Ill and 

118 

the WorkMaster. The WorkManager II & II are 
based on a 10 MHz MC68000 processor, while the 
Wo rk Master uses the MC68010. All three systems 
use Multibus IEEE-796 architecture. The Work
Manage r II & III offe r 10 disk dri ve options in 
noppy, Winchester and SMD formats ranging from 
10 to 474 Mbytes. Both the Work Manager II & III 
use the UniSoft implementation of AT&Ts multiuser 
UNIX System V operating system and have memory 
that may be expanded to4. 5 Mbytes, and offe r di sk 
storage of up to 594 Mbytes. The Work Maste r has 
memo ry expansion of uo to 8. 5 Mbytes and di sk 
storage of up to 1.116 Mbytes. Any of the three sys
tems may be configured with 18 I/O ports. a noat
ing po int processo r, and Ethernet options. Price 
sta rts at $10.383. CYB System, Austin , TX 

Write 140 

COLOR CARD FOR IBM PC 

The Hercules Color Card forthe IBM PC is half the 
size of the I BM graphics monitor/adapter card and 
can be inse rted into one of the XTsshort expansion 
s lots. The Color Carel is compati ble with all co lor 
graphics software fo r the IBM color ca rd such as 
Microsoft Flight Simulator. Logo. and Supercalc II I. 
The ca rd can a lso be kept in the system at the same 
time as the Hercules Graphics Card , which prov ides 
gra phics capabilities for the monochrome d isplay 
of the IBM PC. The card is supported by soft wa re 
pac kages including Lotus 1-2-3. Microsoft Word , 
Chartmaste r, AutoCAD. Halo, and PS. Price is 
$245. Hercules Computer Be rke ley. CA 

Write 143 

COMPUTER-AIDED ENGINEERING 
SYSTEM 

The CI EE system supports the des ign of PC B. 
Hybrid . Gate Array, Standard Cell and Full Custom 
chips. Outputs inc lude NC drill s and profilers . 
patte rn generators. automatic component insertion 
and automatic test equipment. DEC VAX computers 
arc used in conjunction with Racal-Redac's V-Series 
wo rkstations fo r PC B des ign. The A-Se ries are 
based on Apollo systems. IBM personal computers 
are needed fo r data capture and engineering capa
bi I iti es to complement other workstations. A rela
tional database which enables data transfer between 
a ll workstati ons and soft ware pac kages. Racal
Redac. Westfo rd. MA Write 142 

VLSI DESIGN WORKSTATION 

The Chipmaster is a CAE wo rkstati on which 
enables integrated-c ircuit des igne rs to address the 
complete des ign cyc le of custom VLSI chips from 
logic des ign to mas k set definition. includ ing simu- • 
lation and test development. Based on Intel's 80286 
microprocesso r, C hipmaste r has a ha rd ware 
graphics acce lerator to meet the data requirements 
of VLSI chips. The Chipmaste r has a VLSI mask 
editor, called MAX . The system includes a 32-bit 
data base and an 80-million-pi xe ls/sec co lo r 
graphics accelerator. Price is $126.000 per tern1inal. 
Daisy Systems, Sunnyva le. CA Write 145 ~ 

MODULAR COMPUTER GRAPHICS 
SYSTEM 
The Pe rigraf I compute r graphics system has an 
open-architecture des ign based on the Q-bus. The 
bus accepts nine Peritek graphic disp lay cont rolle r 
ca rds. co lor and monochrome, dot graph ics and ~ 

alphanumeric. A single LSl-11173 C PU is standard. 
A 42 Mbyte hard disk d ri ve and two ODDS 96 tpi 
mininoppy d isk dri ves are mounted on a plug- in 
module. Soft wa re inc ludes multi -te rminal RT-II . 
Pe ritek's image ed itor (pa int) system. along with 
GKS-compatib le rout ines. A mouse is optional. 
Peritek, Anahe im . CA Write 131 

INTERACTIVE PCB CAD SYSTEM 

The C ircuit Master is a fully inte ractive, PCB CA D 
system which fea tures Demand Routing and Wave 
Tracer allowing the designer to interacti vely pe r
form complete or partia l routing, e ithe r manually 
or automatica ll y. A Demand Compone nt feature 
routs the board in the shortest possible time. The sys
tem also includes automatic placement. gate and pin 
swapping. rats nest. and density hi stogram routines. 
The C ircuit Master system generates a pape r tape 
fo r NC drilling. can prov ide a pri nted wirelist for 
ve rificati on. and prov ides the output to photoplot a 
pos iti ve I: I or sca led a rt work of the va rious laye rs 
of the boa rd. Price is $69.950. Bishop Graphics. 
Pasadena. CA Write 127 

SYMBOLIC PROCESSOR 

The Symbolics 36iU symbolic processing computer 
features a backplane with 14 optional expansion slots 
and can support 30 Mbytes of physical memory. The 
processor has one Gbyte of address space. An FPA 
option executes noating point operati ons in paralle l 
with data-type checking in the 3670. Its 1/0 Proces
sor implements a buffered. pipelined pixe l memory 
system fo r the graphics console. The 36iU disk dri ve 
alternatives are 167.5 or474 Mbyte fi xed media disks 
or a 300 Mbyte removable media d isk . Price is 
$84.500. Symbolics,Cambridge. MA Write 130 
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Designing a VMEbus system? 
In just 48 hours you can have Mizar's proven VMEbus modules 
and software development systems for evaluation. In just 5 
weeks we will deliver production quantities. 

Single Height Modules Double Height Modules 
Powerful 16-bit single height modules (100mm x These larger size modules (233mm x 160mm) allow 

160mm) are easy to package and inexpensive. Performing more functions per board, giving you the capability of 
a single function on each board, these modules can be implementing a high performance computer system 
assembled to "tailor make" your system without incurring configured to the user's needs. Performance is improved 
the expense of features neither used nor desired. because fewer bus accesses are needed. Call Mizar for 
A complete selection of modules includes a system double height VMEbus modules including a 68010 CPU 
controller, motherboard, two CPU modules, 128K byte module with serial and parallel ports. EPROM sockets, dual 
RAM, byte wide memory, quad serial port, quad paral lel ported dynamic RAM and system controller functions, a 1 
port, counter-timer module, real time clock, f loppy disk Mbyte dynamic RAM module, a Winchester and floppy disk 
controller, SCSI interface, GPIB interface, GPI B TLC with controller, CMOS battery-backed RAM, Dual Channel GPIB 
OMA interface, ana log input module, analog output Controller and a graphics module offering 3 planes of 
module and video control ler module. display memory with 1024 by 1024 resolution . 

Software and Systems 
CP/M-68K'" is a single user system for the VME9000 or For those users who need a real-time multi-tasking 

the VME9100 based on Digita l Research's popular 8 bit operating system, Mizar offers OS9/68000'" from Microware 
CP/M. CP/M-68K has been completely rewritten to run on Systems Corp. OS9/68000 is a Unix-like operating system 
the 68000 and offers built-in commands, including DIR, that has been optimized for low-cost, high performance 
DIRS, ERA, REN, SUBMIT, TYPE and USER. Standard utilities applications in personal computers, industrial control 
include DDT-68K, ED, PIP. STAT, archive (AR68), DUMP. systems and general-purpose multi user systems. 
relocation (RELOC), SIZE68 and SENDC68. Programming OS9/68000 offers such features as hierarchial disk directory 
tools include a 68000 assembler (AS68), an object file structure, ROM-able code for use with or without a disk 
linker (L068) and a "C" Compiler. system, UNIX'" software compatibility at C source code level 

MIZAR INC. 

and language support for Basic, C, Pascal and Fortran 77. 
CP/M is a trade name of Digital Research 
059/68000 is a trade name of Microware Systems Corp. 
UNIX is a trade name of Bell Labs 

30 2 Chester Street, St. Paul , MN 55107 
Phone (612) 224-8941 • Telex 469542 

FOR INFORMATION, 
WRITE OR CALL TODAY 

Write 81 on Reader Inquiry Card 



NEW PRODUCTS 

COLOR GRAPHICS CONTROLLER 

Graphics to IBM PC 

T
he QIOOO and Q1080 are two ver
sions of Quintar's stand-alone 
color graphics controller which 

enable an IBM PC to interface with a 
high-resolution color monitor, large 
screen video projector or slide making 
device to produce graphics output. The 
QIOOO has two pages/screens of display. 
each in 512X512X4 resolution, whi le the 
Q1080 offers 832 X630x4 resolution. 
Both controllers have a Z-808 (6MHz) 
CPU and a NEC 7220 graphics display 
controller chip and 16K of RAM for 
program, 1/0. or communications 
buffers . The devices have 256 Kbytes of 
display memory. 32K of EPROM. two 
RS-232C serial ports and one 8-bit 
parallel interface. Prices are $1.995 
(QlOOO) and $2.195 (Ql080). Quintar. 
Torrance, CA Write 176 

VIDEO BANDWIDTH SIGNAL 
PROCESSOR 
The SP-123 signal processor operates at 14.3 
Mpixels/sec and has 768 x 512 spatial resolution. 
Pixel control allows an arbitrary. user defined area. 
to form the bounds of image processing operations. 
Hardware on the two mother/daughter board pairs 
include an 8-bit multiplier. 2 Kbyte look-up tables. 
16-bit ALU, and a programmable clipper and 
rotator. Real time processes include spatial fi lter
ing, aquisition , image multiplexing and discontinu
ous transfom1s. Datacube, Peabody. MA Write 164 

MAGNETIC TAPE SYSTEM 
The Series Ten GCR Magnetic Tape System per
forms dual density 800/1600 cpi or tri-density 
80011600 at 75 " /sec and 6250 cpi at 45 " /sec. The 
system is plug compatible with the HP operating 
system and DVR23 driver. Features include transfer 
rntes of280,000 bps a second. single board interface 
in M/ E/ F chassis and DYR23 plug compatibility. 
Prices are $17.390 (dual-density) and $19.995 (tri 
density) . Dylon Data , San Diego. CA Write 177 
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ELECTROSTATIC GRAPHICS PLOTTER 

The CIE-2400 and the CIE-3600 are 400 dpi elec
trostatic graphic plotters which are compatible with 
IBM. VAX and other mainframes. The plott~rs have 
a built-in vector-to-raster convener and feature plot
ting speeds of. 93 and I.I ips. The plotters' have 
RS-232C and high-speed RS-422A interfaces. 
Users can plot drawings in vector format for pen 
plotters and have 2 Mbyte of buffered memory to 
store 200.000 vectors. Price is $45,000-$65.000. 
C. ltoh Electronics. Irvine. CA Write 172 

MICRO TO MAINFRAME 
COMMUNICATIONS 

IRMA is a IBM 3270-based. micro-to-mainframe 
communications for decision support environments. 
IRMA fits into the PC backplane and attaches via 
coaxial cable to most local or remote IBM 3270 con
trol lers. IRMA allows an IBM PC to emulate an 
IR M 1278 or 3279 terminal. The link includes text 
and binary fi le transfer which operates under 
MYS/TSO EDIT or VM/CMS XEDIT modes. 
Users can capture mainframe data fi les, transfer files 
from a PC to the mainframe, or transfer data from 
PC to PC by using the mainframe as an intermedi
ate storage faci lity. Price is $1.195. DCA, Norcross, 
GA Write 169 

INTELLIGENT TERMINAL 

The VT2 3/20 series of intelligent terminals lbr sys
tem 8000 supermicros uses a 12" CRT with dynamic 
focusing and a 25-line by 80- or 132-column display. 
The 103-key. detachable low-profile keyboard is 
configured with 16 function keys each with two shift 
modes. allowing 32 individually programmable 
sequences. The YTZ 3/20 has 256 graphic charac
ters and 128 alphanumeric characters as well as four 
display pages of memory. RS-232 and RS-422 com
munications ports for the host computer and an 
RS-232 printer port. The YTZ 3/20 may be used 
with any or the four System 8000 mode ls. which 
support eight to 24 users and up to 672 Mbyte disk 
storage. Price is $1.295. Zilog, Campbell. CA 

Write 184 

MULTIPLEXER FOR MEMOREX 
CONTROLLERS 

The FMl699 is a fixed 8-port coaxial cable multi
plexer designed for users of Memorex controllers 
and IBM 3274/A local and remote control units. The 
multiplexer operates with all Memorex Category A 
peripherals by connecting 8 pons from a Memorex 
or 3274/A controller at a distance of 4,000 ft over a ' 
RG 62 AIU coaxial cable. At the peripheral side. a 
second Model FM 1699 connects to the sole coaxial 
cable and permits eight peripherals to be served. 
Price is $2 ,200. Flbronics, Hyannis. MA Write 163 

INTELLIGENT TERMINALS USE 
MS-DOS OR CP/M-80 

The 8200 VIS (Very Inte lligent System) Series com
bines universal terminal emulation with 8- and 16-bit 
processing capabilities. The VIS units support emu
lation for IBM 3275171177, DEC VT 100/200. 
ADDS Regcnt-40. Data General 410/460 and UTS 
30/40, UI00/200. The series includes an 8 MHz or 
IO MHz MC68000 with 1.024 Kbyte RAM , 128 
Kbyte EPROM and 2 Kbyte EA ROM. Users have 
a choice of MS-DOS or CP/ M-80 as well. The MS
DOS CPU option adds an 8 MHz 8088. The 
CP/ M-80 PC option features a 4 MHz Z80 
processor. Price in volume discounts is $4,350. 
Megadata, Bohemia. NY Write 157 

MONOCHROME DISPLAY OFFERED IN 
THREE SIZES 

The HDIOO series are high resolution monochrome 
displays available in three sizes: 15 ". 17 ". and 20" . 
The monitors use a switching power supply which 
has a reduced cabinet thermal rise and wide input 
line voltage operation. The transformer size and 
component count of the switch mode supply has 
been reduced which lowers the overall display 
weight. The displays use I% metal film resistors. 
N PO ceramic capacitors. and IOOppm cermet pots . 
Ball Electronic Systems Div., St. P.Jul. MN 

Write 161 
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THREE PORT MODEM 

The TriMux.2 12 isa triple port modem which allows 
three computers and peripherals to simul taneously 
share one dial-up line. The TriMux. 212 has a three
channel statistical multiplexer with an auto dial/auto 
answer Bell 212A modem. Data from three dev ices 
can be multiplexed onto a dia l-up call , and the 
modem provides retransmiss ion in case oft ransmis-

• sion line errors. When the modem is not being used. 
any of the th ree local dev ices can communicate with 
each other. and dev ices running at different speeds 
can communicate with one another transpa rently. 
Price is $1.495. Complexx Systems, Huntsville, 
AL Write 167 

EXPANSION UNIT FOR UNISTAR 300 

The Peripherals Expansion Module designed for the 
UNISTAR 300 has a nine-track streaming tape and 
incremental back-up mode. The module supports 
IO" ree ls of 1/2 " tape at 1600 bpi . and a 474 Mbyte 
SMD Winchester d isk dri ve with 17 ms of average 
access speed . Whe n set up in a network . the Pe ri 
pheral Expansion Module can function as a fil e
se rve r and backup se rve r. Price is $9.950. Callan 
Data Systems, Westl ake Vill age. CA Write 160 

NETWORK CONTROLLER 

The Analysis 550 network cont roller manages from 
one to IO lines while monitoring line. terminal and 
modem prob lems at 512 locations . Analysis 550 
tracks line impai rments and analyzes data from net
work locations on a continuous. non-inte rferring 
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bas is. Modem di agnostic microprocessors extract 
information on the condition of the phone lines. 
Analysis 550 control allows software-generated con
fi guration strapping options of Paradyne MPX 
modems to be downline loaded. A user can display 
the strapping configuration of any modem in the net
work . Price is $12.500. Paradyne, Largo, FL 

Write 183 

60 MBYTE STREAMING CARTRIDGE 

The Series 6500 is a S. 25" streaming cartridge trans
port which has 16 Kbyte bu ffe r storage and a 90 ips 
operating speed. The nine-track transport has two
track stepping heads and a fo rmatted capac ity of60 
Mbytes with a 600 ft cartridge and 45 Mbytes with 
a 450ft cartridge. Time to bac kup 60 Mbytes is 12 
minutes. 

The series 6500 is avail able in full -height config
uration with formatter card installed and half-height 
without formatter. The fo rmatter adopts the QIC-02 
dri ve interface standard and also is compatible with 
the ANSC X3T9.6/83-20 interface definition along 
with the QIC-11 and QIC-24 tape format which 
allows media interchangeability among transports. 
The dri ve- leve l interface is QIC-36. Price is $1.275. 
Kennedy, Monrov ia, CA Write 216 

AMBER MONITOR 

The Sakata SA-1000 is a 12" CRT di splay amber 
monitor wh ich includes a composite video input 
signal. scanning frequency of 15.75 KH z (horizon
tal) and 60 KHz (vertical). The monitor has a reso
lution of 900 dots center and 800 dots corner and 
includes a RCA jack input connector and 2 .000 char
acters display fo rmat. Price is $159. Sakata. Elk 
Grove Village. IL Write 179 

10 PEN DIGITAL PLOTTER 
The FP 5301 is a B/A3 size IO pen plotte r fo r CAD. 
engineering and graphics applications. The FP 5301 
has a speed of 17.7" ips ax ially and 25 " diagonall y. 
The plotter has several pen types and a built- in pen 
sensor detects the type of pen and the necessary plot
ti r.g speed and pressure. The FP 5301 is ava ilable 
with RS-232C. GPIB/IEEE-488 or 8-bit paralle l 
interfaces. The un it has GPGL and HP/GL compa
ti bi lity. Price is $3.000. \l\lestem Graphtec, Irvi ne 
CA Write 178 

NEW PRODUCTS 

FIBER OPTIC BUS EXTENDER 

This fiber optic bus extender is des igned to remotely 
locate graphics di splay workstati ons up to 2KM 
fro m the host. The C BE-200. a parall e l-to-se ri al/ 
se rial-to-paralle l mult iplexer, w ith the DMA inte r
face module connects to the UNIBUS or Q-BUS. It 
communicates 500 Kwords/sec ove r two fibers . The 
C BE-200 is plug compatible w ith ribbon cable off 
the DRll-W interface prov iding the user with a single 
cable. single link solution. Canoga Data Systems, 
Canoga , Park . CA Write 159 

3.2 MBYTE FLOPPY DISKETTE 
The Model 1865 is a ha lf- heig ht 5.25 " floppy disk 
drive which can store 3.2 Mbytes of data. The 1865 
records at 10,250 bpi and 170 tpi . Trac k-to-track 
access time is two msecs with buffe red seeks. The 
d ri ves proprieta ry read/write head posi ti oning 
technique a llows di skette inte rchangeability at 170 
tpi . Price is $330. Amlyn , San Jose. CA 

Write 181 

CURSOR WITH COLOR-CODED KEYS 
Models DPS-4CX and MD7-4CX are curso rs fo r 
CAD digitiz ing functions. The cursors have pa int
ing, menuing and tracing features. and color-coded 
keys arranged fo r compatibility with one- and four
button digiti zing curso rs, as we ll as a three-button 
mouse. Price in quantities o f 100 is $210 (DPS-
4CX) and $120. (MD74CX) GTCO. Rockvi lle . MD 

Write 165 

32-BIT OFFLINE WORKSTATION 

The Model 42 MultiTas ke r is a 32-b it offline auto
router/multi tasking workstation which can perform 
as an additional node on PTC's Series 300 Network 
System. or as an oftline workstation compatible with 
P.dragon's IOOA and 200A PC B design g raphics 
workstations. Autorouting. design ru le checking and 
data preparation functions operate concurrentl y 
with output tasks such as penplon ing. photoplotting. 
magnetic tape generation and CAT report genera
tion . The C PU is a DEC 32-bit LSI 11173 running 
at IS MHz: memory capacity is 512 Kbytes. and the 
system also includes three serial ports. The console 
accommodates an 8" floppy dis k drive and a 20 
Mbyte Wincheste r disk dri ve and contro ller. Price 
is $30.000. Paragon Technology, Pleasant Hill. 
CA Write 170 
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NEW PRODUCTS 

GRAPHICS CONTROLLER 

The P'arallax 600 is a raster graphics 
controller which features a pro
prietary bit-slice drawing pro

cessor with 12 mi llion pixels per second 
drawing speed. The controllers are avail
able in versions for Mul tibus and Q-Bus 
microcomputers. The controllers pro
vide a choice of 16 colors from a palette 
of 4096 in the 4-bit per pixel version, or 
256 from a 16 million color pallete in the 
8-bit per pixel version. The controllers 
have dual-ported video memory, RS-170 
video compatibi lity with gen-lock, two 
frame buffers , zoom. smooth pan and 
scroll. The controllers display 640 x 
480 pixels out of a 512 x 1024 pixel 
memory with four bit planes. Versions 
with e ight bit planes are also available. 
Parallax, Sunnyvale, CA Write 198 

16-CHANNEL MULTIPLEXER 

The MLSl -F-DZll -E is a 16-pon DZll soft ware 
compatible multiplexor for Q-bu' compute rs. that 
upgrades FCC compli a nt DEC or MDB Micro/II 
workstations. The multiplexe r subsystem includes 
a 3" by 5 " distribution panel with 9-pin male con
nectors to bring ou t al l functional s ignab of the 
multiplexor. Transmit and receive data signa ls can 
be transposed by use of jumper plugs. to minimize 
the dilkrent types ofcables a user might require. 32 
lines of multiplexed data can be installed into a 5 14 " 
high chass is and two 25-pin connectors of each 
16-channel distribution panel can be inte rnal ly dis
connected from the DZll c ircuitry by j umper plugs 
and connected to the two pons of an 11 /23 PLUS 
CPU or MXY ll module. Price is $2.600. MOB 
Systems, O ra nge. Write 212 

32-CHANNEL CONTROLLER 

The EMC 5258 is a com111uni cations interface for 
all Prime-manufactured computers. The 5258 is 
capable of support ing 32 asynchronous channels 
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with a single card and operates under Prime's DMQ 
transfe r mode. as we ll as unde r DMT 111ode. The 
EMC 5258 has 16 standard baud rates (up to 19.200 
BPS) for any one of the channels. and the option to 
progra 111 baud rates for spec ial applicat ions. Price 
is $6.500. EMC, Natick. MA Write 190 

TAPE CONTROLLER 

The Quartermaster is a contro ller for 14" tape 
drive>. The Quaner111aster cont ro ls fou r cartr idge 
tape d ri ves conlorming to the QIC-2 interface stan
dard. including 8" and 5 14" form factor drives from 
Archive. Cipher. DEl/Tandberg, Nonhern Telecom 
and Wangtek . T he controller hand les speeds of90 
ips drives. and provides access to 60 Mbytes of on
line storage per drive using a 600 foot cartridge. or 
45 Mbytes using a450 loot ca rtridge. Price is $384. 
Ciprico, Plymouth. MN Write 193 

BUS INTERFACE 

The SASI-100 board convens the 8255A para llel port 
on the MCPU-800 or MCPU-900 board to a SAS! 
bus co111patible fo r111at. The SAS! bus gives the user 
access to hard di sk. ca rtridge disk. and streaming 
tape cont roller boards 111anufactured by Xebec. Shu
gart. DTC. and Western Digital. The SASI-100 con
nec ts to the 111icrocomputer paralle l 1/0 with 
CBL-26 and to the desired contro ll er board with 
CBL-50S. Power is transferred to the SASl-100 thru 
CBL-26. Miller Technology, Los Gatos. CA 

Write 206 

SINGLE CARD FFT PROCESSOR 

The Ariel FFT 523 is a single card FFT processor 
that plugs into a single backplane slot of Hew
lett-Packard Series 200 desktop co111puter>. An FFT 
is performed by execution of a single program line 
in BASIC or Pascal. Disk-based. machine- language 
driver routines. provided with the FFT 523. make 
the host/peripheral interface transparent to the user. 
Standard (PROM resident) algorithms include : 

Forward and Inverse FFT. Hammi ng Window. and 
Power Spectral Density. The FFT 523 w ill trans
form arrays of up to 1024 complex points in 9.2 
msec>. Price is $ 1.600. Ariel , New York. NY 

Write 197 

COLOR GRAPHICS BOARD 

The XL bit map g raph ic' board ha, 1024 x 512 x 
4 resolution and standard primitives which include 
vecto rs. arcs. c irc les. bars. and -'ided e lliptica l 
po lygons. Standard drawing modes include com
bine. complement. lllrcc to color. draw behind and 
cond itona l draw and erase. The board has sixteen 
pixel addressab le co lors or e ight co lors w ith blink 
plus auto-dithering for 1000 simu lta neously display
ab le color>. Text mode supports 24 or 48 line oper
ati on with l(iur independe nt tex t arc:." definable a' 
any group of lines and columns in disp lay memory. 
The XL operates under ANS I X3.64 and is Tek
trcmix 4010 compati ble. Price is $2.000. Color
graphic Communications, At lanta. GA 

Write 211 ' 

ANALOG INPUT BOARD 

The MPY950 is a YMEbus co111 patible 16-channe l 
ana log input system which has a to tal th roughput 
time of 3µsec per channel. The board has 12-bit 
reso lution and 16 si ngle-ended inputs. The ser ies 
uses Burr-Brown's 12-bi t ADC803 AI D converte r 
( l. 5µsec convers ion time) and Burr-Brown's 
SHC803 sample/hold amplilie r (250 nsec acquisi 
tion ti111e). The board can convert accurate ly at 
speeds beyond the li111it of the ADC. To ach ieve thi ' 
samples may be skipped to preserve data integrity. 
Burr-Brown, Tucson. AZ Write 209 

ERRATA 

In the May, 1984 issue of Digiwl Design, 
there was an error on p.52 of the article, 
"Modu lar Architectu res May Be The Next 
Array Processor Design." Star Technolo
gies' ST-100 multiprocessor system that 
attaches to one or more general purpose 
computers was incorrectly priced . The 
correct price is $250,000. 

In the article entitled, "Trends in Flat 
Information Display Technology;' Digital 
Design , May 1984, we inadvertently failed 
to mention that Dale Electronics (Colum
bus, NB) is another major manufacturer of 
segmented and bar graph type plasma dis
play panels. Dale is also developing high 
information content plasma displays cap
able of presenti ng 2,000 characters . 
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16-BIT A/D MODULE 

The DTS726 is a 16-bit data acquisition module with 
IOOKhz sampling rate for four differential ana log 
inputs. The DTS726 consists of a four channel dif
ferential input multiplexer, an instrumentation 
amplifier, sample and hold circuitry, fast analog to 
digital converter, and internal timing and control. 
Maximum conversion rate is 100,000 samples/sec 
in the multichannel mode and 111 ,000 samples/sec 
in the single channel mode. The DTS726 has a sam
ple and hold aperture delay of IOOns with an aper
ture uncertainty of + /-0.2ns. Price is $1,S9S. Data 
Translation, Marlboro, MA Write 199 

MULTIBUS ETHERNET CONTROLLER 
The Nl3210 is a single board, Multibus Ethernet 
communications controller. When attached to an 
lnterlan NTIO transceiver the controller provides a 
link-level connection to Ethernet for Multibus sys
tems. The controller board performs the specified 
data link and physical channel functions, permitting 
10 Mbps data communications between stations sep
arated by 2SOO meters. Dual port memory buffers 
packets between Ethernet and the host Multibus sys
tem, allows the host CPU to inspect received pack
ets to determine if they are to go in host system 
memory. The Nl3210 uses linked list buffer man
agement for chaining small buffers together. Price 
is $760. lnterlan, Westford , MA Write 201 

12-BIT A/D CONVERTER 

C';t,.OCJ( Ct.Oi(;I( S'l"-AltT t:; " •O 9 • , f, ~ 4 l 1 • ~ 
A,_"U' OVf COfllY \..A MS* Q 

l"All.A,t,t lL· O-.fA Q\..l l 

The ADC-811 is a high speed hybrid successive 
approximation analog to digital converter which 
converts 12-bits in four msecs. Accuracy specifica
tons of the ADC-811 include a ± 20 ppm/°C maxi
mum gain tempco, ± S ppm/°C maximum zero drift 
and 0.002 %/ % maximum power supply sensitivity. 
Differential nonlinearity tempco is ± 2 ppm/°C 
maximum and power requirements are ± ISV and 
+ SY. The ADC-811 has four pin-programmable 
input voltage ranges: 0 to +IOV, 0 to +20V, ±SY 
and ± IOV. A user selectable amplifier is included 
for applications requiring high input impedance. 
Price in quantities of 100 is $1S2.S0-$234. Datel, 
Mansfield , MA Write 205 
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UNIVERSAL PROGRAMMER 

The 29B Universal Programmer has 64K x 8 data 
RAM , whic h can be expanded to accommodate 
larger devices. The 29B uses software-controlled 
modules to adapt it to different programming needs. 
Opt ional features include paralle l interface logic 
devices with device handlers. All operations are 
menu-driven , and program data files can be stored 
on , altered , and retrieved from the floppy disks. 
Price is $3,99S Data 110, Redmond , WA 

Write 213 

8086-COMPATIBLE CPU BOARD 

The CBC 86C/05 is a CMOS single board computer 
which is hardware and software compatible with 
Intel 's iSBC 86/0S. The Multibus-based board has 
an 80C86 CPU, of CMOS RAM/ROM mix expand
able to 80K, on-board battery backup with memory 
protect logic and 24 parallel 1/0 lines. The board 
includes three counter/timers, RS-232C serial port, 
and two iSBX-compatible bus interfaces. The board 
requires 200mA (max.) at SY operating current. 
Price is $1 ,39S. Diversified Technology, Ridge
land, MS Write 202 

EMULATOR PORT FOR IBM PC 

The Kentron PC Interface Package is an emulator 
port that turns the IBM PC/XT into a universal 
development system for the design , test , debug and 
implementation of hardware and software for micro
processor devices. The package consists of hard
ware and a set of development support software 
tools, including cross-assembler, linker, emulator 
software and additional CP/M utilities. For opera-

NEW PRODUCTS 
tion , the KPCI requires an IBM PC/XTwith moni
tor and DOS. A Kontron emulator subsystem and 
Pascal compilers are optional. Price is $1,SOO. Kon
tron, Redwood City, CA Write 194 

CMOS GATE ARRAY 

The µPD6S IOO is a CMOS gate array comprised of 
11 ,000 gates. Processing speed is two ns per gate. 
The array has a maximum power dissipation of20 
mw per gate and packaged in 72-, 312-, 176- or 
208-pin grid arrays . Price in SK quantities is $200. 
NEC, Mountain View, CA Write 215 

12-BIT DOUBLE BUFFERED DAC 

TYPICAL A.PPt.1CA.TION 
T"'°""1~'tf.~ ' ~tt~~l(:toft 

Micro Power Systems have introduced six CMOS 
µPcompa tible, doub le buffered, 12-bit DACS. The 
MPS models are MPl208/09/IO and MPl230/31/32. 
The MPl208 series provides 12 input lines. The 
MPl230 series provides 12-bit data loading over 
eight input lines for direct hook up to 8-bit data 
buses. All data loading and data transfer operations 
are identical to the WRITE cycle of a static RAM. 
Features inc lude 12-bit linearity, low bus feed
through , sensitivity to amplifier Vos, and low out
put capacitance. The series is offered in 10, II and 
12-bit linearity, and in commercial, indust rial and 
mi li tary temperature ranges, with 24-pin plastic and 
24-pin Cerdip packaging. Price in quantities of 100, 
is $13.70-$48.7S. MicroPower Systems, Santa 
C lara , CA Write 210 

MULTIPLEXER/AMPLIFIER 

The EXP-16 is an expansion multiplexer/amplifier 
system that can be used with any data acquisition 
system. The EXP-16 concentrates 16 differentia l 
analog input channels into I analog output channel 
providing signal amplification , filtering and condi
tion. The channel switching is solid state and the 
channel is selected by a 4-bit TTL/CMOS compa
tible input address. Provision is made on the board 
for input shunts , filters and attenuators. All analog 
input connections are made on miniature screw con
nector strips. Price is $34S. MetraByte, Stoughton, 
MA Write 188 
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OEM Decision Makers 

"Only the Invitational Computer 
Conferences bring the latest 
OEM computer and peripheral 
products to your front door. 
You11 fmd 
us there!" 
A nd you'll find other top 

£""\ OEM manufacturers, 
such as IBM, Control Data, 
DEC, Fujitsu, NEC and 
Seagate, to name a few. 

In their 14th year, the 
"OEM Only" Invitational 
Computer Conferences bring 
you, the volume buying deci
sion makers, together with 
the key suppliers of com
puter and peripheral prod
ucts. The recs, a series of 
ten, one -day regional shows 
are convenient to where you 
live and work. The social 
business setting makes it 
easy for you to meet paten-

tial suppliers one-on-one, 
and attend high tech semi
nars of your choice. As an 
invited guest. there is no 
cost to you. 

Hear what the OEM manu
facturers have to say, learn 
more about their products, 
and remember, you may 
attend "by invitation only." 

1984/85 U.S. ICC Locations 

Sept. 6, '84 
Sept. 25, '84 
Oct. 10, '84 
Oct. 23, '84 
Jan. 8, '85 
Jan. 29 , '85 
Jan. 31 , '85 
Feb. 26, '85 
Mar. 19, '85 
Apr. 2, '85 

Newton/Boston, MA 
Southfield/Detroit, MI 
Cherry Hill, NJ 
Englewood/Denver, CO 
Irvine, CA 
Houston, TX 
Dallas, TX 
Ft. Lauderdale, FL 
Palo Alto, CA 
Nashua, NH I No. MA 

Call your local OEM supplier Jor 
your invitation or Jill out the cou
pon and mail to: 
B. J Johnson & Associates, Inc. 
3151 Airwqy Ave., #C-2 ~ 
Costa Mesa, CA 92626 
Phone: (714) 957-01.Yl T 
Telex: 188747 TAB IRIN ~ - ... ~ 
Write 82 on Reader Inqu iry Card 

Yes! I need an invitation to your "OEM Only" ICC. The nearest ICC to me is: _____ _____ _ 

I buy in volume: 
D Computers 
D Disk/Tape Drives 
D Controllers I Interfaces 
D Terminals I Graphic Displays 
D Software 
D Printers 
D Memory Boards 
D Modems / Multiplexers 
D Power Supplies 

Name 

Title 

Company/ Div ision 

Address 

City State Zip 

Mail To: B. ). Johnson & Associates. Inc.. 31 51 Airway Avenue. #C-2. Costa Mesa. CA 92626 
Phone: (714) 957-0171 Telex: 188747 TAB IRl N 
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NEW LITERATURE 
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EPSON 

Signal Processor Brochure. This 12-page 
brochure from Signal Processing Systems 
describes its SPS-1000 digital processor as well as 
its operation and architecture. The information 
will be helpful to users interested in processors for 
applications such as radar, sonar, time delay mea
surement , communications, image processing, 
se ismic data processing, and simulation. 

Signal Processing Systems Write 263 

PC Board Equipment Catalog. This six-page 
catalog of PC board production equipment from 
Union Tool Corp. includes descriptions of special
ized board handling machines. Described are a 
Dual Station Stacker, Return Conveyors, Vacuum 
Transfer Machines, a Drop Leaf Stacker and a 
Staggered PC Feeder. Also included is the com
pany's standard line of board equipment. 

Union Tool Corp. Write 261 

DC-DC Converter Handbook. This 32-page 
product handbook from Power Genera l provides 
data on its line of DC-DC converters. including 
over 35 new products. Power supply characteris
tics are presented in se lection tables followed by 
engineering data on all models. Also included is 
a glossary of terminology and tutorial inforn1ation 
about DC-DC converter operation. 

Power General Write 256 

Interpreter Brochure. This six-page brochure 
from Lattice Logic describes its BASIC Interpreter 
for the Apollo Domain workstation. The BASIC 
Interpreter is also available on machines in the 
DEC VAX range, the IBM 4300. the Perkin
Elmer 3200 and the NSl6000 series offering the 
same syntax. error codes and operating 
conditions. 

Lattice Logic Write 264 

Licµd Crystal Display Catalog. This short forn1 
catalog from Epson America describes its liquid 
crystal display products on alphanumeric 
modules. intelligent alphanumeric modules and 
display panels. Descriptions include features and 
specification charts. 

Epson America Write 251 

lnstnment Catalog. This 176-page catalog from 
Racal -Dana Instruments describes GPIB inst ru
ments. logic analyzers. digital multimeters, AC 
and RF voltmeters. electronic counters, function . 
pulse and signal generators. and switching sys
tems. The catalog provides application assistance 
product specification. ordering information and 
an overv iew of its capabilities. 

Racal-Dana Write 266 

DIGITAL DESIGN • AUGUST 1984 

At Kennedy. 
Kennedy Company offers you opportunity based on 20 
years of successful technological leadership. Our capabili
ties in developing and manufacturing trend-setting compu
ter memory products can be part of your bright future. 
Consider our strengths in : 

Products: Our achievements span capacities from 24 to 360 
megabytes and include reel-to-reel tape peripherals, Win
chester disk drives and format control uni ts. 

Manufacturing: We fabricate a high percentage of the com
ponents making up our products, from sheet metal parts to 
printed circuit cards and precision magnetic read-write 
heads. This makes the Kennedy development process self
reliant and assures full control of quality at every step of 
manufacturing. 

Research and Development: The entire design-to-shipping 
cycle is within our capabilities. Under one roof, marketing , 
design, manufacturing and test professionals pursue a 
common goal of excellence. 

Immediate Opportunities: 
Read/ Write Engineers with 3-5 years experience in tape or 
disk products. 
Sr. Digital Design Engineers with 3-5 years experience with 
microprocessors, TTL, ECL, or related logic. 
Test Equipment Engineer with 3-5 years experience design
ing microprocessor control led test fixtures. Writing diag
nostic software in assembly or high level languages. 
Sustaining Engineers with 3-5 years design and value engi
neering related experience. 
Sr. Software Design Engineers to develop rea l-time pro
grams for microprocessor based circuits. 3-5 years expe
rience. 
Sr. Engineers to develop power supplies, servos, motors, 
drive amps, and sensors. 3-5 years experience. 
Industrial Engineer with 2 years work measurement expe
rience applying 4M standard data in an electro-mechanical 
manufacturing environment. 
Manufacturing Engineer with 5 years experience in disk 
product sustaining and new product development, line 
balancing, troubleshooting and production training . 

Affordable Living: Located 30 minutes east of downtown 
Los Angeles, we're surrounded by att ractive, affordable 
residential choices near mountain and desert recreati on 
areas and several renowned centers of higher learning. 

Benefits: We offer competi t ive compensation and a benefits 
package which includes a generous paid holiday/ vacation 
schedule, continuing educational support, insurance and 
retirement plans, and a relocation program. 

Make the most of your capabilities. Apply to Kennedy 
Company, Attn: M. Christie, Professional Employment, 
1600 Shamrock Ave., Monrovia, CA 91016. An Equal 
Opportunity Employer. 

~ALLEGHENY KENNEDY ~ INTE RNATIONAL 



CALENDAR 

September 5-7 

Elect ronic Displays '84. Frankfurt/ Main , FRG. 
Contact : Network Events Ltd ., Printers Mews, 
Market Hil l Buckingham , MK18 IJX , England. 
Te le. Buckingham (0280) 815226. 

September 5-7 
T he Nat ional Software Show. Anaheim , CA . 
Contact : Raging Bear Productions, Inc., 21 Tamai 
Vista Drive, Suite 175, Corte Madera , CA 94925. 
(415) 924-1194. 

September 6 
Invita tional Computer Confere nces. Newton , 
MA . (Also in Southfie ld/Detroit , MI , Sept. 25 
and Cherry Hill , NJ, Oct. 10.) Contact : Susan 
Fitzgerald , The Invitational Computer Confer
ence, 3151 Airway Ave., #C-2, Costa Mesa, CA 
92626. (714) 957-0171. 

September 10-13 
Defense Com puters-Graphics (DCG'84). 
Washington , D.C. Contact: Defense Computers
Graphics '84, 2033 M St. , N .W. , Suite 333, Wash
ington, D.C. 20036. (202) 775-9556. 

September 10-13 
Elect ronic Imaging. Boston, MA . Conact: 
Morgan-Grampian Expositions Group, 2 Park 
Ave. , New York , NY 10016-5667. (2 12) 340-9700. 

September 11-12 
How to Use dBASE II O n Your Personal 
Computer. Los Angeles, CA. (Also in Phila-

clelphia , PA, Sept.18-19.) Contact: American 
Management Associations, PO Box 319, Saranac 
Lake, NY 12983. (5 18) 891-0065. 

September 11-14 
Data Communications. Washington , D.C. (Also 
in San Diego, CA, Sept. 25-28.) Contact: Ruth 
Dordick , Integ rated Computer Systems, PO Box 
45450, Los Angeles, CA 90045. (2 13) 417-8888. 

September 11-14 
Designing Real-Time Systems. Los Angeles , 
CA. (Also in Washington , D.C. , Sept. 25-28). 
Contact: Ruth Dordick, Integrated Computer Sys
tems , PO Box 45450, Los Angeles, CA 90045. 
(2 13) 417-8888. 

September 11-14 
Designing Real-Time Hardware for Digital 
Signal Processing. San Diego, CA. Contact: Ruth 
Dordick , Integrated Computer Systems, PO Box 
45450, Los Angeles, CA 90045. (2 13) 417-8888. 

September 16-20 
Compcon Fall '84. Arlington , YA . Contact: 
Compean Fall 84, PO Box 639, Silver Spring, MD 
20901. (301 ) 589-8142. 

September 18-21 
Computers in Card iology. Park City, UT. Con
tact: Computers in Cardiology, PO Box 639, 
Silver Spring, MD 20901. (301 ) 589-8142 . 

September 26-28 
Eurocon 84, 6th Confere nce on Electro-
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technics: Computers in Communication and 
Control. Brighton, UK. Contact: Conference 
Secretarial , IEE, Savoy Place, London WC2R 
OBL , United Kingdom. Te le. 01 -240-1871, 
Ext. 337. 

October 2-4 
Automatic a nd Test Instrumentation '84. Paris, 
France. Contact: Network Events Ltd ., Printers 
Mews, Market Hill , Buckingham , MK18 IJX , 
England . Tele . Buckingham (0280) 815226. 

October 2-4 
Northcon/84. Seattle, WA. Contact: Electronic 
Conventions Management , 8110 Airport Blvd. , 
Los Angeles, CA 90045. (213) 772-2965. 

October 2-4 
Mini/M icro Northwest-84. Seattle. WA . Con
tact: Electronics Conventions Management , 8110 
Airport Blvd . , Los Angeles , CA 90045. (213) 
772-2965. 

October 2-4 
East Coast Computer Faire. Boston , MA . Con
tact: Computer Faire, Inc., 181 Wells Ave., New
ton, MA 02159. (617) 965-8350. 

October 2-5 
Distributed Processing: Mini and Microcom
puter Implementations. Palo Alto, CA. (Also in 
Boston , MA , Sept. 25-28.) Contact: Ruth Dor
click , Integ rated Computer Systems, PO Box 
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