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JUST RAISED THE BAR.

Announcing INT-STD-500.

Once again, we have raised the
International Standard of Quality
to new heights.

Once again, we are guaran-
teeing AQLs on every part across
the board. No ifs. No ands. No buts.

Once again, we have set
a standard so high that only one
company will top it.

Ourselves.

The International Standard of
Quality guarantees a 005% AQL on all
elecnlcalpalameters,ACandDC,
over the entire operating

Advanced Micro Devices 4

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll-free (800) 538-8450 Ext. 5000.
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In 1983, Advanced Micro Devices
amazed the IC industry by setting

a new International Standard of Quality,
INT-STD-1000.

It was the highest written guarantee on
AQLs in the world. Tt applied to every single
part we made. No ifs. No ands. No buts.

And nobody has come close to equaling
it. Nobody.

Until now.
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—Tri-density tape transport

If you're looking for GCR tape transports with STC
interface, Kennedy has it— Model 9400. This established
reliable tape drive provides 800 BPI NRZI and 1600 BPI PE
at 75 ips and 6250 GCR at 45 ips.

Not an adaptor, the STC interface is an integral part of
Model 9400.

Finally, Model 9400 is a proven, mature product from

Kennedy, the leader in peripheral tape products for over 20
years. And we deliver—in product, price and quality.

An A//egh'eny 7nternat/ona/ Corr?pahy

1600 Shamrock Ave.. Monrovia, CA 91016
(818) 357-8831 » RCA TELEX 247019 KNDY-UR

KENNEDY MODEL




GOMPUTER DESIGN

SPECIAL REPORT ON
HIGH RELIABILITY SYSTEMS

101 What makes a system highly reliable is a function of the application and
the user’s perspective. For manufacturers, high reliability means longer
mean time between failures and fewer repairs in the field. When life
depends on a system, such as an aircraft or artificial respirator, it
means the system must never fail. Every stage of the design process
must come under tough scrutiny where high reliability is a concern.

103 Fewer connections translate into fewer failures
A major source of system failures—interconnects—can be alleviated by
using more VLSI components and more careful consideration of
connection and cabling schemes.

121 Redundant modules may be best for control systems
Despite the apparently higher price, triple redundancy can be the
optimal trade-off of cost versus reliability in digital control applications.

129 Shadowing boosts system reliability

This month’s cover was designed Using advanced data protection capabilities offered by shadowing
by Jay Gordon. It was executed techniques, designers can bypass conventional memory backup
by Mary Codd at Coddbarrett procedures.

Associates using computer-
generated two-dimensional and
three-dimensional solid models.

139 CMOS VLSI increases life expectancy of complex systems
Low power consumption is usually touted as the major advantage
of CMOS over bipolar. But CMOS provides the bonus of lower
failure rates.

143 Monitored burn-in improves VLSI IC reliability
Device testing during burn-in provides information that can improve
design and fabrication processes and pave the way for increased device
yields and reliability.

SYSTEM TECHNOLOGY

33 Software:
Graphics standards gain ground slowly

41 Packaging & power:
Power supply vendors cut size and cost

59 Integrated circuits:

Concurrent computers make scientific 89
computing affordable Symposium sessions,

65 Software: seminars, and evening panel
Languages promote parallel processing discussions will come

together at SID ’85 to cover
the full range of information
display technology. Speakers
will emphasize both the

75 Interface:
Eurocard bus takes a test drive in the
United States

76 Memory systems: industry of the future and
Emerging QIC standards aim to enhance the products and techniques
tape flexibility available today.

POSTMASTER: CHANGE OF ADDRESS FORM 3579 to be sent to COMPUTER DESIGN, Circulation Department, P.O. Box 593, Littleton, MA 01460 (UPS 127-340).
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SYSTEM DESIGN

149 Data communications: Network management simplified through
combined functions
Integrating intelligent monitoring and control facilities into network
nodes permits customized control, reporting, and management facility
expansion as the network grows.

157 Integrated circuits: Registered PROMs help identify system faults
Diagnostics, previously unavailable in a single chip, were done using
SSI/MSI chips, or were ignored. Now, PROMs with registered output
provide speed and on-chip diagnostics in pipeline, testable,
microprogrammed systems.

169 Computers: Supercomputer breaks price barrier for vector processing
By using off-the-shelf logic and semicustom gate arrays for vector
processing, a supercomputer delivers high performance with a bargain
price tag.

179 Memory systems: Standalone unit satisfies storage and backup needs
Designers need more intelligent and flexible memory systems. Such units Page 149
could take advantage of technological improvements in disk drives and
have only a minor impact on existing hardware and software.

)

Page 18
SYSTEM COMPONENTS DEPARTMENTS
187 Computers: 7 Up front
Multibus II products support next-generation 32-bit multiprocessing 13 Editorial
188 Test & development: 25 Letters

Software CAD system provides realtime assembler

188 Test & development: 208 Literature

Instrument family runs under PC control 209 Market forecasts
189 Software: 210 Calendar

Development system enables speedy migration to C 212 Designer’s bookcase
190 Data communications: : . iaki 213 System showcase

Compact communication processor built around a 32-bit chip 314 Advertisers’ index

190 Interface: 216
Communication boards adhere to OpenNET strategy

191 Test & development:
State-of-the-art pattern generators enhance logic analysis system 219 Change of address card

Recruitment
219 Reader inquiry card
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This is no psychologi-
cal test. Rather, it’s a sample
of just a few Pin Grid Array
Socket pin out combinations

from Augat.

You see, with over 200

SEIREEREEREEE: e T e

Jelluswh

one are the quality and inno-

vation that set us apart. ,
Only Augat PGA's have

4 self-clinching pins that lock

the socket tightly to the board

SemiconduCtor pm Our self-clinching pin can help

out variations,
Augat makes over
100 thousand
socket combina-
tions. More than
any other manu-
facturer. And some
people think we’re
crazy to offer so
many. But what
you see in every

Conventional pin.  Augat pi

your operation from falling apart
during production.

—before soldering—for auto-

matic or manual
insertion. Plus all

. Augat PGA pins

feature unique
machined inner
contacts with
four-finger con-
figuration, crafted
to demanding
tolerances.

For solder-

(cutaway) le SS applications,

take a look at
our Holtite®
zero- profile
PGA's on
mylar. It gives
you the same
profile as
soldered IC.
You can package from both
sides of the board, too.

To make PGA's in-
sertion and extraction a snap,
there’s our EZ-1/0™ tool.
Unlike traditional tools, the
EZ-1/0 uses the socket shoul-
ders or board surfaces as a
stable lifting platform. There’s
no slippage or misalignment.

Why package from just
one side of the board?
Holtite gives you the same
profile as a soldered IC.



al you sec.

The Augat PGA
prototyping kit (PPK1-1G1)
lets you design the PGA's you
need instantly. Included is a
Our EZ-1/ 0O inserter/ baCk' up board,

xtractor, the right z
S b universal socket

pins, spring

tool and
® seating tip.

I 1n just five

| capacity to

forms, socket
loaded seating  of sockets is faster than
J Of course, coupon for our

| Augat canturn  newly revised v
samples around PGA catalog. .;::

| days. Andour  you haven't

deliver millions  tion of Pin Grid

Array Sockets, you haven't

seen anything yet.

of over 250 pin out combinations and
| for free socket samples.

I'd like to see a copy of your catalog of Pin Grid
I Array Sockets. Yes, the one with 6 variations

an offer

e = Name
A prototyping kit for (Irsz'gm'}s who love to tinker. | Title
And who doesn't? I Company
Street Address

City State Zip

you think. o Tel
Send in the

N (semiconductor device & mfg.)

I'm looking for Pin Grid Array Sockets to fit

Components Division, 33 Perry
Attleboro, MA 02703. (617) 22

Because if . TWX: 710.391.0644.

seen our selec-

(OMPONENTS

See us at Electro Show ‘85 Booth, #2127-2134 CIRCLE 4

Mail to: AUGAT, INC., Interconnection

Avenue,
2-2202.

"INTERCONNECTION



California

Serfboard Sale!

§x10290t

The versatile
California Serfboard,
MCS-1062, is the first

b serial I/O controller
BER  ith eight intelligent
slave channels. Plus
all the features

highlighted below.
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Product Highlights:

O Eight individual channels, programmable for
ASYNC, SYNC, or BITSYNC.

0 Programmable timers for ASYNC data rates to
76.8K Baud.

J Wide range of modular interface adapters
available, each field interchangeable. RS-232,
RS-422/RS-423 Optical Current Loop,

MIL 188-114.

[J On-board Intel 8088 CPU. 96K bytes EPROM
(using 27128’s), 128K bytes RAM.

[ Simple “handshake” architecture for user
software interface.

DG L0 G

Get eight channels of intelligent slave serial
I/0 with this new wave Multibus controller

[ Dual Port RAM. Supports 8 or 16 bit memory
accesses, 24 bit Multibus addressing.

[ Standard Multibus architecture. One unit load,
single card slot, vectored or nonvectored Bus
Interrupts.

[0 Terminal I/0 irmware available.

And, right now, the MCS-1062 is available at
an unbelievably low trial price. Only $975.
That’s more than a 20% discount. If you've
wanted to evaluate the MCS-1062 here’s your
chance to do so inexpensively.

For complete specifications and ordering
information, call or write: METACOMP, Inc.,
9466 Black Mountain Road, San Diego, California
92126, (619) 578-9840, TWX 910-335-1736
METACOMP SDG. Ride the new wave of high
technology. Get your California Serfboards
while they last!

METACOMP

MCS-1062 is a trademark of METACOMP, Inc
Multibus is a trademark of Intel Corp
© Copyright 1984 METACOMP, Inc., all rights reserved.

THE MULTIBUS BREAKTHROUGH PEOPLE

CIRCLE 5




UP FRONT

DEC defends exclusive rights to MSCP

Digital Equipment Corp (Maynard, Mass) is defending its
patented mass storage control protocol for the Q-bus and the
Unibus. DEC has sent letters warning companies manufacturing
products to the MSCP specification that marketing MSCP
products may constitute patent infringement. The letter also says
DEC did not intend to license MSCP to anyone. ‘‘We really
don’t think DEC is going to do anything,”’ said Paul Getty,
senior product manager for Cyclone, a Q-bus and MSCP-
compatible Winchester/tape system for the MicroVAX made by
Qualogy (San, Jose, Calif). “‘DEC was just exercising ‘due
diligence’ under the law as they were obligated, to protect their
patents.”” Getty admitted that Qualogy had received such a letter,
but said the letter advised the company of DEC’s patents and did
not really constitute a ‘‘cease and desist’’ order. Other companies
manufacturing MSCP controllers include Emulex (Costa Mesa,
Calif), Spectra Logic (Sunnyvale, Calif) Sigma Information
Systems (Anaheim, Calif), and Distributed Logic Corp (Garden
Grove, Calif).—T.R. W.

AT&T unveils 7300 desktop computer, add-on developers ready

Finally letting its lions loose against IBM’s AT, AT&T formally
announced its 7300 ‘‘Safari’’ computer. Meanwhile, add-ons were
already available to increase the machine’s basic capabilities. Bell
Technologies (Fremont, Calif), for example, had already
announced its B40 40-Mbyte hard disk and its Bell Screen Editor
for the AT&T machine. ‘“We think AT&T has underestimated the
emphasis corporate buyers place on ease of use,”” says Bell
Technologies president Kathleen Farley. ‘“When we heard AT&T
thought business users would be happy with the Unix editors ed
and vi, we doubled our sales forecasts.”” Likewise, Farley
anticipates a significant market for its 40-Mbyte disk to replace
the 7300’s 10- and 20-Mbyte drives. ‘‘A 20-Mbyte maximum
capacity is just not enough in a competitive Unix environent that
includes IBM,”’ Farley commented.— W.E.S.

Tektronix spins off gallium arsenide facility

TriQuint (Beaverton, Ore), the semiconductor house Tektronix
spun off late in February, is bragging about its eight-week
turnaround time for gallium arsenide semicustom parts. The
company’s first standard part is an MSI cell array. But company
president Alan Patz says a full line of analog and digital chips
will surface in the fall.—B.F.

Speech recognizer uses 3000 tokens to understand 1000 words

Look for the next step towards the talking typewriter at Speech
Tech ’85 in New York, April 21-23. Kurzweil Applied Intelligence
(Waltham, Mass) will preview its 3000-token system that
recognizes more than 1000 spoken words or phrases. The KV
3000 uses speech normalization, a form of high level pattern
recognition that handles words or phrases up to a few seconds in
length. The recognition occurs in virtually real time—generally

(continued on page 8)
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(continued from page 7)

within 100 ms. Custom digital filters provide 99-percent
recognition accuracy, according to company president Ray
Kurzweil. The KV 3000 is available in Multibus, IBM PC bus,
RS-232-C link, and single-board configurations. The company is
also working on its VoiceWriter, a 10,000- to 15,000-word voice-
activated word processor, which should be available in sample
quantities during the second half of this year.—N.M.

Processor executes Forth in microcode

A processor to execute the Forth language directly has been
developed by Novix Corporation (Cupertino, Calif). The chip,
designed in part by Forth inventor Charles Moore, executes the
Forth language in microcode, allowing it to perform many of
Forth’s instructions in a single machine cycle. The slowest
instruction, a 16- x 16-bit multiply, takes 16 cycles, according to
Novix general manager John Golden. The processor sets up two
RAM-resident stacks and a main memory. Novix hopes to have
development system boards that link serially to the IBM PC
available for shipping by the end of May. Developers will write
their software on the PC, then download it to the board for
testing. The board will include 128 bytes of main memory and

8 Kbytes of programmable ROM. The Forth processor, now being
manufactured for Novix by Mostek (Dallas, Tex), comes in a
124-pin package and runs at 7.5 to 8 MHz. Forth, Inc (Hermosa
Beach, Calif) is providing software support for the chip.—7.R.W.

CAE, CAD manufacturers set to collide

Computer aided engineering tools, such as schematic capture and
simulation, have developed independently from computer aided
design tools for IC and printed circuit board layout. Now, CAD
and CAE tool companies are invading each other’s markets. For
example, traditional CAD vendors that include Cadnetix,
Applicon, Telesis, and Computervision are showing their first-
generation CAE products. Meanwhile, CAE vendors are
demonstrating IC layout tools, including MegaGatemaster from
Daisy (Mountain View, Calif), a package for gate array layout,
and the Concorde silicon compiler from Valid Logic (San Jose,
Calif). Leading CAE vendors are expected to introduce printed
circuit board layout tools this year. They could grab 50 percent
of the printed circuit board CAE/CAD market by 1987,
according to the Technology Research Group (Boston, Mass).
“It’s going to be a slugfest,”” predicts Mentor Graphics
(Beaverton, Ore) vice president Gerald Langeler.—R.G.

Semicustom library added to workstation design tools

Signetics (Sunnyvale, Calif) will supply library software for
semicustom chip design using Daisy CAE workstations by the end
of the third quarter. Customers will be able to enter schematics,
simulate designs, and generate netlists that will interface with
Signetics internal CAD tools. Signetics’ libraries of semicustom
parts will include the ISL Flexx array, ECL macrocell arrays,
CMOS Flexx array, and CMOS standard cells. Texas Instruments,
Motorola, Mostek, Intel, and National Semiconductor already
provide design tools to run on Daisy workstations.—N.M.
(continued on page 10)
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Three Good Reasons Why Your Next
MULTIBUS® Should Be Multi 286

It's Three Boards In One!

Multi 286 is everything you want in a Whether you are a design engineer, O.E.M. or

MULTIBUS Computer. Multi 286 has . . . Systems Development Organization, Multi 286
.« CPU is the solution you've been looking for.

« MEMORY , Designed around the powerful 80286 CPU, the

Multi 286 has either 256K or 1MB built-in

P TLOBEE ERESFLC R memory. Additional features such as numeric

PLUS, much more - all on a single card! Multi  Processor extension, four separate built-in
286 is truly the MULTIBUS Computer of controllers, programmable multiple protocol,
tomorrow. But, if those three and the ability to address 16 MB of physical
reasons weren’t enough to . and 1 gigabit of virtual memory make this truly
convince you of that fact, here the MULTIBUS Board of tomorrow. Check
are three more. Multi 286. . . thfe'sef;‘redominant features listed below:

L] ‘ l
- Offers the Software 1256/ 1MB conﬂgurable dual ported RAM

& 7, EEWith
lnterface of Your Pl B

. 16K to IZBK of ROM space - with
bul[t-irl diagnostics and loader

* Four channel DMA controller
wlth !6MB physical addressing

(82258)

* 5% and8"” floppy controller
~ *» Four programmable
serlal | /0 Interface

duction Dr
’ Beach, e
000
3 IO Ad /a

3

RMX and MULTIBUS Pric of inte, inc. IS ' : y # ;
MS DOS and Xe BerMmicrosor e, ' N [
PC DOS Is a tra ational Business Machines, Inc. 4 /;t

:



l'P Fllllm' (continued from page 8)

Single-board computer ties DEC chip to VMEbus systems

An upcoming VMEbus CPU card features Digital Equipment
Corp PDP-11 software compatibility. The board should extend
the VMEDbus’s inroads into OEM markets. The card, dubbed the
VME-1120D by its maker (The Logical Design Group of Raleigh,
NC), is a 16-bit single board computer based on DEC’s J-11
microprocessor. The J-11 sports 32-bit internal data paths and a
15-MHz clock. System designers can configure the double-
Eurocard VME-1120D as a VMEbus controller, and it can be
used in multiprocessor systems. The Logical Design Group claims
full software compatibility with the whole range of PDP-11
computers from the 11/03 to the 11/70, and says it hopes to tap
the existing DEC software base.—J. V.

Signetics will use Zymos ZyP design system

Adding itself to the growing list of semiconductor manufacturers
using Zymos’s (Sunnyvale, Calif) ZyP design system, Signetics
announced it will design semicustom peripheral circuits under a
second-source agreement with Zymos. The circuits will serve for
data communications protocol controllers, bus interfaces, CRT
controllers, and similar applications. Intel and General
Instruments are among the semiconductor manufacturers already
using the ZyP system.—N.M.

Standard cell libraries multiply

More semiconductor manufacturers are offering standard cell
libraries. Among them are Mostek (Carrolton, Tex) and Motorola
(Austin, Tex). Mostek’s SA series library includes user-
configurable RAMs, ROMs, and programmable logic arrays.
Customers design their parts by linking to the company’s
Highland 2 design system. Expected lead time from design release
to prototype shipment is 12 to 14 weeks. Motorola should
announce its standard cell entries next month. Both Mostek and
Motorola will offer “‘super cells,”” such as core processors and
large memory blocks, as standard cells sometime in 1986.—N.M.

C compiler allows hybrid memory models on 8086

Whitesmith’s Ltd. (Concord, Mass) has just announced a new
version of its C compiler. The compiler allows programmers to
choose among the available 8086/8088 memory addressing
schemes directly from the C source code, a feature the company
claims is unique. The package includes a source-level interactive
debugger that allows the programmer to set breakpoints and
examine variables.—W.E.S.

COMPUTER DESIGN© 1985 (ISSN-0010-4566) is published monthly by PennWell Publishing Company, Advanced Technology Group, 119 Russell St., Littleton,
MA 01460. Second-class postage paid at Littleton, MA 01460 and additional mailing offices. COMPUTER DESIGN is distributed without charge to U.S. and
W. Europe-based engineers and engineering managers responsible for computer-based equipment and systems design. Subscription rate for others is $60 in
U.S.A. and $85 elsewhere. Single-copy price is $6.00 in U.S.A. and $8.50 elsewhere. Microfilm copies of COMPUTER DESIGN are available and may be
purchased from University Microfilms, a Xerox Company, 300 North Zeeb Rd., Ann Arbor, MI 48106. Officers of PennWell Publishing Company, 1421 S.
Sheridan, Tulsa, OK 74101; P. C. Lauinger, Chairman; Philip C. Lauinger, Jr., President; Joseph A. Wolking, Executive Vice President; H. Mason Fackert,
Carl J. Lawrence, Group Vice Presidents; L. John Ford, Vice President; V. John Maney, Vice President/Finance. {\,

(ABP
® COMPUTER DESIGN is a registered trademark. All rights reserved. No materials may be reprinted without permission. Phone (617) 486-9501. VBPA
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dd&ign projects use help from a higher source?
newest generation of intelligent microprocessor
ment equipment from ZAX Carporation.

Could your
Discover the

_duces the gﬁ: true 32-bit universal microprocessor
i system fealuring ZAX ICD-series in-circuit emula-
S MicroVAX | ™ sGper-microcomputer. The ZAX/VAX connec-
delivers the highest level of power and flexibility by offering professional
- ment systems and, software integration preducts which support both

mwilti-processor and multi-user capabilities. while maintaining full compatibility
~ with larger VAX/VMS computer systems. :

74 To find out more about how to THRUST your design projects to new heights,
& 2 . ‘call the leader in microprocessor development systems —

", 4/ ZAX Corporation * 800/421-0982 * 714/474-1170

; 0y .
¥ i

% Z o 2572 White Road, lrvine. California 92714
ax COI’poratlon (714 474-1170 ® §00-421-0982 ® T( X 183829
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Gould...Innovation and Qualfty-m Reaf“nme Systemsw

Legends have a way of being
based on fact. Gould Fire-
breathers are legendary in the
land of Real-time and our lead-
ership and superiority are no
myth.

Gould ignited the Real-time fire
two decades ago. Since then,
scientific and industrial com-
puter users have been hot on
Gould. In the simulation,

T —

i

energy, oil and gas, laboratory
and computational markets,
Gould Firebreathers are the
choice of virtually all the lead-
ing companies that implement
Real-time systems.

Gould had the first Real-time
minicomputer in 1965. We
again brought sophisticated
Real-time users out of the
Dark Ages with the first 32-bit
Real-time mini in 1969 and the
first supermini in 1975. And
we're still the leader in super-
minicomputer performance.
When it works and it's proven,
history does repeat itself.

Al
SR

' §

Be a part of history in the
making. Bring Gould into your
Real-time realm. Firebreathing
power from the beginning, for
today...and tomorrow.

Gould Inc., -

Computer Systems Division,
6901 West Sunrise Boulevard,
Fort Lauderdale, FL 33313
1-800-327-9716.

CIRCLE 8
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EDITORIAL

WHEN THE GOING GETS TOUGH

A long-held axiom holds that when business is brisk
almost anyone can make money, but when business is slow
only the best-managed and most enterprising companies
succeed. The axiom has held true throughout the short
history of the computer industry. During each recession,
the best computer and component companies increased
their market share, while dynamic startups grew to replace
the dying dinosaurs. Even though the current slowdown
is mild or nonexistent by traditional economic measures,
it is taking an unusually heavy toll from our industry.
Perhaps the computer business has accelerated to the
point where survival is the best we can expect during lean
years. For company managers, the struggles resemble
those nightmarish video games that allow you to play
again if you win—while the degree of difficulty increases
exponentially in each succeeding game.

The more perceptive managers have no illusions about
problems they face. For example, warning his stockholders
to expect reduced profits for the current fiscal year, Ray
Stata, chairman and president of Analog Devices, recently
stated: “A well-managed company in a volatile market
must exhibit wide swings in financial performance.” He
explained that trying to produce consistent profits through
downturns in the semiconductor industry is a bad long-
term strategy. It prevents essential investments in research
and development, increases in production capacity, and
staff development. Obviously, Stata’s concept of a “well-
managed” company differs from some traditional views—
possibly because he was trained as an engineer and,
therefore, knows that investments in new technology are
the key to survival. He is prepared to pay the price of
extreme earnings volatility in return for a high rate of
average long-term growth. The investors’ ideal scenario
of smooth and rapid growth no longer seems sustainable
in the components segment of the computer industry.

Although Stata identifies market volatility as the root
cause of earnings instability, he does not explain why the
swings tend to grow progressively more violent. Perhaps
he did not want to alarm his stockholders with economic
horror stories. We are sure he knows, however, that funda-
mental changes in the industry have greatly increased the
risks and costs that must be incurred to reap the rewards.
Perhaps only high rollers should get involved; widows and
orphans should seek a more secure haven.

The reasons for increased market volatility have been
widely analyzed. Faced with intense price competition,
rapid product obsolescence, and the “fad factor” in con-
sumer markets, equipment builders inflated their orders

for components. Most of them
overestimated their needs—and
they all wanted to ensure avail-
ability and hold down costs.
This set up a boom-or-bust sce-
nario in which massive orders
were cancelled or companies
went out of business and were
unable to pay their suppliers.

What is less widely under-
stood, however, is why market
fluctuations now cause such ex-
treme swings in profitability. A
major reason is that, over the years, computer and elec-
tronics companies have become more highly leveraged.
Their fixed costs have grown so huge that a small change
in sales produces a large change in earnings. Some indus-
tries, such as airlines and steel producers, have always been
highly leveraged. Consequently, they have exhibited cyclical
patterns in their profits. For computer companies, how-
ever, the phenomenon is quite recent.

What happened was that, with increasing product com-
plexity, design automation was needed to lower develop-
ment costs, minimize design errors, and speed up new
product introductions. In some areas of activity, such as
documentation and software development, much larger
staffs had to be recruited to handle tasks that could not
be heavily automated. Simultaneously, production auto-
mation was required to lower costs and maintain quality
control of the increasingly complex products. The high
costs and rapid obsolescence of the capital equipment, in
turn, combined to boost the fixed-cost burden.

Because of fundamental changes in the computer indus-
try, therefore, both corporate and engineering managers
now face probably the toughest challenges of their careers.
For engineering managers, increasingly complex technical
decisions must be made in an increasingly risky economic
environment. Once again, only the best-managed com-
panies will succeed. And, more of the surviving managers
should turn out to be engineers—like Ray Stata. But, this
time, those engineers who fully understand the changing
dynamics of the industry should have the edge.

e —

Michael S. Elphick
Editor in Chief
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The HP 64000... Now with high-speed link to H? 9000

Accelerate your software projects
your engineering computer.

Choose your microprocessor, then choose your program-
ming environment —with the HP 64000 Logic Develop-
ment System you now get the best of both worlds—
your host computer interactively linked to the powerful
emulation and high-level analysis of the HP 64000. A new
high-speed link now connects the HP 64000 to HP 9000
and DEC* VAX* computers. This creates a new host
computer-based software design environment that

can accelerate project schedules.

8
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Today’s realities include highly complex software
and a competitive environment that quickly eliminates
late products. To compete effectively, your software
design process must be under control. For smaller proj-
ects, the advantage of the HP 64000’s tightly-coupled
approach to software design and analysis is well estab-
lished. Larger teams, however, can benefit from a cen-
tral computer with lower-cost peripheral workstations
and terminals.

High-speed link and remote control.

Our newly-introduced high-speed data link and
remote control capabilities tightly couple the system
integration environment to your central engineering
computer. And the cost per user is lower than you might
think. With the new remote control feature, design engi-
neers can access and control the HP 64000 from a low-
cost terminal conveniently located on their desk. Using
the same directed syntax softkeys as the HP 64000, mea-
surements are specified and results are displayed on
the terminal. This means improved programmer pro-
ductivity and shortened product development time.




and DEC VAX

with our design tools and

And—the powerful HP-UX**
operating system.

Keep projects on schedule and costs under control.
Design software using HP-UX, the operating system that
was made for software engineers. HP-UX operating
system gives you full access to the powerful UNIX**
program management tools and program development
environment. Plus, additional tools are easily created or
customized for new or special applications. HP 64000
compatible cross compilers and assemblers now run on
the HP-UX operating system (see chart). Software engi-
neers are free to apply their most creative efforts towards

SR o

S
O
0

il

software design on the HP 9000, then perform analysis,
optimization and system integration tasks on the

HP 64000. Similar design tools are also available on the
DEC VAX computer with the VMS* operating system.

Success: the bottom line.

It all boils down to this simple fact: you understand
the processes and the problems of developing complex
microprocessor-based products. We know what it takes
to make those efforts successful. And in
the HP 64000 we’ve put that knowledge
to work for you.

Call today 1-800-447-3282 (in Colo-
rado call collect 1-590-3340) for your free
copy of our new brochure explaining how
the HP 64000 can increase your software
development productivity. We’ll put it in
the next day’s mail. For more information,
contact your local HP sales office listed in the telephone
directory white pages. Ask for the electronic instruments
department.

*DEC, VAX, and VMS are trademarks of Digital Equipment Corporation.

**Hewlett-Packard’s enhancement of the UNIX operating system. UNIX is a trademark
of AT&T Bell Laboratories.
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delay
devices)in.

® TTL Interfaced
® 14 Pins DIP

® Generates All Timing Pulses for

DRAM Memory Board
® Precise and Stable Timing

385 Lakeview Avenue, Clifton, New Jersey 07011

(201) 772-1106

CIRCLE 10

DYNAMIC MEMORY TIMER

® Triggered by a Single MREQ Pulse
- ® Rising-edge Triggered

5 OR 10 TAP ACTIVE BUFFERED
INPUTS AND OUTPUTS

e LOW PROFILE HERMETIC METAL 14
PIN DIP

e HIGH RELIABILITY THICK FILM
HYBRID CONSTRUCTION

e IDEAL FOR HOSTILE ENVIRONMENTS/

MILITARY GRADE COMPONENTS
AVAILABLE

o U.S. MANUFACTURED ON AUTOMATED
ASSEMBLY AND TEST EQUIPMENT FOR

REPEATABILITY
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o HIGH MTBF

o COMPLETE STANDARD PRODUCT LINE
AND CUSTOM DESIGNS AVAILABLE

FOR MORE INFORMATION CONTACT...
JO-ANN RICCI (408) 395-2300 X265

HYTEK MICROSYSTEMS

980 UNIVERSITY AVENUE
LOS GATOS, CA 95030
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The best way to test circuit
boards is by comparison.

The Fluke 3050B gives you the
power of Reference Board Testing.

With the Fluke 3050B Analog/Digital
Functional Test System, you can test en-
tire microprocessor-based boards, detect-
ing even the most difficult-to-diagnose
functional faults. The result is confidence
levels of at least 98%. You get higher
system yields, reducing your defective in-
ventory as much as 70% and speeding
deliveries.

Our Reference Board test method com-
pares the unit under test to a known good
board, ending the need for extensive fix-
turing and programming. So you can test
more types of boards at a lower cost than
any other method.

Each Reference Board becomes an in-
stant test library, as real-time responses

allow the 3050B's powerful diagnostic
algorithms to exercise the board at rated
microprocessor speeds.

Automatic diagnostic software tests
bus-structured boards, determining what
device is driving the bus at the time of
failure. With advanced loop diagnostics
and the ability to break feedback loops,
the 3050B identifies even the most diffi-
cult-to-find faults.

Extend the system by including an
off-line programming station, analog test
station, touch-sensitive display and a
high-speed printer for statistics.

The 30508 starts around $100,000,
complete with the software, applications
support and service you would expect
with more expensive systems.

So for the best and most cost-effective
ATE solutions look to Fluke. Make your
comparison. Then contact your local
Fluke Representative, or call toll-free
1-800-426-0361.

FLUKE

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., PO. Box C9090, M/S 250C. Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100.
EUROPEAN HEADQUARTERS: Fluke (Holland) BV.. PO. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846

© Copyright 1985 John Fluke Mfg. Co., Inc. Al rights reserved. Ad No. 1401-3050
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“What's on your mind, Jerry?”

“What's the problem?”

And, as usual, they need it
yesterday.”

“Can we do it?”

“Whats the risk?”

“I'm worried. Marketing wants us ]
to develop a UNIX based system L
that’s way ahead of everyone else” ¥ 4

o

“They want more than just another
microcomputer. They want a
supermini at a micro price.”

“Which means we have to develop
the hardware and software

at the same time. And it’s got to
hawe virtual memory and full
Sfloating point operations.”

“Only if we use the Series 32000
microprocessor. family.”

“The only risk is if we don’t use it”

Right this minute, more
than 300 of your competitors
are using the Series 32000
to beat you to market.

Of all the 32-bit microprocessors
available today, only one delivers
the total solution that gives your
new products the competitive
edge. Ours.

That's why almost half the
Fortune 500 companies planning
32-bit products are already using
the Series 32000™family. To say -

“nothing of the hundreds of smaller

_companies also using Series = -

-1 32000 in pursuit of new markets
~ Like your market.

Because our complete Series
32000 microprocessor family is
- ready today, it reduces the
- cost and speeds the pace of
® system development.And

2900 Semiconductor Dnve

because it performs like a super-
mini and runs true UNIX™software, -
Series 32000 will put your new
products far ahead of the competi-
tion.The only worry you'll face IS e
if you don't use it. Lk
For all the facts, write to: e
Series 32000, MS 93-200 :
National Semiconductor

PO Rox b8UGE 5 - =
Santa Clara GA 95052 809&

Natlonal :



We've long been recognized for our tasty technology.
But not many know us for our tempting selection.

Fact is,no one offers a more complete line of integrated
circuits than Fujitsu: memories, microprocessors, microcon-
trollers, floppy disk controllers, LAN chip sets, codecs, flash
converters, application specific ICs and more.

And while others make promises, we deliver. Now. In pro-
duction quantities.

DRAMs. In MOS memories, we were the first to consistently
ship production quantities of 16K, 64K and 256K DRAM:s.

With features that make your mouth water. Like our MB81256/
MB81257 256K with both the smallest die size in the industry
and the fastest address access time: 100 ns.

High-speed bipolar memories. We serve up PROMs in
sizes from 256 to 64K bits. All made according to our unique
DEAP™recipe for high reliability.

ECL RAMs. Fully compatible with the industry-standard
10K and 100K series families. In densities from 1K bits at 7 ns
to 16K bits at 15 ns. All available now. With a 16K at 10 ns version
later this year.

Static RAMs. All the industry-standard high- and low-speed
parts — from 35 ns to 150 ns address access times. In your choice
of organizations and densities, from 4K to 64K bits.

EPROMs. We'll more than satisfy your appetite,from 64K to
256K. And 512K coming soon. In a choice of two flavors:
CMOS and NMOS.

Microprocessors. We serve up a mouth-watering selection.
Starting with our proprietary 4-bit microcontrollers offering
the best value by function. And continuing with a complete line

of Intel-compatible (second source licensed) 8- and 16-bit
microcontrollers, microprocessors and their peripherals.
Complemented by a choice of many Fujitsu-designed
VLS circuits. Including the industry’s first Ethernet™ chip
set, high-performance digital signal processor, disk and
video/graphics controllers, and later this year —
MBL80186 and MBL80286 microprocessors.
Gate Arrays. We supply more of the world's gate
array requirements than any other manufacturer.
With CMOS arrays in densities from 440 to 8000
gates. And bipolar arrays from 240 to 2000 gates. All
supported by one of today’s most sophisticated and prolific
design systems, with well over 3000 designs already produced.
Packaging. Wrap it up any way you want. We offer the most
comprehensive selection. From standard plastic DIP to LCC.
PLCC to Cerdip. SIP to flat pack. And skinny DIP to high-pin-count
grid arrays.
That's why, the next time you hunger for a part — any part —
call Fujitsu first.
We'll satisfy your appetite.

FUJITSU

MICROELECTRONICS, INC

Integrated Circuits Division
3320 Scott Boulevard

Santa Clara, CA 95054-3197
(408) 727-1700

Sales Offices. Atlanta 404/449-8539. Austin 512/343-0320. Boston 617/964-7080. Chicago 312/885-1500. Dallas 214/669-1616. Houston 713/784-7111. Minneapolis 612/454-0323. New York
516/361-6565. No. Calif. 408/866-5600. So. Calif. 714/720-9688. © 1985 Fujitsu Microelectronics, Inc. DEAP is trademark of Fujitsu. Ethernet is a trademark of Xerox
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The AT&T ODL Lightwave Data Link:
because your computer’s performance
is only as strong as its data link.

Today, you can design the most sophis-
ticated computer hardware imaginable. But
if the system elements cannot interface at
optimum data rates and performance levels,
the effectiveness of your computers could
be lost.

That’s why we're now introducing the

AT&T ODL" Lightwave Data Link: the high
performance data link.

A produet of the outstanding design
capability and experience of AT&T Bell
Laboratories, these state-of-the-art links
will grow with your customers’ data com-

munications needs. With data rates up to
200 Mb/s, low transmission losses and low
error rates, our data links will assure your
computers’ ability to meet the future.

And AT&T offers the complete system.
This includes all the required components—
from the transmitter, through the cable and
associated connectors and hardware, to the
terminating receiver. You also get the com-
mitment to customer support and user
training services youd expect from the lead-
ing name in communications. Let us help
you design a computer system with built-in




growth, not obsolescence. For more infor-
mation, write: AT&T, Dept. CG, 555 Union
Blvd., Allentown, PA 18103. Or call: 1-800-
372-2447 (toll free) or 1-201-771-2601.

—— ATarl

©1984 AT&T Technologies, Inc.

AT&T, Dept. CG, 555 Union Boulevard
Allentown, PA 18103

[J Please send me information on AT&T ODL™ Lightwave Data Links.
[ Let me know how I can get a 40 Mb/s Data Link models kit.

Name  (pleaseprint)

Company

Address




The Technol
Of Material

O8Y
Selection

“Given the range of engineering plastics available today
and the proliferation of new grades and blends, designers
have unprecedented numbers of options. Furthermore,
the differentiation between competing materials is

not always clear cut, requiring careful analysis to weigh
property-to-property trade-offs. When the choices are so
complex, the decision process has to be simplified.

That's why GE developed the Engineering Resins

Information System (ERIS for short), a computerized

databank that can answer virtually any resin-related

question faster and more comprehensively than ever

before. We can take a portable terminal right to a customer’s
location and call up properties and engineering data, or informa-
tion on secondary operations or processing characteristics. Unlike
other databases, ERIS includes information on competitive materials.
You can compare GE resins with hundreds of other plastics

in a matter of seconds. And the system can also perform cost
analyses and economic feasibility studies, vastly speeding the entire
application development process.

Why do we make head-to-head comparison of
our materials with the competition’s so easy?
Obviously we're confident of GE plastics’
superior performance. But more importantly,
we want to work with you to make sure you get
the best possible material for your application.”

Start a dialogue with GE Plastics. Call

(800) 845-0600 from anywhere in the U.S. or
Canada and request our 48-page engineering
plastics properties guide. ERIS is available
through any of our worldwide locations.

N GEAASTICS

THE STRATEGIC SUPPLIER
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LETTERS TO THE EDITOR

Al market soars

In the Oct 15, 1984 issue (‘‘Artificial Intel-
ligence Concepts are Being Put to Practical
Use,”’ p 45), Computer Design incorrectly
quoted DM Data as estimating the artifi-
cial intelligence market to reach $10 bil-
lion by 1990. In fact, the number we have
published is approximately $3 billion by
1990, with the dedicated expert systems
market comprising approximately $800
million of that total. Al military appli-
cations will continue to increase every year,
but will drop proportionately compared
with amounts spent for industrial, com-
mercial, and research applications.

The expert systems market will prob-
ably grow to about $57 million in 1985,
with other Al-related markets such as
visual recognition boosting the 1985 Al
market to about $240 million in total.

Harvey P. Newquist III

DM Data, Inc

6900 E Camelback Rd, Suite 1000
Scottsdale, AZ 85251

Just can't wait

I enjoyed reading the article on the poten-
tial of current and future multiprocessor
architectures in providing added process-
ing power (‘‘Multiple CPUs and More
Memory Define Next Generation,”” Dec
1984, p 83). Of particular interest to us and
our clients is the chart on p 84, showing
the price/performance of IBM 43XX
machines and predicting just where the
next generation product(s) might fit in.

Our clients are waiting with bated
breath for the next generation machine
which will provide 3- to 4-MIPS perfor-
mance for 6 times the price/performance
of IBM 4381-2. They can’t wait, as well,
for the low end of the next generation
which is shown to provide 1-MIPS perfor-
mance (about a third of the 4381-2) for
about $800,000 (about half again the price
of the 4381-2). Or, comparing it to the
4341-1, about the same level of perfor-
mance for close to three times the price.

Other than the aforementioned prob-
lem, your article was of great interest and
indicative of the tremendous acceleration
of performance per dollar increase made
possible by the newer generations of VLSI
building blocks and microprocessors.

Peter B. Pitsker

North & Donahoe

1800 E Garry Ave, Suite 114
Santa Ana, CA 92705

As Mr Pitsker suggests, customers will
show more enthusiasm for systems in-
troduced at $100,000 per MIPS (shown
on the corrected curve).

30+
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PURCHASED PRICE IN MILLIONS OF DOLLARS AT INTRODUCTION

Acronyms as wall paper
Sitting here at my desk real late reviewing
pubs, I do not have a chance to look at
during the day, I read the Jan 1985
editorial—the best I’ve seen in years.

As a marketing and communications
exec (whatever that means), I constantly
have to read something over and over or
run to engineering to clarify an acronym
so I can try to understand what’s written.

I’ve asked many reps to see if they can
get me a listing of these acronyms or
abbreviations that I can paper my walls
with for easy reference—no luck yet. Any
suggestions?

Regards and TKS from JES sitting here
OMA at FDC.

John E. Scolamiero

Florida Data Communications
600 D John Rodes Blvd
Melbourne, FL 32935

Several reference books provide defini-
tions for abbreviations, acronyms, and
terms used in the computer and electronics
industries. Computer Design’s primary
source is the IEEE Standard Dictionary
of Electrical and Electronics Terms, pub-
lished by the Institute of Electrical and
Electronics Engineers, New York, NY.
Another source that may interest Mr
Scolamiero and other readers is the IBM
Vocabulary for Data Processing, Tele-
communications, and Office Systems. Be
advised that definitions and acronyms
may vary, depending on the source.

Keeping the balance

The January editorial sure hits at one of
my pet peeves. I have written to editors
about this myself and don’t know if you
might have been one. The problem arises,
of course, where different technologies
come together. PCs (printed circuits)
go to make up PCs (personal computers)
that are used as PCs (programmable
controllers).

The editorial touched on, but did not
elaborate on another author/editor pet
peeve. That is the failure to define an
acronym the first time it appears in an
article, or to do so inconsistently. I actu-
ally read an article where the author de-
fined RAM and ROM and then went
merrily on using more state-of-the-art
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acronyms freely with nary a peep about
what they stood for.

You did mention the need for a publi-
cation to define its audience. I agree, but
there’s the rub. Audiences change and are
almost always somewhat mixed for any
given book. Computer Design, for exam-
ple, has sections on system technology,
system design, and system components in
the January issue. We creatures of the real
world get boxed into the cells (sometimes
called fields or disciplines) we work in.
We try to keep up with the action in other
cells by reading the likes of Computer
Design. That leads to an editorial
problem.

As 1 seek cross-pollination from the
other cells, I read as an outsider, not
totally familiar with the latest jargon. I
appreciate the efforts of an author to take
me along, without boring the reader
whose cell is being reported on. A balance
is needed; you have to set the pivot point
and see that your readers stick with it.

Enough crabbing! I like CD and enjoy
reading selected articles but seldom get an
opportunity to do a cover-to-cover. The
ads are informative too. But, by the way,
ad writers are about the worst offenders
when it comes to unidentified symbology.

John E. Thompson
908 Burns Ave
Flossmoor, IL 60422

What's what from a who's who

I thank you most sincerely for stealing my
thunder—whose intensity is admittedly
many decibels below yours—in the Dec
1984 editorial, ‘““Who is Who and Who
is Not.”” My wife has so far been the only
one having the dubious benefit of my
diatribes regarding the Entrepreneur of
the Year.

The concept of entrepreneur has been
distorted as was the matter of your
gender, with both distortions due to Mar-
quis Who’s Who (in whose flock I now,
alas, count myself). On a more positive
note, I have for some time regarded Com-
puter Design as my favorite of its ilk.
George Hacken
12 Shepard Dr
Wanaque, NJ 07465

Fast Fourier fits fine

I was delighted to see Bill Suydam’s an-
nouncement of our new FFT algorithm
in the Up front section of the February
issue. The MADCAP and TMS320 Prod-
uct Development System software de-
scribed are generating a lot of interest from
designers and signal processing engineers.

The algorithm is called Practical Trans-
form Lengths (PTL). It computes 97
different FFT lengths between 2 and
1024. It will process a 1001-point FFT two
and a half times faster than the nearby
1024-point standard FFT, in less time
than a 512-point standard FFT, and in
less than double the time of the 256-point
standard FFT. This processing time sav-
ings is only one of the several advantages
of this next-generation FFT algorithm. It
offers seven times the number of places
that a filter can be placed at specific fre-
quencies, and it eliminates padding sam-
ples with up to hundreds of zeros in order
to reach the next power of two that stan-
dard FFTs compute. Therefore, there are
severalfold savings in I/0O time, process-
ing time, and memory requirements. PTL
allows you to match your processing to
the problem, not shoe-horn the problem
into the existing processing lengths.

Joanne Smith, President
Whitman Engineering, Inc
520 S Maitland Ave
Maitland, FL 32751

A matter of style

The January editorial made some excel-
lent observations regarding acronyms,
etc. For accuracy, however, I must take
exception to your suggestion that the sym-
bol x would be an abbreviation (refer to
ISO-1000 standard).

Since it is a symbol, it does not take a
period (yes, that is why!) the way abbrevi-
ations do.

Perr Cardestam
PO Box 32572
San Jose, CA 95152

Your observation is correct. However, we
do not use a period in either abbreviations
or symbols, except to clarify areas of
potential ambiguity. For example, “‘in.”’
as an abbreviation for inches carries a
period to distinguish it from ““in’’ as a
preposition.

Letters to the Editor
should be addressed to:

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




MC68020, NS32032 and IAPX 286 data as
reported in Systems News, Fall 1984 issue
No higher clock speed on the

AP X 286 was available

EDN BENCHMARK SERIES
Normalized Processor Performance

Motorola
MC68020
16.67 MHz

National
Semiconductor
NS32032

10 MHz

Top of the chart.

Use the chart-toppmg power of the 32-bit MC68020 in your VMEsystem.

Motorola introduces
the VME130, a
A" single-board com-
puter using the new
"~ 32-bit MPU perform-

ance standard, the

MC68020, for maxi-
mum throughput, com-
patability and design

support.

With system throughput in the 2-3 MIPS
range and burst rates of up to 6 MIPS, the
MC68020 processor brings the highest
performance to VMEbus, the most widely-
used 8/16/32-bit bus architecture in the
world.

Offering higher clock rate, advanced
architecture, enhanced addressing modes,
and on-chip instruction cache, the MC68020
offers state-of-the-art performance while
maintaining source-code-level upward com-
patibility with the MC68000, MC68008 and
MC68010, its widely-accepted predecessors.

All this VMEbus performance for less than
$3000 in US OEM/VAR quantities. Beta site
testing wraps up in April and general avail-
ability is scheduled for June. Call your local
Motorola Semiconductor sales office or
authorized systems distributor for avail-
ability details.

Powerful co-processor options for
math-intensive applications.

Combined with the MC68881 floating
point co-processor as a customer-supplied
option, the VME130 gives you the optimum
system for demanding arithmetic and math-
related applications.

Highest system performance is attained
when the VME130 is used in conjunction
with one or more VME204 or VME214
dual ported memory cards operating as main
memory. The MVMX32bus provides a high
speed dedicated path between the VME130
and these high-density memory boards.

To further improve your performance in
multi-user and multi-tasking environ-
ments, the VME131 version provides com-
plete memory management.

Comprehensive software and support.
With VMEbus architecture, you can
configure systems with a broad range
of available boards from the Motorola
VMEmodule™ line for almost any applica-
tion. And you won't be alone. Comprehen-
sive training, design-in help and continuing
software support are part of this top-of-the-
chart package.
One-on-one design-in help.
In person or on the phone, anywhere in
the US or Canada, now you can get an

engineer-to-engineer update on all the latest
system products and technologies fitting your
unique designs.

1-800-521-6274

Call toll-free any weekday, 9 a.m.-5 p.m.
your time. If the phone call can’t cover your
needs, we'll have a local field application
engineer drop by. And get you to market.
Faster.

For additional information on the

VME130, fill out
Were

the coupon and send
it to Motorola Semi-
J) our
eSl n~1 n
s a trademark of Motorola Inc

conductor Products,
UNIX is Ivnd 'mark of AT & T Bell Laboratorie

Inc., PO. Box 20912,
@ MOTOROLA

Phoenix, AZ 85036.

VMEmodule

Name

To: Motorola Semiconductor Products, Inc. PO. Box 20912, Phoenix, AZ 85036
Please send me additional information on the VME130 and the EDN Benchmarks.

=  Title

Company

Address

City

State Zip

Call Me ( )

231CD040085
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Finally, a logic analyzer and a dual-channel scope

Quickly unravel tough digital/

new two-in-one powerhouse

The new HP 1631A/D Logic Analyzer is the first
commercially available instrument to combine a full-
featured logic analyzer with an advanced 200 Mega-
sample/second dual-channel general purpose digitizing
oscilloscope —both in the same functional package. Now
the logic designer’s two most important diagnostic tools
are available simultaneously, allowing sophisticated cross-
domain (logic vs. analog) analysis. Capture analog wave-
forms based on digital states or timing relationships and
then view both logic patterns and analog signals simul-
taneously on the same screen. Absolute time correla-
tion between logic and scope traces lets you analyze tim-
ing patterns based on an analog event. The result is a
powerhouse combination of instrument capability and
price/performance that far surpasses any previously
available solution, plus it’s HP-IB programmable.

Logic analysis in the HP tradition.

The HP 1631A/D gives you complete logic analysis
in today’s 16-bit environments. Its 100 MHz timing ana-

lyzer section gives you up to 16 channels of simultaneous
acquisition. You can set the HP 1631A/D to capture single
shot, cumulative mode, or even continue acquisition un-
til your special conditions are met, for fully automatic
“babysitting”. Extensive pattern triggering and trigger
qualification capabilities further extend your diagnostic
horizons. The HP 1631A/D also includes a wide array of
real-time processing and post-processing options such as
mean and standard, min/max, state indexing and storage,
and software performance analysis histograms.

A 200 Megasample/second scope for
powerful cross-domain analysis.

Impressive as the HP 1631A/D’s logic analysis cre-
dentials are, you begin to feel its true power when you
combine its logic analysis capabilities with its built-in
200 Megasample/second 50 MHz bandwidth digitizing
oscilloscope. You can quickly and easily measure total
hardware performance — the effectiveness of digital
hardware execution and the correct analog parametric




in one package...the new HP 1631 A/D.

analog interactions with this
logic analyzer.

results. In fact, you can now make many measurements
that simply were impossible before. For example, now,
in one instrument, you can examine digital system per-
formance at the global level (system performance analy-
sis), the functional level (state and timing analysis), and
the parametric level (analog waveform analysis). All with
the same powerful, yet easy-to-use instrument.

Easy peripheral expansion via HP-IB.
The new HP 1631A/D is a fully digitally-based,
HP-IB compatible instrument. You can, for example,

connect a single or dual disc drive for offline storage
of test data and waveforms (the HP 9121D is shown, at
$1270*). For easy permanent records of test data to

OESIGNED FOR

SYSTEMS
HP-1B: Not just IEEE-488, but the

include in reports, you can attach the new HP 2225A
Thinkjet® printer ($495*).
Call HP today.

For more information on the HP 1631A ($11,000*) or
the HP 1631D ($13,000*), call your local HP sales office

listed in the telephone directory white pages. Ask for
the electronic instruments department.

HEWLETT
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At product release,
only Mentor Graphics
assures youre not at
a loss for words.




It's sad but true. Many great products
have floundered at launch time due to a
lack of decent documentation.

The moral? Simple. Documentation is
an integral part of the product. Every bit
as important as software or silicon.

Remarkably, only one CAE system
recognizes this fact and provides a
solution:

The IDEA Series™ from Mentor
Graphics.

The solution is DOC, a thoroughly
professional technical documentation
system.

Since DOC is an integral part of the
Mentor Graphics CAE tool set, you can
document a product almost as fast as
your engineers can design it.

This unprecedented productivity is
possible because DOC participates in
the same system-wide database as all
our other engineering tools, from sche-
matic entry to test and measurement.

Your technical writers have the entire
design constantly at their disposal. They
can even pull schematic diagrams
directly into manuscripts. Or investigate
designer’s notebooks, also created
through DOC, for source material.

At the same time, they can call upon
DOC'’s formidable array of automation
tools to greatly accelerate the documen-
tation process:

Many authors can simultaneously
work on a single document.

“On-line annotation” lets many peo-
ple concurrently review and mark up a
document, each viewing a clean copy.

Automatic updates pull in the latest
versions of schematics as soon as they
are entered into the design database.

And most important, all documents
are produced on a “what you see is
what you get” basis. No nasty surprises
at printout time.

It's all part of a vision unique to
Mentor Graphics, the technological
leader in Computer-Aided Engineering.
Let us show you where this vision can
take you.

Call us toll-free for an overview bro-
chure and the number of your nearest
sales office.

Phone 800-547-7390 (In Oregon
call 284-7357).




Fred Molinar, President ’ S “Our DT2750

| graphics processing
board puts on the
whole show.”

Here’s a new breakthrough that’ll be
music to your ears.

Data Translation™ introduces the
DT2750. 1t’s intelligent graphics for your
Q-Bus™ that bands together everything for
your complete graphics processing needs.

It has dual memory capabilities, working
in a shuttle mode, for continuous motion
sequences and instant screen update.

There’s an on-board processor that gives
you both graphics and text.

It performs graphics in color, with as
many as 8 colors from a palette of 512 avail-
able for display at any one time.

You can even generate a superimposed
cursor to focus on various parts of the screen.

And there’s lots of software included:

a graphics subroutine package for DEC’s
RT-11"and RSX-11M", command utilities
and diagnostics. There’s also an optional
high level CORE package for more ad-
vanced graphics capabilities.

And the price? Unbeatable. You get all
these features for less than $2,000.

Can you blame us for blowing our own
horn?

Call (617) 481-3700

Call for our new
576 pg. catalog/
Hidden-Lineg Finite Element Thermalimading ha-ndbOOk orsee 1t
\lgorithms \nalysis R in Gold Book 1985.

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951 646.
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tix: 851849862 (#D)

International Sales Offices: Australia (61) 663-5289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (56) 2-253689; China (408) 727-8222; Denmark (45) 2451822; England
0734-793838; Finland 358-0-372-144; France (33) 6306839; Greece (30) 031-527039, (30) 01-3614-300; Hong Kong (852) 3-312607; India 231880; Israel (972) 3-324198; Italy

(39) 2349751; Japan (81) 343-7571, (81) 348-8301, (81) 335-5111; Korea (82) 753-3101; Netherlands (31) 70996360; Norway (02) 567140; Portugal (351) 19545313; South Africa
(27) 12118161782; Singapore (65) 2729412; Spain (34) 12502577; Sweden (46) 8289425; Switzerland (41) 17231410; Taiwan (86) 721-7864, (86) 531-2434; West Germany

(49) 89806061

RT-11, RSX-11M, and Q-Bus are registered trademarks of Digital Equipment Corp. Data Translation is a registered trademark of Data Translation, Inc.
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Graphics standards gain ground slowly

The world of graphics standards re-
sembles an uncharted swamp, inter-
spersed with pieces of ground solid
enough to gain a foothold. Individ-
ual graphic systems makers can plot
their courses with the aid of a vague
map showing the size and shape of
accepted and proposed standards.
Progress is slow, however, because
interested parties have yet to agree on
an interpretation of the map.

Nevertheless, along the way a great
deal has been accomplished in com-
puter graphics. This has happened de-
spite the complexity of the technology
as a whole, the variety of standards
(proposed, de facto, proprietary,
and official), and the range of com-
peting commercial interests driving
the industry.

Among the more important land-
marks is the apparent resolution of
whether the Graphics Kernel System
or the Association for Computing
Machinery’s SIGGRAPH Core defi-
nition would become the official
standard of the American National
Standards Institute and the Interna-
tional Standards Organization. The
winner is GKS, which should be
adopted very soon. ACM has for-
mally withdrawn its support of the
proposed Core definition as an inter-
national standard.

All politics and pressures aside,
certain implications are clear. One is
that some companies, notably Tek-
tronix, which had built up product
lines based on their own implementa-
tion of Core, are hastening to develop
GKS-based versions of the same
products. Tektronix’ formidable
Plot-10, which some regard as a stan-
dard in its own right, has appeared
again in the form of Plot-10 GKS.

This has been a problem for Tek-
tronix because the Core-based ver-
sion, like Core itself, supports
three-dimensional graphics, while
GKS thus far is a two-dimensional
standard. It is no surprise, therefore,
that Tektronix is very active on the
GKS three-dimensional committee.

Tektronix’ situation illustrates how
important it is to implement the stan-
dards rapidly—customers cannot
wait for current standards disputes to

be resolved. Constant, dynamic ten-
sion exists between the deliberations
of committees and the needs of com-
panies to provide quality products. If
agreement is not reached soon, com-
panies will have to second-guess
the standards committees to manu-
facturer the products demanded by
their customers.

GKS is so compelling as a standard
because whatever its functional limi-
tations, it is precisely and completely
defined. Core, though richer in func-
tions than GKS, does not have the
exact calling conventions and lan-
guage bindings that are indispensable
to applications portability.

For example, GKS has a definite
syntax and sequence to be used in
calling, say, the poly line function
(defined by naming the points of the
line) from the Fortran language. This
is not specified in any Core defini-
tion, except in one that an individual
company (such as Tektronix) pro-
duced. Anyone writing applications
for Tektronix products would use
that convention, but could not be
sure it would be the same for other
manufacturers’ products.

GKS provides solid ground

The definition and adoption of
GKS is going to provide a firm foot-
ing. Like Core, it supports a set of
drawing primitives and attributes as

well as input functions. All two-
dimensional graphics functions can
be built up from the set of drawing
primitives: poly line, polygon,
marker, text, and cell array.

GKS, on the other hand, allows
programs to use advanced device
capabilities via a generalized drawing
primitive. This permits function
numbers and parameters of GKS
primitives, such as one to draw a cir-
cle, to be passed through GKS directly
to the device. The graphics device
then will execute the function in its
hardware and firmware.

GKS also supports device inde-
pendence by use of a workstation
descriptor table. When a workstation
is opened, GKS determines what its
capabilities are by looking at the
entries in the table. It can then use all
entries that describe the workstation.
It can also figure out how to best
handle capabilities that are called for
by an application but are not sup-
ported by the workstation.

For instance, if a program calls for
a color fill on a monochrome device,
GKS may substitute a fill pattern of
some sort. The programmer need not
worry about specific display capabil-
ities, but can simply concentrate on
the application.

One of the things GKS does not yet
provide is a hierarchy of macrofunc-
tions within the application. Such a

REQUEST INPUT
MODE SETTING.
INITIALIZE iNPUT
DEVICE.

NO PICK

NO INPUT PRIORITY.

NO GRAPHICS INPUT
0 MINIMAL CONTROL
PREDEFINED
BUNDLES ONLY

The Graphical
Kernel System
standard is defined
in three input and
three output levels
to meet different

SAMPLE AND EVENT
INPUT (NOT

SUPPORTED BY
FORTRAN 77).

FULL OUTPUT

INCLUDING FULL ALL OF 0B ABOVE,

PLUS REQUEST
PICK MODE.
SETTING AND
INITIALIZE FOR
PICK.

BUNDLE CONCEPT

1 MULTIPLE WORK-
STATION CONCEPT.
GRAPHICS SEGMENT
SUPPORT.

METAFILE STORAGE

system needs, for a
total of nine possible

SAMPLE AND EVENT S
combinations.

ALL OF 1A ABOVE.
PLUS WORKSTATION
2 INDEPENDENT
SEGMENT STORAGE

ALL OF 1B ABOVE.

INPUT (NOT

SUPPORTED BY e :

FORTRAN 77). Addition of a third
dimension and
hierarchy would

sampLe ano vent | create a level 3-C.

INPUT (NOT

SUPPORTED BY
FORTRAN 77).
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Status of Graphics Standards Projects*

Project

International Standards
Organization status

American National
Standards Institute status

Graphical Kernel System

Know as DIS7942.

Seven comments received
from Draft International
Standard ballot.
Responses approved at
June 1984 WG2
meeting.

IS 7942 published by
1ISO by July 1985.

Known as dpANS
X3.124.

Eight comments received
from public review.
Responses approved by
X3H3 at its Oct 1984
meeting.

ANS X3.124-1985
published mid-summer
1985.

GKS Language bindings:
Fortran

Pascal

Ada

Draft proposed Feb
1985. Circulate for
comment.

Draft proposed Dec
1984. Circulate for
comment.

Draft proposed Feb
1985. Circulate for
comment.

Not an ISO standard
language.

Part of dpANS X3.124.

Public review in fall
1985.

Public review in fall
1985.

Working draft within
X3H3. Public review in
1985, if X3J11
circulates dpANS C in
1985.

GKS three-dimensional
extensions

PHIGS

Draft proposed in Feb
1985. Circulate for
comment within 1SO.

Base document being
circulated for comment.
Accepted as ISO work
item in TC97, Feb 1985.
Draft proposal in Jan
1986.

Participating in drafting
effort within WG2. Will
comment on ISO draft
proposed when DP8805

circulated in spring 1985.

Working draft nearly
complete. Public review
in winter 1985-1986.

Virtual device metafile
(Computer graphics
metafile)

Virtual device interface
(Computer graphics
interface)

Known as ISO DP8632.

DP8632 circulated for
draft proposed ballot in
summer 1984. Second
draft proposed ballot
closed March 15, 1985.
DIS expected Oct 1985.

New work item proposal
voted on in spring 1985
with ANSI as sponsor.

Know as dpANS X3.122.

Thirteen comments
received during public
review. Responses
approved at X3H3
meeting in October.
Second public review
period between Nov 15,
1984, and Jan 15,
1985. Third public
review, fall 1985 on ISO
changes.

New working draft
available in Jan 1985.
Public review in Feb
1986.

*Status Report prepared by Peter R. Bono, chairman ANSI X3H3
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hierarchy would allow an application
to call a circle with its parameters
including radius and color. This
would, in turn, call the appropriate
GKS drawing primitives to create
the circle.

Companies that are using GKS as
a basis for their present products,
therefore, feel a need not only to pro-
vide specific applications software
based on GKS, but also to give a set
of application software building
tools. As a result, GKS becomes the
basis of subroutine libraries upon
which the application designer can
base programs that think in such
terms as. ‘tbar,’’ “‘pie,’’ and ‘‘text
string,”” rather than as a bewildering
series of GKS primitives.

Because applications based on calls
to these subroutine libraries are all
ultimately based on GKS, they will be
portable among GKS environments.
One such library, Visual C-Chart by
Visual Engineering (San Jose, Calif),
is built of GKS primitives from the
company’s Unix-based GKS. The
Visual C-Chart, in turn, is used to
build a set of commercial graphing
and drawing tools. However, Visual
C-Chart proved to be so useful in its
own right that it too is offered as a
commercial product.

GKS extensions

Since GKS does not yet provide
hierarchy or three-dimensions, an
effort is under way to add another
level to the existing GKS standard
definition. This would be called Level
3-C. At this point, the ANSI X3H3
committee is debating whether to add
this new level as a pristine outgrowth
of GKS or to adapt the independently
emerging Programmers’ Hierarchical
Interactive Graphics Standard to the
existing GKS structure.

PHIGS, as it is being proposed
within the TC97 working group of
the X3H3 committee, already pro-
vides hierarchy and three-dimensional
transforms that approximate GKS
techniques. This makes adaptation
of PHIGS attractive to some. It is
often said that PHIGS hierarchy has
good control granularity. This means
that, though PHIGS output primi-
tives are very close to those of GKS,
they can be grouped into structures
along with attributes, transformation



specifications, and invocations of
other structures to form pictures.

In such an organization, picture
structures and segments inherit attrib-
utes from their parent structures
unless they are explicitly changed. Be-
cause the definition granularity and
the control granularity are the same,
it is easy to edit a picture interac-
tively by working with the actual vis-
ual elements. The picture can thus be
modified and edited after the pro-
gram is written.

PHIGS uses an abstract worksta-
tion that is defined by a table, as does
GKS. But PHIGS adds a workstation
type known as the metafile. The
metafile concept is also the subject of
the ANSI technical committee X3H3,
which is trying to define a standard
format known as the virtual device
metafile. The VDM, it is hoped, will
be a hardware-independent data
structure for storing all the informa-
tion about a graphics file. This will
enable the file to be transported and
used by any device.

The three-dimensional functions
defined in PHIGS rely heavily on
those defined for Core. In fact,
PHIGS functions are called elements
and tend to be at a higher concep-
tual level than GKS primitives. This
is a good thing, given the complex-
ity of the transformation and view-
point definitions.

To date, PHIGS has not appeared
in the form of any commercial prod-
uct, but that may change soon. Lack
of commercialization is due mostly to
the fact that it was defined relatively
recently and that it has stopped at a
functional specification. PHIGS does
not now have the language bindings
and calling definitions that have re-
cently made GKS a usable model, if
not yet an official standard.

Virtual device interface

Even though GKS and PHIGS
seem to have a long way to go,
another equally important standards
issue is not nearly as close to resolu-
tion. This is the so-called virtual de-
vice interface, which has just appeared
as a new working item in ANSI and
ISO. VDI is essentially a definition by
which a set of coordinates describing
a picture can be made into an output
to some idealized physical device.

—
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=
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KERNEL SYSTEM
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*North American Presentation-Level Protocol Syntax

METAFILE
DRIVER

NAPLPS*
FUTURE

In the configuration of the GKS products by Graphic Software Systems
(GSS), an application can either use the GKS kernel and interfaces or talk
directly to the drivers via the prescribed virtual device interface (VDI)

standard bindings.

This ideal output is then read by a
real device driver to drive a specific
display or plotter. The idea is, once
a picture is transmitted through the
VDI, the device driver is the only
software that needs to be modified to
adapt the picture output to a new
graphics device.

At this point, though, no standard
has been accepted for a VDI. Two
companies have produced virtual
device interfaces— Visual Engineering
and Graphic Software Systems (Wil-
sonville, Ore). The GSS VDI is the
one adapted by IBM for use with PC
DOS. The GSS VDI—more properly,
the language bindings that tie the
application to the driver in ac-
cordance with the VDI definition—is
a separate entity. Thus, it could be

used with different kinds of operat-
ing systems.

Because it is aiming at the Unix
world alone, Visual Engineering has
embedded VDI into its GKS. When
working within a single operating sys-
tem, this makes sense because appli-
cations languages call the operating
system that passes standard param-
eters through its built-in VDI. To
adapt a new peripheral to the Unix
GKS world requires only the modifi-
cation or writing of the device driver.

Because VDI is an interface defini-
tion, a trade-off exists between sup-
porting the standard by translation in
software and not supporting the stan-
dard and writing a program to access
a given device directly. The trade-off
is speed. Even IBM bypassed its own
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VDI definition (developed by GSS) in
the interests of speed and wrote
directly to the hardware when design-
ing the Paint program for the PC Jr.

Since then, Digital Research (Pacif-
ic Grove, Calif) has developed a raster
VDI as the basis for its Graphics
Environment Manager. The GEM is
a single-tasking, window-based ap-
plications interface for personal
computers. Tom Byers, product mar-
keting manager at Digital Research,
says that personal computers require
speed as well as portability of appli-
cations. He claims, therefore, both a
bit-mapped raster version of VDI and
a standard for window environments
are needed.

The Digital Research VDI is com-
patible at the call level with the IBM
VDI Controller, but has added such
raster operations as raster fonts.
Fonts provide an example of how a
raster-oriented interface differs from
the vector-oriented one. As a char-
acter is enlarged, the device must in-
crease the number of strokes (or
raster scans) needed to keep it totally
opaque. Unless this is done by higher
level routines with the vector VDI,
the area fill would open up. The
drawing would be slower in any
event. Digital Research is adamant
that users of personal computers will
not wait for an area to fill so they can
get on with their task.

Virtual device metafile

GKS and PHIGS are concerned
with creating pictures, VDI with
interfacing the pictures to graphic
devices, and the virtual device meta-
file is the standard proposed to han-
dle transfer and storage of picture
description information. Since the
VDM cannot know what kind of de-
vice or devices will eventually use the
picture information, it must be able
to contain all possible picture elements
in terms of the combined attributes of
all current device technology.

In order to use the VDM, a system
must support a VDM generator or
driver (which places the information
into storage in the defined standard
format) and a VDM interpreter
(which reads the data and turns it
back into the actual GKS primitives
for output to a device). Of course,
the main problem in arriving at a
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standard for the VDM is determing
how to compress the data for eco-
nomical storage and allowing for
future device capabilities.

Other standards

GKS, VDI, and VDM comprise a
family of proposed graphics stan-
dards, with PHIGS as a possible addi-
tion. If adopted, a PHIGS extension
to the GKS efforts will have to be
adapted to fit smoothly into the over-
all structure of the graphics family.
Though it will take some time, there
seems no doubt that this family will
become a system of international stan-
dards. But it will not exist alone or
displace other developments.

One standard that is likely to coex-
ist outside this family is the North
American Presentation-Level Pro-
tocol Syntax. NAPLPS is a standard
that is evolving to meet a need that
exists within an existing media tech-
nology, namely the telecommunica-
tion system. It is, in essence, a text
and graphics transmission interface
requiring devices with enough local
intelligence to process a NAPLPS
data stream.

NAPLPS has its own set of primi-
tives and attributes called a picture
description instruction set. PDI is
intended for narrow bandwidth
transmission environments, primarily
teletext and videotex terminals. It is
so well defined, however, that it is
attracting attention for other low
cost applications.

Another attractive feature is
NAPLPS’s raster scan technique—
although it is not nearly as versatile
as the raster VDI proposed by Digital
Research. How and when it may be
incorporated into the greater GKS
family of standards efforts, or at least
have interfaces defined between the
two, will probably depend on market
pressure. At present, Videotext, at
least in the United States, is not mov-
ing very rapidly. Since NAPLPS is
designed specifically for the needs of
telephone transmission, wider accep-
tance of Vidoetext will be needed to
bring NAPLPS under the roof of the
GKS family.

In addition, the force of de facto
standards will continue for a long
time. Andrew Davis, graphic software
marketing manager at Tektronix,

stated that although his company is
fully participating in the ANSI stan-
dards efforts, it has an enormous
commitment to customers using the
Core-based products. So, not only
will Core-based systems be around
for a long while, new and useful
applications will continue to be devel-
oped for that existing base.

There is also some disparity be-
tween the American effort towards
standards being carried on by the
ANSI X3H3 committee and the ISO’s
efforts. Some American standards
may be declared before international
ones and there may be slight and sub-
tle differences between them. The
ANSI version of GKS, for instance
will make a more complete effort at
installation independence than will the
ISO version, but it is generally agreed
that the differences are so minor that
they will not cause much trouble.

The outlook for graphics standards
is for a lot more work, but the efforts
are taking shape in a way that may
change the nature of the graphics
swamp. Instead of occassional firm
patches, we may eventually have a
large amount of well-mapped solid
ground. Then only a few adventurers,
whose needs and market interests
compel them, will venture off the
solid ground—at their own peril.

—Tom Williams,
West Coast Managing Editor
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At last, convincing hard copy
from your high resolution display.

Presenting the Honeywell VGR 5000.

It delivers true-to-life hard copy from
a slew of video sources including 60 Hz
noninterlaced displays with 1280 x 1024
resolution.

It interfaces directly with the video
display using simple BNC cables. No
CPd time or special software required.

It even provides copy from
monochrome or RGB displays in just
14 seconds.

And when you examine the contrast,
density, and gray scale qualities of its
hard copy, you'll see something you
don't usually see from a video graphic
recorder:

Every last detail.

For information contact Bineywell
Bob Shipman, (303) 773-4651, o
Honeywell Test Instruments Division, wé
Box 5227, Denver, CO 80217-5227. Wepe

Together, we can find the answers.

Honeywell
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ips Are Down
Systems.

The chips are finally down on your design. And the project’s deadline is drawing near. Now you need
the broad-based support only Sophia Systems can provide.

Our expanding line of portable in-circuit emulators and microprocessor development systems
supports the widest range of 8 and 16-bit microprocessors available today.

UNIVERSAL 8-BIT DEVELOPMENT SYSTEM/EMULATOR
sy FOR CMOS AND SINGLE-CHIP MICROCOMPUTERS.

The Sophia SA1000 is a combined software development system and real-time in-circuit emulator. It
supports a broad line of CMOS and single-chip microcomputers, including Motorola's 6800 family, Hitachi’s
6301, Intel's 8048/49/50, Zilog's CMOS Z80C and even NEC's #PD7810/ 11 and many more. All the develop-

ment tools, from macro-assemblers and linkers to integrated real-time ICE™ probe and PROM programmer,
are standard.

PORTABLE 16-BIT IN-CIRCUIT EMULATORS FOR STANDALONE DEBUGGING AND TEST.

Sophia’s SA700 portable in-circuit emulators let you develop in the lab or troubleshoot in the field.

Full support is available for Intel's 8086/88 and 186 family, Motorola’s 68000, and NEC's new VV20/V30
series of CMOS microprocessors.

Emulator features include a fully integrated CRT, 8" floppy disk drive, ASCIl keyboard, PROM
programmer, and ICE probe. You can even use floppy disks from Intel’s Series I

and lll directly in the emulator. The SA700 lets you debug and handle hard-
ware/software integration without a host or add-on peripherals.
When combined with an MDS™ or through our serial link to a

VAX® or IBM® PC, you get all the capabilities of a fully integrated 16-bit
development solution.

The 8-bit SA700 systems for
Z80™ and 8085 are complete, port-
able development systems, and
come with a relocatable assembler,
linker and emulator.

A WORLDWIDE REPUTATION
FOR RELIABILITY.

Sophia’s 16-bit in-circuit emula-
tors and 8-bit development systems are

field-proven, with over 5,000 installed world-
wide since 1982.

CALL TODAY FOR A DEMONSTRATION.
When the chips are down, count on Sophia to

=
get your designs to market faster. Easier. And at less cost. sophla

See the SA1000 and SA700 in action for yourself.

To arrange a hands-on demonstration or for more infor- sysitems,.
mation, call today.

CALL TOLL-FREE 1-800-824-9294

(IN CALIFORNIA, 1-800-824-6706)

MICROPROCESSOR DEVELOPMENT
SYSTEMS & IN-CIRCUIT EMULATORS

Japan: SOPHIA SYSTEMS CO., LTD, NS Bldg. 2-4-1. Nishishinjuku, Shinjuku-ku, Tokyo 160, Tel: 03-348-7000
West Germany: SPECIAL ELECTRONIK KG, Kruzbreite 14, 3062, Buckeburg, West Germany, Tel: 07961/4047, TLX: 17796110
U.S. Corporate Headquarters: SOPHIA COMPUTER SYSTEMS, INC., 3337 Kifer Road, Santa Clara, CA 95051

U.S. Regional Offices: 22 Executive Park-Suite 280, Irvine, CA 92715, Tel: (714) 261-8688; Glenpointe Centre East, 300 Frank W. Burr Bivd., Teaneck, NJ 07666, Tel: (201] 836-5959
© 1985 Sophia Computer Systems, Inc.  Sophia Systems is a trademark of Sophia Computer Systems, Inc
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You 've never seen a power supply like this before

FIRST

we took the cover off—which
other manufacturers won't.

As you can see, it's uniquely
sub modular—like all high power
acdc power supplies.

Now take a closer look. Notice
the quality in design, compo-
nents and manufacturing.

THE BREADTH OF
ACDC’S PRODUCT LINE
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401 JONES ROAD, OCEANSIDE, CA 92054.
TEL: 619/757-1880. TWX: 910-322-1470

SECOND

acdc manufactures the most reli-
able power supplies anywhere!
There are millions of acdc power
supplies in the field today prov-
ing this point over and over
again.

That's why most quality com-
puter based systems contain
acdc power supplies.

To see more, send for a free
catalog. For immediate assis-
tance, call 619/757-1880
ext 207.
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Power supply vendors cut size and cost

Power supply vendors are under in-
creasing pressure to make their prod-
ucts more compact, reliable, and
inexpensive. At the same time, tough
international standards are forcing
power supply designers to increase
board spacing and add expensive
components. As a result, an industry
that has often been viewed as slow
moving is becoming more innovative,
and presenting a variety of choices
for system designers.

European safety standards now re-
quire a 3750-Vac withstand voltage
between inputs and outputs, and
mandate larger creepage and clearance
requirements than Underwriters’
Labs. In addition, strict electro-
magnetic interference standards re-
quire bulky filters. Since anyone who
wants to sell in Europe must meet
international standards, power sup-
ply vendors are biting the bullet
and designing them into most new
power supplies.

“We’re caught between a rock and
a hard place,’’ says Ken Piper, direc-
tor of engineering for Standard
Power (Anaheim, Calif). ‘“On one
hand, we have to get volume down.
On the other hand, we have to meet
safety requirements.”” This dilemma
has forced switching power supply
vendors to use a number of tech-
niques—including surface-mount
technology, custom hybrids, and
power MOSFETs—to squeeze the
maximum amount of well-regulated
power into a smaller package.

Power supply manufacturers are
also pursuing higher frequencies to
bring about a significant reduction in
power supply size. Higher frequencies
are the only way to dramatically
shrink bulky transformers, capacitors,
and heat sinks. While most switching
power supplies today are in the 20-
to 50-kHz range, some 100-kHz
models are available, with 200 kHz
or more expected in the future.

Because more than 900 companies
compete in the power supply busi-
ness, a substantial amount of inno-
vation can be expected over the next
few years. And the standard product
lines these companies offer are only
the tip of the iceberg. Approximately

Todd Products uses surface-mount technology to shrink the size of its
open-frame switchers. This 220-W, 60-kHz, multiple-output switcher is
housed in a 5- x 9- x 2V2-in. (12.7- x 22.86- x 6.35-in.) package.

75 percent of the power supply indus-
try is captive, meaning that power
supplies are made in-house by the
manufacturers of the systems they
power. In the noncaptive market,
many supplies are designed on a cus-
tom basis. The most technologically
advanced power supplies are likely to
be unannounced products in the cap-
tive or custom markets.

Meeting tough specs

The West German association of
electrotechnical engineers, the Ver-
band Deutscher Electrotechniker, is
the driving force behind strict safety
and emi standards. Any products that
do not comply with the VDE can be
banned from sale in Germany. More-
over, VDE standards are the basis for
International Electrotechnical Com-
mission standards, which most Euro-
pean countries follow.

The IEC 380 safety standard is
essentially equivalent to VDE 0806.
To enforce a 3750-Vac withstand volt-
age between inputs and outputs, these
standards require a minimum spacing
of 8-mm between primary and secon-
dary circuitry, with 3-mm creep-

age between live parts to dead metal.
These requirements, much stricter
than UL or Canadian Standards As-
sociation specifications, make power
supplies larger and increase costs by
approximately 8 to 12 percent.

VDE 0871 is an emi standard that
is equivalent to recent U.S. Federal
Communications Commission re-
quirements. However, level “B’’ of
VDE 0871, which took affect in Janu-
ary 1985, extends those requirements
from 150 kHz down to 10 kHz. Since
emi requirements are enforced on the
subsystem rather than the power sup-
ply alone, how the power supply is in-
stalled can be as critical as adequate
emi filtering.

VDE compliance ‘‘won’t be a
trend in the future, it will be an abso-
lute necessity,’”” says Ed Bennett,
director of marketing for Boschert
(Sunnyvale, Calif). ‘“‘Even if a sys-
tems integrator is only targeting
North America, at some point he’ll
want to sell overseas. If he doesn’t
have his specs up front, his chassis
will have to be redesigned.”’

Several manufacturers, including
Sierracin (Chatsworth, Calif), Conver
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Elpac’s synchronous switcher synchronizes the output frequency to the main switching frequency. The
frequency at the auxiliary output is 80-kHz, which is twice the main output frequency. This design
eliminates an input filter consisting of an inductor and capacitor, as shown by the dotted line.

(Cupertino, Calif), Power-One (Cam-
arillo, Calif), and Switching Systems
International (Orange, Calif) are
obtaining VDE safety certification on
their standard product lines. Certif-
ication is not strictly necessary, but
it simplifies approval of the final
product. Most manufacturers now
have product lines that are ‘‘designed
to meet”” VDE and IEC specifica-
tions, although many manufacturers
cannot yet meet level B of the VDE
0871 specification.

Lambda Electronics (Melville, NY),
the largest manufacturer of standard
power supplies, tailors its designs for
the country of use. Thus, domestic
power supplies meet UL and CSA re-
quirements only, while supplies
destined for Europe meet VDE and
IEC. According to Lambda’s mar-
keting vice president, Irving Gut-
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man, ‘‘If 70 percent of their business
is domestic, they’re better off buying
two products.”’

Powertec (Chatsworth, Calif) has
three ““levels’” of compliance with in-
ternational safety standards, includ-
ing one level that drops the Safety
Extra Low Voltage portion of the
VDE requirements. These supplies
cannot be used in products going to
Germany, but they might be accept-
able elsewhere in Europe.

Making it smaller

Since VDE and IEC specifications
tend to make power supplies larger,
and the computer industry needs
power supplies that are compact,
vendors are going back to the draw-
ing boards to increase their power
densities. While some manufacturers
are using new technologies, others

are offering ‘‘no-frills’> power sup-
plies that cut out often unneces-
sary features.

Todd Products (Brentwood, NY)
has a line of multiple-output switchers
built with surface-mount technology.
Todd’s 220-W, 60-kHz, multiple-
output switcher offers full VDE com-
patibility in a 5- x 9- x 2%-in.
(12.7- x 22.86- x 6.35-cm) high pack-
age. Marketing vice president Frank
Sposato says a size reduction of
about 15 percent can be obtained
from surface-mount technology.

Boschert has packaged its low level
control circuitry in a custom hybrid.
Lambda’s ‘‘custom monolithic’’ puts
the equivalent of 40 or 50 compo-
nents on a single chip. Zenith (Glen-
view, IllI), a high volume custom
supplier, has its own custom hybrid
facility for power supplies.



APPLES TO ORANGES!

. . . When we say regulated, we mean regulated!

When you bite into an apple you don’t
want to taste an orange. When you
specify a regulated switcher for your
system you don't want Quasi-regulation!

Elpac, a leader in power technology,
believes that your system requires the
best, so we offer the industry Magnetic
Amplifier Switchers. These power
supplies stand above the competition.
They are more efficient, have full
regulation on all outputs, feature peak
load capability, and are available in
optimized power density packaging.

Offered in 12 standard models with
power ranges from 200 to 300 watts,
the Magnetic Amplifier Switcher Series
is ideal for applications requiring fully
regulated power.

Bite into Elpac’s Apple for these
features:

® Qver 80% Efficiency— When you
need power you have it with a
minimum of heat dissipation.

o=
-*h ELPAC POWER SYSTEMS

ADIVISION OF ELPAC ELECTRONICS, INC
3131 S. Standard Avenue
Santa Ana, CA 92705
(714) 979-4440 TWX 910-595-1513

ITdsssile

All outputs independently regulated
— Variations on one output will not
affect the other outputs.

Provides Instantaneous Peak
Loading Regulation — Full
regulation for step-level
applications.

Simplified Secondary Design —
Provides enhanced reliability.

Low Profile Packaging — Ideal for
applications requiring a minimum
of space.

Cost Competitive - MASS210
$165.00 in OEM quantities,

and the MASS300 $259.00 in
OEM quantities.

U.L Recognition File #E52725
CSA - Under evaluation
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. Where the beauty Is

When you need efficient, regulated
power, choose Elpac’'s MASS Series of
switching power supplies and they will
be the “Apple of your Eye!”

Whether your power requirements are
Switch Regulated, Linear, Wallmount,
Unregulated, or DC/DC Converters,
Elpac has the power supply to fit your
design. All available at over 250
distributor locations worldwide.

Call direct or our toll-free factory “hot
line” today for more information or

technical assistance on any of Elpac’s
power products.

1-800-438-0600"

*Outside of California

ANOTHER UGLY®

service &
performance.
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Power General (Canton, Mass)
offers what it calls the ‘“‘world’s
smallest’” 40-W switchers in 3- x 5-
x 1.8-in. (7.62- x 12.7- x 4.57-cm.)
high packages. These VDE-compati-
ble switchers provide single, triple,
and quadruple outputs. The com-
pany achieves this size by offering a
‘““‘bare-bones power supply with no
bells and whistles,’” says applications
manager Bob Butler.

A triple-output, 40-W switcher in a
3-x 5-x 1-in. (7.62- x 12.7- x 2.54-cm)
high package has been introduced by
Compower (San Jose, Calif), a divi-
sion of Computer Products Inc.
Miniaturized components make this
Micro40 switcher smaller.

Power General, Compower, and
Sierracin are among the companies

that use flyback converters to keep
size and costs down. The flyback con-
verter is noisier and less efficient than
forward or push-pull converters, but
it has a much lower cost and compo-
nent count. Typical flyback regulation
is 1 to 1.5 percent, compared with 0.2
to 1 percent for other approaches.
However, the flyback is adequate for
many low power applications.

The only way to really decrease
size, many vendors say, is to increase
the switching frequency. ‘‘These
cute tricks with custom hybrids and
surface-mount technology aren’t
really addressing the problem,’’ says
Matt Winston, marketing vice presi-
dent at Conver. ‘‘You’re still stuck
with big transformers, capacitors,
and heat sinks. With frequency, these

Why switchers are taking over the market

Switching power supplies use a high speed switching element to regu-
late voltage through pulse-width modulation. More lightweight, com-
pact, and efficient than the older linear supplies, switchers have become
the technology of choice for most computer system applications. The
market split between switchers and linears is now about half and half;
by 1990, switchers are expected to grab 90 percent of the computer
power supply market.

With the compactness demanded by today’s computer market, it is
easy to see why switching power supplies are favored. A switcher typi-
cally weighs one-quarter and occupies one-third the volume of compar-
able linears. While a linear power supply is about 40 percent efficient
in terms of input power to output power, switchers can achieve 70 per-
cent efficiency. Switchers are now cost-effective down to about 50-W.

However, the linear market is not about to disappear. Linears have
much better line and load regulation, and lower output ripple and noise.
Such tight regulation is rarely necessary for digital circuitry. In the
future, the linear market will be confined to such areas as sensitive
analog circuitry and industrial process control applications.

Many engineers have been uncomfortable about switchers in the
past, but improving reliability is erasing most of these concerns. Still,
some vendors say engineers chronically overspecify switchers, as a
holdover from linear power supply days. They ask for circuitry that was
necessary for linears, but generally is not needed for switchers, such
as foldback current limiting. They may also specify more ripple and
noise regulation than they really need for digital applications.

Typical specifications for linears and switchers are:

Specification Linear Switcher

Line regulation
Load regulation
Output ripple

Input voltage range
Efficiency

Power density
Transient recovery
Holdup time

0.02 to 0.05 percent
0.02 to 0.1 percent
0.5t0 2 mV rms

+ 10 percent

40 to 55 gercent
0.5 W/in.

50 us

2 ms

0.05 to 0.1 percent
0.1 to 1.0 percent
25 to 100 mV p-p
+ 20 percent

60 to 80 fercent
2.3 Wlin.

300 ps

32 ms
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components will shrink.”” Higher fre-
quency will also decrease output rip-
ple and improve transient response
times. However, an increase in fre-
quency does not translate into a
linear decrease in power supply size.
VDE creepage and clearance restric-
tions do not change, emi filtering is
still needed, and heat must be dissi-
pated across the supply. Multiple-
output switchers will not shrink as
much as single-output supplies.
KEC Electronics (Torrance, Calif)
provides an example of what one
might expect from a fourfold increase
in frequency. KEC’s single-output,
55-W, 25-kHz switcher is 1.93- x 8.8-
X 3.94-in. (4.9- x 22.35- x 10.01-cm)
high. The company’s enclosed single-
output, 60-W, 100-kHz switcher is
1.73- x 6.65- x 3.94-in. (4.39- x 16.89-
x 10.01-cm) high. This translates into
about a 32 percent decrease in vol-
ume, plus a slight increase in power.
The next breakthrough in power
supplies may be frequencies of 1
MHz or more. To get there, capaci-
tors and transformers will require
radical redesign. In theory, a 10-MHz
switcher could pack 50-W of power
into a single 48-pin DIP—a com-
pletely monolithic power supply.

New components

For some time, semiconductor
companies have been pushing power
MOSFETs as the way to provide
higher frequencies, and thus reduce
the size of power supplies. Although
bipolar transistors can be used as
switching devices, anything beyond
100 kHz requires MOSFETs. In addi-
tion, MOSFETs can reduce the
number of magnetic components,
minimize switching losses, and
improve efficiency.

However, most power supply ven-
dors say MOSFETSs are not yet cost
effective. High on-resistance (which
generates heat) and relative sensitivity
to reverse voltage spikes have limited
the use of MOSFETs in the past. The
technology and the price are improv-
ing, and most vendors expect to use
MOSFET:s in the future.

ETA Power Systems (Signal Hill,
Calif) uses MOSFETs in its 500-
to 2000-W power supplies. Norm
Weatherford, director of marketing
and sales, says MOSFETs have



QUALITY vs. PRICE

KEC SWITCHING POWER SUPPLIES

You don’t have to
give up quality to get
a fair price.

While a high price doesn’t always
guarantee reliability, the lowest price
often guarantees failure. And when a
power supply fails, so does the sys-
tem it serves. At KEC we give you a
quality product, conservatively spec'd,
with reliability proven by a return rate
much lower than 1%. We back it with
a full 2-year warranty, and we put a fair
price tag on the package.

MULTI-OUTPUT MODELS

KFL SERIES, 4 OUTPUT
15W, 25W, 40W

The KFL Series features independently requlated out-
puts and offers optimum size-to-power ratios. Avail-
able in both caged and open versions in 15, 25, and
40-watt models, these units provide ultra-reliable per-
formance in the smallest possible space. Ideal for per-
sonal computers. All models UL recognized.

Check 26 on Reader Service Card.

SINGLE OUTPUT MODELS

KFD SERIES, MULTI-OUTPUT

25W, 40W, 80W

The KFD-25E, 40E and 80E world-class power supplies
have been engineered for full time duty at their maxi-
mum rated out-puts. They are designed to meet UL,
CSA, and VDE safety requirements; and EMI emis-
sions comply with FCC/VDE requirements

Check 28 on Reader Service Card.

SB MODULAR SERIES, SINGLE OUTPUT
30W, 55W, 100w, 150W, 200W, 300W

Compact and cool operating, the SB modular power
supplies are particularly well suited for a wide range of
applications requiring fully enclosed units with single
outputs and high reliability. These rugged units fea-
ture overvoltage and overload protection as standard
55watt through 200 watt models. UL recognized

Check 27 on Reader Service Card.

KS SERIES, MULTI-OUTPUT
(UP TO 6) 100W - 300W

With a range of 100 to 300 watts, this Series covers the
broadest spectrum of applications. They are particu-
larly well suited for use with word processing equip-
ment, computers, as well as a wide range of periph-
erals. Both overload and overvoltage protection is
standard. All models UL recognized.

Check 31 on Reader Service Card.

KRV SERIES, SINGLE OUTPUT
100 kHz, 60W & 100W

The KRV Series features 100 kHz switching speed in-
stead of the usual 20 kHz, resulting in very small effi-
cient packages and providing more wattage per cubic
inch. These state-of-the-art power supplies are ideal
for any application where space is at a premium

Check 29 on Reader Service Card.

Witggy

KRL SERIES, SINGLE OUTPUT
20W & 40W

The KRL Series is optimum for those applications re-
quiring totally isolated outputs. A compact size and
low price allows maximum flexibility in configuring
your own multi-output system — often at a cost less
than competitive multi-output units.

Check 32 on Reader Service Card.

SD & SE MODULAR HIGH POWER
SERIES, SINGLE OUTPUT
375W & 750W

The SD and SE Series combine high power and space
saving compactness. The units feature as standard.
power fail indicator, remote start-up and shut-down,
along with remote sensing and overvoltage protection

Check 30 on Reader Service Card.

For more information.

For a data sheet with comprehensive
specifications on any of KEC’s seven
series of switching power supplies,
check the appropriate reader number
above. For a copy of KEC’s Selector
Guide, with brief specifications on
KEC’s entire line, check the reader
service number below.

Check 33 on Reader Service Card.

KEC ELECTRONICS, INC.

20817 Western Avenue, Torrance, California 90501
Phone (213) 320-3902, TWX 910-349-6962
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reduced the component count signifi-
cantly and allowed the supplies to run
12 to 15 °F cooler than competing
units. LH Research (Tustin, Calif) is
one of the first manufacturers to use
MOSFETs in 50- to 120-W power
supplies. In the company’s 60 kHz IM
series, MOSFETs simplify the base
drive circuitry and cut switching

losses, according to vice president of
technology Chandra Mehta.

ACDC Electronics (Oceanside,
Calif) uses a MOSFET in its 100-W,
100-kHz RH101 switcher. This single-
output switcher meets VDE spacing
requirements in a 4- x 8- x 2.2-in.
(10.16-x 20.32- x 5.59-cm) high pack-
age. Space savings are also provided

THANKS FOR
THE R

\

by U-shaped construction and a
double-sided printed circuit board.
At $172, this supply is aimed at a
highend scientific and business com-
puter market.

Other components that could
shrink power supplies are chips that
integrate logic and power devices.
Generically called smartpower, these
chips are manufactured by such com-
panies as Motorola (Phoenix, Ariz)
and Siliconix (Santa Clara, Calif). At
a recent power sources conference,
Siliconix representatives described
how a smartpower IC could integrate
the main power switch, current sens-
ing, startup circuit, and all standard
controls in a low power telecommuni-
cation supply.

Dropping the voltage

Most switching power supplies have
5- and 12-V outputs. Over the next
few years, outputs of 2- to 3-V will be
in demand to power dense MOS cir-
cuitry. The lower voltages will keep
electrical field strengths low and avoid
reliability problems. The Joint Elec-
tron Devices Engineering Council has
recommended a 3.3-V guideline for
MOS circuitry and a 2.8-V standard
for battery-operated devices.

Lambda now has an extensive line
of 2- and 3-V switchers. According to
Irving Gutman, there has not been
much action in the 3-V area because
‘“there’s not enough VLSI out yet.”’
However, considerable demand exists
for 2-V supplies to power ECL cir-
cuitry, Gutman says.

Rectifier losses are a big problem

Reliable Bubble Memory Systems

Your data just has to make it
ashore. It normally would but for
the extremes of moisture, rough

with low voltage supplies. The volt-
age drop across a Schottky diode rec-
tifier can cause a low voltage supply
to lose 20 to 30 percent of its input

Targa — the best in ruggedized
data storage for real world
environments.

handling, temperature and vibra-
tion. Targa's family of mainte-
nance-free bubble memory sys-
tems are built to work where disks
and tapes won't. Reliable, non-
volatile storage in removable car-
tridges that easily interface with

your microcomputer or data record-

ing system. Used by many of
America’s major corporations in
marine, surveying, oil industry, sci-
entific, and military applications.
Call us today for new low prices
and technical details.

46 COMPUTER DESIGN/April 1985

Targa Electronics Systems Inc.
3101B Hawthorne Road

PO Box 8485

Ottawa Canada K1G 3H9

Telephone (613) 7319941
Telex 053 3351
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power. Synchronous rectifiers reduce
the voltage drop, and consequently
rectifier loss, by switching at the same
frequency as the driver circuitry.

Siliconix is working with selected
customers on a MOSFET synchro-
nous rectifier, but is not providing
details about the design. Unitrode
(Watertown, Mass) is marketing a
specialized bipolar transistor called
BISYN that can be used as a synchro-
nous rectifier. The BISYN is three
times slower than a MOSFET, but
according to designer Raoji Patel, it
controls switching losses better and



Dress us up,
and you can take
us anywhere!

Our “S” Series MOSFET switching
designed for aesthetics; they are d
CSA, VDE (TUV), FCC and IEC
requirements. :
Select an “S” series supply — re ava el
frame or enclosed with single or ple outputg;x%‘} ,
watts and up. Then wrap the rest o system around "
it and, as far as power supply certi is.concerned,
you can take us anywhere. And we d an anywhere.
Contact us today for detailed specificatiohs and price
quotation. NCR Power Systems, 584 S. Lz I ‘ | e g
Road, Lake Mary, FL 32746. Phone 800/32 ; Power Systems
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Higher frequency reduces the size of this 100-kHz, 100-W, single-output
switcher from ACDC Electronics. This 4- x 8- x 2.2-in. (10.16- x 20.32- x
5.59-cm) supply is one of the first on the market to use power MOSFETs.

is much more cost effective. The
BISYN boasts low on-resistance and
a capability to block both positive
and negative input voltages.

Regulating the auxiliaries

Multiple-output switching power
supplies usually provide better than
1-percent line and load regulation on
the main output. How the auxiliary
outputs are regulated has a major
impact on the cost and size of the
supply. Some applications can use
semiregulated outputs that provide
tight line regulation but no load regu-
lation. Such outputs can be used for
low power MOS memories, motor
drives, relays, or any application that
can tolerate a +7 percent output
voltage change.

Linear post regulators provide
tight regulation, but are bulky and
relatively inefficient. Switch-mode
regulation increases efficiency (a
measurement of the amount of power
dissipated by the output) to about 75
percent. Magnetic amplifiers reduce
the size of the power supply, and pro-
vide efficiencies of up to 90 percent
on auxiliary outputs. However, the
technology is difficult, and Elpac
(Santa Ana, Calif) and Conver are
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among the few companies that are
using it.

Elpac has introduced a ‘‘synchro-
nous switcher’’ that uses synchronous
pulse-width modulation on auxiliary
outputs. This technique synchronizes
the output frequency to the main
switching frequency. Designed pri-
marily for disk drive applications, the
synchronous switcher provides 0.1-
percent regulation at 90-percent effi-
ciency on the auxiliary output. It
eliminates an input filter consisting of
an inductor and capacitor.

According to Walt Nareshni, vice-
president of engineering, the synchro-
nous switcher is about 25 percent
smaller than competing units that pro-
vide similar regulation. The auxiliary
output frequency is double the main
frequency; Elpac’s EDS135 dual-
output, 135-W switcher provides 40
kHz on the 5-V main output, and
80-kHz on the 12-V auxiliary output.

The bottom line

The decision to purchase a power
supply generally comes down to one
of two factors: cost or reliability. The
cost per watt of switching power sup-
plies is steadily decreasing, and many
customers are turning to standard

product lines to avoid the time and
expense of custom designs.

Vendors caution that dollars per
watt should not be the only criterion
for selecting a power supply. ‘I think
there’s some lowering of cost at the
expense of quality,’’ says Boschert’s
Ed Bennett. ‘‘In the future, we may
have some real problems with cheap
power supplies.”’

On the other hand, many vendors
complain that engineers overload
power supplies with specifications,
adding unnecessarily to the cost and
size. Areas often specified to excess
include ripple and noise, over-voltage
and over-current protection, and out-
put power. And such ‘‘bells and
whistles’’ as remote inhibit, power
fail or power good outputs, and cur-
rent monitors may not be needed.

Reliability of switching power sup-
plies has increased dramatically, and
many manufacturers quote high mean
time between failure figures. Buyers
should be aware that MTBEF is almost
always a theoretical value, calculated
from MIL-HDBK-217. MTBF can be
calculated from a parts count or a
worst-case stress analysis. The
methods provide very different
results. For example, the parts count
method will favor a supply with fewer
components, even if it runs hotter.

System designers who specify
power supplies should research the
market thoroughly, and see if a stan-
dard product line can solve their prob-
lem. In any case, the power supply
should be specified early in the design
cycle, and only features that are abso-
lutely necessary should be included.
With so many vendors in the power
supply business, buyers can find the
best possible combination of size,
regulation, cost, reliability, and con-
formance to international standards.

—Richard Goering,
Field Editor
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The editors invite you to
write technical articles for
Computer Design. For a
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AUTO EDGE - TOLERANCE COMPARE,

Take a quick look through these pages.

Notice anything unusual? Anything
you might not have suspected appearing on
these pages of Gould advertising?

If you said something like, “Wow, | didn't
know Gould made that many logic analyzers;
you've got sharp eyes.

But if you figured out, that in each case,
the Gould analyzer is helping a senior design
engineer slug it out with the toughest, nastiest,
most frustrating logic problems, you really
know your stuff.

Because that's what makes a Gould
a Gould.

Consider, for example, the K105-D

©1985 Gould Inc.
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ONE-STEP NOISE MARGIN ANALYSIS.

microprocessor analyzer. It makes short work
of debugging even long programs. Because it

gives you the most sophisticated triggering

in its class. Which means you can capture the
signals you need to capture. Go with the flow,

if you will. And isolate errors in a lot less time,
with a lot less frustration.

Here's another reason there's nothing
like a Gould. Intermittent failures in discrete
logic. Before you pull your hair out, pull out the
K205-D. Among other life-savers, it has an
Auto Save mode that lets you set up and go
home. The analyzer will track and record any-
thing out of the ordinary. Compare it to a

H ns GLITCH CAPTURE.

pattern you design (so you don't waste time on
unwanted compares). Even add a time stamp.
All at very high speed.

And while we're on the subject of speed,
consider the K500. It's the analyzer high-speed
mainframe and super-mini designers need.
Because it has the clockrate (500MHz) and
active probe bandwidth to guarantee signal
fidelity. What's more, you get individual high
frequency probes so you can stretch across
large ECL boards and get to the signals you
want to analyze.

Finally, there’s our behind-the-scenes
hero: the T-12 communicator. It lets field service
organizations keep their best brains close to

B-AND 16-BIT UP PISASSEMBL

home. With a T-12 and a Gould logic analyzer
(in particular the K100-D), at each end of a
standard phone line, remote diagnostics are
fast, easy and economical.

If you're suspicious by nature, find out
why so many designers won't settle for a less
competent analyzer. Call your Gould represen-
tative today. Get all the latest news about the
full line of Gould logic analyzers. Along with
some very revealing pictures.

Start by calling (800) 538-9320. In
California call (800) 662-9231 or (408)
988-6800. Or write Gould Inc., Design & Test
Systems Division, 4650 Old Ironsides Drive,
Santa Clara, CA 95054-1279.
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Engineer
disappears
without a
trace.

Tragic. A fine, upstanding
young engineer gone. No more
project. No more work. All
because he used a logic analy-
zer that just couldn't cut it.

So rather than let a bug come
back to haunt the program, the
senior engineer took out his
trusty K105-D and took over.
End of bug. End of story. Begin-
ning of a beautiful software/
hardware relationship.

Of course, we've left a few
details out of the above plot
summary.

For instance, there was the
Trace Control™ incident. It let
the problem-solver find out
exactly where the bug was. And
why it happened.

Trace Control is the most
sophisticated triggering scheme
around. It let our hero set more
triggering conditions and walk

away.

The
K105-D
followed
every turn
and loop in
the program, then recorded only
what needed to be seen. It cap-
tured even widely separated
slices of code, ignoring what was
right and zooming in on what
was wrong. And saved an aston-
ishing amount of time.

Of course, the solution to the
language problem also helped
bring about the bug’s demise.
The K105-D speaks assembly.

Trace Control® is a trademark of Gould Inc. ®Z80 is a registered trademark of Zilog, Inc. ©1985 Gould Inc.

So triggering condi-

tions are set in mnemonics. Not
complex object code. Special
disassembly modules for many
popular microprocessors
including the 68000, 8086,
8080, 8085A, and Z80® meant
the K105-D was the only logic
analyzer needed. Especially
when its 100 MHz high speed
link was used to see how timing
affected software execution.

If you'd like to rid yourself of
the toughest, most pesky bugs
software has to offer, call your
Gould representative today. He'll
appear with the whole story.

=2 GOULD
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Desiagner
savedby
faults al

It was a dark and
stormy night. A ran-
dom, intermittent
glitch was wreaking
havoc with the top design-
er's hardware team. With
no time left for sympathy,
the top designer took out his
K205-D and sent it bug hunting.

And in the middle of another
dark night, the fault was located
and captured. And held until
the top designer came to work
the next sunny morning.

The cure started with the
K205's no-compromise,
no-mercy attitude toward faults.
It ran at 100MHz across all 48
channels. So there was no
double-probing. It used its
glitch mode on all 48 channels
without requiring probes to be
reconnected. It used Trace
Control™to set 16 independent

trigger-
ing levels.
It used its
unique tolerance
compare capability (which
compared timing sequences to
stored references) to eliminate
sampling error differences inher-
ent in asynchronous analysis.
And it used its user-definable

Trace Control” is a trademark of Gould Inc. ©1985 Gould Inc.

ANMN.

disassembler
(UDD, if you need
to catch your

breath) to easily trans-
late binary signal flow into
simple mnemonics. Which, by
the way, was connected through
its user-definable interface.
Without a hitch.

When the fault was found, the
K205 automatically stored the
data. And let the top designer
get right to work solving the
problem.

Of course, even if you don't
have need of the most sophis-
ticated triggering in the busi-
ness you can still save yourself
a lot of time and frustration
by using the K205 merely for
its unrivaled combination
of speed and power. Either
way call your Gould represen-
tative today.

== GOULD
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It almost got away.
But because someone
made the smart deci-
sion to use the Gould
K500, one more glitch
bit the dust.

Speed was essential.
So all eight channels of

©1985 Gould Inc.

Mode was used to
examine data in the
vicinity of particular
loop addresses. Ran-
dom glitches (some
guilty, some not) were
found and identified
with the Compare Mode —a

the K500 were racing clarity. Sotheinno-  very fast method for defining a
along at 500MHz. Resolution cent were left alone. And the pattern and checking data fields
also had to be tight enough to guilty glitch was discovered. against it. Finally, some very
narrow down the escape routes. Sounds simple, but a lot of flexible recording and display
Two nanoseconds brought power was directed at this partic-  talents were called in to support
things under control. ular chase. The Kb00'’s Search the complex timing and state

analyses which led to the ulti-
mate capture.

If you'd like a complete run-
down that will help you in your
own high speed chase, call your
Gould representative today.
Before another glitch gets away.

== GOULD
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And, of course, a lot of terri-
tory had to be covered. So the
K500's individual hybrid probes
made the job easy. Their
900MHz frequency response
also assured accurate signal
capture and unmatched signal
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Higher
intelligence
NnOow a remote
possibility.

The T-12/K100-D

Long distance is now

better than being there. So

long as your field service
organization is using the

Gould T-12 Communicator.

Here's how you can

keep your top brains close

to home. First, send a
technician to your cus-
tomer's sitearmed witha
T-12 and a Gould K100-D
(or other Gould Logic

combination also
provides convenient
baby-sitting, recording
patiently while every-
one sleeps. In fact, if
you're searching for
intermittent, random
failures, this team is per-
fect. The T-12 hasits own
error-checking electron-
ics so bits aren't lost.

Analyzer). You can even set up a

Next, use an ordinary voice- productivity in monitor situation that
grade telephone line to send the home office. Fewer board auto dials your central service
data back to the T-12 and swaps. Less run-around-related  facility when the fault occurs.
K100-D at your service facility. burn-out and talent loss. Happy,  Leavesanon-screen message on

Finally, let your top technical satisfied customers. your analyzer. And transfers all

the recorded data on command.

To make this remote possibil-
ity come true, call your Gould
representative today. You'll see
that the T-12 provides an extra-
ordinary way to communicate
with a higher intelligence.

=2 GOULD
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specialists solve those really
tough problems from the com-
fort of their offices.

That's the how. Now here’s
the why. Reduced mean down
time (MDT) by 40%. Slashed
travel budgets by 50%. Increased




Gould...Innovation and Quality in Logic Analyzers

Confirm
your

Ssuspicions.

Get the full story with some never-before-seen
pictures. Call your Gould representative today or write
Gould Inc., Design & Test Systems Division, 4650 Old
Ironsides Drive, Santa Clara, CA 95054-1279.

18001538-9320
[800]662-9231

(In California)
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Concurrent computers make scientific computing affordable

A major step toward reducing the
cost of scientific computing is ex-
pected to take place this June. At that
time, Intel (Santa Clara, Calif) will
introduce its iPSC family, the first
commercially available group of con-
current computers. Price tags will be
far lower than those on currently
available supercomputers.

The combination of efficient archi-
tecture and powerful VLSI chips will
result in $150,000 to $520,000 units
that have peak performance of 2.5-
to 10-million floating point instruc-
tions per second. Supercomputers,
such as the Cray models, can perfor-
mance 100 times faster, but their
prices exceed $1 million. And the
Cray machines are not based on the
concurrent architecture.

Intel’s initial iPSC machines per-
form about 0.1 to 0.4 percent as fast
as the Cray 1 at no more than one-
tenth the cost. Reports from Cray 1
users cite a performance range typi-
cally at 10 to 35 MFLOPS on com-
mon problems. This translates into an

efficiency rate of about 5 to 20 per-
cent of peak performance. By con-
trast, Intel claims that the iPSC
operates between 80 and 99 percent of
efficiency. Moreover, the iPSC family
is 6 to 24 times as powerful as a VAX
11/780 (which costs about $225,000).

The higher costs of supercom-
puters will be only one of the factors
limiting their use, according to Ed
Slaughter, general manager of Intel
development operations in Hillsboro,
Ore. “‘Conventional supercomputer
architecture shows clear signs of
reaching its theoretical performance
limits within the next 5 to 10 years,”’
says Slaughter. ‘“‘Demand for perfor-
mance in some application areas is
typically 10 times, and more often
100 times, the projected limit of 3000
MFLOPS for current supercomputer
architecture.’’

A common strategy for solving sci-
entific problems is to divide the prob-
lem into blocks, process those blocks
simultaneously, and recombine the
partial results to derive a final

a 64-node machine.

A hypercube connects N =20 small computers, called nodes, through
point-to-point communication channels. This two-dimensional projection is
of a six-dimensional hypercube, or binary six-cube, which corresponds to
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answer. Such concurrent computing
usually requires an efficient parallel
architecture with supercomputer per-
formance. Many parallel architec-
tures have been developed, but most
are either paper designs or geared
toward the university research envi-
ronment (see ‘‘Parallelism makes
strong bid for next generation com-
puters,”” Computer Design, Sept
1984, page 104).

Hypercube architecture

Intel concluded from predesign
studies that scientists and researchers
in both industry and academia re-
quire accessible and affordable super-
computers in the 1- to 100-MFLOP
performance range. But they need to
be low enough in cost to justify
dedicating the machines to single
projects. The challenge was to find
the appropriate computer architec-
ture to meet the requirement—and to
match that architecture with the com-
pany’s forte in VLSI microprocessor
and memory design—to yield a low
cost machine.

Final design of the iPSC is based
on the hypercube architecture devel-
oped at the California Institute of
Technology in Pasadena. Intel be-
came familiar with that architecture
in 1981 when it first donated 8086
and 8087 microprocessors for devel-
opment of what is known as the
Cosmic Cube. The company later
collaborated with Cal Tech on many
of the details of the machine, licensed
the architecture from the university,
and redesigned the computer around
second generation parts—the 80286
and the accompanying 80287.

Hypercube architecture consists of
tightly coupled processor/memory
nodes (in the iPSC case, 32, 64, or
maximum of 128) that work concur-
rently on parts of a large problem and
coordinate their computations by
sending messages to each other. In a
128-node system, each node is con-
nected through bidirectional, asychro-
nous, point-to-point communication
channels to eight other nodes.
Together, these form a communica-
tions network that follows the plan
of an eight-dimensional hypercube.
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9- x 11-in. (2 x 4 EUROCARD)

NUMERIC
PROCESSING
UNIT

]
PROCESSOR BUS

LBX 11
PORT

LOCAL CHANNEL: CONNECTIONS TO ADJACENT NODES T

e

ADJACENT NODE
CHANNELS

GLOBAL CHANNEL

i

Each 9- x 11-in. Eurocard contains all components for one node in the
hypercube. Current technology allows a node to be placed on a printed
ciruit board. Within five years these components are expected to be
integrated into one or two chips, thereby allowing thousands of nodes to
be implemented in a concurrent processor.

An operating system kernel in each
node schedules and runs processes
within the node, provides system calls
for processes to send and receive mes-
sages, and routes the messages that
flow through the node.

Each node in Intel’s machines con-
sists of an 80286 CPU, an 80287
floating point numeric processing
unit, 512 kbytes of CMOS DRAMs
and 64 kbytes of PROM. All this fits
on a single 9- x 11-in. standard Euro-
card. Another Intel chip, the 82586
LAN coprocessor, moves messages
between nodes via dedicated point-to-
point communications channels with
integrated direct memory access to
RAM on the associated node.

All nodes are connected via a
global communications channel to
the Cube Manager, an Intel 286/310
microcomputer running under the
Xenix operating system. It supports
both the programming environment
and system management.

The Cube Manager consists of a
2-Mbyte memory, 40-Mbyte Win-
chester disk drive, and a 320-Kbyte
floppy disk drive. Principal program-
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ming languages under this environ-
ment are Fortran 286, Microsoft C,
and the 286 Assembler.

Hypercube topology, according to
Roy Coppinger, Intel’s marketing
manager for scientific computers, is
a very scalable architecture. ‘“We
chose the hypercube because the user
can expand to larger, more powerful
systems as needs increase or VLSI-
component technology improves,”’
says Coppinger.

Charles Seitz, professor of com-
puter science at Cal Tech and one of
the developers of the Cosmic Cube
agrees with Coppinger. He also says,
“Cosmic Cube nodes can be ex-
pected to be integrated onto one or
two chips within five years.”’ Future
machines with thousands of nodes,
therefore, are feasible. These
machines should be able to out-
perform the fastest uniprocessor
systems for many demanding com-
puter problems.

Intel expects to attract two types of
users: scientists doing research and
researchers developing application
software. The basis for this expecta-

tion is that concurrent architectures
effectively exploit the parallelism
inherent in the physical structure of
the computational problem.

Seitz presents a molecular dynamics
application as an example. Diffusion
of one group of molecules is observed
through the medium of another
group of molecules, such as salt dis-
solving in water. ‘‘Concurrent
machines solve this kind of problem
much faster and more efficiently than
vector or array processors,”’ says
Seitz, ‘‘because concurrency exhibits
properties that are fundamental
aspects of nature. A concurrent
machine can thus become an ‘elec-
trical’ model of the physical system.”’

Vector and scalar are separate

In the diffusion problem, two com-
ponents must be solved separately.
One is a scalar portion of the calcu-
lations necessary to proceed through
the simulation of the mixture en-
closed in the vessel. The other is a
vector portion that models the
behavior of the molecules during dif-
fusion. A vector or array processor
takes care of the vector portion. But
the scalar end of the problem still
runs sequentially, degrading overall
computer performance.

A concurent machine handles this
problem by sharing the load equally
over a large number of processors.
This keeps both vector and scalar per-
formance proportional because the
architecture mimics the structure of
the problem itself. A concurrent
machine can also handle such non-
numerical problems as event-driven
simulation and artificial intelligence,
Seitz says. Finally, a concurrent archi-
tecture is well-suited for parallel algo-
rithm development, for which Intel
hopes its iPSC products will become
a foundation to develop the next
generation of Cosmic Cubes.

—Nicolas Mokhoff.
Senior Editor

SYSTEM TECHNOLOGY
(continued on page 65)

Talk to the editor

Have you written to the
editor lately? We’re waiting
to hear from you.




“LATER” IS TOO LATE.

. The window of opportunity
in voice applications processing is wide open.

The billion-dollar digital voice processing market is
emerging now. As an aggressive PBX or computer OEM,
are you ready to get your share?

You can be—if you start now by investigating the new
DSC-2000 VoiceServer™ from Digital Sound Corp. It’s the
only available all-digital end-to-end applications processing
system optimized for real-time voice capabilities. And it’s
got some powerful advantages going for it.

EARLY MARKET ENTRY R&D in voice processing is
costly and time-consuming. But at DSC, our scientists
have years of hardware and software experience in speech
processing, minimizing your product development time.

And because the VoiceServer uses only industry-standard
computer and telephony interfaces, integrating it into your
system is easy.

PRODUCT EXCLUSIVITY You don’t want
another “me too” product. With the Voice-
Server’s Open System Architecture*

Multibus and UNIX System V software,
customization becomes simple. And our soft-
ware packages for voice mail/file applications
are just a starting point. Off-the-shelf soft-
ware makes it easy to add concurrent voice,
data and communications processing.

OBSOLETE PROQOF DSC is already developing the next
generation of digital voice applications: converting text to
voice, recognizing spoken commands, and more. You can
offer these enhancements to VoiceServer users as future
options— without obsoleting your customer’s system.
Result: extended product life-cycle plus additional revenues
for you.

MAXIMUM PROFITABILITY The VoiceServer costs
about a fifth as much as other systems that don’t do nearly
as much. It delivers high-quality digitized speech at a third
the bit rate of competitive products. It cost-effectively han-
dles 200-4,000 stations.

Put all these figures together, and they spell low costs,
and high profits for PBX or computer OEMs. We wouldn’t

want it any other way.

The window of opportunity in the digital voice appli-
cations market is wide open right now. Better
call DSC and start locking in your share.

VOICESERVER" by

Digital Sound Corporation
2030 Alameda Padre Serra
Santa Barbara, CA 93103
(805) 569-0700

Open System Architecture is a registered trademark of Digital Sound Corporation. Multibus is a registered trademark of Intel Corp. UNIX is a trademark of AT&T. ©1985 Digital Sound Corp.

CIRCLE 38






AMP Micro Series 50.

Good things come in
high-density packages.

Connecting more and more conductors in less and less space isn’t such
a big job anymore. The reason: AMP Micro Series 50 high-density
connectors.

We've engineered high performance into a micro-miniature
package designed to meet rigorous military specifications. Low
mating force contacts make it easy to connect up to 100 circuits,
and positive contact retention in the housings is assured with
full potting on both flying lead and pc mount styles. There are
single in-line styles as well, for very low profile applications.

We know you need more than product, too, so we
provide more. Engineering. Design. Delivery. Anywhere
you want help in developing small high-density packaging,
just ask. At AMP, we're getting smaller in a big way.

For more information, call the AMP Micro Series 50 Desk
at (717) 780-4400. AMP Incorporated, Harrisburg, PA 17105.

ANP Interconnecting ideas

Available in both metal and plastic configurations, only AMP Micro Series 50 connectors
have positive lead-in pin and socket contacts to avoid stubbing.
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S Trellis
Supports OEMs
At 14.4 kbps

UDS has applied the latest in trellis coding technology to a new OEM card ><{
modem for leased-line networks. It supports three coded data rates é b
(14.4,12, and 9.6 kbps), as well as uncoded traffic at 14.4 and 12 kbps. \ !

V.29 may also be specified. , !
Its unique ability to train on data, combined with trellis coding, makes X’
this modem a new and powerful tool for increasing throughput and N

reducing error rates within your system. Self-test options and other
features can be readily customized, on only 58 square inches of
PCB, for OEM applications.

If your system is feeling the weight of a growing throughput requirement, ‘
support it with a UDS trellis coded modem. Specifications and prices are \
available from Universal Data Systems, \
5000 Bradford Drive, Huntsville, AL 35805. o
Phone 205/837-8100. Telex: 752602 UDS HTV. ? &
Inquiry hotline: 800/633-2252, ext. 370 7 N

Universal Data Systems " i
(M) mororoLa inc. g

Information Systems Group —

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for X/
distributor listings in your area. DISTRICT OFFICES: Atlanta, GA. 404/998-2715 - Aurora, CO. 303/ \
368-9000 - Blue Bell, PA, 215/643-2336 + Boston, MA, 617/875- 8868 + Columbus, OH, 614/895-3025

« East Brunswick, NJ 201/238-1515 + Glenwew IL, 312/998-8180 « Houston, TX, 713/988-5506 "

+ Huntsville, AL, 205/837-8100 » Issaquah, WA, 206/392-9600 « + Mesa, AZ, 602/820-6611 + Minnetonka,

MN, 612/938-9230 - Mountain View, CA, 415/969-3323 + Richardson, TX 214/680-0002 - St. Louis, MO »

314/434-4919 - Silver Spring, MD, 301/942-8558 + Tampa, FL, 813/684-0615 - Thousand Oaks, CA. 805/
496-3777 « Tustin, CA 714/669-8001 « Willowdale, Ont, Can. 416/495-0008 + Ypsilanti, MI, 313/483-2682
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Languages promote parallel processing

Hardware designers now have two
chips at their disposal for designing
parallel systems. First released for
nonmilitary use in 1984, NCR’s Geo-
metric Arithmetic Parallel Processor
chip was the first true systolic proces-
sor chip to reach the general market.
Inmos’ T424 silicon transputer (an-
nounced over a year ago), will be
available in sample quantities around
the middle of this year.

When programming computer sys-
tems with numerous individual ele-
ments that process in parallel, at least
two difficulties become apparent.
While conventional von Neumann
machines process data according to
a list of serial instructions, paral-
lel machines partition instructions
and data among processing elements.
The logic of a program—hard enough
to decipher in a serial system—
becomes much more complex in a
parallel machine. Communication
among independent processes or pro-
cessing elements also becomes even
more complicated.

Both these difficulties stem from
the logical and physical configuration
of the parallel computer. Without a
high level language compiler to ad-
dress some of these concerns, the
programmer can become mired in
hardware. Furthermore, there is no
direct way of converting programs
designed for serial execution to run
efficiently on parallel computers.

High level language serves transputers
Fortunately for the engineer who
has to program a system under devel-
opment, the transputer was designed
with high level languages in mind. The
transputer has been optimized to exe-
cute Inmos’ Occam language, which
was created to program parallel com-
puters. Thus, it offers an existing set
of development tools. Meanwhile,
NCR, with its hardware already on
the market, is busy generating a set of
software-development tools.

Paul Sullivan, director of Digital
Signal Devices at NCR’s Microelec-
tronics Division, Fort Collins, Colo,
feels NCR’s hardware-first approach
is fully justified. “‘Our chip is much
easier to program than the trans-

Chip-level parallelism will cut supercomputer costs

Predictions that it will take years to compress parallel architectures
onto one or two chips may prove conservative, since some semicon-
ductor manufacturers have already cast parallel architectures in silicon.

They have done so on a limited scale and their success is far from
proven, however. Inmos, whose announced transputer represents the
most ambitious parallel-processing chip to date, has yet to deliver the
chip in sample quantities, though the company claims its production
is on schedule. If that claim holds true, computers designed around
the transputer should soon rival Intel’s iPSC series performance at a
much lower price (see “Concurrent computers make scientific com-
puting affordable,” page 59).

The iPSC’s performance works out to 78 thousand floating point oper-
ations per second, per node. Privately, Inmos has been showing block
diagrams for double Eurocards with one, four, and eight transputers
capable of 10, 40, and 80 million instructions per second on a double
Eurocard. All but the 80-MIPS boards include external RAM; and each
transputer has its own on-chip store of 4 Kbytes of RAM. Depending
on the system configuration, each transputer board can be considered
roughly equivalent to a node—one board—in the Intel system.

Performance figures circulated internally at Inmos indicate that a sin-
gle T424 chip running at 10 MIPS can achieve 50 thousand to 60 thou-
sand FLOPS in software. (That is using a yet-to-be announced floating
point version of Occam.) Thus, each transputer board could achieve
from 50 thousand FLOPS to just under 500 thousand FLOPS perfor-
mance without the addition of hardware floating point.

Using a high speed floating point chip, such as the Weitek series,
each T424 chip can perform 500 thousand FLOPS to 1 MFLOPS. That
puts transputer boards using just one 10-MIPS T424 chip in the same
performance range as Intel’s iPSC boards. These transputer boards
would have space for megabytes of RAM. While chip-maker Inmos will
not be marketing such boards, it is safe to suppose someone will.

If the price and configuration of competitors’ boards are pure specu-
lation, the programming language choices available at present are clear.
Although using Inmos’s Occam does require programmers to learn a
new language, it maps directly to the transputer architecture and could
be implemented on the iPSC series.

Intel so far has chosen to keep using the languages to which most
programmers are accustomed, particularly C and Fortran. Indeed, if
Occam does not catch on, C may well turn out to be the most popular
language for parallel programming. It has already succeeded Pascal
as the language of choice for most nonmilitary projects.

It is ironic that Intel, a semiconductor manufacturer, should introduce
a parallel computer implemented at the board level. Intel’s adaptation
of its current technology to parallel computing is a major stride for the
interim. Yet it seems to make more sense to approach parallel program-
ming with a new set of tools designed specifically for the task. In that
regard, Inmos’s efforts to provide a parallel language and chips seem
well aimed. They should lead to uncluttered systems that are econom-
ically programmed.

puter,”” he claims, because it is a
single instruction, multiple data pro-
cessor. It therefore uses one sequen-
tial stream of instructions. Sullivan
sees software support as less impor-
tant for the Geometric Arithmetic
Parallel Processor (GAPP) chip than

for the Inmos (Colorado Springs,
Colo) transputer. The GAPP chip, he
adds, is oriented to working on two-
dimensional arrays of data, such as
images or matrices.

As Sullivan points out, the chips
do not compete directly. They differ
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ITT Cross-Flow Blowers
cool more quietly than
virtually any of the axial
fans you're using right
now. They're lower in
profile, too, measuring
only 2.3 inches or 60
mm high.

These blowers aren't just
quieter by design. In many
cases, they can reduce noise
levels even further by requiring
fewer cubic feet of air per min-
ute to do a given cooling job.
The reason: an airflow pattern
that causes less turbulence and
fewer hot spots.

ITT Cross-Flow Blowers
deliver 20 to 600 cubic feet per
minute. You can pick from many
sizes, configurations, termina-
tions, bearings, and lubricants.
And ITT’s technical support is
second to none. Contact your
nearest ITT Schadow represen-
tative or mail the coupon for
details.

[] Please send literature on ITT Cross-
Flow Blowers.

[] Have a sales rep call.
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MAIL TO: ITT Schadow Inc., 8081
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(612) 934-4400
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significantly in their design, program-
ming, and applications. In contrast to
the GAPP chip’s single instruction,
multiple data systolic architecture,
Inmos’ chip exemplifies the more
complex multiple instruction, multi-
ple data architecture. Despite its
inherently greater complexity, this
chip holds a promise of parallel pro-
cessing that is readily programmed
using Occam.

Occam is designed to overcome
most of the obstacles presented by
parallel processing. Wherever pro-
cesses can clearly execute in parallel,
the programmer can specify that they
should. Yet the programmer need not
worry about the physical configura-
tion of the processor that will execute
the code. Occam is a high level lan-
guage that can run on a traditional
von Neumann processor, such as the
68000, just as readily as on an array
of transputers.

Since the language the transputer
will execute has already been defined,
designers can start building systems
that will be tested on the Eurocard
version of the transputer expected out
the middle of this year. For those im-
patient to start with the software, In-
mos’ Occam Programming System is
already available for the VAX/VMS.

New package

NCR’s GAPP Simulator/Assembler
package, currently in beta test, will
be announced for release some time
this month. The package consists of
two utilities that run under the Unix
operating system. The assembler
translates GAPP instruction mne-
monics and address specifications
into object code for downloading
into RAM. The simulator allows the
user to execute GAPP programs. It
also provides basic debugging facili-
ties, such as the ability to examine
GAPP RAM contents and view the
state of processor element registers.

Users will eventually be able to
write and test GAPP programs using
the GAPP Evaluation Module. The
module, currently scheduled for re-
lease in October, is a two-part sys-
tem. The first part is a board for the
IBM PC that contains a 12- x 12-
GAPP array. The second is software
that permits the user to program the
GAPP array in a high level language,

and then interactively debug the
resulting program.

The new language that NCR is in-
troducing for the GAPP is called
GAL—for GAPP Algorithm Lan-
guage. GAL is a subset of C that sup-
ports all arithmetic, logical, and
assignment operators that apply to
integers. The language supports sub-
routines and integer functions, as well
as the If, If-Else, For, and While con-
trol statements.

Specifics of GAL

Besides these C-like aspects, GAL
includes some features unique to
GAL itself. Among these are a new
variable type used to refer to sets of
adjacent RAM locations within a
processing element. The ‘‘image”’
variable defines such RAM locations
by specifying a starting address and
a number of bits. This is a bit-level
analog to byte array structures in lan-
guages such as C.

A major difference occurs in the
use of the image variable type. Since
each instruction is executed by every
processing element in the GAPP
array, the GAPP environment is
inherently two-dimensional—as is
appropriate for image-processing
applications. Image variables repre-
sent the third dimension, which con-
tains attributes of the data array, or
pixels. The most obvious use of
image variables is to specify color or
shades of gray.

The value for that processing ele-
ment’s pixel is stored in each process-
ing element’s RAM. That local value
is referred to by the image variable.
Image variables are defined:

image SCRATCH :3:7;
or image SCRATCH : 5 ;

The first statement defines an
image variable Scratch with 7 bits
starting at address 3. The second
statement defines the location of an
image variable Scratch with 5 bits,
but leaves the location up to the com-
piler. These image names can then be
used in a manner similar to integers,
and a programmer can define and
call an image function.

Unlike GAL, Occam is not
designed as a hardware-specific lan-
guage. It is used less for hardware-
specific variable types than for



lkegami Display Monitors
SUPERHIGH RESOLUTION MADE
SIMPLE, SAFE AND PACKAGEABLE

For years, the quality of com-
puter graphics has been limited
by the resolution of display
monitors. But at Ikegami, we’re
making it easy for your system
to live up to its images with our
new DM-2050 60-Hz noninter-
laced superhigh resolution RGB
monitor. Sporting a 1280 x 1024
pixel display and 100-MHz-plus
video bandwidth, it gives you
reliability and stable operation,
eliminating the need for a long-
persistence phosphor.

e
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Simpler is better

How did we do it? By keeping it
simple. And that we did. The
chassis of our new DM-2050 is
a marvel of compact, modular
and functional design. In fact,
Ikegami’s unique design config-
ures all the circuit boards

by function within the

Playing it safe .
Along with meeting these time-
honored Ikegami standards of
simplicity and reliability, we
also made our new 64-KHz
monitor meet a few others
along the way. Like UL, DHHS,
CSA, IEC, FCC and VDE
standards for safety and emis-
sions. Now you can put the

u.'lllll if

same monitor in every system
you sell no matter where in
the world it is used.

Keeping a low profile

But no matter what system
you put the DM-2050 into, you
know it will always fit in. The

unique packaging of the DM-
2050 fits right into CDA 19V
enclosures. So in many cases,
you won’t have to change your
existing design. And its
extremely compact size gives
you a free hand in new designs.
The price is right

You might think that a super-
high resolution monitor as
advanced as your designs would
come at a state-of-the-art pre-
mium. But the DM-2050 won’t

put a drain on your system’s
resources. In fact, Ikegami
will make your profit picture
look even better, because it’s a
finished product with on-time
delivery.

In addition to the
DM-2050, Ikegami

chassis. (r

) makes a full line of color
~ and monochrome moni-

We also took some steps
to make sure our moni-
tors wouldn’t blow your
_designs. For example, we
made the DM-2050 run
. 50 cool it doesn’t require
a blower. That means
your monitor will never
overheat because of
blower failure. It also
means the DM-2050
is lighter and more

Keeping cool (

] tors for virtually all
OEM applications. For
information, contact
Ikegami Electronics
(U.S.A.), Inc., 37 Brook
Avenue, Maywood, NJ
07607; (201) 368-9171. In -
the West, 3445 Kashiwa
Street, Torrance, CA
90505; (213) 534-0050.

efficient.

Ikegarni
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dividing procedures into parallel pro-
cesses. Occam includes interprocessor
communication and the primitives
for parallel processing.

A parallel procedure

A classic example of parallel pro-
cessing is the multiplication of N
pairs of numbers, all of which are
known initially. This allows the num-
bers to be processed in parallel. There-
fore, the entire process executes in the
time required for the slowest multipli-
cation. Such instances of parallelism
use parallel processors in the most
efficient way possible.

Such an operation can be pro-
grammed on the GAPP chip in GAL
only if all the multiplicands were mul-
tiplied by the same multiplier. Thus,
in applications that are not inherently
systolic, the Occam/transputer com-
bination provides a more hospitable
environment. In purely systolic appli-
cations, such as image enhancement,
the transputer’s other capabilities
might be wasted.

In practice, relatively few applica-
tions allow parallel processor to run
at full efficiency. Sequential opera-
tions creep into all but the most
inherently parallel procedures. For

PAR i=[0 FOR N] ]
ali] :=bfi] * c[i]

Occam as a sequence:

SEQ i=[0 FOR N] 2]
ai] :=bfi] * c[i]

tion could be specified:

PAR
SEQi=[0 FOR N/2] [3]
afi] 1= b[i] * c[i]
SEQ j=[N/2 FOR N]
afj] :=b[j] * c[i]

PAR

PAR i=[0 FOR N/2]
ali] := bfi] * cfi]

PAR j=[N/2 FOR N]
ali] :=b[j] * cli]

can be defined:

VAR x,y:
SEQ
input ? x
L
output ! y:

PROC two__times(CHAN input, output) =

Understanding Occam

Occam’s syntax is best understood by example. Taking a multiplica-
tion example, N sets of numbers in parallel are to be multiplied. In
Occam, the operation is expressed as follows:

If, however, the same instructions were to be executed on a conven-
tional von Neumann computer, the operation would be expressed in

To divide the operation between two sequential computers, the opera-

While it is theoretically valid to divide the original parallel expres-
sion [1] between two parallel processors, no speed would be gained.
The notation, however, helps clarify Occam’s syntax:

Channels are a variable type not found in conventional languages.
A simple example will illustrate their use. A procedure to double the
data read from a channel input and transmit it to the channel output

The ? operator reads the channel input; the ! operator writes the chan-
nel output. Calling the procedure two__times accomplishes the desired
multiplication across the channel.
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this reason, Occam includes primi-
tives for programming sequential
operations simply.

Operations such as assignments and
procedure calls are considered pro-
cesses in Occam. While it supports
procedures, Occam does not support
functions or recursion. Procedures re-
ceive their arguments either as values
or variable addresses. Variable ad-
dress arguments permit the procedure
to return a value to the calling process.

Future versions of Occam will sup-
port more general data types. But
currently, Occam supports integers,
arrays of integers, byte arrays, chan-
nels, and channel arrays. Channels
are one-way streams of synchronized
data that provide physical or logical
connections between processes. A
special case is the time channel, which
provides each process access to a free-
ly running clock. Thus, Occam sup-
ports the programming of processes
that operate at specific times.

A real option for designers

At present, system designers have
a real choice between the GAPP sys-
tolic chip designed for image process-
ing (and similar applications) and the
transputer designed for more general
parallel tasks. With effective pro-
gramming languages available for
both processors, they can begin con-
ceiving a new generation of computers
to handle tasks that have resisted han-
dling by previous systems.

While the GAPP chip represents a
finished product for which the sup-
porting software tools are being put
in place, the transputer is the first in
a related series of products. A link
adapter that interfaces the transputer
to other devices—including universal
synchronous receiver/transmitters,
DMA controllers, and other trans-
puters—is planned as well. Cascad-
able hardware will be available for
configuring diverse systems with
applications that will include graphics,
database, and scientific applications.
Meanwhile, the current set of soft-
ware tools will continue to evolve.

—William E. Suydam, Jr,
Senior Editor
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Wellwork with you
from the desktop up.

ﬁ

If you’re facing a “make or buy” decision on terminals or display stations
for your system, let’s talk. Before you set out with your interpreters,
current adaptors, conversion tables and visas.

Since we own Wyse Taiwan, our
manufacturing facility in Taiwan, we can
give you the offshore cost advantages, plus
design expertise you won'’t find anywhere
else at any price.

With a line as complete as ours, we
may already have something close to what you need in a terminal, micro-
computer or workstation: from our best-selling WY-50 ASCII terminals
and DEC-compatible WY-85s, through the
WYSEpc, all the way to high performance
color graphics workstations.

We’ve packed more performance,
more features, more style and more quality
into each product, and still maintained low
cost leadership in every case. Which explains § -
why, at 20,000 terminals a month, we’re now the leading independent
supplier. So, you don’t have to go any farther than California to satisfy

SR your high volume, low cost requirements.

Whether it’s modifying part of our
existing line for you, or creating something
from the desktop up, no one can give you
more display for the money.

We’d like to be on your team, working
in partnership from the desktop up.

Call our OEM line, (408) 946-7115, and let’s talk about how we can
make an impressive display together.

~ ©1985 Wyse Technology

WYSE

~ Wyse Technology, 3040 N. First Street, San Jose, CA 95134.
e o



Introducing a 200 Megasample/Second Digitizing Oscilloscope...

You've never before been able to
performance for so reasonable

At only $7600* the new HP 54200A 200 Megasample/
Second Digitizing Oscilloscope is a major breakthrough
in digitizing oscilloscope price/performance. Its 200
megasample/second digitizing speed and computer-
based architecture multiplies your effectiveness dramat-
ically by giving you automatic in-depth parametric an-
swers at the push of a button. With it you can charac-
terize and debug your designs much more thoroughly,
and in much less time, than previously possible.

Automatic measurements may be tailored for your unique
measurement requirements.

major advance in measurement

HP-IB

detailed waveform characterization at the push of a but-
ton. And the HP 54200D, with 27-bit state triggering,
is a natural for designs incorporating today’s advanced
MiCroprocessors.

Digital storage simplifies waveform
capture and analysis.

The HP 54200 A/D gathers, stores, and manipulates
analog data digitally. The result is a number of perform-
ance breakthroughs for you. Because waveforms are stored in
digital memory, the HP 54200 gives you infinite display
persistence; the display is absolutely immune from bloom-
ing or fading common with conventional analog storage
oscilloscopes. One-button Autoscale gets you up and
running quickly by automatically setting up the time




the new HP? 54200 A/D

buy such incredible
a price.

complex test routines that you can then re-run at will
as you alter circuit parameters. You can connect the
HP 54200 A/D to HP printers or plotters including the
the HP 2225A Thinkjet® printer for instant hardcopy, or
to an HP Model 9000 Series 200 desktop computer for
sophisticated waveform analysis and test automation.

Call HP today.

Call us today for more information on the new
HP 54200A ($7600*) or the HP 54200D ($9800*)
200 Megasample/Second Digitizing Oscilloscope.

If you need even wider bandwidth, send for infor-
mation on the new HP 54100 A/D 1 GHz Digitizing
Oscilloscope. Call your local HP sales office listed in
the telephone directory white pages. Ask for the
electronic instruments department.

*USA list price only.

(6/0 HEWLETT

PACKARD




A CALAY MESSAGE TO ALL PCB DESIGN MANAGERS:
EXAMINE THE LATEST TECHNOLOGICAL CAD BREAKTHROUGH

RECENTLY INTRODUCED FROM EUROPE TO THE USA...




The CAD-Credible Calay VO3
CAD System for PCB Design:

* New and User-Friendly,
Powerful Interactive Features

* The Unequalled Calay Tech-
nology for Surface-Mounted
Devices

* Efficient Automatic Placement
Package

* Simple, User-Definable
Post Processing and
Documentation

* Latest Interfaces to All CAE
Systems

* The AWESOME Calay Auto-
matic ROUTER

Together, they are inte-
grated into a system VO3 which
represents CAD-credibility as
offered only by Calay!

Calay, still a young com-
pany in the USA, has well-
established, sophisticated roots
in Western Europe. In only 4
years, over 200 of our systems

are in use in UK, Germany,
Scandinavia, Holland, France,

Switzerland, and now in the USA.

The new interactive capa-
bilities of The Calay VO3 will
knock your socks off! The PC
boards are prepared quickly,
utilizing the Calay high resolu-
tion graphics, the on-line design
rule check, and the heretofore
unmatched features allowing easy
creation of new library compo-
nents! And then, instead of fac-
ing the gruesome task of manual
routing, you let the 100% auto-
matic Calay Router do the job:
from start to finish.

PC boards are Calay-
routed day, night, or during
weekends without operator
presence or assistance. In the
morning of the workday, com-
pleted PC layouts are ready
for further processing—even
complex digital and analog
boards, multi-layer boards, chip-
carrier boards, odd-shaped
boards, and those very dense
boards. No more long hours to
find the solution, the Calay VO3
CAD System does it for you.

The Calay VO3 is based
on U.S. hardware. The computer,
terminals, digitizer, and periph-
erals are U.S-made and assembled
in the Calay facility in Califor-
nia. The amazingly efficient soft-
ware comes from Germany The
resultant combination gives you
the ability to make PC layouts
faster than anyone in your field,
including PCB designers who
use our competition's latest
CAD equipment.

In the short time that we
have been in America, we have
placed systems at facilities of
well-experienced CAD users,
major electronics manufacturers,
and many independent PCB
service bureaus. They all swear

by Calay and lend further cred-

ibility to our superb service and
software support. And if you
have never used CAD before,
CALAY is the only way to start!

The price will surprise
you. The Calay VO3 costs sub-
stantially less than most of the
high-ticket CAD systems, yet
beats them all in performance
and productivity.

Since we started deliver-
ing The Calay VO3 CAD System,
it has been evident that the
decision makers in the respec-
tive interested companies have
determined time and time again
that there is no alternative to
the level of performance and
productivity of Calay.

And that's what CAD is all
about! Get your toughest PC
boards designed fast on Calay
and, as a result, get your prod-
uct out on the market ahead
of your competition.

Call for a Calay demon-
stration and details or ask
us for a free-of-charge, TRUE

benchmark.

CALAY SYSTEMS INC.
2698 White Road
Irvine, California 92714
714 863-1700

Telex 6711321

In Europe Contact:
CAL-KROSCHEWSKI GmbH
6050 Offenbach/Main
Heinrich-Krumm-Str. 5

Tel. (069) 892-065 Telex 041 52775
Federal Republic of Germany

CIRCLE 45




Gould’s FD5000
Image Processor

Introduces a
Whole New ldea:

Performance
and
Economy.

An image processor can be expensive.

Unless it’s the FD5000. For $11,500,
you can purchase an 8 bit frame buffer
with driver software. And the system
doesn’t stop there. As your needs
expand, so will the FD5000 to a full

Histogram of 12 bit magnetic resonance medical image
with four (4) bit color overlay. Courtesy of Mallinckrodt,

Institute of Radiology

32 bit image processing system for
advanced applications.

Check these basic and optional
features:

Flexible Architecture:

Two 12 bit deep images or three
8 bit images with 4 bits of color or
monochrome overlay provide
monochrome, pseudocolor, and
true color.

60Hz Flicker-Free Display:
Bright, flicker-free image display at
60Hz; 30Hz for image processing
and real time input.

Feedback Processor:

Five times faster than host-based
operations for convolutions, digital
filtering, interactive math, regions
of interest, and recursive filtering.

1024? x 32 Bit Memory Arrays:

Optional memory configuration provides
user choice of image size and processing
precision to display through 5122 viewport.
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Grad Leve L,

MINI-LIPS Image Processing
Software:

Interactive keyboard control; prompts

for filters, real-time math, Look-Up
Tables, histograms, geometric operations,
utilities, and image storage; demo
programs include source code.

The Closer Look:

The FD5000 will minimize the load on
your host CPU and your processing
staff. Peripheral or stand alone
configurations are available.

Give Us A Call:

We’ll be happy to discuss your
application needs and the FD5000
at your convenience.

Gould Inc., Imaging & Graphics Division
1870 Lundy Ave., San Jose, California 95131
Telephone (408) 263-7155 TWX (910) 338-7656

European Headquarters
Tegernseer Landstrasse 161,
D-8000 Munchen 90, West Germany
Telephone (089) 6-92-79-06

Telex 5218078 GOUI D

=2 GOULD

Electronics
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Eurocard bus takes a test drive in the United States

A 16-bit bus designed on a single-
height Eurocard is traveling the roads
of America in its quest for cost-
sensitive, 16-bit control applications.
The growing popularity of large-
format, 16- and 32-bit bus designs
has created a gap between highend
applications and dedicated control
functions long dominated by the 8-bit
STD bus in the United States.

While some attempts have been
made to force 16-bit designs on the
STD bus, it remains an 8-bit bus. It
will never fully accommodate 16-bit
processors without fancy multiplex-
ing schemes. The European entry for
this niche is the G-64 bus from
Gespac (Mesa, Ariz), a subsidiary of
Gespac, SA, of Geneva, Switzerland.

Gespac introduced the G-64 bus in
Europe in 1980, where it received a
big boost from a second-sourcing by
the French giant, Thompson CSF.
Thompson CSF is also establishing a
significant presence in the United
States. But simply shipping prod-
ucts—even high quality, reliable
products—is not enough to gain wide
acceptance. Several other factors
must work together. These include
product support, a base of software
specific to the various boards, and
module-development support. More-
over, in order to attract other manu-
facturers, the bus specification must
be placed in the public domain.

Factors encouraging acceptance

The need for, and eventual accep-
tance of, a 16-bit bus on a small form
factor in the United States is without
dispute. The G-64 bus is but one of
a number of European candidates
that could fit the bill. Since the large-
format VMEbus (a double-height
Eurocard with DIN connectors) has
already attracted major manufac-
turers in the United States, there ap-
pears to be no American resistance to
Eurocard designs per se.

G-64 has 16 nonmultiplexed data
lines and 16 address lines, plus a
page-signal and memory-select line.
These allow it to address up to 256
Kbytes without multiplexing. DMA
is supported by three DMA control
signals and one daisy chain line used

for DMA and interrupt priority con-
trol. Interrupts consist of three inter-
rupt signals and one interrupt
acknowledge signal.

The G-64 design now uses the
64-pin DIN 41612 type B connector.
But Cosma Pabouctsidis, president
of Gespac in the United States, has
said his company will develop boards
incorporating the current G-64 spe-
cification with a 96-pin DIN connec-

ROW B ROW A FUNCTION
GND 1 |GND Power (2)
A8 2 (AD
A9 3 [Al
A10 4 (A2 Address line
All 5 |A3 A0 to AlS
A12 6 (A4 (16)

A13 7 |AS

Al4 8 [A6

Al5 9 |A7

BRQ 10 |BGRT

5|10

BGACK 12 |HALT

Enable 13 [SYCLK

RES 14 [VPA | Control lines

NMi 15 [RDY (DTACK)| (18)

IRQ 16 [VMA (AS)

fIRQ 17 [R/W

IACK 18 [Halt Ack

o L

D13 20 D9 DATA

D14 21 |D10 2nd Byte (8)
15 22 |D11

[} 23 |D0

D5 24 |D1 DATA

D6 25 |D2 1st Byte (8)

D7 26 |D3

Parity error M

(BERR) 27 |Page

Chain in 28 |Chain Out Miscellaneous (4)

+ 5V Battery |29 |— 5V

=12v 30 [+12V

+ 5 31 |+ 5V Power (8)

GND 32 |GND
The 16 address lines of the G-64
bus can access up to 256 Kbytes
with the help of the Page and
Valid Memory Address (VMA)
lines. By using a 96-pin dual-
inline connector, a third row of
pins (Row C) could be added
for 32 bits of address and
additional control signals.

tor. This will provide a full 32-bit ad-
dress space for those microprocessors
able to use it, as well as seven levels
of interrupt. According to Pabouct-
sidis, the 32-bit design would be
backward compatible with current
specifications, preventing loss of
design investment.

Current 8- and 16-bit processors
supported by Gespac on the G-64 bus
include the 6800, 6809, Z80, 8085,
68000, 16032, 8088, and J-11. The
company also offers a broad range of
memory boards, interface boards,
controllers for floppy and hard disks,
and transducer boards. To date,
however, no U.S. manufacturers
other than Gespac are producing
G-64 board products. About 16 to 20
companies in Europe manufacture
competitive products. The G-64 bus
specification is in the public domain,
however, and Gespac apparently
offers support and information to
other manufacturers through a users’
and manufacturers’ group in Geneva.

Software library eases design

Two other major requirements for
any de facto acceptance of the bus are
availability of software and develop-
ment support. The case of the STD
bus provides a clear example of how
important this can be. The existence
of software modules has greatly eased
the task of designing with, and devel-
oping systems based on STD boards.

In the case of G-64, the lack of
large libraries of software modules
could be regarded as either a deficit
or an opportunity for U.S. com-
panies. Gespac itself supplies some
modules, such as software drivers for
its IEEE 488 boards. But the company
is nowhere near ready to support soft-
ware for all the boards in its product
line. It does supply CP/M operating
systems and utilities for most of the
processors that work on the bus. And
some development software is avail-
able—notably a 16032 cross develop-
ment package that runs under Z80
CP/M. Nevertheless, it looks as
though true development support will
have to come from elsewhere.

Development systems based on
floppies or Winchesters have been
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built around a given processor and
packaged in a G-64 card cage. CP/M
editors, assemblers, debuggers, and
compilers presumably would help
develop the drivers and system soft-
ware for a given design. Thus, a great
deal of work needs to take place if
G-64 is to assume a position as an
accepted bus in U.S. industry.
Second-sourcing of G-64 products
in the United States does appear to
be happening with the help of another
European company. Thompson CSF
is not only second-sourcing some of
Gespac’s board products, it is also
producing G-64 boards that include
designs based on Thompson CSF ICs.

MEMORYESYSHIENS

There is, for example, a graphics
module that incorporates the 9340/41
alphanumeric and graphics proces-
sor chip set, as well as a graphics
board using the 9367 graphics proces-
sor. Turnabout being ‘‘good’’ play,
Gespac is likewise second-sourcing
some Thompson CSF designs.

In the support and development,
Thompson provides ROM-based soft-
ware with its boards and an 8-bit de-
velopment system for G-64 cards. The
Themis development system is primar-
ily aimed at 6800/6809 processor
family and OS-9 operating system.

At this point, the G-64 appears to
have a head start on the road to

acceptance. It is charting a course
through an area where a definite need
exists for a small-format, 16-bit bus
design to be used in control applica-
tions. Its ultimate success will depend
on attracting more manufacturers,
and on the appearance of a broader
base of software development sup-
port. To date, two European manu-
facturers are driving the bus in the
United States—one a very major
company at that. And the path is
straight toward making the G-64 a
naturalized American.

—Tom Williams, West Coast
Managing Editor

Emerging QIC standards enhance tape flexibility

New standards for quarter-inch mag-
netic tape, now under consideration
by the Quarter-Inch Compatibility
Committee, will provide more options
for system integrators and end users.
One proposed standard will double
the storage capacity of 600-ft tape.
Another proposed standard, designed
primarily for the 3%2-in. Winchester
backup market, will probably be a
variation of the Tallgrass Technolo-
gies (Overland Park, Kans) Personal
Computer/Tape format. This contro-
versial new approach gives magnetic
tape some of a floppy disk’s features.

The QIC committee, which includes
representative from 14 companies,

has so far approved a set of standards
for 9-track tape. QIC-24 is a format-
ting standard for 3M Corp (St Paul,
Minn) DC300XL or DC600A tape,
or equivalent. This standard, de-
signed for streaming magnetic tape,
allows the 600-ft DC600A tape to
store 60 Mbytes. QIC-2 is an intelli-
gent interface standard that supports
QIC-24, and QIC-36 is a device-level
interface standard.

With support from 3M, Tallgrass’s
PC/T format has been accepted as a
starting point for development of a
QIC-100 standard. Designed . for
3M’s yet-to-be introduced DC2000
tape, this standard will allow 40

DATA

RECORD

RECORD

D 128 to 8192 BYTES

/

-
A (FIRST HALF)
56 to 4096 BYTES

i

B (SECOND HALF)
56 to 4096 BYTES

PARITY = A@B
56 to 4096 BYTES

I

record and the parity record.

The PC/T error correction mechanism, as developed by Tallgrass, splits

each data record into two records (A and B). A parity record is created by
taking the exclusive-OR of A and B.
record can be reconstructed by taking the exclusive-OR of the other data

If either A or B is destroyed, the
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Mbytes of storage on a 24-track,
200-ft tape. Unlike other standards
proposed by the QIC, PC/T allows
individual data blocks to be over-
written without prior erasure. It also
supports an extensive error correction
mechanism, and does not require
read-after-write verification.

A new approach

The proposed QIC-50 standard,
originated primarily by Qantex
(Hauppauge, NY), is a recording for-
mat that places 20 tracks and 120
Mbytes on DC600A or equivalent
tape. Although QIC-50 has the same
block format as QIC-24, it adds an
error correction mechanism. QIC-59
is a device level interface similar
to QIC-36.

No QIC-50 products are available
at this time. However, Tallgrass re-
cently announced a series of PC/T
products that use DC600A and
DC1000 tape: Hewlett-Packard’s
Greeley, Colo division is believed to
be working on a line of PC/T prod-
ucts, but project manager Mike
Tremblay would not comment on
such reports. Tremblay affirmed
Hewlett-Packard’s support for
PC/T, however.

By allowing overwrite of individual
blocks, PC/T allows the user to
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Tallgrass Technologies’ PC/T format, under discussion as the Quarter-Inch Compatibility Committee
QIC-100 standard, places ID records on the tape when the tape is formatted. These ID records point to
data blocks and allow selective block replacement. In contrast, QIC-24 and QIC-50 generally require
erasure of the entire tape if data records are updated.

update files without rerecording the
entire tape. Although access is slower,
the tape behaves much like a floppy
disk. ‘““We’re not selling it as a
streamer, we’re selling it as online
archival storage,’”’” says Tallgrass’s
marketing vice president Steve Volk.
““I don’t think tape will survive only
as a backup device.”’

To allow overwrite, PC/T puts ID
records on the tape when the tape is
formatted. These records, which are
never changed, serve as guideposts to
the data blocks that follow them. In
the Tallgrass implementation, a tape
operating system provides a directory
structure that links data blocks to
files. Since data blocks have their
own internal ID records, the direc-
tory structure can be reconstructed by
scanning the tape.

In contrast, neither QIC-24 nor
QIC-50 tapes are preformatted with
ID records, and QIC-24 does not per-
mit overwrite at all. According to
Mario DiFede, author of the QIC-50
specification and product manager
for magnetic tape products at Qantex,
block replacement could be imple-
mented with QIC-50 in software.
QIC-50 allows penetration of the
oxide layer to overwrite the tape—the
technique used by PC/T. DiFede does
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not see block replacement as a likely
implementation of QIC-50, however.

PC/T allows the systems integra-
tor to set data block length from 128
to 8192 bytes. To simplify controller
electronics, the system integrator can
interleave blocks. Although PC/T
has been suggested as QIC-100, it is
not device dependent and can be used
for any type of magnetic tape. For
this reason, Tallgrass representatives
vigorously deny claims that PC/T is
a ‘““low end”’ format.

Read-after-write controversy

PC/T format provokes heated re-
actions because it was designed for
use with single-gap heads. These
heads simplify drive electronics, but
do not permit the read-after-write
verification provided by dual-gap
heads. To verify after a write, the
entire tape needs to be rewound.

PC/T does not prohibit dual-gap
heads. But it does include an exten-
sive error correction mechanism that
is not dependent on read-after-write.
“With adequate error correction,
there’s really no purpose for read-
after-write,”” says Tallgrass president
Dave Allen. ‘‘But that’s really a hot
potato. The tape drive industry has
grown up on read-after-write.”’

The PC/T error correction mech-
anism, based on a 3M error correc-
tion scheme, splits each data record
into two data records. A parity rec-
ord is created by taking the exclusive
OR of the two data records. If either
data record is destroyed, it can be
reconstructed from the other data
record and the parity record. With an
original data block length of 8192
bytes, this plan allows correction of
4096-byte segments.

Allen says this level of data correc-
tion is necessary in the personal com-
puter market. Read-after-write is
insufficient, he maintains, because
tapes can be easily damaged or con-
taminated. Critics say it requires too
much overhead, and does not replace
the need for read-after-write. ‘“You
don’t need anywhere near that depth
of error correction with a read-after-
write head,’’ says Richard Gorgens,
president of Alloy Computer Prod-
ucts (Framingham, Mass). ‘‘And
without a verification pass, even with
parity, I wouldn’t trust it.”

QIC-24 has error detection, but no
error correction. QIC-50 allows cor-
rection of up to two 512-byte data
blocks out of any 30 blocks. The
PC/T format could conceivably be
used without error correction—but
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A Universe of 1/0 Solutions

s ran'*

for Multibus™ Systems

Getting signals to and from your Multibus™ is our business.
We've already done the design and engineering work to solve
many of your microcomputer interfacing problems, so you
can spend more time on total system integration and perfor-
mance. We have over 40 Multibus™ analog and discrete 1/0
cards “on the shelf,” ready to go to market in your systems
right now.

These low cost boards give you the flexibility you need for a
wide range of applications.

Benefits include:

® fast, simple programming ® powered from system bus

® memory or I/O mapped ® flexible system configuration
® easy installation ® fast system development

BURR-BROWN®

Signal Types
e +10V ® contact closures
® +10mV e TTL
® 4 to 20mA ® discrete 1/0
transducers ® pulse counter
e thermocouples ® pulse width
® RTD e frequency
® DC sense ® period
® AC sense e analog outputs

Write or call for complete specifications and pricing informa-
tion.

Data Acquisition and Control Systems Division
3631 E. 44th Street, Tucson, AZ 85713 e (602) 746-1111

Putting Technology To Work For You
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BETTER TERMINALS

AND MONITORS FOR
LESS MONEY

Yanjen has complete, in-house
design and research facilities for
making more than forty models of
fully assembled and open-frame
monitors and terminals. Now Yanjen
has built on the results of five years
of manufacturing to open up a new,
expanded factory. You can count on
Yanjen for custom products of top
quality with rock-bottom prices.

12” Terminals,

with emulations

of Esprit Il,

ESP 6310,

TV1925, VP/R25,

and ADM-3A high
performance
terminals.

9" to 14” Monitors, color and mono-
chrome, for all kinds of personal com-
puters, for TTL and composite signals,
with high resolution, cleaner & sharper
Image, and attractive cases.

5”"—15" OPEN FRAME MONITORS

A

YANJEN ELECTRONIC CO, LTD.
PLANT OFFICE:

NO. 1. LANE 19. SEC 1. KUANG FU RD

SAN CHUNG TAIPEI, TAIWAN, R.0.C

TEL: (02)9956684—8 TELEX: 32338 YANJEN

P.0. BOX. 16:348 TAIPEI

NORTH AMERICA BRANCH:

56 ASPENWOOD DR. WILLOWDALE, ONT

CANADA, M2 H2 E9 TEL: (416) 499.5394

TELEX: 06986766 TOR ATTN: YJE

CIRCLE 49
80 COMPUTER DESIGN/April 1985

SYSTEM TECHNOLOGY/ [/ =000/:17 SVSTENS

Tallgrass is determined to keep it in
the QIC-100 specification, Allen says.

Into the market

Although PC/T is only a starting
point for QIC-100, it appears the
eventual standard will look much like
PC/T. Heavy backing from 3M, the
dominant manufacturer of quarter-
inch tape, is one factor in PC/T’s
favor. ‘“We believe it’s the most
powerful and most versatile of the
various formats proposed,”’ says
William Crammatte, product plan-
ning supervisor for 3M’s data car-
tridge product line. In particular,
Crammatte supports PC/T’s error
correction method and its ability to
update files.

Meanwhile, Tallgrass has gone
ahead and introduced a line of
MS/DOS-compatible PC/T prod-
ucts. These include the 5000 and 6000
series HardFile products, which com-
bine a 5%-in. Winchester with a
60-Mbyte tape. The Grasshopper, a
PC/T tape drive that fits into a
3V4-in. form factor, has been intro-
duced to the OEM market. Tallgrass
has a formatter chip that implements
PC/T, and expects to offer PC/T
controllers eventually.

In the Tallgrass implementation,
tape is ‘“‘online’’—meaning users do
not have to exit programs to access the
tape. Tallgrass is also working on
software that will make the tape oper-
ating system totally transparent to the
user. This scheme allows the tape op-
erating system to capture all MS/DOS
function calls, and route tape and disk
requests to the proper source.

Tallgrass will have to overcome
buyer resistance in two areas: over-
head and speed. Because of the error
correction method, a 90-Mbyte unfor-
matted tape yields only 60 Mbytes of
storage. The backup rate is about
1 Mbyte/min, while a QIC-24 tape
can process 2 to 3 Mbytes/min.

An evolutionary approach

With a block format identical to
QIC-24, the proposed QIC-50 stan-
dard is not a radical departure from
existing tape standards. Like QIC-24,
it is basically a streaming, gapless for-
mat that requires read-after-write.
Compatibility with QIC-24 is an
important criterion. ‘“We want to

allow QIC-24 users to be able to read
their old tapes,’’ says DiFede.

An error correction mechanism has
been added to QIC-50. Like PC/T, an
exclusive-OR method is used to build
parity blocks. However, there are only
two parity blocks for each 30 data
blocks, permitting reconstruction of
up to two 512-byte blocks.

QIC-59, as a device level interface,
is basically QIC-36 with only a few
changes. QIC-2 can still be used for
an intelligent interface. However, new
interface standards will have to be
developed for QIC-100. The 50-con-
ductor cable used by QIC-36 is not de-
signed for a 3%-in. form factor.

DiFede speaks respectfully of
PC/T, but notes that QIC-50 is more
accessible to system integrators.
“PC/T is probably the best format
around in terms of the amount of
information contained,”’ he says.
““But it’s the hardest to implement.
Only one company has a formatter
chip, and the ability to use it is re-
stricted. With QIC-50, there’s no
licensing and no limitations.”’

A low cost alternative to QIC stan-
dards, the FloppyTape format from
Cipher Data (San Diego, Calif), pro-
vides block replacement by simulat-
ing the data structure of a floppy disk
drive. The format is implemented
directly by the floppy disk controller.
This poses such limitations as low
format efficiency, but FloppyTape
does not require a specialized for-
matter chip. While PC/T, QIC 24,
and QIC 50 use group codes record-
ing, FloppyTape uses the lower den-
sity modified frequency modulation
favored by the disk drive industry.

Like all standardization efforts,
the QIC process is subject to divisive
arguments and proprietary conflicts.
Once standards are approved, how-
ever, system integrators will have
more alternatives in the tape backup
market, with support from controller
and tape drive manufacturers.

—Richard Goering,
Field Editor

Let’s hear from you
We welcome your comments
about this issue. Just jot
them on the Reader Inquiry
Card.
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EXPAND YOUR PC INTO A HIGH-
PERFORMANCE LOGIC ANALYZER

Now you can expand your PC XT
or AT into a powerful logic analyzer
with features and utilities surpassing the
best stand-alone analyzers . . . with the
added benefit of thousands of applica-
tions programs now available for PC's.

Here'’s what you can get by adding
Kontron’s KSA Series Logic Analyzers
to your IBM PC.

GREAT SOFTWARE ANALYSIS

Software engineers need more
than mnemonic disassembly. They
need to time tag execution cycles, run
performance analysis histograms and
trace program flow with the help of so-
phisticated triggering. They also need
powerful comparison utilities to quickly
detect faults and trigger on them. We
listened. You can do all of these things
and more with the KSA.

SUPERB HARDWARE ANALYSIS

Hardware engineers need high
speed, glitch triggering, intermittent
fault triggering, and de-skewed com-
parisons of timing data. They also need
deep acquisition memories to capture
long strings of data, especially when
clocking at 100 MHz. Again, we lis-
tened. The KSA's 8K/16K memory
gives you the wide angle perspective
you've wished for but couldn't get at

high clock speeds. And our 500 MHz
option gives you about as much resolu-
tion as you are likely to need, with a
powerful cross-triggering mode to help
zero in on the toughest timing
problems.

PC-based development system and get
cross-domain analysis and development
capabilities so powerful you'll wonder
how you got along without them.

RELIABILITY AND SERVICE

POWERFUL INTEGRATION
CAPABILITIES

Specialized software or hardware
analyzers have some serious limita-
tions which can become painfully evi-
dent when an integration problem flares
up. This is where the KSA really shines,
combining the best of both in one pow-
erful, flexible package. Now you can
correlate synchronous and asynchro-
nous data to solve your software/
hardware interaction problems. And you
can add transitional timing to examine
asynchronous events separated by long
periods of “dead time.” There’s nothing
else like it.

CONFIGURABILITY AND
PERFORMANCE

Not everyone needs 64 channels,
software disassemblers, performance
analysis or 500 MHz clocking rates. So
we made the KSA configurable. You
can put together the right combination
for your present needs and expand it as
required. You can even tie it in with our
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The KSA Series brings high-
performance logic analysis to your PC,
but it also brings the same high reliabil-
ity that characterizes Kontron’s stand-
alone logic analyzers.

And, if you experience a problem,
Kontron provides fast and responsive
on-site service and repair. We know
you can't afford to lose your equipment
for long.

We'd like to show you how easy it
is to expand your PC’s power into
logic analysis. Call us for a demon-
stration and join our growing list of
PC-based instrument users.

For more information contact:
KONTRON ELECTRONICS, INC.
630 Price Avenue

Redwood City, California 94063
800/227-8834

(415/361-1012 in California)

E{ KONTRON
ELECTRONICS




NEC'S 7800 SERIES GIVES YOU TWELVE
APPLICATIONS-SPECIFIC MICROCOMPUTERS.

Instead of settling for older technology, such as Intel's 8051
or its closest clone, you can select one of 12 different single-chip
solutions. One that's precisely right for your application.

No wasted power. No inefficiency in design. Just per-
formance and low cost, pure and simple.

More features to choose from.

Not only do we have the competition out-numbered, we
also have them out-featured.
® The 7800 Series comes in CMOS or NMOS.

e With 16-bit internal processors like the NEC 7809 and 7811.

e With 30 to 46 1/0 lines.

® They're 30% more code efficient. And offer 50% faster
execution times than the 8051.

There are also on-board peripherals such as comparators,
full-duplex USARTSs and watchdog timers. Plus numerous other
options. And a choice of popular packages, including the 64-pin
QUIL.

Support is in your favor, too.

You can fine-tune your application in less time and with
less hassle. We offer everything from low-end, inexpensive PC-
based development tools to our high-end development system,
the MD-086. Not to mention sophisticated tools from Tektronix.

We also offer FAE and technical application assistance at
our local sales offices and at our Technology Center near Boston.

The world leader.

As the world’s largest producer of single-chip microcom-
puter products, we have the 7800 Series in high-volume
production. And that keeps your system’s cost down and turn-
around time short.

Now you have every reason to call

So before you reach for that other chip, or its clone, reach
for the phone. And call NEC. We'll rush you product literature
and give you the name of the applications engineer nearest you.

Call 1-800-632-3531. In California, call 1-800-632-3532.

WERE TAKING ON THE FUTURE.

©1985, NEC Electronics Inc
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At Amphenol Products it’s only
the beginning.

You can terminate most coaxial and twinaxial
cables with minimal assembly time and effort
using Amphenol® R.F. connectors. Our
QUICKTRIM™ and SQUARE-CUT™ connector
designs reduce cable preparation to a single
cut. SURETWIST™ connectors thread directly
onto the cable jacket. Our crimp designs offer
low cost terminations using standard tooling.

Each design provides the ultra-reliable
performance you require when interconnecting
a host computer system with terminals, printers
and other peripheral equipment. But top quality
BNC and TNC plugs and jacks are only part of
our computer connection capabilities.

We also provide a wide range of adapters and
accessories to meet these functional require-
ments of your total data transmission system:

~ Splicing. Amphenol jack-jack and tee adapters
provide easy, reliable splices of twinax, coax
and LANS cable. To provide protection from
electrical shock on LANS installations, silicon
rubber boots cover splices and cable ends.

@ Isolation. Reduce noise by virtually eliminating
“ground loop” or common mode current.
Amphenol 31 Series isolated BNC and TNC
feed through adapters and bulkhead recep-
tacles provide uninterrupted signal paths and
continuous shielding.

Termination. Eliminate open circuits on signal
transmission lines when output plugs are discon-
nected. Amphenol 362 Series automatic coaxial
terminators with self-contained resistive loads
and automatic circuit insertion switches feature
a unique make-before-break mechanism.

@ Switching. Help eliminate EMI and costly data
transmission errors with Amphenol isolated-
from-ground data switches. Available in panel
mount, wall mount and desk top designs, these
low cost, non-shorting switches are ideal for
use in computer installations and local area
networks.

For more information, technical assistance
and prices...

Call the new connector company

1-800-323-7299

Amphenol Products world headquarters:
Lisle, lllinois 60532

CIRCLE 52

Amphenol
ANLLIED frerere

COMPUTER DESIGN/April 1985 85



NOW
FOR $395
YOU
CAN GET
A HFELD-
PROVEN
ESPRIT.




THEESP 6110

THE ONLY FIELD-PROVEN

TERMINAL FOR UNDER $400.

Since its introduction, the reliability
record of the ESP 6110 has been out-
standing. In fact, Esprit terminals
have the best reliability record in
the industry.

5 USER-FRIENDLY
EMULATIONS. Looking for flexi-
bility? The ESP 6110 is compatible
with the Pick™ operating system. And
it comes with resident emulators for
ADDS Viewpoint® and Regent 25%®
ADM3A® as well as, our own Esprit II
and Hazeltine 1500. With menu

driven selection so you just type in
the mode you need.

AVAILABLE FOR
IMMEDIATE SHIPMENT.
The ESP 6110 is no bare bones ter-
minal. You get a 14" screen with tilt
& swivel. Block mode editing. Low
profile, DIN-standard, sculptured
keyboard with a separate 14 key
numeric/function keypad. Optional
amber display. And we have a large
stock ready to ship out today.

Don't wait. Call Esprit (Es-pree)
toll free at 800-645-4508. In NY State
516-293-5600.

Registered trademarks: Viewpoint and Regent, Applied Digital Data Systems. The ADM3A, Lear Siegler, Inc.

Egprdd

tems, Inc.

800-645-4508

CIRCLE 53



ON THE LINE OR IN THE LAB.

CRT MEASUREMENTS FROM UDT.

Whether it's for measuring one
pixel or a screen full, UDT's got the
CRT photometer that you need.

For the assembly line. The Model
S35IF is a tough little hand-held
detector that can take a lot of pun-
ishment and still make highly
accurate full-screen CRT brightness
measurements.

What's more, it's inexpensive.
You can easily outfit your assembly
line personnel without investing
a fortune.

But the S35IF offers a lot more
than portability, low price and
rugged design.

Controls are kept to a minimum,
making brightness measuring a
snap. Simply hold the detector’s soft
rubber light shade against a CRT
screen to take your reading.

There's also a S351G model that

o

measures in candelas per square
meter rather than the S35IF's
footlamberts.

Finally, each instrument is
delivered with a 2-meter extension
cable, 9V NiCd rechargeable
battery, battery charger and carry-
ing pouch.

For the lab and the field. \Xe
built the 61CRT so you can make
versatile CRT screen uniformity
measurements in both your lab
and in the field.

That's why it operates on a
rechargeable battery pack. Weighs
only four pounds. And comes
complete with a rugged carmying
case and battery charger.

You get complete measuring
flexibility by attaching our optional
1120 reflex viewing module. It
accommodates a wide variety of
optional lenses, allowing you to

CIRCLE 54

zero-in on a single pixel. Or any
portion of the screen.

For full-screen brightness mea-
surements, simply operate the 61CRT
as it comes stock.

Its detector head with lumilens
gives you a 15° field-ofview, and
a spectral response matching that
of the human eye.

The system is calibrated in
footlamberts or apostilbs.

And best of all, you'll find the
6ICRT's versatility is very affordable.

UDT'’s got your solution. So
when you need CRT photometers
that measure up in flexibility, ease
of use and economy, just look

to UDT.

For all the details, call us today
at (213) 978-0516. Or write United
Detector Technology, 12525 Chadron
Avenue, Hawthome, CA 90250.
Telex 18-2458.

UNITED DETECTOR TECHNOLOGY

A division of ILC Technology; Inc.



SID ‘85 displays variety of information

This year’s annual meeting of the
Society for Information Display will
be as diverse as its membership. To
encompass all phases of the industry
from chemistry to physics and from
engineering to human psychology and
ergonomics, SID ’85 (April 29
through May 3 at the Sheraton Twin
Towers, Orlando, Fla) will consist of
three parts. The standard symposium
sessions (Tuesday, Wednesday, and
Thursday), evening panel sessions
(Tuesday), and half- or full-day semi-
nar sessions (Monday and Friday) will
demonstrate that SID ’85 is not a mar-
keting symposium masquerading as a
technical conference.

The largest area of growth in infor-
mation display through the past sev-
eral years has been in systems and
applications, according to the confer-
ence’s general chairman James N.
Price. (He is supervisory engineer and
project manager at the Naval Ocean
System Center in San Diego.) Earlier
emphasis has been put on the develop-
ment of devices, ‘‘but many of those
products are no longer in the R & D
pipeline,”’ he says. ‘‘Users now can
present papers on how to apply those
devices in real world situations.”

Price says he finds this trend “‘very
exciting to watch.”” With industry
predictions of sales for display
devices in computer systems alone
ranging to as high as $457 million for
1986 (an annual growth rate of 36.1
percent from 1981), that excitment is
very real.

Former R & D devices can
now be discussed in SID
’85 sessions as viable
products—James N. Price.

SID focuses on fresh ideas, accord-
ing to symposium chairman Aris K.
Silzars, general manager of hybrid
components operations at Tektronix
in Beaverton, Ore. Intent of the con-
ference, he says, ‘‘is to present new
research, new devices, new concepts.
One of the strongest criteria is that
all papers cover things that have not
been published elsewhere before.
Everything must be unique.”” He
claims that SID is ‘‘the premier inter-
national technical display conference
in the world.”’ Several other confer-
ences—some also sponsored by the
Society—do take place in various
countries, but ‘‘SID is the only one
that serves as an umbrella for all
the interests.”’

Originally, the conference placed
seminar sessions as a side issue. Last
year, however, more than half of
those who attended signed up for
supplementary sessions. Seminar
chairman Howard L. Funk, director
of technical resources programs at
IBM in White Plains, NY, says this
year’s seminars are designed for both
experts and novices.

Expert systems now a factor

The subset of artificial intelligence
known as expert systems has become
a factor in the design of display
devices. These systems now solve
many of the problems inherent in so-
called intelligent products.

The graphics for intelligent work-
stations, for example, usually
depended upon an associated mini-
computer. Carl Machover, president
of Machover Associates Corp of
White Plains, NY, says that increasing
use of microprocessors has signifi-
cantly increased the intelligence avail-
able at workstations. No longer does
the intelligence have to be concen-
trated in a maxi or minicomputer. ‘‘In
fact,” he says, ‘‘in the not-too-far dis-
tant future I would be very much sur-
prised if there were any dumb or
smart terminals left; almost everything
will be intelligent workstations.”

In the seminar session, Display
Systems and Applications, Machover
will provide an overview discussion
of current and future directions in

SID °85 symposium
papers are unique and
cover all display
areas—Aris K. Silzars.

computer graphics. He will include
perspectives on both applications and
hardware technology. ‘‘The largest
application area for graphics is
CAD/CAM, followed by business,”’
says Machover. ‘‘Requirements of
these applications have had major
impact on the technology. In turn,
the availability of certain technol-
ogies has made some of the applica-
tions more feasible.”’

In the last few years, he adds, com-
puter graphics have moved aggres-
sively toward raster display, while
storage tubes have become much less
of a factor, Machover adds. ‘““The
resolution of raster systems has in-
creased so that image quality as well
as line quality are much improved.
The rationale and advantages of vec-
tor refresh are, therefore, gradually
diminishing.”’

The degrees of function of raster
systems have increased through a
series of hardware processors that
perform near realtime manipulation
of solid images. This has resulted in
prices two orders of magnitude less
than that of classic simulators,
Machover says.

Moreover, the technology has been
greatly affected by enormous reduc-
tions in memory cost and by the abil-
ity to turn out very low cost special
purpose chips, he adds. ‘‘This per-
mits designers to build special func-
tions into systems in quantities that
we couldn’t think of doing before,”’
he says. “‘In the cost of chip design
today, this capability also has
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brought about a reduction of two
orders of magnitude.”’

Display technology will also be
covered in a number of other SID
presentations. For example, speakers
in a total of four seminars on Dis-
play Technology Fundamentals will
discuss several subsets of display
technology, including CRTs, liquid
crystal devices, flat panels, and
electroluminescence.

In the seminar discussing CRT
systems, Carlo Infante of Saber
Technology will examine both mono-
chrome and the rush toward color
displays. He will also include such
diverse associated technologies as
electron optics, phosphors, color
guns, ergonomics, and system trade-
offs, plus predictions for the future.
As part of the same seminar, Satish
Gupta of IBM’s Research Center in
Yorktown Heights, NY will cover
factors that influence advanced dis-
play architectures, such as rapid
advancements in memory technol-
ogy. The discussion, in particular,
will review such inventions as the
video RAM and developments of
sophisticated VLSI controllers.

Progress of ‘“The Flat Channel
Multiplier CRT”’ will be discussed in

a paper by A. W. Woodhead and
others from the Philips Research
Labs, Surrey, England. Woodhead
will show how improvements in the
flat deflection system have resulted in
experimental monochrome tubes that
have 12-in. diagonal displays and are
3-in. thick. There are indications that
a full-color range is also possible.

Woodhead will explain how diffi-
culties in making a thin, flat CRT are
reduced by separating the conflicting
needs of the beam scanning process
from those of the generation of light
at the fluorescent screen. Resolution
was enhanced by increasing the num-
ber of channels in the multiplier from
50,000 to 170,000.

LCDs to the forefront

Research analysts differ widely on
numbers, but agree that market
growth for liquid crystal devices will
be explosive over the next several
years. Fabrication techniques for
these devices, however, must be im-
proved just as drastically in order to
make this forecast a reality. Most of
the papers in the LCD Technology
session indicate how that will occur.

In one of these papers, ‘‘Polymer
Encapsulated Nematic Liquid Crys-

LINE DEFLECTION
PLATES

FRONT VIEW

ELECTRON GUN

PHOSPHOR
SCREEN

CHANNEL
MULTIPLIER
ARRAY

FRAME
DEFLECTION
PLATES

In the flat channel multiplier described by session speaker A. W.
Woodward of Philips Research Labs, the rear mounted electron gun lies
parallel to the screen. Path of the electron beam is between a pair of
electrostatic line deflection plates to the bottom of the tube. A reversing
lens turns the beam 180 degrees and projects it to the front section.

ELECTRON
PATHS

REVERSING

LENS
SIDE VIEW
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Both experts and novices
will be served by SID
’85 seminar sessions—

Howard L. Funk.

tals for Display and Light Control
Applications,”” James L. Fergason of
Raychem Corp in Menlo Park, Calif,
will explain how to make LCDs with
the liquid crystal in a binder that
generates a curvilinear orientation for
production of very large area dis-
plays. Such devices will be approxi-
mately 25-microns thick and have
resolutions of up to 1000 lines/in.

Fergason claims his paper is ‘‘the
first to describe this technique. It will
represent a change in the state of the
art that will lead to a major expansion
in the application of LCDs into areas
where they previously have not been
useful.”” He says that even existing
application areas will be affected.

In the paper, ‘‘Study on Improve-
ments in Contrast Made by Polarizers
for Liquid Crystal Displays,’’ Tatsuki
Nagatsuka and others from Nitto
Electric Industrial Co of Toyohashi,
Japan will describe the use of a
polarizer to improve the contrast in
LCDs. This polarizer, still in the
laboratory stage, shows 10 times the
contrast ratio of conventional ones,
according to Nagatsuka.

Concern for human factors

General chairman Price says the
area of human factors will be stressed
this year at SID because it is of con-
cern to most users of display systems.
Price defines human factors as more
than ergonomics. ‘‘It concerns how
the information is presented to
viewers. Designers have to worry
about the size of the characters on the
screen, recognition of colors (contrast
between colors), operator fatigue,
display standards, and environmental



Extend the capabilities of your PC/IMS-DOS™
based system and duplicate the Intel™ Series I11,
1V, and 86/310 with RTCS software development
tools.

Don't buy expensive hardware to get the
exact same professional development capabili-
ties. For around $500, the RTCS/UDI Universal
Development Interface software lets you use
Intel Series III Microcomputer Development
System software, available from RTCS, on your
IBM PC™ or any other MS-DOS-based computer.
And Intel software runs up to 20% faster on
your PC using the RTCS/UDI.

DID YOU KNOW
YOU'RE ALREADY
SITTINGONA

$30,000
INTEL SYSTEM?

Fortune 500 companies like IBM, General
Electric, Honeywell, and over 1,500 others have
found the RTCS/UDI easier to use with
higher performance than most Intel
systems. Besides the obvious expenditure
comparison, they see Intel Systems as
special purpose computers with limited
software. But with RTCS, a PC/MS-DOS-based
computer becomes a reliable performer with
a wide repertoire of software possibilities.

" INTEL YOURPC  RTCS SOFTWARE

Also available from RTCS is PC/RTX,
Real-Time, Multi-user Multi-tasking Operating
System for IBM PC and others; Intel languages
such as Pascal, Fortran, PL/M;* and C
Compilers; Utilities such as high level software
debuggers, as well as a wide range of software
support supplied with the RTCS/UDI at no
additional cost.

Before you go out and buy expensive
hardware for capabilities you're already sitting

on, call RTCS today. (805) 987-978]1

1390 Flynn Road, Camarillo, CA 93010
Telex: 467897 RTCS CI
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factors such as ambient light or
glare,”’ he says.

In a paper that emphasizes Price’s
statements, Wanda Smith, manager
of corporate human factors engineer-
ing at Hewlett-Packard in Palo Alto,
Calif, will discuss the role of ergo-
nomics in the design and use of color

displays. ‘‘Color can enhance usabil-
ity, but only if it is used correctly;
it can just as readily degrade perfor-
mance if used unwisely. Correct
choice of color depends on the
knowledge of visual psychophysics by
the designer of the color system.
Unless the designer applies visual

Color

Graphics Display

Controllers

® High Resolution
1024 x 1024, 512 x 512 pixels
Non-interlaced and
interlaced formats available
® 16 Simultaneous colors
Blinkat 1 Hz
e High Performance
Graphics generated at up to
1,200,000 pixels-per-second
Fill operations at up to
19,200,000 pixels-per-second
All planes drawn simultaneously
Line by line vertical scroll
Multiple cursors
e GPS Subroutine Package
Avalilable for popular operating
systems
e Other bus architectures
available
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® High Resolution Color Monitors
Standard or long-persistence
phosphors
Available in 13 inch or 19 inch
Analog or TTL inputs
0.31 mm pitch
Graph

Gs Strategnes, Inc.

PRACTICAL COMPUTERGRAPHIC SOLUTIONS

1445 Koll Circle, Suite 107
San Jose, CA 95112
(408) 294-1300 Telex: 856 587
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psychological principles correctly,
productivity—and performance—can
be degraded,’”’ Smith says.

Further discussion of the psycho-
physics of display will take place in
the session on Psychophysics of Dis-
plays, with participants from Boeing,
IBM, Tektronix, Westinghouse, the
New York Institute of Technology,
the Naval Underwater Systems Cen-
ter, and the Naval Submarine Medi-
cal Research Lab.

Development of a high resolution,
flicker-free color display will be
reported by Kunio Ando and others
from Hitachi, Ltd of Yokohama,
Japan in a paper titled, ‘A 2448- x
2048-Dot High Resolution Flicker-
Free Color Display.”” Ando claims
that ‘‘this is the world’s first flicker-
free color product able to display
more than four million dots.

The CRT has a resolution of 2448
x 2048 dots at the noninterlaced scan-
ning mode—as opposed to 1280 x
1024 for a current high resolution 360-
x 270-mm display. Dot pitch is 0.15
mm rather than 0.21 to 0.31 mm, and
video output is 240 MHz at 50-V
peak-to-peak, rather than 100 MHz at
55 V. Horizontal scanning frequency
is 130 kHz for the new system and 64
kHz for the present one. Vertical
scanning frequencies are 60 kHz for
both. And misconvergence is only 0.1
mm for the new version compared to
0.3 mm for the current device.

The paperless society?

Hard copy continues to play a
major part in graphics—as evidenced
by four separate symposium sessions
and one evening panel discussion. For
example, Machover says, ‘“We talk
pretty glibly about the paperless office
of the future—but we use more paper
than ever.”” He sees a definite move
toward the color world, however.
“From 70 to 90 percent of all termi-
nals delivered are color—and that
trend reflects itself on the hard copy
field.”” Although new monochromatic
hard copy devices are still being in-
troduced, most of the developments
are in color printers or plotters.

Machover says surprising growth
has occurred over the past few years
in low cost multiple-pen plotters,
those that handle 8'%- x 11-in. sheets
of paper. ‘‘Influence of the personal



INDUSTRIAL GRADE
IEEE-696/5-100 BOARDS

Dual Systems designs and manufactures a variety
of IEEE-696/S-100 boards for 16-bit microprocessor
systems running under UNIX and other operating
systems. These boards bring high performance and
three years of field-proven experience to your
computing environment.

Each board is rigorously tested and burned-in for
168 grueling hours. If it can’t bear the heat, it won't
bear our name.

High Performance System Boards
Model WDC-SMD The WDC-SMD Hard Disk
Controller* is specially designed for high throughput in
large, heavily-loaded multi-user UNIX systems. All
sectors on a track are transferred essentially within a
single disk rotation regardless of where the head first
settles or the order in which sectors are encountered.

The controller offers 16-bit throttled DMA data
transfers and disk transfers up to 10 Mb/sec. Also
features dual-ported, full-track, look ahead cache, and
on-board microprocessor. Interfaces with one or two
SMD drives. $2195.

Model S104-DMA The most advanced, intelligent,
4-port serial /0 board available for the IEEE-696/
S-100 bus, this module features 256 bytes of FIFO
buffer for input characters and provides DMA transfers
for output. A built-in 8085A processor greatly
reduces system overhead. $695.

*Patent Pending

CPU-68000M

Model DMEM Features 256K bytes of memory and

either 8 or 16-bit data paths. 24-bit addressing, and
parity checking on each byte. DMEM has no S-100

wait states. $1395.

Model EPROM Capable of either 8 or 16-bit data
transfers, this 32/64K EPROM offers the versatility of
running with 68000, Z-8000, 8086, 16000, and
other 16-bit processors. It accepts industry-standard
2732 and 2716 EPROMs. 64K RAMS may be mixed
with 2716 EPROMSs for use as a RAM/EPROM board.
$345

Model CPU-68000M High-performance CPU board
with 16-bit data path, 10 MHz CPU operation, and
MC68451 MMU for multi-tasking applications. $1195.

Model CPU-68000 Similar to 68000M, but features
8K bytes of on-board ROM with Motorola’s MacsBug
monitor instead of the Memory Management Unit.
$895.

Models M/BD-15 & 20 Back Planes These premium
quality motherboards feature four-layer construction
with two internal ground planes, and Schottky-diode
termination. They provide high-speed operation with
true transmission line characteristics and minimum

noise. M/BD-15: $495, M/BD-20: $545.

Model CMEM This non-volatile CMOS memory board
provides easy-to-use 8 or 16-bit data paths and 32K
bytes of memory with dynamically movable
write/protect window. On-board lithium battery holds
data for 3-10 years with power off. $725.
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Data Acquisition and Control Boards

Model CLK-24C Clock-calendar features a LSI CMOS
chip and on-board, long-life lithium battery. $325.

Model AIM-12 A highly reliable A-to-D converter with
35usec. maximum conversion time, 12-bit resolution
and accuracy, and 32 channels single-ended/16
channels differential. $725.

Model AOM-12 This D-to-A converter offers I/0-
mapped port address, 12-bit + /2 L.S.B. accuracy
(0-70°C), and voltage outputs of 0 to 10 volts, +5
volts, and =+ 10 volts. $675.

Model VIC 4-20 Converts voltage outputs from
AOM-12 into four separate 4-20MA current outputs.
Module also provides overvoltage protection on all
current output, plus transient protection per ISA
standards. $600.

For more information, call (415) 549-3854.
Dual Systems Corp., 2530 San Pablo Avenue,
Berkeley, CA 94702
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computer has resulted in sales of
small plotters now in excess of 300
thousand each year,”” Machover
adds. ‘“This is an astonishing number
when you consider that it amounts to
about ten times the number of con-
ventional plotters installed in the last
five to eight years.”

Input devices

A relatively new subject covered at
SID ’85 will be operator input
devices. The seminar session, Display
Systems and Applications: Voice
Entry and 1/0 for Display, will in-
clude discussions of several different
devices, but the most unique is likely
to be voice recognition. Input pointing
devices, such as light pens, mice, and
touch screens, have been accepted for
some time—as has the keyboard.
Now, voice recognition also comes
under the heading of input devices.

Steven DeGennaro, a research
staff member at the IBM Thomas J.
Watson Research Center, will present
results of research into voice recog-

nition as input. He will discuss an ex-
perimental system developed at the
Center that allows human voice input
to create office documents such as
letters and memos.

DeGennaro says that this is a real-
time, isolated-word, speaker-
dependent system. It can recognize
sentences composed from a 5000-
word vocabulary—and identify more
than 95 percent of the words cor-
rectly. He indicates that speech recog-
nition is one of the fastest growing
technologies in the field of human-
machine interfaces.

In the paper, ‘‘Voices Versus Mul-
tifunctional Control: A Comparison
of Three Control Logics,”” David G.
Curry and others from the Flight
Dynamics Lab at Wright-Patterson
Air Force Base, Ohio, will compare
voice recognition input to manual
techniques for cockpit control. They
will report on a study that they say
shows ‘‘contrary to some conclusions
in previously published literature,
there is no inherent advantage to us-

CAD/DAM is the largest
user of graphics today
and provides the greatest
influence—Carl Machover.

and the information explosion.”

by providing a forum.”

The Society for Information Display is a small,
highly specialized professional organization. I. F.
Chang, current president of the society, says the
group began 25 years ago, but rose to prominence
more recently “because of computer advancements

The present 2500 members design or use display
equipment or investigate the technology. Their
society, in its own statement, “promotes the use of
information display, encourages its advancement,
maintains a library of display information, exchanges
and disseminates knowledge, promulgates defini-
tions and standards, and stimulates new ideas in information display

A profile of SID

SID’s early membership was drawn from the television electronics
industry, and that influence is still felt. Refinements of TV technology
are now used in many areas of computer displays. Advancements in
TV displays remain the largest area of interest within the society. The
second largest single element of SID at present is the military—and
again, the technological developments in that area are relevant to
advancements in the computer industry.

Chang says he believes SID’s success can be attributed to the pro-
file of its members. “‘SID,” he says, “‘is made up of members with wide
varieties of interests. But all are intimately tied to information display.”
Chang believes that “larger societies do not focus onto single areas
as well as smaller societies such as SID can. They, therefore, cannot
serve the information display field interests as well as SID. People who
belong to SID need to draw the interdisciplanary information and
knowledge base from one another. And they cannot get that broad spec-
tra of knowledge base from any other source.”

ing either voice recognition or multi-
functional [manual] controls.”” Actu-
ally, they will show that the voice
system produced better results but
that the measurement procedures
differed. They decided, however,
“‘that there appears to be no integral
superiority (in terms of speed and
accuracy) for either voice or manual
control, at least for these particular
types of tasks in the study.”

SID ’85 is a true technical confer-
ence. Areas of discussion in Tuesday
evening panels complement both sym-
posium and seminar sessions. Subjects
include active matrix addressed versus
multiplexed flat panels, the prospects
for color flat panel displays, competi-
tive printing technologies for future
workstations, and human factors is-
sues in input devices.

—Sydney F. Shapiro,
Managing Editor

For further information on
SID ’85, contact Palisades
Institute for Research Ser-
vices, Inc, 201 Varick St,
New York, NY 10014.
Tel: 212/620-3388
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SAVE YOUR MEMORY

EDC IS FOR EVERYBODY!

ERROR DETECTION AND CORRECTION MEMORY
FOR
QBUS and MULTIBUS

2MB ONLY $1935

« Lowest Pricing 5 . Fastest Access

YEAR
. Fastest Delivery WARRANTY « 24 Hour Repair

Chrislin knows that faulty memory for a computer serving business or science is unacceptable.
That is why, ERROR DETECTION AND CORRECTION (EDC) ON A MEMORY IS NECESSARY.
EDC provides a computer system with unbeatable performance and reliability. Without EDC
implemented, an error could occur in a matter of days. But with EDC implemented, the likelihood
of an error would be a matter of years. And that’s not all! Each board has a 5 year warranty,
24 hour repair, and each QBUS memory comes with a software support program for onsight
repair or service. Add reliability to your computer memory and take a step forward by placing

your order today.
Also try our QBUS compatible Systems and Subsystems.

“OFFERING QUALITY WITH AFFORDABLE PRICING"

Chrislin Industries, Inc.

®
l 31352 Via Colinas « Westlake Village, CA 91362
Telephone (818) 991-2254 .TWX 910-494-1253 CHRISLIN WKVG
AUTHORIZED DISTRIBUTORS: Mississauga, Canada— Transduction Ltd (416) 625-1907;
France—SNGA/Auctel (1)736.87.00, Peru—General Trading Corporation (51)-14-222506
QBUS is a trademark of Digital Equipment Corporation
MULTIBUS is a trademark of Intel Corporation
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" (©1984 AT&T Technologies, Inc.

& There’s only one UNIX System V.
& The one created and supported
© by AT&T. The one fast becoming
~ auniversal standard.

~ It’s another reason why good
~ business decisions are based on
UNIX System V. ‘

In more ways than one, it
pays to make certain that the
roducts you offer are based on
NIX SystemV. It is the stable
foundation on which all of our

future enhancements will be devel-

OYed. It’s here to stay because we
pledge that our future software
enhancements will be compatible
with it.
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Configure gour systems
now with products based on
UNIX System V and you'll be at
the forefront of its establishment
as a worldwide standard. AT&T
has expanded its role in markets
in Europe, Japan, and the Far
East to create opportunities for
machine-independent, portable
solutions to operating system
needs. Around the world you can
profit from our initiatives when
you invest in UNIX SystemV
solutions.

On the inside track
If you develop products based

on UNIX System V, you’ll be in

[

L

FROM ARzT. THE

custodians of the UNIX System
standard. A growing number of
microprocessor ports to choose
from. Expanded networking
capabilities. A growing number
of applications packages from
software vendors. And, the
power of the system that spans
generations of machines as well
as models and sizes—from
micros to mainframes.

Service from the source

Along with its various tech-
nical and commercial advantages,
UNIX System V offers something
the other systems can’t match—

¢
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v That includes worldwide sup-
port and training programs. Our
commitment to work with com-
puter manufacturers and resel-

From now on, consider lt standard

lers as well as user groups to —— —
develop standard products for the [ Please send me “UNIX Software” & oir
future. And for software vendors * | Mail to: AT&T, Box 967, Madison Sqﬂare tation
writin g apph cations pro grams, a . | New York, New York 10159 .
complete service and support P | i:lme
p from AT&T. e, ID em -
e one and only from AT&T — ol
is UNIX System V—backed by e —— o i
AT&T service and su )gport —de- R am————r - .. .
signed to make UNIX System V he———d P:‘ . -
the one for one and all. | i s
For more information on AT&T UNIX™ System Licensee - D‘an’t Kn(())w
UNIX System V from AT&T, - .
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TOSHIBA.THE POWER

AREA SALES OFFICES: WESTERN AREA, Toshiba America, Inc., (714) 752-0373; CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN
AREA, Toshiba America, Inc., 4083 244-4070; POUGHKEEPSIE, NEW YORK AREA, Toshiba America, Inc., (914) 462-5710. REPRESENTATIVE OFFICES: ALABAMA, Glen White Associates, (205) 883-7938; ARIZONA,

Semper Fi Sales Company, § 2) 991-4601; ARKANSAS, Technol? Sales Company, (214&380—0200; CALIFORNIA, (Northern), Elrepco, Inc., (415) 962-0660; CALIFORNIA, (Southern), Ba%er Electronics, Inc., (714)
957-3367; COLORADO, Duffy Associates, (303) 595-4244; CONNECTICUT, Datcom, Inc., (203) 288-7005; DELAWARE, Vantage Sales, (609) 663-6660; FLORIDA, Donato & Associates, (3 5&3 2~0727,(813g 785-3327;
GEORGIA, Glen White Associates, (404) 441-1447; IDAHO, Components West, (206) 271-5252; ILLINOIS, L-TEC, (312) 773-2900; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, J.R. Sales ngineering,
ﬁ19 393-2232; KANSAS, D.L.E. Electronics, (316) 744-2126; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; LOUISIANA, Technology Sales Company, ;214) 380-0200; MAINE, Datcom, Inc., (617) 891-4600;

JARYLAND, Glen White Associates, (301) 252-6360; MASSACHUSETTS, Datcom, Inc., é617) 891-4600; MICHIGAN, R.C. Nordstrom & Company, (313&559—73 3; MINNESOTA, Quantum Sales, Inc., (612) 884-4700;
MISSISSIPPI, Glen White Associates, (205) 883-7938; MISSOURI, D.L.E. Electronics, (316) 744-2126; MONTANA, Components West, (206) 885-5880; NEVADA, Elrepco, Inc., (415) 962-0660; NEW ENGLAND, Datcom,



We are leaders in 256K DRAMs. In 256K CMOS EPROMs, and in
1 Mb ROMs. Yet, people still think of us only as the world leader
in CMOS and NMOS static RAMs.

We are the world leader in cMOS and
NMOS static RAMs, in 16K and 64K byte
wide memory products. We make the fast-
est 2K x 8 at 35 ns and also a 4K x 4 static
RAM at 35 ns. We pioneered the 8K x 8 CMOS
static RAM and soon will be offering a 64K x
1 (55 ns) and 32K x 8 CMOS static RAM.

We make more than static RAMs though,
and we want you to know that. As you
can see from the chart, we have a com-
plete line of DRAMs, CMOS and NMOS ROMs,
and EPROMs — as well as CMOS and NMOS
static RAMs. And they are all in volume
production today.

So, while the chart tells you a lot about
the depth and breadth of our memory line,
we also want to tell you about our record
of innovation, and our tradition of being
first with new products.

We were among the first to introduce
256K DRAMs and we’re now a market
leader. We also will be a leader in 1 Mb
CMOS and NMOS DRAMs.

We were early with the 256K ROM, and
within a year of introduction, we shipped
more than all other suppliers combined.
And we’re planning to match that with
our just-introduced 1 Mb high-speed cM0S
mask ROM.

We were also the world’s first supplier
of 256K CMOS EPROMs, and today you can

place your entire operating system or
application program on our new EPROM:.
We are committed to staying on the
leading edge in the development and pro-
duction of all types of memory devices.
And that means we’ll continue to supply
your needs, in the volume you want.

Now, that’s memory power!
That’s Toshiba!

TOSHIBA MEMORY PRODUCT SUMMARY

TOSHIBA ORG. PROCESS SAMPLES PROD. SPEED SORTS AVAILABLE (ns)  PACKAGE
P/N OPTIONS

DYNAMIC RAMS

TMM416P 16KX1 __NMOS _ YES YES 150 200 250 P
TMM4164AP __ 64KX1 _ NMOS __ YES YES 120 150 200 P
TMM41256C 256KX1 NMOS YES YES 150 200 C
TMM41256P 256KX1 NMOS YES YES 120 150 P
TMM41257P __ 256KX1 __NMOS __YES 3085 120 150 P
TMM41464P 64KX4 NMOS YES 30'85 120 150 P
N-CHANNEL STATIC RAMS

TMM2114A 1KX4 NMOS YES YES 120 150 P
TMM2016AP ___ 2KX8  NMOS __YES YES 9 100 120 150 P |

TMM2015AP 2KX8 _NMOS __ YES YES 90 100 120 150 P
TMM2018D 2KX8 _NMOS _ YES YES 35 45 55 D
TMM2068D 4KX4 __NMOS _ YES 485 35 45 55 D
TMM2064P 8KX8  NMOS _ YES YES 100120 150 P
TMM2063P 8KX8 NMOS YES 3'85 100 120 150 P
CMOS STATIC RAMS

TC5504AP 4KX1 _CMOS  YES YES 200 300 P
|TC5514AP 1KX1 __CMOS _ YES YES 200 300 P
TC5516/17AP____2KX8  CMOS __YES YES 200 250 PFY
TC5517/18BP ___ 2KX8 CMOS _ YES YES 200 250 PFY
TC5565P 8KX8 _ MIX YES YES 120 150 PFY
TC5564P 8KX8  CMOS _ YES YES 150 200 PF
TC5561P 64KX1  MIX 2085  30'85 55 P
EPROMS

|TMM2764D 8KX8 _ NMOS _ YES YES 200 250 D
TMM27128D ___16KX8  NMOS _ YES YES 200 250 D
TMM27256D  32KX8 NMOS  YES YES 150 200 D
CMOS EPROM

TC57256D 32KX8  NMOS _YES YES 200 250 D
NMOS ROM

TMM23256P __ 32KX8  NMOS __YES YES 150 D
CMOS ROM

TC5364P 8KX8 CMOS _ YES YES 250 P28
TC5365P 8KX8 CMOS _ YES YES 250 P28
[ TC5366P 8KX8 CMOS  YES YES 250 P24
TC53257P 32KX8  CMOS __ YES YES 200 P28
TC531000P__ 128KX8  CMOS __YES YES 200 P28

P-PLASTIC DIP C-CERAMIC F-FLAT PACK D-CERDIP Y-DIE

TOSHIBA. THE POWER IN MEMORIES.

TOSHIBA AMERICA, INC.

Inc., (617) 891-4600, NEW HAMPSHIRE, Datcom, Inc.
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OHIO, Del Steffen & Associates, (216) 461-8333, 5419 884-2313, 513{2 3

& Associates, (412) 276-7366, VantaEe Sales, (609) 663-6660, RHODE ISLAND, Datcom, Inc., (617) 891~
5713) 266-2473, (214) 380-0200; UT,
804) 224-0404; WASHINGTON, Components West, (206 5880, (509) 255-6224; WISCONSI
(206) 885-5880; CANADA, Electro Source Inc., (416) 675-4490.

-3145; OKLAHOMA, Technolg%
H, Duffy Associates, (3&? 595-4244; VERMONT, Datcom, lnc,,'ssi 7)r

gaﬁs" (;‘ozrg%aEnEy (214) 380-0200; OREGON, Components West, (5032l 684-1671; PENNSYLVANIA, Del Steffen
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EC, (414) 774-1000; WYOMING, Duffy Associates, (303) 595-4244; BRITISH COLUMBIA, Components West,

Glen White Associates, (615) 477-8850; TEXAS, Technology Sales Company, (512) 346-9940,
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SO FAR, ENGINEERS HAVE COME TO DIALIGHT WITH
1,000000 DIFFERENT IDEAS OF WHAT A SWITCH IS.

For an engineer, choosing
a switch is a very personal
decision. Just like choosing a tie.

That's why so many of you
have come to Dialight. With
over 1,000,000 switch designs
to choose from, we have a style
to suit every engineer.

Of course, engineers
design in Dialight for more than
our variety. They also trust our
reliability. They know we
manufacture all our switches
right here in the U.S.A. And we
test every single one before
we ship it.

WE HAVE THE SWITCH THAT'LL
TURN YOU ON.

Dialight can deliver pushbuttons with momentary
or alternate action. Neon or LED illumination. Hot
stamped or engraved graphics. And legends from the

word GO to HALT.

We've even come out with illuminated pushbuttons
with built-in resistors, to help button down wiring costs.

If you're in the market for rockers, toggles or levers,
Dialight can show you over a million combinations of
actuators, terminations, contact ratings, functions,

mounting styles and colors.
Should you need to mount
one on a circuit board, our
sealed switches can save
production steps. You just
insert them along with other
components and automatically
wave solder and clean the
finished board. That can save
a lot in manufacturing costs.
Which brings us to our final
point. Dialight switches can
save you money. We can supply
you with exact equivalents for
C&K switches, for example. At
a fraction of the cost. And we
can send you a sample within

A North American Philips Company

DIALIGHT SWITCHES

Products of yoar imagination

" 48 hours.
So call us at 718-497-7600. Or
write Dialight Corporation, 203
Harrison Place, Brooklyn, NY
11237-1587 and we'll send you
our catalogs. When you have
some time, browse through
them. And, please, if you don't
see exactly what you like,

just ask.

See us at Electro ‘85
Booths #2607-2611



SPECIAL REPORT ON

HIGH RELIABILITY SYSTEMS

Defining high reliability is difficult because what makes a system ‘“high reliability” depends
entirely on the application and the user. For a component or systems manufacturer, high
reliability often means keeping the field service requirements and warranty repairs low so
that the product is profitable. For the end user, it means minimal system downtime in
order to expect a reasonable return on the investment. For an astronaut, an airline pilot,
an artificial heart patient, or someone who’s life or health depends on a system, high
reliability means the system must never fail.

In short, the customer and the competition set the standards for reliability—and, the
standards keep getting tougher. To meet and beat the competition that is coming at them
from every direction, system designers have to design reliability into every system. High
reliability enters into almost every step of the design—from correct component selection
and screening to environmental testing programs to system architectures.

Even with the most carefully laid out design, however, reliability is never a sure thing.
This is because all systems are designed and built within some set of guidelines.
Nevertheless, reliability is constantly improving, and customer expectations are high. In
the cost-sensitive consumer arena, for example, buyers have come to expect years of
trouble-free operation. And, in industrial control applications, where downtime can cost
$1 million a day or $100 million in lawsuits, “fault-intolerance” is the new watchword.

What follows are a few up-to-the-minute thoughts on high reliability. Some articles
explain how replacing bipolar VLSI with CMOS can improve system reliability. Another
discusses how determining the least amount of burn-in testing can catch device failures
early in the design process. Other articles provide a direct cost analysis of hardware
redundancy systems and show how a memory management technique can increase
data reliability.

Y 0 P SN ey

Bill Furlow
Senior Editor
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LAPIN=

TECHNOLOGY — ISSHAKING UP THE DISK DRIVE BUSINESS

Would you test the reliability of your

disk drive in a paint shaker?

We did it to our RANGER 10MB,
3%2” Winchester Disk Drive just to prove how rugged and reliable it really is.

THE CHALLENGE

In the evolving markets for
smaller, transportable com-
puters, the rugged nature of
the applications make for
some interesting system de-
sign challenges for Winchester
disk drive manufacturers. No
longer confined to the con-
trolled environments of the
computer room or business
office, the reliability of Win-
chester technology is being
challenged every day. You
can now take your computer
home with you or easily pick
it up and move it from desk
to desk. The extremes in shock
and vibration, as well as tem-
perature, are potential des-
troyers of that critically im-
portant disk data.

LAPIN=

TECHNOLOGY

CIRCLE 62

HOW WE MET

THE CHALLENGE
LaPine Technology's 32"
RANGER Winchester disk
drives have met the challenge
of this market need with a
design that specifically ad-
dresses these critical issues.
Using our innovative engi-
neering skills, we've developed
patented features like our
head lifter mechanism, which
eliminates the need for spin-
dle brakes, head lock mech-
anisms, and landing zones.
In so doing, we've created
the ultimate in Winchester
disk drive reliability for the
transportable market. With a
wide thermal range unmatched
by any competitor, our Win-
chester disk is making its
way into areas previously re-
stricted to such expensive de-
vices as bubble memory chips.

182 Topaz Street
Milpitas, CA 95035
408/262-7077
FAX 408/945-9949
Telex 171693

ADVANTAGES

We're Industry Standard
412/ST506 interface compat-
ible, of course. So any system
currently using full or half
height bulky 5%” disk drives
can take advantage of our
smaller and rugged 3%”
RANGER We can even supply
you with 5%” form factor
mounting brackets to make
your disk integration that
much easier. When you con-
sider the manufacturing
strength of our multi-billion
dollar partner, Kyocera Cor-
poration, and the financial
support of Prudential Bache
Trade Corporation, you can
be sure of high quality, large
volume product availability
when you need it.

If you're an OEM, LaPine
Technology is ready to meet
your 3%"” Winchester drive
needs. For more information
on the only 3'2” Winchester
you'll want your name on,
call orwrite us now. You'll be
glad you did.



SPECIAL REPORT ON HIGH RELIABILITY SYSTEMS

FEWER CONNECTIONS
TRANSLATE INTO
FEWER FAILURES

A major source of system failures—interconnects—can be
alleviated by using more VLSI components and more careful
consideration of connection and cabling schemes.

by Bill Furlow, Senior Editor

High reliability begins with the initial selection of
components and it must be a primary consideration
at every level of design. Much is at stake—after all,
a company’s ability to compete and survive depends
on the reputation and reliability of its products.

Nowhere is a company’s survival more dependent
upon product reliability than in semiconductor manu-
facturing, where the customers are very astute at cal-
culating true costs versus parts costs. ‘“VLSI may
drive down the initial purchase price and the manu-
facturing costs,”” says Rex Chappell, product market-
ing engineer at Hewlett-Packard (Palo Alto, Calif),
“‘but the cost of fixing something in the field makes
the cost of the failed component pale in comparison.”’

It follows that the least costly time to find a faulty
component is at incoming inspection. Chappell pegs
the cost of detecting a faulty IC, before it goes into
inventory, at about $4 to $5. Once that component
is mounted on the printed circuit board, replacement
costs rise to about $10. If the failed IC were dis-
covered during the final system test, it could cost
as much as $30 to replace. And replacement costs
in the field are at least $300.

As designers turn to standard or semicustom VLSI
ICs to solve their design problems, most industry
observers expect overall system reliability to improve
as well. “VLSI improves basic reliability,’”’ notes

Tony Moroyan, strategic marketing manager for
Hitachi America (San Jose, Calif), ‘‘because relia-
bility is a direct reflection of the number of chips
the system uses, and perhaps more importantly, the
number of interconnects. Every pin of every socket
or every solder joint is a potential manufacturing
defect, and a possible failure. Thus, with fewer inter-
connections, the potential reliability is higher.”’
Fortunately, both VLSI manufacturers and users
agree that reliability is key to profitability. ‘A one
percent increase in yields can mean the difference
between profit and loss,”” says Moroyan, ‘‘and a
1-percent decrease in returns is even more dramatic.”’
Consequently, gains in VLSI complexity for the
semiconductor industry will help increase system
reliability for the entire computer industry.
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Percent of Defective ICs on First Inspection

Logic Family Low Average High
DTL 0.10 022 0.34
ECL 0.80 1.30 2.60
TEL 0.72 0.80 0.90
TTL low power Schottky 0.60 1.00 1.36
TTL Schottky 0.80 110 1.40
CMOS 1.00 1.59 3.00
Memories 1.00 1.30 1.80
Transistor 1.60 1.80 2.60
Diodes 0.90 1.20 1.30
Linear 2.00 3.30 4.60
Overall (by volume) 1.18 1.25 1.30

Viking Labs, part of the Honeywell Test Instru-
ments Division (San Jose, Calif), has provided mili-
tary parts qualifications for many years. Gene
Hnatek, marketing manager, notes a marked
improvement in the quality and reliability of ICs. One
customer began using Joint Army-Navy qualified
parts in 1975, with a 5-percent failure rate. By 1984
that failure rate was well under 1 percent. These
figures were gathered in the testing of millions of ICs
and are cited as typical quality improvements seen
in the semiconductor industry over the last decade.

Data collected by Hewlett-Packard similarly spans
the testing of about 50 million parts. During tests
run at incoming inspection, IC defect rates ranged
from 0.1 to 3.0 percent. If Chappell’s estimated field
service cost of $300 per repair were applied and these
defective parts were put into service, the impact
would be severe.

Low power devices helping

Changing to not only VLSI ICs, but also low
power CMOS systems, is improving system reliability.
As the speed and complexity of CMOS chips increase,
CMOS technology can compete effectively with
power hungry bipolar systems. As a result, designers
can reduce the size and capacity of both power sup-
plies and cooling systems. This volume reduction can
be traded for smaller system size or enhanced sys-
tem features. Whatever the trade-off, a cooler run-
ning system pays big dividends in system reliability.

According to Ralph Cognac, marketing manager
at Integrated Device Technology (Santa Clara,
Calif), this bodes well for CMOS manufacturers. ‘‘In
the military high reliability market, speed is the pri-
mary requirement,’’ says Cognac. ‘‘Since CMOS
parts are now approaching the highest speeds avail-
able, they will begin to be accepted in those markets.
After speed, power, weight, and size are the major
attributes that military designers look at.”’

But designers do not have to turn to military stan-
dard components in their search for higher reliability.
According to Jack Handen, manager of high relia-

104 cOMPUTER DESIGN/April 1985

bility ICs at RCA’s Solid State Division in Somer-
ville, NJ, ‘It is inappropriate to go automatically
to JAN qualified parts just for high reliability. Other
levels of reliability enhancements exist. In fact, the
designer’s ability to select parts that are of adequate
reliability without paying unwarranted premiums is
a test of skill.”

Some designers suggest that commercial market
segments, especially the automotive sector, are more
adept at finding high reliability at a low price than
the military is. ‘“‘I’d be very surprised if that were
true,”” says Handen. ‘‘There is no doubt that the
automotive companies face a very harsh environment,
and that they are demanding customers. But I doubt
that they are achieving higher reliability at a lower
cost. They simply have the power of volume pur-
chasing, which helps to drive their unit costs down.
And automotive manufacturers operate on another
part of the price/performance curve. In short, they
don’t need the speed that is so important in mili-
tary systems.’’ Handen also adds that ‘‘there is far
less bureaucracy involved in some commercial mar-
kets. In many cases, one or two people decide on
the part, technology, or vendor that will be used.
Those are committee decisions on military projects.”

Screening out the bad

When deciding what level of screening may be re-
quired for a particular project, Viking’s Hnatek
offers these two tips. First, most makers of semi-
conductors and ICs develop processing ‘‘glitches’’
from time to time. Most problems are going to be
““lot”” problems, not overall production or design
defaults. Second, new technologies need to be
screened more thoroughly. Design flaws will show
up in early production runs, and the processes are
harder to control. As production experience is
gained, these problems are worked out. Mature
products have proven to be the most reliable.

Radiation resistant applications are also gaining
speed. While the requirements for radiation resistance

Comparison of Two Microprocessors

Parameters HD64180 Z-80
Chip count 1 4 to 6 LS| and
6 to 10 TTL
Size 3in2 8 to 10 in2
Power 75 mW 3 W (NMOS)
500 mW (CMOS)
Number of pads/pins 64 150 to 200
Cost $15 $50

By reducing device and pin counts and lowering power requirements, VLS| design
has improved reliability for the HD64180 microprocessor.
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Transient suppressing
connectors, a recent
innovation from
ITT-Cannon, can position

a diode chip on each contact
to shunt transient surges to
ground. This helps to protect
systems from damage.

may be critical to military and nuclear plant opera-
tion, many other earthbound systems and spacecraft
are being designed to be resistant to nuclear and
cosmic radiation. RCA’s radiation hardness work
began as a part of early research with silicon-on-
sapphire substrates for CMOS ICs. ‘“The insulating
substrate provides the isolation required to prevent
latchup of CMOS,”’ explains Handen, ‘‘because the
n- and p-channel devices are built on silicon islands
on this insulating sapphire. Conventional CMOS
doesn’t have this protection.”’

But even ‘‘conventional’” CMOS and NMOS de-
vices are becoming more radiation resistant as the
device sizes grow smaller, according to recent studies
conducted by Intel Corp (Phoenix, Ariz). So are
bipolar ICs, according to Joe Bradford, high relia-
bility manager at Micro Power Systems (Santa Clara,
Calif), where radiation effects have been under close
study for over 10 years. Micro Power has just com-
pleted a study on its products’ radiation resistance,
and the results substantiate these observations. They
show that ionizing radiation reduces the device gain
of bipolar junctions. Micro Power has developed a
silicon nitride passivation technique that significantly
slows this degradation and a high temperature
annealing process that also aids the radiation resis-
tance of its ICs.

Mechanical problems

Passive components have taken their share of criti-
cism because of poor reliability. But, of all of these
components, systems designers seem most frustrated
with interconnection devices, such as sockets and
plugs. One solution has focused on reducing the
number of connections in the system. As mentioned

earlier, VLSI helps to reduce the number of inter-
connects required on the board. But the problem of
board-edge and intersystem connectors still remains.
““‘Connector failures are still the most common cause
of system-wide difficulties,’’ claims Peter Beckett,
senior product manager at Zilog Systems in Camp-
bell, Calif.

In cases where a connector is essential, connector
manufacturers are making efforts to limit connector
failures. Joel Urban, marketing manager for ITT-
Cannon (Fountain City, Calif) claims that it is “‘very
likely that the reliability that computer designers have
been asking for has been available all along. But
many commercial companies have been confused
about what is available.”” Urban emphasizes that
there are over 72 companies now marketing connec-
tors. ‘“Too many companies’’ he says, ‘‘don’t have
any manufacturing facilities of their own, let alone
a design department or a test facility. They just buy
shells from one place, insulators and contacts from
another, and go into the connector business.”’

Cannon’s director of new product development,
Judd Clark, adds that quality leads to reliability.
‘““Know the vendor, not just their prices,’’ he advises.
“For example, know the packaging method—is each
connector shipped individually within a crate or a
box; or are they packed 50 pieces to the bag?’’ Clark
maintains that the company that packs its connec-
tors in a bag is begging for bent and pushed pins.
Urban agrees and traces many of the bent pin prob-
lems back to vendors that do not have control of
the parts manufactured for its connectors. The alloys
used for pins is critical, for example, because if it
is not controlled carefully it can result in pins that
are too soft.
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Connector manufacturers are not resting on their
military-grade products and waiting for the market
to come to them. They cannot afford to ignore the
fast-growing computer field. Urban also points out
that competition among connector makers will lead
to more innovation. Price declines in metal-shielded
D-subminiature connectors, for example, have lead
many designers to specify these parts over the plastic
parts. The shielding ability makes them more attrac-
tive, and the price makes them practical.

Failures of interconnection devices
are still the most common cause of
system-wide problems.

Relays and switches have also received their share
of criticism from designers—and cost and reliability
are not the most common complaints. Many de-
signers use older electromechanical devices, instead
of solid state relays, because of power requirements,
driving ease, physical size, and contact resistance.
The internal resistance of solid state relays causes
considerably more heat to be generated during oper-
ation than metallic contacts.

But designers are turning to solid state relays for
other reasons. Jim Antrim, president of Antex Elec-
tronics (Gardena, Calif) attests, ‘“Many designers
are finding that some of the unique attributes of solid
state relays really enhance their system’s perfor-
mance. Features such as zero-crossing switching,
photo-isolation, and very fast switching times more
than make up for the minor inconveniences. Add

the unrivaled mechanical ruggedness, which makes
solid state relays virtually immune to shock and
vibration, and it is clear why sales figures continue
to climb each year.”

Reliable peripherals

Reliability must be sought throughout develop-
ment cycle, if the system is to be of higher than aver-
age reliability. Peripheral manufacturers, too, are
being pressed to bring more reliable products to their
customers. Designers at Maxtor Corp (Santa Clara,
Calif) performed tests on a series of Winchester
drives from several manufacturers to make certain
that the drives could withstand a 6-in. drop onto a
desktop while they were running. Several of the drives
did not even survive the half-inch drop test. As a re-
sult of those and other tests, Maxtor refined its
manufacturing techniques to produce a more reliable
hard disk drive. As designer Dave DeLauter points
out, ‘“Plated media and voice coil head positioners
play a big part in the ruggedness of Maxtor’s drives.”’

Maxtor is not the only manufacturer working to
develop more reliable hard disk drives. But there is
a word of caution on the subject. ‘“The 5%-in. drive
makers are only now beginning to accumulate relia-
bility figures, and there is no way the 3'2-in. mean
time between failures (MTBF) figures can be realis-
tic,”” cautions Allen Taylor, a consultant with Com-
puter Power (Midway City, Calif). Taylor believes
that MTBF numbers for any disk drive have been
guesses in the past. “‘If those numbers are important,
it is best to verify the manufacturer tests,”” he says.

Taylor has witnessed several reliability problems
with disk drives, such as one lot of drives with

SPINDLE WITH
INTEGRATED MOTOR

AIR FILTER

TOP COVER

PLATED DISKS

FACE PLATE

HEAD FLEXURE
HEAD ARM

PREAMPLIFIER CHIPS

ACTUATOR LOCK

ACTUATOR ARM

INTERFACE CONNECTOR

MAGNET
HOUSING

ASSEMBLY
Voice-coil positioners and

plated magnetic media are
coiL partly responsible for the
extreme ruggedness and
reliability of Maxtor Corp’s
5VYs-in. Winchester drive.
Using these techniques, the
company has managed to
remain at the front of the
density race, offering up to
380 Mbytes in the package.

CASTING

PRINTED CIRCUIT BOARD
(DRIVE ELECTRONIC)
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Our Smart-Frame™
will put you in touch.

One of the easiest ways to interact with a
computer is through a touch activated display.
One that lets you merely point your finger at what
you want your computer to do.

With touch, even the most complex application
can become user friendly. And less susceptible to
user error.

But the advantages of the highly reliable infra-
red touch input systems have been overshadowed
by cost. Placing them out of the range of medium
to low-cost turnkey systems manufacturers.

Which is the main reason Carroll Touch com-
pletely redesigned its line of touch input products.

We call it Smart-Frame™. Because it contains a
powerful microprocessor built into the frame. And
because it uses scanning infrared technology—a
touch technology which is incredibly reliable,
rugged, accurate, and fast. A technology Carroll
Touch pioneered and refined.

As a result of the Smart-Frame design, Carroll
Touch units contain 45 percent fewer components
than before. Which means the cost to you is about
50 percent lower too.

We think that’s pretty smart. And Carroll Touch
did it just so you could get in touch. Today.

CIRCLE 63

Carroll Touch

a subsidiary of AMP Incorporated

In Touch with Technology

PO. Box 1309
Round Rock, Texas 78680
512/244-3500, Telex 881906




Tandem Computers’ powerful
NonStop TXP system
significantly improves
price/performance ratios in
existing online applications.

It can be configured to
handle hundreds of
transactions per second with
absolute data integrity.

uncured epoxy that eventually found its way into the
read head, or one production run of disk controller
ICs that were incorrectly sealed and later failed in
the field. ‘‘But such problems are limited to spe-
cific production lots,”” he says, ‘‘and there is no
better protection against these sorts of field failures
than to find a disk drive vendor that stands behind
its customers.’’

More hardware, better protection

In the physical implementation of high reliability
systems, hardware redundancy has been an obvious
approach for years. Adopted by NASA in the mid-
1960s, the cost of hardware redundancy is a draw-
back for others. Some designers feel that it is better
to pay for premium components and use careful
screening techniques than to spend time and money
repeating a task two or more times. Bucking that
trend is Tandem Computers (Cupertino, Calif),
which touts dual processors as a way to ensure maxi-
mum uptime on Tandem’s transaction processing
equipment. Taking the redundant hardware concept
one step further, Tandem and other companies are
now either producing or looking at system designs
that use a higher level of redundancy.

According to John Wensley, founder of August
Systems (Tigard, Ore), greater reliability can be
gained by taking the redundancy scheme past two
or three units. ‘‘But in almost every case there are
cost limits. Triple redundancy is the optimal price/
performance level at this time,’’ he says. August has
pioneered triple modular redundancy, in which ‘‘vot-
ing’’ is done by each of three processors. If a fail-
ure or even a disagreement occurs, the two agreeing
modules can control the system, while the faulty
module is replaced.

Zilog’s Peter Beckett explains that reliability is a
concern even in products that are not normally
viewed as ‘‘high reliability.”” During the development
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of the Zilog Series 2, for example, design decisions
were made to enhance its reliability, although the
Series 2 is destined for an office environment.
““‘Supermicro computer users look for higher per-
formance and more options, as well as high rates
of dependability when purchasing new equipment,”’
says Beckett. ‘‘Reliability is a broad term that can
be interpreted in various ways depending upon the
user. But in general, it means reduced routine main-
tenance and longer mean times between failure.”’
Beckett believes this is extremely important to his
company; ‘“These improvements promote customer
confidence in computer equipment, and continue to
take on greater importance at the same time that the
performance curve continues rising.”’

Three design aspects get attention

Reliability enhancements for the Zilog Series 2
were focused on three aspects of design—power sup-
plies, cabling and connector protection, and system
cooling. First, the use of centralized power supplies
was increased in order to reduce problems associated
with interactions between various independent power
supplies within the system. Greater use of centralized
supplies has been achieved without sacrificing sup-
port for satellite power supplies where control is en-
closed to a centralized power distribution unit.

Second, the design engineers moved cabling inside
the system chassis, in effect removing it from under-
foot. They also have taken steps to reduce the num-
ber of connections between the active peripherals
controllers of the system and the peripherals them-
selves. This effort includes internally mounted
devices, such as disks and tapes, and external
devices, such as terminals and printers.

Finally, the design includes specific steps taken
to ensure consistent and even air flow over the active
electronics within the system, including the main sys-
tem boards, the power supplies, and all peripherals.
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A.Once you’re in the dark? B. During a total memory loss? C. After the smoke clears?

When is the right time
tobuya UPS?

Don’t wait for a power
D. None of the above. outage to blackout your

vital system data—or high frequency noise to scramble your
memory—or high line voltage or a sudden spike to blow your
fuses or melt your wires!

The time to buy an uninterruptible power supply is now,
before power problems cause inefficient,
even catastrophic damage to your
microprocessor-based installation. And
the high-quality source for UPSs is
General Power Systems, manufacturer of
the industry’s most complete line of
uninterruptible power supplies.

GPS has the exact UPS you need to
protect your data, your system and your
production. On- line units range from
500VA to 50KVA and standby models
from 100VA to 2KVA. Many features like
battery backup, usually sold as extras,
are standard on GPS models. Plus a wide
range of options allows you to specify a
virtually custom unit at an off-the-shelf
price. In addition, GPS will tailor designs for
OEM applications.

State-of-the-art operating characteristics of GPS

systems give you the most for your money. AN
See us at Booth #4714 %/ Electro /<

All-transistor technology, pioneered by GPS, means optimum
reliability, control and ease of operation. Our on-line models are
noted for their unusually fast transient response and excellent effi-
ciency while standby units have set the industry standard with fast
2 millisecond transition time.

Equally important, UPSs from General Power Systems
are manufactured to unmatched quality standards. In fact,
all our UPSs for commercial users are designed, produced,
tested and inspected to the same stringent standards as
our parent company’s line of defense products.

Your intelligent system is only as reliable as the power
you put into it. Don’t wait for a catastrophe. This is the

- time to call or write for full information.
General Power Systems, 1400 N. Baxter
St., Anaheim, CA 92806-1201, (714)
956-9321, (800)854-3469, in California
(800) 824-8912, TELEX 182283.

GENERAL
POWER
SYSTEMS

A Division of ALS Corporation
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By comparison with earlier designs, the Series 2
models provide a significant set of gains in even cool-
ing and also in the noise levels associated with fans
and blowers.

Emphasis on high capacity power supplies

Power distribution remains one of the most sensi-
tive areas in any system. Random power surges often
contribute to the loss of data or breakdown of a sys-
tem. A key design goal for the Series 2 was to immu-
nize the system as much as possible from external
electrical interference. Historically, Zilog has used
several single and multirail power supplies in its sys-
tems. But, in the newer design, there is a greater
emphasis upon high capacity, multirail power sup-
plies. This change minimizes the interaction caused
by differential turn-on, turn-off times.

The system employs peripheral supplies where they
are necessary. Thus, it operates with a control signal
that originates in the main master power distribution
unit. This unit controls all power satellites, including
the system’s nine-track streaming tape and any sup-
plementary disk modules. Many new system designs
feature low voltage circuitry—ac power can be ap-
plied to individual power supplies with the low volt-
age switch. This makes the low voltage switch less
susceptible to having its contacts welded shut by the
high currents encountered when applying full ac
power through one contactor circuit.

The Series 2 also features near-simultaneous acti-
vation, in which the entire system starts up at the
same time, rather than in two or three intervals. This
activation process helps eliminate problems that can
occur when signals pass from a controller to a device
whose dc power is not yet within tolerance. This

near-simultaneous activation thus lessens the chance
that a peripheral might ‘‘latch’’ and hold, leaving
the user in a state of suspended abeyance. In addi-
tion, using solid state switching for ac into power
units and controlling those solid state switches with
a central control signal, significantly lowers the level
of system interference susceptibility from ac line
surges. Thus, when a peripheral is turned off it will
not shut the system down.

High reliability translates into
reduced routine maintenance and
longer mean times between failures.

Series 2 functional specifications require the sys-
tem to host more peripherals and users than its pre-
decessors. This makes the dc power demand from
boards mounted within the CPU greater than in
previous Zilog systems, as well as in many other
supermicro computers. The 5-V rail of the Series 2
CPU (the CPU also includes — 5-, 12-, and — 12-V
rails) is rated to deliver up to 90 A. This lets the sys-
tem support up to 40 user channels and a broad
range of disk drives, cartridge tape drives, and
industry-standard, half-inch, nine-track tape. The
system also accommodates high speed, floating point
processor hardware. Zilog’s processor hardware
accelerator consumes up to 18 A at 5 V. The im-
proved dc demand capacity in the Series 2 removes
constraints upon floating point hardware that ex-
isted in earlier supermicro models.

Another major consideration in the reliability of
the new system was the placement and storage of

Triple modular redundant
(TMR) hardware is offered
by August Systems for
applications that cannot
tolerate a failure in the
control system. In TMR,
there are three control
computers. If one of these
computers fails, the two
remaining computers can
control the system while the
failed unit is being repaired.

110 CcOMPUTER DESIGN/April 1985



CUBIT ANNOUNCES
A MAJOR NEW

STD BUS PRODUCT LINE.

CMOS 6502
PERIPHERALS
SOFTWARE

190 South Whisman Road
Mountain View, CA 94041-1577
Telephone: (415) 962-8237
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Outside cabling webs from
the earlier Zilog system have
all been moved inside the
chassis of the new Series 2.
Since the system is destined
for an office environment,
the chances of accidental
unplugging is reduced, and
the radio-frequency integrity
of the system is improved.

system cables. In many designs, cabling is in disarray
under or behind the units. Zilog’s engineers decided
to move all cabling inside the chassis of the Series
2 to reduce the number of connectors, limit the sys-
tem’s susceptibility to external electrical interference,
and, as a side benefit, to reduce costs.

First, moving the cabling inside the chassis reduces
the total number of connectors in the system, which
limits the difficulties associated with connectors. In
addition, because wear and failure of connectors is
a critical factor in system malfunction, design engi-
neers also decided to continue using the DIN stan-
dard Euroconnectors. Beckett calls this connector
one of the highest quality industrial class of connec-
tors currently available.

Second, having the cabling inside transforms the
cabinet into a Faraday cage and creates a metallically
closed system. This grounds the system, reducing its
susceptibility to static interference while simultane-
ously reducing the level of radio frequency emissions
from the system. The reduced susceptibility and
lower emissions satisfy the Federal Communications
Commission’s Class B specifications.

Efficient cooling system

An efficient cooling system is another important
design goal. In any high performance system, stress
results if temperatures are not controlled. Thus,
producing an even, adequate, and quiet flow of air
over the cards housed in the CPU, and over boards,
power supplies, and peripherals, is important in an
effort to reduce heating.
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Although the Zilog system does not cool the entire
cabinet to a single temperature or create a perfectly
even air flow, it does provide flow appropriate to
dissipation levels. The design also prevents hot spots
within and around key peripherals, such as the car-
tridge tape drive. In terms of temperature rating, the
tapes in the cartridge have the lowest operating tem-
perature (approximately 30 °C) of any element and
are the weakest link within the system. The cooling
system essentially tries to maintain the temperature
at the fringes of the drive as close to the tempera-
ture at the center.

The system includes nine, low velocity fans stra-
tegically located and directed to ensure even air flow.
The fans are located on both the intake and the
exhaust sides of the system and vary in size. They
operate differentially, depending on the cooling
requirements and temperatures of their particular
target. For example, in the card cage, where dissipa-
tion is highest, there is a greater flow of air. In the
region housing the disk drives, where dissipation is
lower, the number of cubic feet per minute of air
flowing through is reduced. The even air flow through
the card cage and across peripherals is a major fea-
ture of this new design.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

High 701

Average 702 Low 703
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Simpact Solves Your DEC
Communications Prohlem!

We started with DEC’s MICRO/
T-11 16-bit PDP-11 microprocessor
so you can use your host’s soft-
ware development tools to write
programs using the familiar
PDP-11 instruction set.

Then we married the MICRO/
T-11 to multiple Z8030 Serial Com-
munications Controllers to create
a family of front-end processors
that can support nearly all serial
protocols,
standard
or custom.

MICRO/T-11

9 31 0%
1 ":ff\: U
sy ¥

All ports on our FEPs are indi-
vidually programmable for baud
rates, synchronous and asynchro-
nous protocols, RS-232C, RS-449
(RS-422, RS-423), MIL-188C and
MIL-188-114.

We also built in 22-bit hard-
ware memory management so you
can download sophisticated ap-
plication tasks and still have plen-
ty of room for data storage.

Finally, we added firmware for
boot loading, self-test diagnostics,

© 1984 Simpact Associates, Inc.
* DEC, UNIBUS, Q-BUS, PDP-11, MICRO/T-11,

RSX and VMS are Trademarks of Digital Equipment Corporation.

and program debugging. But the
hardware is only half the story ...

Powerful Package of
Software Tools

Because we understand what

it takes to develop and support a
communications system, we cre-
ated a software toolkit to make
our family of FEPs easy to use.
Starting with our proven, memory-
resident Real-Time Executive, we
added a sysgen program to de-
velop down-loadable, run-

time images. We also de-
signed efficient drivers for
RSX and VMS operating
systems so host applications
programs can easily talk to our
FEPs with simple QIO calls. To help
you get started with your project
we provide complete software
documentation and hands-on
training classes.

Standard Protocol
Software

We can also provide turnkey
packages for Telenet certified X.25
LAPB protocol software (CCITT
1980, Levels 1, 2, and 3) and HDLC
(LAPB) frame and link level soft-
ware. More standard protocols are
on the way.

For the UNIBUS

Model ICP1600:
Eight fully programmable comm ports
256K RAM, DMA transfers to host
Single hex-height card
Up to eight ICP1600s per UNIBUS
$4975. (single quantity)

For the Q-BUS

Model ICP1622V:
Four fully programmable comm ports
128K dual ported RAM
Single quad-height card
Up to eight ICP1622s per Q-BUS
$3000. (single quantity)

Port Expander,
Model EXC1612:

Gives the ICP1600 or the ICP1622V

twelve additional programmable
RS-232C comm ports
Optional DMA capability for two ports
Single quad-height module for UNIBUS

or Q-BUS
$2400. (single quantity)

Software Toolkit
Model QX100:
For RSX or VMS operating systems

Includes Training Class
$5000. (one time charge)

Let us solve your DEC
communications problem . Call
us today at (619) 565-1865.

simpact

COMPUTER SYSTEMS

Simpact Associates, Inc., 5520 Ruffin Road
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San Diego, CA 92123



HIGH PERFORMANCE COLOR MONITORS

Small computers are showing up in growing numbers as workstations for business
managers, as CAD workstations for engineers, as portable models for sales people and in
industrial process control centers.

Conrag is introducing the new 7011 Series TTL high resolution color monitors to
computer OEMs to meet this growing demand. Simpler to build and operate, these digital
units are highly reliable (10,000 hours MTBEF, typically) and much less expensive than analog
monitors.

Conrac’s 7011 Series includes a 9-inch CRT model for portable computers, as well as 13-
inch and 19-inch models for desk top or console mounting. They all use fixed convergence in-
line gun CRTs with high resolution 0.31 mm dot pitch shadow masks. Horizontal resolution
is 440 pixels in the 9-inch model, 720 in the 13-inch and 900 pixels in the 19-inch model, with
scan rates from 15 kHz to 33.5 kHz. At 60 Hz, non-interlaced, the popular 13-inch monitor,
for example, can run 720 x 540 lines for the brightest flicker-free image you've seen yet.

CONRAC DIVISION, CONRAC CORPORATION, 600 N. RIMSDALE AVE., COVINA, CALIFORNIA 91722 ® OFFICES: WEST (818) 966-3511




FOR PERSONAL WORKSTATIONS.

Conrac, for over 37 years the leading
American manufacturer of video and
computer display monitors, provides
complete documentation, training
and technical support for all its
products, nation-wide.

For your copy of 7011 Series
Technical Specifications, call any
Conrac office listed below, circle the
appropriate Reader Service number,
or call Marketing Communications
at(818)966-3511.

N. CALIFORNIA (408) 727-1474 ®« MIDWEST (312) 833-3310 ® EAST (203) 348-2100 « NEW ENGLAND/CANADA (617) 485-7910 @ EUROPE (49) 0 79 34/70 71
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PRECISION SCREW-MACHINED
SOLDER A%?LVgRAP POST

\'ﬁ’l

INTEGRAL ¥ ‘'~ ax" SUPPORT FOR
DECOUPLING T EXTRARIGIDITY

CAPACITOR
CIRCUIT

Keep

pluggin’

LIF SOCKET PROVIDES 4
POINTS OF CONTACT
WITH BERYLLIUM

COPPER INNER CLIP

TAPERED SLEEVE-TO-TAIL
TRANSITION AIDS SELF-
CENTERING IN PCB HOLES;
PROVIDES SOLDER WAVE

BARRIER

Optimize IC insertion/ withdrawal
with Ansley® screw- machine sockets

Why settle for less! Ansley® IC sockets
offer the high reliability that only precision
screw-machined contacts can give you.
Our heat- treated beryllium copper con-
tacts provide 4 points of contact (edge
wipe and side wipe) plus tapered sleeves
for smooth lead entry.

The Ansley® Pin Grid Array LIF socket—
with .100"” x .100” pin spacing — accom-
modates a wide variety of PGA packages.
I’s mountable on every side without grid
position loss, and available in both solder
and wrap post tail styles.

Looking to minimize board- stuffing time
and labor? Ansley® DIP Sockets with In-
tegral Decoupling Capacitors offer signi-
ficant improvement in decoupling effective-
ness as compared to discrete axial lead
arrangements. These low-profile open
frame sockets feature 0.1 uf chip capaci-
tors mounted close to the IC leads to lower

Stocked and sold by
Authorized Distributors.

lead inductance, reduce noise and improve
packaging densities. Available in 14
through 40 positions.

We’ve got a whole range of standard
screw-machine DIP sockets that are end-
to-end and side-by-side stackable: open
and closed frame in 6-64 positions; adapter
plugs in solder pin, slotted pin and solder
cup styles; even terminal carrier strips
and loose- piece socket pins.

For more data on all our quality DIP
and VLSI socketing devices, contact
Customer Service, Thomas & Betts
Corporation, Electronics Group,

920 Route 202, Raritan, NJ 08869;
(201) 469-4000.

1=8
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SEE OUR SHORT FORM
CATALOG IN THE ‘84/'85
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" INDICATOR

STRESS-FREE
CAM ENGAGEMENT

FIELD-REPLACEABL

CONTACTS FOR THRU-HOLE

& SURFACE MOUNT
APPLICATIONS

SPACE- SAVING DESIGN ALLOWS
FOR “PIGGY- BACKING” OF ICs

SPRING LATCH FOR POSITIVE
CHIP CARRIER RETENTION;
NO TOOLS REQUIRED

OPTIONAL BUILT-IN
DECOUPLING
CAPACITORS

TAPERED LEADS FOR
~&—— EASY PCB INSERTION

Pack it in.

THRU-HOLE

OR SURFACE
MOUNT

VERSIONS

ONE-PIECE CONSTRUCTION;
CHIP CARRIER MAY BE
REMOVED WITHOUT
DISASSEMBLY

Now... socket complex VLSI packages
with Ansley’ IC mterconnect devices.

The Electronics Group of Thomas & Betts
responds to the increasing complexity of
mtegrated circuits.

Ansley® Pin Grid Array Connectors
feature zero-insertion-force design for dense
terminal counts as high as625 1/O. They inter-
face popular pin grid array packages while
offering advantages over conventional systems:
selective plating, high-performance glass-filled
thermoplastic materials, and stress- free cam en-
gagement to open each dual redundant contact.

Ansley® Leadless Chlp Carrier
Connectors interconnect microprocessor
and gate arrays, as well as high-density custom
logic semiconductor devices. In standard ter-
minal counts of 68, 84, 132 and 164, they're
designed to accept JEDEC leadless Type A
packages with .050” and .025" centerlines,
and allow for access-probing of contact
leads after board installation.

Ansley® Stacked DIP Sockets

# double IC packaging densities by enabling

designers to vertically stack two standard
plastic or ceramic DIP packages. Available
in 16 through 28 positions, the Stacked
DIP Socket accommodates both memory
and logic/support devices.

For more data on these products, and

2= RSN our screw- machine line of DIP and PGA
@sstocked and sold by

Authorized Distributors

sockets, contact Technical Service,

% | homas & Betts Corporation, Electronics

Group, 920 Route 202, Raritan, NJ 08869;
(201) 469-4000.
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WHAT GOOD IS
THE LATEST
DISK DRIVE

IF IT ARRIVES
TOO0 LATE?




Qur 32" floppy
won't keep you waiting.

They’re low-cost, com-
pact and energy efficient. In
fact, they run on just 3.4 watts.
And with 12,000 hours MTBE,
they’ll run for a long, long time.

If you need other'disk drives,

Not a lot of good, obviously. But NEC also makes 5'/4” Winchesters

that’s how some disk drive suppliers and floppies, 8" Winchesters and

do business. : floppies, and 9” Winchesters.
They announce a new drive.

Shorten your drive time

Everyone gets excited. Everyone :

places an order. And then everyone with NEC. )

waits. And waits. So why wait any longer?
At NEC, we do things differently. Call 1-800-343-4418.

(In Massachusetts call
617-264-8635.) Or fill
out the coupon below.

When we announce a new drive,
we deliver.

It’s that simple. No games. No false And find out why
alarms. And very little waiting. more anil G

Just the newest disk drive in your OEM’s are say-

. ~.
ha\r/l\;i}f %eady t((j) gO:? 1ng’ “NEC PO ’/;/EC 97”5W/n/v/:hes[erd
v do VYB O 1tT . and me”’ & v b milissoon
Because time is precious. Yours. <~ NEC 8" Winchesters
store up to 167.7MB.

And ours. And there are better ways o NEC®" flexible

drives are compact
and have 24000
MTBF

NEC 57/4" half-height
Winchesters provide
12.91-25.83MB.

NEC 5'/4" floppies

offer up to 1.6MB

capacity.

NEC 372" floppy

drives are ready for

delivery.

to spend that time than waiting for
phantom disk drives.

That’s what experience teaches
you. And we’ve got over 25 T
years experience. Way back
in 1959, we were one of the
first to develop magnetic
recording devices.

Please send me more information on:

il Floppy Drives Wlncheslers
Today we're an $8 billion ook e N E‘ :
[J5Y4" half-height D 5‘/4 half-height
company. And that means s’
we’re in this business for the Name A "D
long run. s
’ . . Company

Now we’re delivering our ME
31/2" floppy. Gity :

State Zip NEC Information Systems, Inc

How many do you want? This
year, we're ready to deliver thou-
sands of our new 3'/2" drives.
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A single-chip solution to an /O here
and an /O there.

You know how it goes. Here a chip, there a
chip. And all to satisfy your system’ require-
ment for serial and parallel I/O.

Now there’s a better way. The single-chip
MK68901 Multi Function Peripheral from
Mostek. It does the job of four chips by provid-
ing serial I/O, parallel /O, and the timers and
interrupt controllers you need all in a single
48-pin DIP.

The Multi Function Peripheral does more
than save space in your design, though. It re-
duces design time and system costs too. And
it fully 68000 compatible with automatic
DTACK and interrupt vector generation.

With the MK68901, you get 8 parallel /O
pins. And a 16-source interrupt controller with
programmable service modes including polling
and vector generation. You also get four sepa-
rate timers with individually programmable pre-
scaling. Not to mention a single channel full-
duplex USART, asynchronous to 62.5 Kb/sec.
with internal or external baud rate generation
and DMA handshake signals.

But don’t take our word for it. Try the
MK68901 for yourself. Just call or write and
we'll send you an evaluation sample, free of
charge.

Mostek Corp., 1215 W. Crosby Road,
MS2205, Carrollton, Texas 75006,
214/466-6836. In Europe, (32) 02/762.18.80.
In Japan, 03/496-4221. In the Far East (Hong
Kong), 5.681.157-9.

WA UNITED
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SPECIAL REPORT ON HIGH RELIABILITY SYSTEMS

REDUNDANT MODULES
MAY BE BEST FOR
CONTROL SYSTEMS

Despite the apparently higher price, triple redundancy can
be the optimal trade-off of cost versus reliability in digital

control applications.

by John H. Wensley

Faults are undesirable in every practical application.
Once that proposition is accepted, the issue becomes
how much should be spent to attain an ‘‘adequate’’
level of fault tolerance for a particular system.
Because systems and applications differ widely, the
techniques used to achieve fault tolerance differ just
as widely. But one technique, redundancy, can be
applied across the board.

Redundancy has a lot going for it. Redundancy
can be applied not only at the processor or computer
level, but also at any system level that may be
critical—even down to sensors and cables. It also
allows for some important trade-offs: uptime can
be traded for cost efficiency, or cost can be traded
for system errors where reliability is critical. In appli-
cations involving turbines, chemical reactors, or oil
and gas separators, for example, even a momentary
lapse in the continuous, accurate control of critical
equipment can cause very costly damage or loss of
life. In these cases, highly fault-tolerant controllers
are the best choice, and the added cost is justified.

Dual redundancy is the most common fault-toler-
ant scheme. When a failure is detected in the pri-

John H. Wensley is chairman and founder of August
Systems, Inc (Tigard, Ore). He holds a BA and an
MA in mathematics from Cambridge University.

mary system, a switch over to the secondary system
is made. Then, repairs can be made on the primary
system, allowing it to resume operation. In a dual
redundant system, however, there is a discrete period
when the system is in a failure mode and is not opera-
tional. During the switchover, there is a loss of con-
trol by the system and, possibly, corruption of
data—both of which may later cause incorrect con-
trol of the process. And after the switchover, any
corrupted data must be corrected and any lost mes-
sages must be retransmitted before control can be
fully regained.

Since some time is needed to detect a fault and
to switch from the primary system to the secondary
system, system availability is less than 100 percent.
The percentage of time that the system is available
is determined by

A =100 tt/(tt +st)

The time interval between failures is denoted by
tt. The switchover time (st) consists of the time re-
quired to detect the failure, to switch over to the
secondary system, and to start up the secondary sys-
tem in a manner that recovers the control process.
If the switchover is manual, this time can be several
minutes, depending on operator alertness.

In some control applications, the time spent in the
switchover or the momentary corruption of data can-
not be tolerated. An approach to fault tolerance that
addresses this problem is triple modular redundancy
(TMR). In TMR, the control computer is triplicated
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In its simplest implementation, a single stage triple
redundant system will provide three computational
channels operating from a single input, a single
resolving unit and a single output. This provides
security and integrity of data, but does not offer
detailed modularity of the logic, thus forcing
replacement of higher level assemblies when
failures occur.

and each of the three computers performs the same
tasks and computations. At periodic intervals, they
rendezvous and ‘‘vote’’ the results. If one of the
computers fails in some way, a disagreement occurs
and a majority selects the proper result. As a result,
the system always provides the correct answer or
instruction and the system’s operation is never
delayed by a switchover. System availability with this
approach is extremely close to 100 percent.

Fault-intolerant control systems

Some applications requiring this degree of system
availability include: hazardous processes manufac-
turing, control of exothermic reactions (chemical or
petrochemical), and the control of nuclear fuel reac-
tors; processes that involve toxic substances, such
as semiconductor manufacturing or nuclear waste
treatment; processing of expensive products, such
as drugs or fine metals; and remote or unattended
installations, such as security, offshore oil and gas
production, oil and gas transmission, and some in-
plant rotating equipment. These applications cannot
tolerate failure in the control system.

An example of a TMR fault-tolerant control sys-
tem is the CS-330 from August Systems, Inc. The
CS-330 uses three processors, three memory subsys-
tems, and three I/O subsystems. The design includes
the multiplexers and voters needed to implement
TMR fault tolerance. Each processor can read the
memory in the other two processors, but cannot
write to it. This ability lets each processor check,
but not corrupt, the computed results and data.

Voting occurs on all input data, computed results,
interrupt responses, and output commands. Output
commands can be monitored by additional inputs
to verify that commands were sent and interpreted
properly by the process under control. Voting is
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accomplished in the control system’s hardware and
in its operating system’s software. The application
control software that the user develops is not cogni-
zant of the computer system’s fault tolerant nature.

One diagnostic feature of the CS-330, called latent
fault detection, allows the detection and identifica-
tion of faults in the computer system before faults
can accumulate and become an unrecoverable dual
fault. The functional ability of each module is tested
to guarantee the availability and reliability of the sys-
tem while the process under control is in operation.
If a module or component in the system fails, it can
be repaired or replaced without interrupting control
or stopping the process under control. After this ‘‘hot
repair,’’ the still-functioning portion of the computer
system brings the repaired or replaced module online
and provides the data necessary to reestablish a three-
way agreement.

All of the features outlined—TMR, latent fault
detection, and hot repair—are required to produce
a computer control system that can handle applica-
tions whose failure cannot be tolerated.

In the simplest, or single-stage TMR system, data
is presented uniformly to three independent compu-
tational channels. At the conclusion of a compu-
tation by each channel, the results are sent to a voting
unit to resolve any disagreement between the results
computed by each channel. With all three channels
operating correctly and with no fault in the voter,
the result from the three channels will be delivered
from the system. Also, if one computational channel
delivers an incorrect result, and if the voter contains
no faults, then the output will be the same as pro-
duced by the two good computational channels. In
addition, if all computational channels are free of
faults, and produce the same results, but if the
voter contains a single, internal fault, then the out-
put will agree with the results from the three com-
putational channels.

A more complex, multistage TMR system can be
devised where each computational channel is broken
down into a sequence of subsystems or stages. Data
from each subsystem in a channel is exchanged with
data from the corresponding subsystems in the other
channels and a resolution takes place, according to
the principles outlined for a voter, for each sub-
system. Greater reliability can be achieved with this
architecture because it can tolerate many combina-
tions of double faults. For example, a fault in a sub-
system combined with a fault in some other subsystem
in another computational channel will not corrupt
the output. Although such an architecture has great
merit, a simpler structure lends itself to analyzing
the benefits of fault tolerance more easily.

Components can fail in many different ways. Even
a simple component, such as a resistor, can fail open
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circuit or short circuit; or the resistor can shift out-
side its specified value. Ideally, each component in
a system should be considered separately, and the
effects on the system should be evaluated for each
failure mode. This would represent a full failure
modes and effects analysis (FMEA). The difficulties
with such an analysis are twofold.

First, the more complex the circuit is, the more
costly the analysis will be in terms of manpower and
time. Second, the specifications for all the compo-
nents used in a system may not be known. Even if
the specifications for a particular component were
known, the manufacturer can change them without
notification. Such changes may totally alter the fail-
ure modes and their effects on the system. For these
reasons, a completely detailed FMEA is usually
impractical. A more limited analysis can be carried
out, however, in which certain conservative assump-
tions are made about the failure modes. In such an
analysis, it is assumed that every failure mode
produces the worst system effect. With this assump-
tion, an estimate is made of the extent of a failure.

In a multistage, triple redundant system, such an
analysis might evaluate the effects of a failure of the
resolving unit between the first and second sub-
systems in a channel (A1 and B1, for example). Each
component of that unit is analyzed to see if it can
corrupt the operation of the units that it is connected
to; namely, the preceding subsystems in the other
channels (A2 and A3) and Al and B1. If the circuit

is properly designed, a failure in this unit should not
adversely affect the subsystems Al, A2, and A3.

A failure could affect B1, however, by providing
it with incorrect data or control signals. If this hap-
pens, then those components of the unit that can
adversely affect the operation of Bl are allocated
to the B1 unit because the effect is the same as a
failure of a component in B1. Boundaries may then
be drawn around portions of the total system to
show the extent of a fault. In this example, the
boundary would include B1 plus those portions of
the preceding resolving unit that could corrupt the
operation of B1. Having drawn such boundaries, it
is now possible to compute the failure rate of all the
components within the boundary.

Evaluating reliability models

Reliability models can be used to derive predictive
data for the two most important reliability measures:
the probability of system failures per hour (Pf) and
the system availability (A), which is defined as the
ratio of the length of time the system is operational
to the total time the system has been in use.

These models are similar to Markov models, in
which nodes represent the states in which the system
can reside, and arcs (or paths) between the states
represent the transitions from one state to another.
In a pure Markov model, the transition from one
state to another must depend only on the current
state of the system and must be independent of the

Two important measures of reliability, system fail-
ure rate (P) and system availability (A) can be cal-
culated using a three-state reliability model. In the
first state, the system operates with all channels,
producing correct results. The system remains in
this state until a fault occurs. If the rate of faults
occurring in each of the three channels is p, the rate
at which the system enters the second state is 3p.
A single fault exists in the second state, but it is
tolerated and the system as a whole continues to
produce correct results. Repair action begins on
entering this state and takes a time equal to the
mean time to repair (T,). During this time, a fault
could occur in one of two remaining faultless chan-
nels. The possibility of this occurring is 2pT,, while
the probability of successful repair is (1-2pT)). If a
second fault occurs, the system enters the third
state and system failure occurs. If P3 is the prob-
ability (over time, t) of being in the failed state, the
state model yields

Py=1—e~ 60Tl < 6p2T t
This approximation is justified under the assump-

tion that 6p2T, is much less than 1. The next
assumption made is that when the system enters

Calculating key measures of reliability

the third state, a new repair action is initiated that
will require the time T, (the second failure can be
repaired in parallel with the first). Other assump-
tions concerning repair times could be made, how-
ever, based upon the availability of personnel and
spares and other logistic factors. The key reliability
measures, P; and A, can now be derived:

P;=6p?T, per unit time
A=1-6p2T2

(1-3p)

REPAIR
(1=2pTy)

p=FAULT RATE PER CHANNEL
Tr=MEAN TIME TO REPAIR
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CC=COMPUTATIONAL CHANNEL

R=RESOLVING UNIT
A more modular, but more complex approach to
redundancy allows more thorough cross checking of
results. Replacement and repair costs can also be
minimized since lower level units are replaced.

prior state transitions that may have taken place in
the system.

This is not true for all ‘‘transitions’’ involved in
the models for redundant systems. If the system is
in the state of being repaired, for example, then it
will leave that state when the repair has been accom-
plished. This depends on the time at which it entered
the state and thus is dependent on the prior state
history. The analysis technique used makes suffi-
ciently accurate predictions under certain conditions.
For example, the probability that a second fault
could occur while a first fault is being repaired is
often considered, but the probability that a third
fault occurs in that period is usually ignored.

Spare parts model

For any realtime control system, it is common
policy to maintain an inventory of spare parts at the
installation. A spare parts model deals with the logis-
tics of the spare parts inventory and ways to reduce
inventory costs to a minimum. If too few parts are
kept, however, a plant shut down because of parts
unavailability could become an excessive operating
cost. The real objective is to minimize the total cost.

For a particular system design, let

number of part type i in system

number of part type i in spares inventory

cost of spare type i

delivery time of part type i

probability of failure of part type i

= total number of different types of parts

= cost per hour of downtime of the system

= interest rate (expressed as a fraction) prevailing.

P08 8

-]
o
I

The costs associated with spare parts inventory are
composed of two components: the cost of the spares,
and the downtime costs because of unavailable
spares. The cost of spares is

The cost due to lack of spares is
n (n;+ 1)
C,,=8760 C; T (m;pit;)
1=l

One more model that is important is a financial
one that analyzes the initial capital costs associated
with the acquisition of a particular system, fault-
tolerant or otherwise, and the annual costs (which
include the operating costs, maintenance costs and
failure costs) associated with the system.

The acquisition costs and operating cost are, in
principle, the most straightforward to determine.
The acquisition cost is the simple sum of the hard-
ware cost, software cost, training costs, installation
costs, commissioning costs and initial spares costs.
The annual operation costs consist of essentially the
personnel costs and the supplies costs.

The determination of maintenance costs is more
complicated and requires the evaluation of the cost
of repairs per year:

n

C,=8760 T lmipi(li +C)

1=
and the total cost of spares—Cg+ Cjs (defined
earlier)—where [; is the labor cost associated with
repair of unit i. The annual cost of maintenance is
the sum of the cost of repairs and the cost of spares.
Failure cost is composed of two parts: the cost due
to system failure, such as spoiled material, damage
to equipment and so on; and the costs associated
with the downtime that occurs after failure. These
include repair of any damaged equipment, and not
just repair of the control system. Also included in
these costs are such factors as lost revenue, excess
labor, loss of orders due to nondelivery. If Cq
denotes cost per hour of downtime, and C; denotes
the one-time cost of system failure, the total cost
of a failure, C; is

C,=8760 6p°T, (C_+ CyT,)/year

per year

It is now possible to determine, for each possible
system (fault-tolerant or otherwise) the total annual
costs and derive from it the return on investment
of the original acquisition cost. By this means, alter-
native system approaches can be examined objec-
tively. In particular, the savings derived from the
use of a fault-tolerant system, through a reduction
in the total cost of failures, can be balanced against
the extra cost of such a system.

Please rate the value of this article to you by
circling the appropriate number in the ““Editorial
Score Box’’ on the Inquiry Card.

High 704

Average 705 Low 706
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EMULEX’S LEVERAGE GIVES
COMPUTER MANUFACTURERS
TOTAL SCSI CONTROL.

INTRODUCING MEDALIST,

CHAMPION AND TITLEIST

With Emulex’s wide range of

SCSI controllers for both disk

and tape, you now have the

leverage you need to boost real

I/O power and flexibility into

your system’s design.

Our compact Medalist,
Champion and Titleist controllers
give you this leverage through
a long list of high-performance
features. Features everyone has
learned to expect — and get —
from Emulex.

Our SCSI-based micro-
controllers offer you a convenient
vehicle to build, update, mix or
interchange different types of
peripheral storage devices to
your mini/micro computer
systems. With Emulex’s unique
commitment to full SCSI devel-
opment and support, the Medal-
ist, Champion, and Titleist take
advantage of the widest range
of advanced SCSI enhance-
ments. Enhancements like
arbitration, disconnect/reselect,
and full SCSI Copy.

All of these powerful control-
lers include the following high-
performance features that give
you extra leverage.

* Custom MOS VLSI chips that
increase reliability, reduce
power consumption and
lower costs.

* A 14 KB data buffer to ensure
high performance in disk and
tape operations.

» Support of two ST506, or ESDI
drives and one 4" tape drive.

* Automatic self-test as part of
each power up.

* On-board operation configura-
tion switches.

* Fault and activity LEDs.

* An on-board front panel con-
*Titleist MTO2 requires +12 VDC.

nectorfordrive statusindications.

* Medalistand Champion con-
trollers perform defect media
management.

* Only +5 VDC power required*

Now let’s take a closer look at the

specifics of each new Emulex

controller.

| MEDALIST
$T506/5CS|
DISK

! CONTROLLER.

The Medalist combines SCSI
with the popular ST506 Win-
chester disk drive interface. This
gives you a wide selection of

full or half-height 51" disks to
choose from, varying in capacity
from 5 to 140 megabytes. The
Medalist also supports 16
Read/Write heads.

CHAMPION
ESDI/SCSI
DISK
CONTROLLER.

With Champion, you can inter-
face two serial-mode ESDI 51"
Winchester drives to the SCSI
bus. These large capacity drives
support up to 10 MBits-per-
second disk transfer rates, higher
bit densities per track and range
from 110 to 380 megabytes.
The Champion also features hard
and soft sectoring capability.
CIRCLE 72

TITLEIST
= TAPE/SCSI
i CONTROLLER.

Titleist is a high-performance,

14" streaming tape controller
compatible with the QIC-24 stan-
dard tape data format. The ver-
satile Titleist controller has been
quality engineered to interface
to most of today’s popular 4"
streaming tape drives of various
capacities.

OTHER EMULEX/SCSI PRODUCTS

THAT ADD TO YOUR LEVERAGE.
Emulex/SCSI host adapters are
available for Q-Bus and Unibus
systems, |[EEE 796 Multibus
systems, the IBM PC, PC/XT and
PC/AT and “compatibles.’ User-
developed SCSI host adapters
developed by other vendors are
also viable for use with Emulex/
SCSI controllers.

GET YOUR MAXIMUM SCSI LEVERAGE
FROM EMULEX.

With Emulex’s unparalleled com-
mitment to full SCSI develop-
ment and support, and with our
wide range of products, you
have the leverage you need for
full SCSI control.

For detailed information on
Emulex/SCSI products, call
toll-free (800) 854-7112. In Cal-
ifornia (714) 662-5600. Or
write Emulex Corporation, 3545

Harbor Blvd,
x
®

P O. Box 6725,
Costa Mesa,
EMULEX

CA 92626.



Only our disk controller can soar with the
new Highspeed Storage Module Drives.

MDB’s New 2.5 Mbyte Disk Controller.

Now that we're in the world of Highspeed Storage
Module Drives with data transfer rates up to 2.4 Mbytes
per second, you need a disk controller that can keep
pace. MDB'’s new MLSI-DK11, for Q-bus* systems, is a
bird of that feather with rates of 2.5 Mbytes per second.

Not only does this quad size controller operate the
new genre of disk drives, like the new Fujitsu Eagle XP
or their new Swallow III¥* (M2333), it also operates at
the standard rate of 1.2 Mbytes to run slower drives.

[t also offers up to 22 bit direct addressing range for
computer memory and has Block Mode DMA transfer
capability to keep up with the computer. Like our stan-
dard tape controllers this HSMD can be software con-
figured from the operator’s console for all the major
parameters.

Since it's from MDB, the new MLSI-DK11 offers the
most popular emulation modes RM03, RM05, RM80

Corporate Headquarters
1995 N. Batavia Street, Box 5508
B Orange, CA 92667-0508

SYSTE "~ Tel. 714-998-6900 TWX: 910-593-1339
MSINC. X' 712-637.4060

In the western states MDB products are also distributed by W ELECTRONICS MARKETING GROUP

or RP06, that give you the flexibility of vertical, hori-
zontal and direct mapping, even up to an 8.3 gigabyte
capability to better format the drive size selected. And,
like our other Q-bus add-ons, it is transparent to most
DEC* operating system software.

Access delay has also been avoided. Thanks to its
high performance micro engine architecture, Block Mode
DMA and multi-sector buffer RAM, you can count on
maintaining the highest possible sequential data through-
put rates without sector interleave.

In fact, up to 6 consecutive sectors of data can be
transferred at the 20MHz serial data rate (2.5 Mbytes)
before a slip of a disk revolution time may be inter-
posed, without sector interleave.

The MLSI-DK11 Highspeed Storage Module Drive.
It's our way of proving we intend to be the leader of

the flock.

Get complete details by contacting us today.

MDB Systems U.K., Ltd.
Basingstoke, Tel. 44 0256 464767

TELEX: 858389 MDBSYS G
*TM Digital Equipment Corp

**Trademark of Fujitsu America, Inc.

CIRCLE 73

See us at DEXPO South, Booth #1105.



SPECIAL REPORT ON HIGH RELIABILITY SYSTEMS

SHADOWING BOOSTS
SYSTEM RELIABILITY

Using the advanced data protection capabilities offered by
shadowing techniques, designers can bypass conventional

memory backup procedures.

by Kenneth H. Bates and
Marvin TeGrotenhuis

Shadowing, a method of online backup storage,
offers high data reliability and protection in disk
drives without burdening the host computer. The
shadowing technique can also improve response time
and data throughput while increasing the number
of I/0 requests handled per second. The technique
achieves these performance gains because it dynam-
ically creates and constantly maintains identical data
images on two or more magnetic disks. It does not
copy disk images onto backup disks either continu-
ously online or periodically offline. Except for
human error or multiple failure, shadowing provides
enough data protection to eliminate the need for con-
ventional backup procedures.

One mass storage server that uses the shadowing
technique is the HSC50 from Digital Equipment
Corp. This server marks the first implementation of
off-host shadowing at DEC, and server-based
shadowing is featured as part of the enhanced VMS
operating system. As an intelligent standalone con-
troller, the HSC50 can manage a subsystem compris-
ing as many as 24 magnetic disk units. The server

Kenneth H. Bates is a principal software engineer
at Digital Equipment Corp (Colorado Springs,
Colo). He is responsible for the HSC50 disk and
tape controller.

Marvin TeGrotenhuis is a consulting software
engineer at DEC. He implemented shadowing in
the HSCS50 server.

can also handle tape units, although tape shadowing
is not provided. Moreover, the server performs the
error handling, availability, diagnostics, and main-
tenance functions defined by DEC’s Digital Storage
Architecture (DSA).

Inside the shadow set

Shadowing uses a set of two or more disk images
that are identical bit for bit. The set is maintained
continuously by writing on all disks and is accessed
by reading from any one of them. One or more hosts
can consider a shadow set a single disk unit. All data
transfer tasks beyond standard read/write com-
mands are handled within the mass storage subsys-
tem. Among other tasks, a mass storage server such
as the HSCS50 copies a write request onto all disks
and selects the optimal disk for a read.

The process of reading a shadow set takes place
at three levels. At the first level, the server assigns
a read operation to the disk that is the least busy
when a read request is taken off the server’s master
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SHADOW SET

HOST
COMPUTER(S)

The disk images on drives A and B in this shadow
set are identical bit for bit. The mass storage server
assigns read operations to the least busy disk and
writes simultaneously on both disks. If a user
specifies disk C as part of the shadow set, the
existing disk image can be copied online from A

or B onto C in a few minutes.

request queue. If there are more than two disks in
the shadow set, the server considers all disks to deter-
mine which is the least busy.

The shadowing functions at the second and third
levels improve reliability and data protection. In the
second level, for example, the failing drive is re-
moved, the host is notified of the failure, and the
host initiates any necessary action. This maintains
shadow set consistency, and the host is notified of
the change. Even if data cannot be read from a par-
ticular logical block on one drive, the server will shift
the read for that block to another drive in the
shadow set.

To maintain the shadow set, a third level of
shadowing provides self-repair. Besides shifting reads
to another drive, shadowing will write the good data
on the second drive back into the unreadable block
on the first drive. This process is transparent to both
the host computer and the user. For the sake of relia-
bility and data protection alone, designers rarely need
to have more than two disks in a shadow set.

Handling transfer requests

The HSC50 server, for example, maintains a cons-
tantly changing master request queue that has poten-
tially hundreds of read/write command packets. The
packets, formatted according to the DSA’s mass
storage control protocol (MSCP), may all come from
a single host or from any host in a VAXcluster sys-
tem. Each MSCP packet identifies the individual
disk or shadow set to be accessed, the logical block
number that will begin the transfer, the number of
bytes to transfer, and whether the access is a read
or a write.

With or without shadowing, the server can acceler-
ate data transfers between a host computer and mass
storage subsystem by using two DSA-defined capa-
bilities: cylinder-to-cylinder seek optimization and
minimized rotational latency on the target cylinder.
Transfer requests, for example, are taken from the
master queue on a first in, first out basis. The server
then puts each new transfer request in an ordered
position in the seek queue of the assigned drive. Each
new transfer request is also put in the rotational
access table for the specified cylinder in that drive.
Since data transfer time is relatively short, the main
objective in seek optimization is to reduce the seek
time involved when the read/write heads travel from
one cylinder to another.

Rotational latency is minimized by ordering the
requests in the cylinder’s rotational access table.

REQUEST PACKET
FROM _HOST

In read operations, the
server assigns a request to
an ordered position in the
seek queue of the least busy
drive. The request is also

FUNCTION:  READ

DRIVE 10 ROTATIONAL

LOGICAL 2252

BLOCK 10
NUMBER:

DRIVE:

ACCESS TABLES

FRAGMENTS

CYLINDER
200

e 5 il e
L____nn__

placed in the rotational access
table of the specified cylinder
on that drive. To reduce the
seek time involved as
read/write heads move from
one cylinder to another, a
read or write request for
cylinder 200 is placed in the
drive’s seek queue above
cylinder 225, even though it
arrived later. This maintains
the ordering for the seek
optimization algorithms.
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DECLARE YOUR
DAIA
INDEPENDENCE.

When In The Course
Of Business Events...
iy OEMs designing business

systems face two new

realities. One, data processing is becoming more

distributed—more individualized work units, defined by job
function and application, performed by more people in more
places, demanding more independence.

The second reality? Winchesters. This prevailing storage tech-
nology is headed in a direction that's just the opposite of data
independence—tying users to shared storage systems, large or
desk-top.

Slavery By Any Name...

The central issue is no longer just more data. It's more data
dynamics. And Winchesters aren’t really dynamic at all.
Consider “wait your turn” access, or the need for lots of user
“system savvy.” Consider time-consuming backup and restore.
And consider the ever-present risk of expensive head crashes.

Now consider the IOMEGA alternative.

IOMEGA's Distributed Data Storage:

Freedom Of Information.

Our family of data management/storage systems matches the
distributed data processing reality with a new reality:
distributed data storage—with ‘ %
systems whose reliability i \
and specs often exceed r
Winchester’s, particularly
in access times and trans-
fer rates, and with cost-
per-megabyte figures
that Winchesters simply
can't figure.

RIS

© Fomatted  5.0Mbytesper 0.0 Mbytes per
Capacity cartridge cartridge
Data Transfer Rate 5.0 Mbits/Sec 9.0 Mbits/Sec 5.0 Mbits/Sec
Average Access 50 msec 35 msec 85 msec
Time includes settling includes settling .
Form Factor 5.25" 8"/8" Half 5.25"
Height

The IOMEGA cartridge is the key. Now download data and
software to a 5- or 10-megabyte cartridge, then manipulate,
update, and upload conveniently and efficiently. The result is a
total enterprise solution that can store applications, complex
programs, or data sets—all of which can then be passed along
to others without networking. And when you need more
storage, you use more cartridges, not more hardware.

Accept No Alternatives.
IOMEGA’s distributed data storage solutions—full and half-
height 8-inch 10-megabyte and a 5%-inch 5-megabyte
versions—give OEMs Winchester performance and reliability
with floppy convenience and cost-efficiency. They are proven,
risk-free solutions. And IOMEGA’s cartridges are the only ones
that are truly rugged, fully interchangeable, and inexpensive.
Now OEMs gain the freedom of designed-
in freedom. The freedom today’s
customers require.

g So take the liberty of call-

ing an IOMEGA representa-
tive today. There’s one in
your area.

APACITY AS
ISSUE.




(Rotational latency is measured as the time from
when the heads reach the cylinder to when the data
transfer begins at the first sector on the designated
track.) The sector closest to the head position is the
first transfer executed. Other reads around the track
are then handled in first-sector sequence. A sector
contains 512 bytes, the block size in data storage for
VAX computers. Longer requests can mean longer
rotational latency—requests spanning a full track of
data average one-half track or one disk revolution
of latency. In DEC’s RAS81 drive, for example, one
track contains 51 data sectors with a total data
capacity of 26,112 bytes.

Longer requests are decomposed into equal frag-
ments, each a few sectors long. The read or write
transfer then begins at the first sector of the next
fragment that becomes available under the appropri-
ate head, rather than at the first sector of the entire
request. For long transfers, the four-sector fragments

mean that average rotational latency is reduced to
two sectors (about 653 us on an RAS81 drive).
Requests are transferred from a seek queue to the
drive according to the more effective of two seek
optimization algorithms: the elevator algorithm and
the C-scan algorithm. The server chooses the appro-
priate algorithm according to the number of requests
in the seek queue. For seek queues with fewer than
five requests, the elevator algorithm goes from low
to high cylinder numbers and then back again in se-
quence from high to low. In other words, it changes
direction like an elevator. For seek queues with more
than seven requests, the C-scan algorithm proceeds
from low cylinder numbers to high, going directly
low again to repeat the sequence. The sequence is,
therefore, in one direction only. A queue depth of
six maintains the algorithm previously in effect.
Requests going to a drive from the seek queue are
placed at the end of a drive queue that is only two

Shadowing improves performance by handling read
requests in parallel. Consider, for example, when
read operations per second are plotted as a func-
tion of “seek queue” depth for shadow sets with
one (unshadowed), two, three, and four members (a).
In this case, the disk drives are DEC’s own RA81
units linked via a high speed computer interconnect
to a VAX-11/780.

Due to seek optimization (which functions with
or without shadowing), the more work the server
has to do (for instance, the more requests there are
in the seek queue), the more read requests it
handles per second. The difference in performance
between one-member and two-member sets results
from the server’s added function of selecting the
least busy drive. This function becomes more effec-
tive as the number of drives in the shadow set in-
creases to four. In this case, performance triples.

To analyze the data transfer performance for
reads, the data rate in megabytes/s can be plotted

Performance figures tell shadow story

as a function of request size in sectors (b). In the
test, 1000 I/O requests were run for each rate mea-
surement. With or without shadowing, the overall
data throughput increases with request size. Add-
ing members to the shadow set increases the
throughput progressively. There is very little differ-
ence between two-,three-, and four-member shadow
sets because the transfer rate has reached the
capacity limit of the single VAX-11/780 host. If more
than one host were linked to the computer intercon-
nect, the curves for three- and four-member sets
would be significantly higher.

Individual tests on writes show that |/O opera-
tions per second are essentially unaffected by
shadowing. Data rates for writes are also unaffected
for request sizes up to about 20 sectors. Above that,
the available number of data buffers somewhat
limits multiple writes. As a result, the write trans-
fer rate actually decreases relative to the size of the
shadow set.
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NEW READ REQUEST

With shadowing, a read request is assigned to the
least busy drive. To determine which is the least busy
drive, the server uses a decision sequence. Usually,
most drive assignments in an active mass storage
subsystem are made to the drive with the shortest
seek queue. The same decision sequence is used to
handle the individual segments of extra-large reads.

ANY
DRIVE
CURRENTLY

IDLE
’

NO
ALL BUSY!

YES

A SINGLE DRIVE
WITH ONE REQUEST
IN DRIVE

QUEUE? HAVE 1 OR 2

REQUESTS IN
DRIVE QUEUE.

YES

ASSIGN
READ

BOTH (ALL) DRIVES

DOES

ONE DRIVE

HAVE SHORTER(EST)

SEEK QUEUE
?

EQUAL
SEEK QUEUES

ONE DRIVE
CLOSER T0

YES FLIP

T0 THAT
DRIVE

TARGET
CYLINDER
7

EQUIDISTANT
OR BOTH ON
CYLINDER

COIN

requests deep. The next request selected by the
seek algorithm is always ready at the end of the
drive queue. Having such a short drive queue en-
sures that the transfer sequence on a drive is always
sensitive to changes in the order of requests within
the seek queue.

Read requests and the least busy drive

Requests may involve reading large amounts of
data that extend beyond the sectors on a single track.
Such data may even cross cylinder boundaries one
or more times. For example, the RA81 drive has 14
platters and thus has 714 sectors per cylinder. Without
shadowing, a read spanning three cylinders involves
a sequence of seek-transfer/seek-transfer/seek-
transfer on the same disk. This neglects the short rota-
tional latency before each transfer. In a shadow set,
the same large transfer breaks into segments wher-
ever cylinder boundaries are crossed. Each segment
is treated as an independent read request.

In a three-disk shadow set, the read requests
involving cylinders 1, 2, and 3 are likely to be
assigned to separate disks. Total read time equals
the time required by the disk with the longest seek-
transfer time. Clearly, the reduction in total seek
time for extra large reads is substantial. The effect
of transfer time is negligible because it is far shorter
than seek time.
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Another consideration is how requests are assigned
to the disks controlled by the server. Without shadow-
ing, a read or write request is assigned to the single
drive that is addressed. With shadowing, however,
a write request is duplicated for all drives; a read re-
quest is assigned to the least busy drive.

The server determines the least busy drive through
a decision sequence. Most of the drive assignments
in a typically active mass storage subsystem will
probably be made to the drive with the shortest seek
queue. Although the read requests in the seek queues
can vary widely in length (and thus in transfer time),
minimized seek time remains the prime goal. Once
in its assigned seek queue, a read request is chosen
for the drive queue according to the appropriate seek
optimization algorithm.

Individual segments of extra-large reads are han-
dled through the same decision sequence. When a
read operation reaches the end of a cylinder (or when
the server’s decomposition resources are temporarily
exhausted), the remainder of the read is treated as
a new request. It is placed in the seek queue for the
least busy drive. If that segment also reaches a cyl-
inder boundary, its remainder is evaluated and as-
signed. The process ends when the remainder is less
than a cylinder long.

A mass storage server manages the shadowing pro-
cess according to policy established by the user
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. “Fast transitional timing?

Here’s the fastest
in the world!”

“Philips’ PM 3551A

is simply the number one Logic Analyzer.”

“It speaks for itself. Fastest transi-
tional timing analyzer in the world!

At 300 MHz you can pinpoint a
glitch right down to 4 ns or even less,
in real time. Transitional timing for
the ideal combination of a big memo-
ry and the highest timing resolution.

Simultaneous state and timing ana-
lysis. Infinite trigger memory. Dis-

pritps| Test & Measuring

% Instruments

plays up to 16 channels simultaneous-
ly; touch a button to disassemble any
8 or 16-bit microprocessor. Unmatch-
able triggering - can even trigger
on the first false step in a polling se-
quence.

Plus a simple, powerful menu
system that puts you fully in charge -
right from the first day.

CIRCLE 76

By all means talk to others-the
PM3551A speaks for itself! Want to
hear it? Contact...

In the US call: 800-631-7172, except
Hawaii, Alaska and New Jersey.

In New Jersey call collect

(201) 529-3800 or write to

Philips Testand Measuring Instruments,
85 McKee Drive, Mahwah, NJ 07430

PHILIPS



system. The user system creates and dissolves shadow
sets; the host recognizes each set as having a unique
virtual unit number. All members of a shadow set
must be controlled by the same server.

Users can add and remove disks from a current
shadow set and shift removable disks in a set from
drive to drive. For example, if one drive goes down
for an extended time, the disk can be moved to
another drive (after redefining the shadow set).If
a disk fails, a new disk can be mounted on the
drive and copied online from another disk in the
shadow set.

Shadow set members can be configured to hold
data in areas not recognized as part of the shadow
set. Hosts can write and read in these areas (which
can be any size and in any storage location) by ad-
dressing the disk itself rather than the virtual unit
number. Data in an excluded area might include the
unique name of the disk, the disk’s operating history,
and the identities of the other disks it is associated
with in the shadow set.

If a new disk is added to a shadow set, an exact
image could be made in the traditional way by shut-
ting down the drives and copying the current disk
image offline from a drive already in the set. To
avoid losing mass storage subsystem availability for
a minimum of 15 minutes of offline copying, the
user can request online copying—the mass storage
server continues to write new data on both disks.
At the same time, the server transfers stored data
from an existing shadow disk to the new disk. Reads
are made from the shadow disk or from the new disk
during copying, as long as the area to be read has
already been copied.

Online copying is very fast—it can reach the theo-
retical speed of disk 1/0 transfers. It can thus mini-
mize the performance degradation caused by added
server tasks. Host-managed offline copying is neces-
sarily much slower because of the extensive commu-
nication involved.

While server-based shadowing is provided with the
HSC50, host-based shadowing is provided by DEC’s
micro-based UDASO intelligent disk controller.
Although it performs most of the same DSA-specified
functions as the HSCS50 server, the UDASO does not
itself have shadowing capability. Shadowing is there-
fore controlled by a shadowing server embedded in
the VMS operating system’s disk class driver on
the host.

Managing server functions

The parallel processors in the server have access
to all the status information they need to share the
server’s control and shadowing functions. These
functions are managed by a single 1/0 control pro-
cessor and executed by as many as six standard disk
interface microprocessors. Each interface micropro-
cessor handles as many as four disk drives.

The I/0 control processor interprets mass storage
control protocol requests from hosts and places them
in the seek queues of control memory.The I/0 con-
trol processor is a general-purpose processor based
on DEC'’s F11 chip set and executes the full PDP-11
instruction set. It cannot, however, be programmed
by the user. The interface microprocessors, which
carry out the read and write requests in the seek
queues, each have two 2901 bit-slice microsequencers.

At initialization of the server, the shadowing soft-
ware is loaded with diagnostics and utility functions
from a DEC TUS58 tape cassette in the server cabinet
into the I/0 control processor’s 256-Kbyte dedicated
RAM. Shadowing code comprises less than 15 Kbytes
of about 180 Kbytes of firmware in the RAM.

The 1/0 control processor provides for duplicate
writes by placing copies of write requests for all the
drives in the shadow set. On reads, once the I/0 con-
trol processor locates a read request in the seek queue
of the optimal drive, the request is forwarded to the
drive queue controlled by the appropriate interface
microprocessor. In general, performance is optimized
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While shadowing can achieve high reliability when
a failure occurs in a single disk or disk drive, it can
also be effective in multiprocessing systems that
provide built-in redundancy. Such systems, besides
combining the computing power of two or more pro-
cessors, would use built-in redundancy to protect
against failure in various system components.
For example, one small VAXcluster system might
include three VAX host CPUs and a pair of HSC50
servers, all linked over a high speed computer inter-

HoST HoST HOST
CPU CPU CPU
COMPUTER
g i | | INTERCONNECT
S | SR e | T D e e

HSC50 HSC50
SERVER SERVER s

1 2

LINE 1 LINE 2

DRIVE

LINE 3 LINE 4

DRIVE

Shadowing in extended systems

connect. The servers would be connected to two
(or more) dual-ported disk drives, A and B. Without
shadowing, server 1 might normally handle trans-
fers to both disk drives A and B, with server 2 stand-
ing by as backup. If line 1 or 3 broke, line 2 or 4
(respectively) would automatically close and server
2 would take control of drive A or B. There can be
as many as 24 drives on either server.

A more efficient approach would be to have lines
1 and 4 normally closed (2 and 3 normally open) so
that server 1 controls drive A and server 2 controls
drive B. Any failure in line 1 or 4 will close line 2
or 3. In this way, the servers back up each other for
as many as 24 drives. Here, however, each server
normally handles only 12 drives, an arrangement
that offers better performance than when one server
normally handles all drives.

Drives A and B can form a shadow set also, so
can as many as 12 pairs of drives. If lines 1 and 3
both open when server 1 is handling the shadow
set, lines 2 and 4 both close and server 2 automati-
cally takes over the shadow set. But if only line 1
opens (and line 2 therefore closes), a shadow set
no longer exists because the two drives are no
longer connected to the same server (only lines 2
and 3 are closed). Should that occur, both servers
report the event to the host. The host immediately
opens line 3 so that line 4 will close. Then, the
shadow set is switched from server 1 to server 2.

by assigning the disks in a shadow set to different
interface microprocessors.

Self-repair and error management

Shadowing’s self-repair function follows two error
management processes that occur, with or without
shadowing, in a DSA mass storage server. First, error
correction circuits detect and recover errors that can
develop between writing data to a disk and reading
the same data from the disk. Without the hosts’
knowledge, the server corrects transient errors in-
duced randomly by electrical noise. Errors caused by
common progressive defects such as holes, inclusions,
and thin spots in the magnetic media are also cor-
rected automatically. When errors exceed a predeter-
mined severity threshold, they are reported to the
hosts’ VMS operating system for information only.

A second error management process is bad block
replacement. This occurs when repeated errors in a
block (the logical data stored in a physical sector)
indicate that the sector is defective and should be
discarded. After replacement, further accesses to the
original sector address are ‘‘revectored’’ to the
replacement address. To minimize revectoring time,
one replacement sector is always available on the
same track as the bad sector. (Because the distribu-

tion of bad sectors is not likely to be the same in any
two disks, shadow set members must be described
as logically identical, not physically identical.)

Shadowing repair backs up both error correction
and bad block replacement. If the server’s error cor-
rection circuits fail to detect and recover a read error
in a sector of one disk, the correct data is sent auto-
matically to the host from another member of the
shadow set. At the same time, the correct data is
written into the error-holding sector so that the block
can be properly read in the next access. A sector thus
repaired may be either at its original address, or (if
a bad block has been replaced) at its revectored ad-
dress. The replacement of a bad block, however,
only makes a nondefective sector available. Shadow-
ing repair is needed to write the correct block of data
into the replacement sector. Only data that was erro-
neous to begin with is known to the bad block
replacement circuits.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

Low 709

High 707 Average 708
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CMOS VLSI INCREASES
LIFE EXPECTANCY OF
COMPLEX SYSTEMS

Low power consumption is usually touted as the major
advantage of CMOS over bipolar. But CMOS provides the

bonus of a lower falure rate.

by Al Kadis

The heat generated by a running IC limits the num-
ber of gates that can be designed into a single pack-
age, especially for bipolar ICs. This makes CMOS
parts that couple extremely low power consumption
with ever-increasing performance well suited to
applications requiring a large number of gates. In
addition, recent developments of complex CMOS
ICs with speeds comparable to equivalent bipolar
devices, such as 16- x 16-bit parallel multipliers, reg-
ister ALUs, multiplexers, and RAMs, allow the
design of extremely fast CMOS systems.

The system reliability gained with CMOS becomes
obvious when the power and heat dissipation re-
quirements of typical high performance bipolar ICs
are compared to equivalent CMOS ICs. Bipolar sys-
tems require larger power supplies, so they demand
more weight, size, and raw energy. Also, the system
and the power supply generate heat that must be
removed. This only adds more mass and space re-
quirements for cooling instruments. CMOS power
consumption, on the other hand, is proportional to
speed. Users operating at lower frequencies, there-
fore, can save additional power by running the IC
slower—where system requirements permit. This

Al Kadis is technical marketing manager at
Integrated Device Technology, Inc (Santa Clara,
Calif). He holds a BS in electrical engineering
Jfrom Northeastern University.

lowers the junction temperature and further in-
creases life expectancy.

In many cases, therefore, it may be possible to
replace a bipolar system with a CMOS system, pro-
viding three to five times greater capability, or to
use the power savings to reduce the size of power
supplies and enhance another part of the system. But
to increase reliability greatly and take full advan-
tage of low CMOS power dissipation, new systems
should be designed from scratch.

Failure rates for semiconductor ICs have typically
been measured in tens of years in life expectancy,
regardless of the technology involved. As ICs have
become more complex, the increased number of gate
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As a direct result of its lower heat buildup, a typical
CMOS part can be projected to endure higher
ambient operating temperatures than its bipolar
equivalent and provide longer service life.
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counts has increased the power dissipation and
resulted in greater failure rates. For bipolar ICs, typi-
cally running at many times the power dissipation
levels of CMOS ICs, self-heating becomes an even
greater problem. This problem can be solved by
designing packages with efficient heat dissipation,
and by placing the IC chip in a package in a way
that efficiently transfers the heat of the die to the
outside environment.

As the gate count of bipolar parts becomes greater
than 2000, the increase in junction temperature be-
comes significant, which reduces the mean time to
failure. As an example of the life expectancy of a
larger die, an analysis is made of a bipolar 16- x
16-bit parallel multiplier (mounted in a 64-pin DIP
with an internal heat sink) and the equivalent CMOS
part from Integrated Device Technology, the
IDT7216. Both parts perform identical functions at
equivalent speeds.

The operating temperature of an IC junction is
determined by the simple formula:

T_] = (K]C =+ Kca) Pd - Ta

where Kjc is the thermal coefficient between the
junction and case; K, is the thermal coefficient be-
tween the case and the ambient environment; Py is
the power dissipated by the IC; and T, is the ambi-
ent temperature. The sum, Kjc + Kca, is also equal
to Kja, the thermal coefficient between the junction
and ambient.

Failure Factors for 16- x 16-bit Multipliers*

Factors Utilized Bipolar CMOS
Ambient temperature 95 °C 95 °C
Case temperature 100 °C 100 °C
Case-to-junction 42 °C 6°C
temperature rise
Junction temperature 142 °C 106 °C
Quality (fo) 6.5 6.5
Circuit complexity failure 0.071 0.037
rate (C,)
Temperature acceleration (f) 25 23
Voltage derating (f,) 1.0 1.0
Circuit complexity failure 0.0027 0.0014
rate (C,)
Device learning (f,) 3.0 1.0
Application environment (f;) 9.0 9.0
Package 64-pin DIP 64-pin DIP
with internal
heat sink
Package complexity failure 0.025 0.025
rate (Cj)

* Approximately 2100 gates of random logic 64-pin dual-inline top braze
package (internal heat sink on bipolar only).

Operating Parameters for Typical
16- x 16-bit Multipliers
Operating Bipolar Multiplier* CMOS Multiplier
Parameters 64-pin DIP with IDT7216
internal heat sink 64-pin DIP
Maximum 5.5V 5.5V
voltage
Maximum 960 mA 80 mA
operating current
Ambient 125 ¢ 125 %€
temperature
Junction-to-ambient | 12 °C/W 40 °C/W
temperature
coefficient
Junction-to-case 7.9 °C/W 15 °E/W
temperature
coefficient
Case-to-ambient 4.1 °C/W 25 °C/W
temperature
coefficient
*The bipolar die is placed close to an internal heat sink to reduce the junction-
to-case temperature coefficient to 7.9 °C/W and junction-to-ambient to
12 °C/W. This is not required with the CMOS IC.

The junction-to-ambient thermal coefficient (Kj,)
for the IDT7216 is 40 ° C/W, so that at a maximum
operating voltage of 5.5 V and a maximum operating
current of 80 mA, the temperature rise of the die
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above ambient is 17.6 °C. Since the junction-to-case
thermal coefficient for the IDT72161s 15 °C/W, the
temperature rise of the junction above the case, at
the same power dissipation, is only 6 °C.

Temperatures on the rise

This calculation, carried out for a typical bipolar
16- x 16-bit multiplier with a junction-to-ambient
thermal coefficient of 12 °C/W, a maximum operat-
ing voltage of 5.5 V, and a maximum operating cur-
rent of 960 mA, gives a temperature rise for the die
above ambient of 63 °C. And since the junction-to-
case thermal coefficient is 7.9 °C/W, the tempera-
ture rise of the junction above the case is 42 °C.

Bipolar manufacturers usually recommend that
the maximum junction operating temperature does
not exceed 175 °C. With a calculated junction-to-
case temperature rise of 42 °C, the case tempera-
ture must not exceed 133 °C. At an ambient of
125 °C, system air flow must be sufficient to hold
the case temperature rise to less than 8 °C. This is
a significant difference, since the allowable CMOS
case-to-ambient temperature rise is 44 °C.

This analysis, performed on a typical bipolar and
CMOS IC, clearly shows how the junction tempera-
ture for the die is affected by power dissipation, the
thermal resistance of the package, and the ambient
temperature. The best circumstances for controlling
reliability and circuit performance is to allow the
junction temperature to remain as close as possible
to ambient. This demands that the power dissipated
or the package’s thermal resistance (or both) should
approach zero.



The mean time between failures (MTBF) is a direct
function of the operating environment and junction
temperature. The junction temperature rise calcu-
lations can help determine the MTBF and the life
expectancy of bipolar versus CMOS circuits.

The type of data needed to derive failure rates and
the MTBEF for the typical multipliers discussed here
can be found in Military-Handbook-217D, January
15, 1982 and updated June 12, 1983, section 5.1.

According to 217D, the device failure rate, Ry,
expressed in failures per million hours, is given by:
Re=fq [C; fr fy+ (Cy+Cy) fgl £
where,
fQ =quality factor
fr =temperature acceleration factor based on device

technology
fy = voltage operating stress factor
fg =application environment factor
C, and C,=circuit complexity failure rates based on
bit counts

C; =package complexity failure rate
f; =device learning factor

and the MTBF is equal to 106/Rjy.

At an ambient temperature of 95 ° C, and assum-
ing that air flow and heat sinking will maintain case
temperature at 100 °C for both the bipolar and
CMOS part, the above equation yields an R¢ of 13.2
and 6.8, respectively. The life expectancy, L,
in years, can be calculated by dividing the MTBF
(in hours) by 8760, the number of hours in a year.
This gives an Lg of 8.6 years for the bipolar mul-
tiplier and 16.8 years for the CMOS equivalent.

The 42 °C junction-to-case temperature rise of the
bipolar IC points out that bipolar ICs are approach-
ing their maximum chip size limitation. For exam-
ple, if the chip size were increased to incorporate the
functions of two multipliers, the power would double.
Assuming both a CMOS and bipolar IC of this com-
plexity were placed in the identical heat sink pack-
age used in the previous bipolar example, the
following characteristics may be developed.

Operating Parameters for a
4200-gate Multiplier

Parameters Bipolar CMOS
Power supply current 192 A 160 mA
Maximum voltage 5.5/ V 55 M
Power dissipation 10.6 W 0.9 W
Thermal temperature coefficient | 7.9 °C/W | 7.9 °C/W
Junction temperature heat rise 84 °C 7 20

With the rapidly growing acceptance of high den-
sity CMOS ICs, the packages used to house these
chips are also changing. High speed CMOS technol-

ogy has initiated the shift from bulky packages to
smaller ones that result in much greater board den-
sities. These innovative packages are not practical
or reliable with bipolar VLSI parts because of their
high power dissipation.

Packaging options

Thermal resistance—the measure of a package’s
ability to dissipate the heat generated by a die—is
determined by package material (ceramic or plastic),
package size, and die size. CMOS circuits can oper-
ate reliably in much smaller packages than bipolar
circuits can. Packaging technology has advanced to
reduce package size by nearly 90 percent from the
64-pin DIP to the 68 “‘pin’’ leadless chip carrier
(LCC) measuring 560 x 560 mils, while maintaining
acceptable device junction temperatures for the 16- x
16-bit multiplier example above.

Surface-mount technology also is becoming a pop-
ular packaging alternative with the advent of CMOS
and the smaller packages, such as LCCs. One ap-
proach is the permanent attachment of an LCC to
a substrate by matching the thermal coefficients of
expansion. This technique relies on the low self-
heating characteristics of CMOS to minimize the
thermal differential between the chip and the sub-
strate. With techniques such as these, system de-
signers can now achieve a twofold improvement in
system package density.

Low thermal expansion between the LCC and the
substrate is an important consideration in surface-
mount technology. Expansion of the LCC and the
substrate, Ly cc exp and Lsyug exp, respectively, can
be calculated as follows:

Licc exp (L) (Cpreo) (Tree)

Lsys exp (L) (Csyp) (Tsyp)

Here, Cycc and Cgyp are the thermal coeffi-
cients of expansion for the LCC and the substrate,
respectively, and T cc and Tsyp are the tempera-
tures of the LCC and the substrate, respectively. For
maximum reliability, the thermal coefficients of ex-
pansion for the LCC and the substrate should be
matched. The temperature rise of the die determines
Trcc. CMOS is the only technology practical for
use in surface-mount applications because it allows
the LCC temperature to remain close to the substrate
temperature.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

Low 712

High 710 Average 711
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SPECIAL REPORT ON HIGH RELIABILITY SYSTEMS

MONITORED BURN-IN
IMPROVES VLSI IC

RELIABILITY

Device testing during burn-in provides information that can
improve design and fabrication processes and pave the way
for increased device yields and reliability.

by Michael Campbell

Reliability of VLSI ICs has become as hot a topic
today as performance. Every semiconductor manu-
facturer is striving to balance the demands for
increased complexity, higher volume, lower cost, and
higher reliability (quality)—and still make a profit.
One way to balance the cost/reliability equation is
through the accurate characterization of the infant
mortality for each type or lot of devices. Infant
mortality is typically called burn-in fallout and is
often accepted as a matter of standard manufactur-
ing fallout.

Reliability is directly related to the design and
fabrication processes. Consequently, a mistake in
either area can lead to disastrous long-term device
problems. Even the best design and fabrication tech-
niques will sometimes produce less than perfect re-
sults. While perfecting techniques in these areas can
help to increase device reliability, other effective
approaches exist. Production screening techniques,
such as monitored burn-in (the combination of con-
ventional burn-in techniques and parallel device test-
ing), can quickly eliminate the devices that would
suffer from infant mortality. Studies of the failures

Michael Campbell is reliability section manager at
Inmos Corp (Colorado Springs, Colo). He holds a
BS in electrical and computer engineering from
Clarkson University.

causing infant mortality can then be used to further
improve reliability through feedback mechanisms to
fabrication and design groups.

By screening out marginal devices, burn-in and test-
ing have been used for years to improve the quality
of ICs. Burn-in standards are based on either military
standards or production standards for a particular
device technology. For the most part, burn-in con-
ditions are set by either simple small scale experiments
or manufacturing necessity. Military standards specify
1 eV as the activation energy for projections of burn-
in time. Studies on Inmos products, however, indi-
cate that this 1 eV activation energy is accurate for
60 percent of infant mortality failures found and is
probably the correct activation energy for only a por-
tion of all manufacturers’ products. The dogmatic
use of this activation energy to project burn-in times
at alternate temperatures, therefore, may not be as
precise as needed.

The Inmos study began as an investigation into
the infant mortality characteristics of VLSI mem-
ories. The driving force behind these experiments
was a desire to cut the cost and cycle time for the
testing and screening of VLSI memories by reducing
the long-term failure rate through burn-in.

An NMOS 16-Kbit static RAM, the IMS1400, was
tested in the first experiments. A total of 94,000
devices were monitored by the end of last year. In
early 1982, the infant mortality mean time to failure
was determined to be 34.47 hours. Worse case de-
vices usually failed in 94 hours during the monitored
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Activation energies found in Inmos infant mortality
studies note that the 1 eV activation energy found for
60 percent of the products corresponds to the 1 eV
military standard specification. The other activation
energies found were unrelated.

burn-in. The total burn-in time for those devices was
168 hours. This data was statistically consistent across
23,298 devices representing 28 production lots. At this
point in time, the long-term failure rate (1000 hour
life test) on the IMS1400 was 91 failures in time (FITs)
at 55 °C, where the time equals 109 hours.

The failures found through the monitored burn-in
test system initially were not correlatable to the final
electrical test specifications. After numerous itera-
tions of pattern and timing changes, a 95 percent
correlation was achieved on commercially available

VLSI memory testers. This correlation proved to be
the key to understanding device infant mortality and
effectively reducing the failure levels.

Reducing production burn-in time

Failures were analyzed and traced to limiting fea-
tures in the critical dimensions and device process
tolerance windows of the IMS1400. After a series
of corrective measures, the standard burn-in time
was scaled down to 48 hours and the long-term fail-
ure rate was reduced to 79 FITs with no failures in
the first military-specified 168 hours of life test. As
long-term corrective actions took effect during late
1982, the mean time to failure was further reduced
to 6.74 hours, and the long-term failure rate dropped
to 35.47 FITs. In addition, burn-in time was cut to
24 hours. Recently, 35,000 devices have been sam-
pled, finding no significant deviation in terms of fail-
ure modes or time to failure characteristics.

The success of the SRAM program led to a similar
study of the IMS2600, a 64-K x 1-bit dynamic
RAM. The IMS2600 was initially offered with a
minimum of 160 hours of burn-in and a long-term
failure rate of 127 FITs. An infant mortality analysis
revealed a multimodal failure distribution. The
multimodal distribution was broken down by time
dependent fallout mechanisms. As the fabrication
and design modifications were identified for each
mechanism, the infant mortality dropped 25 percent
from the original levels, and the mean time to fail-
ure fell from 90 hours to 38 hours. Using this data,
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increase in device yield.

In the initial evaluation of the 16-Kbit static RAM at 125 °C, the worst case failure was at 94 hours. As
corrective actions were implemented, the time to last failure was reduced to 6.74 hours (a). Similar
advances were made in studies on a 64-Kbit dynamic RAM at 125 °C, cutting time to the last failure from
90 to 10.5 hours (b). In both cases, the cumulative percent defectives were driven downward, implying an
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An infant mortality analysis of an early IMS2600
product revealed a multimodal failure distribution.
The modes were attacked in sequence (1, 2, 3) in
periods of increasing hours.

burn-in was reduced to 48 hours. After six more
months, the meantime to failure was 10.5 hours. The
production burn-in was 24 hours at 125 °C with a
long-term failure rate of 26.44 FITs.

The IMS2620 (16-K x 1-bit) and IMS2630 (8-K x
8-bit) have been exposed to monitored burn-in
testing as well. Similar reliability and yield enhance-
ments were possible for each device. Due to earlier
work on the IMS2600, however, burn-in time reduc-
tion and lower life-test failure rates were acceler-
ated greatly.

Activation energy analysis

In attempt to reduce burn-in further, analysis was
continued on the six major product types that could
benefit from monitored burn-in. Since the existing
residual failure rate could not be reduced easily in
a short term, alternate temperature studies were used
to reduce the burn-in time. Infant mortality activation
energies (E;) for the major failure modes observed
varied between 0.5 and 1.03 eV across all product
types. Instead of applying a blanket activation energy,
a calculated effective energy was used for device
projections. The calculated E, was 0.857 eV.

This study encompassed 35,000 devices at 125 °C
and 140 °C. Final burn-in time introduced into
production was 12 hours at 140 °C.

Monitored burn-in has proved to be a very useful
and cost efficient tool for improving device reliabil-
ity and production. First, burn-in times and temper-
tures can be set accurately with no adverse impact
on a customer’s system. Second, significant improve-
ments in failure rates and device yields are possible.
The IMS1400, for example, improved 61 percent in
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time to last failure and 5 percent in yield. Also, relia-
bility goals can be set early in the design and
manufacturing cycle, rather than waiting for long-
term stress test evaluations.

Evaluating new products can provide insight into
long-term reliability and the problems that might
arise within the design and fabrication processes.
Applying unique test patterns, stresses, and loading
conditions to devices during monitored burn-in will
not only detect failures, but also allow them to be
traced to the exact point at which the devices failed.
In addition, why and how the device failed can then
be answered. Instantaneous feedback eliminates
some of the guess work involved in burn-in tech-
niques, and allows for more accurate reliability
figures. This feedback when extended to include
fabrication and design also shortens the time
required to make changes to the standard product.
Finally, monitored burn-in can reduce overall test
time and production costs.

The history of the DRAM family (eg, 16-Kbit,
64-Kbit, and ultimately the 1-Mbit) provides a vivid
example of the savings possible when using moni-
tored burn-in. According to industry sources, it
should have taken about 30 s to test a 64-Kbit
DRAM, with a test cost of about 60 cents per part.
Using monitored burn-in techniques, the test cost
could have been cut to 10 to 15 s without any loss
in patterns or testing accuracy. This implies a 50 per-
cent savings in cost/time. Most 64-Kbit manufac-
turers chose, however, to reduce testing time by using
design and layout data and eliminating patterns.
While this makes sense at the 64-Kbit level, other
alternatives must be explored at the 256-Kbit level
and beyond. Projections for the 256-Kbit DRAM
indicate a test time of well over a minute, making
test cost prohibitive.

Monitored burn-in, with the parallel testing of
thousands of devices, can reduce these test require-
ments. Since most companies perform burn-in as a
part of their standard process flow, this ‘‘dead time’’
in the process could be used to test devices, when
using monitored burn-in systems. This option pro-
vides the opportunity to run complex and time con-
suming test patterns that would not normally be
done because of time constraints. In particular,
monitored burn-in testing could find pattern/timing
sensitivities without tying up massive amounts of
production tester time.

Please rate the value of this article to you by
circling the appropriate number in the ‘‘Editorial
Score Box’’ on the Inquiry Card.

High 713
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FORrR THE MICROCOMPUTER
OEM OR END-USER
HEURIKON IS THE CHOICE

Make Heurikon your choice for
Multibus™ microcomputers and sys-
tem components.

For 12 years, Heurikon has supplied
thousands of computers to help its
customers find economical solutions
for their microcomputer applications.

8-BIT
MICROCOMPUTERS

MLZ-90A single board microcom-
puter with nine byte-wide memory
sockets for use with RAM or ROM
(AM9511 and floppy disk drive con-
troller optional).

MLZ-91A single board CP/M™
system with on-card floppy disk drive
controller, winchester interface, op-
tional AM9511, streamer tape inter-
face, two serial ports, one parallel port,
64K or 128K bytes RAM with parity,
two EPROM sockets, and GPIB CON-
TROLLER.

MLZ-92A single board CP/M™
system with four serial ports on-card,
floppy disk drive controller, win-
chester interface, optional AM9511,
Centronics printer interface, 64K or
128K bytes of RAM with parity, and
two EPROM sockets.

MLZ-93A single board CP/M™
system with 128K bytes of dual ported
RAM, four EPROM sockets, floppy
disk drive controller, optional AM9511
and powerful serial port features in-
cluding SDLC and HDLC protocol
support and modem controls.

16-BIT
MICROCOMPUTERS

HK68™ powerful and versatile sin-
gle board UNIX™ (System III or
V) or CP/M-68K™ system with
68000/68010 CPU (8Mhz or
10Mhz), MMU, quad chan-
nel DMA, four serial ports,
128K, 256K, 512K or 1M
bytes of on-board RAM
with parity, up to 128K bytes
of on-board EPROM, user acces-
sable LEDs and dip switches, and two
iSBX connectors for I/0 expansion.
Heurikon can also supply a full line of
iSBX I/O expansion modules including
quad channel serial port module, flop-
py disk controller, A/D converter, bub-
ble memory and many more.

GRAPHICS
CONTROLLERS

MLZ-VDC intelligent 640 x 480 x 4
color graphics controller based on the
NEC 7220 controller chip with on-

board Z-80 CPU, DMA controller, and
user definable FIFO interface to
Multibus™. Users may display up to
16 colors from a 4K palette. Up to
1024 x 1024 x 3 interlaced also avail-
able.

MICROCOMPUTER
SYSTEMS

MINIBOX

Heurikon also provides completely in-
tegrated UNIX™ development systems
with UNIX™ System III or System V in-
cluding Berkeley enhancements. CP/M-
68K™ PolyFORTH™, Regulus™, and
VRTX™ (real time operating system
kernel) are also available.

Heurikon UNIX™ gsystems are avail-
able in four, six, and fourteen slot en-
closures with 30MB, 656MB, 140MB
or 280MB of winchester storage, a
megabyte floppy, and optional interac-
tive on-line streamer tape drive sup-
porting 1-16 users.

HEWRIKON

Microcomputers For Industry

3201 Latham Dr.
Madison, WI 53713
Telex 469532

Z-80 is a trademark of Zilog Corp. Multibus and iSBX are
trademarks of Intel Corp. UNIX is a trademark of Bell
Lab. CP/M 68000 and CP/M-80 are trademarks of Digi-
tal Research. HK68 is a trademark of Heurikon Corp.
Regulus is a trademark of Alcyon. VRTX is a trade-
mark of Hunter & Ready. PolyFORTH is a trademark
of FORTH, Inc.
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NETWORK MANAGEMENT
SIMPLIFIED THROUGH
COMBINED FUNCTIONS

Integrating intelligent monitoring and control facilities into
network nodes permits customized control, reporting, and

management facility expansion as the network grows.

by Daniel M. Profant

As data communication networks become more
complex, there is an increased need to recognize and
collect information from the network operation as
well as to maintain control. A network management
facility can meet this need while residing in a
workstation—sharing the workstation’s resources—
or in the node of a data communication network.
Such an integrated network management facility,
which operates in a shared or integrated environ-
ment, depends on techniques that make it adaptable
to the peculiarities of the network. It should also
assist in the development of the facility.

Doelz Networks, Inc has designed such an inte-
grated function facility known as the Interpreter
States Machine, with its own computer language.
This machine and language work together to develop
network management programs for a network envi-
ronment. A management facility with an open-ended
design allows for the growth of network manage-
ment capabilities including increased network capac-
ity, the addition of new capabilities (both planned
and unforeseen), and the introduction of specialized
user-defined features.

Independent of network size, the network man-
agement facility monitors network activities and
communicates network statistics and conditions to

Daniel M. Profant is a software development
manager at Doelz Networks, Inc (Irvine, Calif). He is
responsible for product development of the Elite One
concentrator switch. He holds a BS in mathematics
from Long Beach State College.

the operators. The operators can, depending on the
network conditions, call out specific network man-
ager functions and communicate with individual
network components. For example, the operator can
request a readout showing the line quality or signal
strength of the line segment between two nodes in
the network. The operator can also request collected
node statistics. Moreover, the management facility
supports configuration of user ports through a
terminal or host processor, the configuration of
network connections, and the assignment of network
node identifiers.

Configuration of wuser ports provides for
assignment of terminal/host-specific information.
Within the network, there are more than 100 different
parameters for a single port. These parameters
include port speed, port address, protocol type,
permanent versus temporary (dial-up), rotary
member, and multipoint (slave or master).

Network configurations are ‘‘learned.’’ Thus, the
network management facility automatically deter-
mines the network node connections. The network
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To distribute the network management facility in

a simple network, the management system resides in
a master node (a). In a more complex system,
distributed facilities report to the master node in

an Esprit One switch (b).

operator may supersede the automatically deter-
mined configuration, however, and install exception
or standby connections. Installing or removing the
analog/digital loopbacks around selected modems
in a specific node removes or includes a line segment
in the network link.

Through the network management facility, the net-
work operator assigns unique identifiers to system
elements such as nodes, path connections between
ports, and port addresses. The operator can then refer
to any node by the name assigned to it (most likely
the site identification). It also allows the network user
to connect the port to a port selected by the port ad-
dress (the local phone number for the port).

The supervisory console (attached to a specific
node designated as the master or network manager)
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displays impending or current fault conditions from
any network node in the form of alarms. The alarm
is similar to an unsolicited report. It presents the
source of the recognized fault condition, the identi-
fier for the node that reports the determined fault
condition, the date and the time when recognized,
and the nature of the fault condition.

With an impending fault condition, the network
management facility automatically investigates the
identified node and performs self-diagnostics to test
the condition of the fault area. Operating from a
current fault alarm that signals a communication cut-
off, the network management facility can self-heal
to restore communication service in the event of a
line outage, modem failure, or node failure. System
self-healing seeks alternate transmission routes for
nodes whose existing line segment connections are
no longer valid. This type of service is particularly
valuable when performed automatically for minimal
system outage.

The presentation of various status reports can pro-
vide operators with valuable information on network
operations. These reports include statistics on traffic
through each node (block counts, discard rate), line
quality at each connection point, directory of port
addresses, current node connections, and individual
port configurations.

Inside the network environment

The network, from the network management sys-
tem’s view, consists of both a distributed and a cen-
tralized element. In the distributed element, each
nodal processor in the network monitors communi-
cation traffic passing through that node, maintains
traffic statistics, and performs online diagnostics.
In the Doelz network, an ongoing subsystem, known
as the ALL CALL facility, periodically reports to
the network management controller. This facility
gives updated traffic statistics, any recognized alarm
conditions, the current hardware complement and
configuration, and node type.

For the centralized element, a selected node within
the network serves as a master to execute the net-
work management facility. This node also shares
processing with the ongoing communication oper-
ations. In a simple network (two or more nodes),
this facility can reside in a master node. A node can
serve as both a communication node and host to the
integrated network management facility. Thus, while
the network management operational facility resides
in a single centralized processor, the network man-
agement function is distributed throughout the nodes
in the network. In a more complex network (several
subnetworks interconnected through a switching
node), the network management facility is distri-
buted to the subnetworks, with a master network



management facility. This facility resides in a switch
that controls the separate, distributed facilities. A
complete network would consist of multiple switch
networks interconnected via trunk lines with the net-
work management facility located at a selected
switch node’s network management facility.

The network management programs execute under
control of the firmware function known as the Inter-
preter States Machine. The interpreter executes one
instruction of the management system language, or
a partial instruction per loop through the function
set. The processor is then released to perform its
other communication functions between instruc-
tions. Thus, at most, one interpretive instruction will
be executed per entry and exit of the interpreter.

An interpreter instruction executes only after each
major operational function has had an opportunity
to execute. Because the operational functions demand
more processor time as the communication load in-
creases, the interval between successive interpreter
instructions lengthens as the load increases. Thus,
the facility adjusts automatically to the communi-
cation demands of the network. Program logic writ-
ten for each network management function need not
consider the communication loading of the network.

The interpreter runs in two modes, background
and foreground. In background mode, a continu-
ously operating program written in the management
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To provide a control path in the management facility,
the processor control passes serially through various
communication system functions and the Interpreter
States Machine.

system language monitors all responses from nodes
within the network. Executing under the control of
the Interpreter States Machine, the background pro-
gram can do several things. It can manipulate logical
registers assigned to the machine, examine and trans-
form the input presented to the network manage-
ment subsystem, and prepare and output reports to
a network management display device. In addition,
the Interpreter States Machine allows access to per-
tinent data residing within any node connected to
the network.

The network operator activates the foreground
mode through the control console. The background
program permits the operator to enter the fore-
ground mode at specified points during the back-
ground program’s execution. Thus, a network
operator console request, called an operation com-
mand, is associated with a foreground program. A
simple interrupt releases control from the back-
ground program to the foreground program. The
process of transferring from background to fore-
ground modes requires that the logical registers be
saved in a holding area while the foreground pro-
gram executes. In this way, a foreground program
will have complete access to the logical registers.
After completion of the foreground program, the
logical registers are restored for the continued exe-
cution of the background program.

Inside the interpreter

The interpreter architecture consists of a set of log-
ical registers through which the interpreter controls
execution and the program manipulates data. The
logical registers reside in dynamic RAM and are
categorized into two groups—interpreter control and
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program registers. Interpreter control registers include
a function states counter, function clock, program
level register, program instruction counters (n =0 to
6), and an interrupt save area. Program registers are
called special, general, holding, and accumulator.

The function states counter identifies the current
state of the interpreter. Possible states include exe-
cuting a background or foreground program instruc-
tion, and waiting for completion of timed event while
in background mode, foreground mode, or keyboard
entry (command request), and command lookup.

The function clock register times out expected
responses, while the program level register identi-
fies the program instruction counter currently in
effect. The program level register is associated with
a nesting level of subroutine calls. The counter for
the current program instruction points to the cur-
rent or next program instruction to be executed.
Finally, the interrupt save area retains a copy of the
entire register complement for a background program
in progress while executing in the foreground mode.

Vector registers

Special program registers are categorized as vec-
tor, vector reference, iteration control, and work-
ing. The interpreter’s set of vector registers permits
access to the memory of each node in the network.
A vector register has the following components: area
network, nodes structure position number, table set
within the node, table within the node, entry within
the table, and field within the entry.

The vector register set serves as a complex
address register that identifies the field to be
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accessed. All accesses automatically adjust (nor-
malize) the accessed field between the interpreter
registers and the memory position that the field occu-
pies in the node. Thus, in writing program logic, the
program designer need not pay attention to posi-
tional information.

Within the interpreter, the node memory field is
referenced as if it were internal to the interpreter.
The operand specification of the vector reference

Possible Access Level Assignments

Command/Report Access Level

Net-Manager Sign-On None required
Help List of Commands None required
Port Address Routing Directory 1

Port Interface Status Report
Port Configuration Report

Network Structure and Hardware
Reconfiguration Report

Node Statistics Report

Assign Node Identification

Configure Port

Install Network Link Configuration
Heal Network Link

Modem Status Report

Loopback Network Link Modem
Loopback User Port

Node Reset

Enable/Disable Standby Line Segment
Isolate/Attach Network Link Segment
Assign Access Key

Hexadecimal Maintenance
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“Mux Masteris a heck
of a buy.”

“What we have here is multiplexing magic, and it looks to me like just what the
doctor ordered. You have been nagging at me for months now about the lack of
system flexibility available to DEC users. Mux Master not only fills that gap with
the kind of flexibility you've been asking for but keeps bus loading down to a low,
low minimum in the process.

“A single Mux Master host board, installed with our cluster controllers, lets
you make 128 Unibus or 64 Q-bus terminal connections through a composite

LAN SIN\PLICITY AT HALF THE COST

Y
MoRE
HosT CLVUSTER
INTERFACE CoNTROLLERS

_ CLSTER CONTROLLERS
RBUS OR UN/BS" (8-l LINES)

HOST
SUPPORTS WORK - CLUSTERS
NO MORE EXPANSION CABINETS

SOFTWARE TRANSPARENT

Ken O’Mohundro, President, Able Computer, on the merits of his company’s new multiplexing system.

link. You order as many 8 or 16 line cluster controllers as you need when you need
them and mount them on a wall, desk or floor stand anywhere on the link.
“Then, as your requirements change, you add new controllers or remove
existing ones simply and without disrupting the operation in any way. Anyone
can do it. Concentrated one-time wiring makes it possible for the user to
complete the process in a matter of minutes.
“That’s all I can tell you now. For more information, you'll have to write or
call toll-free at (800) 332-2253. When you do, ask for the complete Mux Master
story. Able Computer. 3080 Airway Avenue. Costa Mesa, California 92626.
(714) 979-7030. TWX 910-595-1729”

Able Computer

DEC, Unibus and Q-bus are trademarks of Digital Equipment Corporation. Attach™is patent pending.
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The Interpreter States Machine architecture shows the
interface with the logical register sets, the program
being executed, and the referenced 68000 routines
and subroutines.

register indicates input from the network management
control console keyboard. Special register 15 indi-
cates output to the network management control
console screen. An additional register set is avail-
able to the interpreter for temporary data storage.
These registers store data between the accumulator
and the processor. Specialized instructions save and
restore the vector set, and up to eight vector sets can
be retained in a holding area. As a result, a program
can retain the address of several selected nodes in
the network and reestablish any vector set with a
single instruction.

The reports and alarms developed by a network
management program have strings of command text
interspersed with the display form of variable values.
In this approach, the program logic uses a diction-
ary of words and phrases that are likely to be
repeated in various messages for output of the com-
mand text portion. To conserve memory, the pro-
gram logic points into the dictionary, rather than
into a complete table of text strings.

The language incorporates elements called trans-
forms. These transforms provide an instruction set
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that can convert variable data from its internal form
to external form or vice versa. This is done simply
by referencing the field to be transformed or the
appropriate transform. There are two types of trans-
forms in the Doelz network management language—
input and output.

For cases where the network management lan-
guage may not be effective in the execution of a func-
tion, the language provides the ability to escape
in-line to machine code for short bursts. Thus, two
or three lines of instruction can be taken from the
real processor to fill in when a function cannot be
easily performed through the instruction repertoire
of the management language.

The network management control console is the
interface between the operator and the network
management subsystem. The network management
language provides the facility to develop programs
for the man/machine interface. To make the pro-
gram development task easier, intrinsic functions
have been made universal.

Although the control console is usually connected
to the supervisory port, a path can be made from
any user port in the Doelz network to the network
management facility. Such a path provides the net-
work operator with access to the facility from any
remote port in the network. This is achieved by
designing the network management facility to act
as a port (a pseudo port) with its own unique
port address to enable connection from any port in
the network.

Restricted access to the network management
facility is also possible. In this way, selected reports
and commands are reserved for specific users, while
other reports and commands are available for other
users. Restriction of use is accomplished by iden-
tifying four access levels. Each command or report
that can be requested is assigned an access level
(1 to 4). An access level of 0 implies that there is
no prohibition of access.

The sign-on to the integrated network management
facility requires the specification of a unique access
key (password) for each possible level of access. Once
signed on, only those commands and reports at the
presented access key level and below are available to
the signed-on user. As an example, a manager of
network operators would have an access key classifi-
cation of 4, network operators—3, selected manage-
ment personnel—2, and system users—1.

Please rate the value of this article to you by
circling the appropriate number in the “Editorial
Score Box’’ on the Inquiry Card.
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speed memory through the iLBX interface

on the Multibus. The board’s unique cache
memory images the entire Multibus memory

using a two-set LRU caching algorithm and
stores 4K bytes of the most recently used

memory. Access time is under 100ns, much
faster than any dynamic RAM board. This
new board also features write through oper-
ation, extensive error checking, and automa- -

tic and invisible deselection on error with interrupt. Its forced miss mapping allows use with dual-port
memory on the Multibus. The B1041 is available in 100 up pricing at $1145.

The new Multibus 12.5 MHz 68000 CPU
also takes advantage of the iLBX architec-
ture by allowing connection to the Cache
Memory Board or to dual portiLBX memory.
The board's central processor is the power-
ful 68000 or optional 68010 and features
paged SUN memory management. It sup-
ports 8 Multibus interrupt levels in either the
bus-vectored or non-bus-vectored mode.
The board has three programmable timers
and two EPROM sockets for monitor or
. - bootstrap programs. Its full multi-master capabilities allow the use of several processor boards and DMA
: devices on the bus at one time. The B1045 is available in 100 up pricing at $975.

Jeff Roloff, President

“Central Data is commited to helping you get the maximum
performance from your Multibus system. Our iLBX Cache
Memory Board and 12.5 MHz 68000 CPU can do just that.”

New 1984-85 Fall Product Catalog
now available. Call or write for your

copy.

Central Data

Central Data Corporation
1602 Newton Drive
Champaign, IL 61821-1098
217) 359-8010
TWX 910-245-0787
(800) 482-0315 Outside lllinois

* Multibus and iLBX are
trademarks of Intel Corporation CIRCLE 83
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It happens all too often. You've got
your entire system ready for debug-
ging—except for a critical sample
component promised months ago.

No problem, really. All you need is
our Logic Analysis Workstation
(LAW), which now includes pattern
generation as well as state and
timing analysis.

Just use our PC-based pattern
editor to program the LAW pattern
generator, which provides up to 160
NRZ input channels at speeds up to 20 MHz. With 8K of
pattern depth behind each channel, you can easily make
up for the functionality of that missing part.

The pattern generator can be run in concert with
LAW's logic analyzer section, or as a stand-alone word
generator. Its 7 programmable clocks can be pro-
grammed with 2 ns resolution to manipulate bus control
lines for highly accurate simulation of worst case timing

1-800-547-4445 Ext. 217

The pAnalyst LAW is also available for purchase,
lease, rental or service from ElectroRent.

*IBM PC, IBM XT and IBM AT are
+Lotus and Symphony

you debug
without the sum

&
(@)
]
(@)

marks of Inte
demarks of

the whole
‘ of

L Sy w
¢ , ¢ ®

1

Ga p)

conditions.
And since the LAW uses an IBM
PC; XT* or AT* as the controlling com-
puter with MS-DOS as the operating
system, you've got a very powerful
engineering workstation. One capable
of processing your debug data
through powerful
integrated soft-
ware packages
like Lotus
Symphony ™
So next time you're a part or two
short of debugging your design,
don't despair. Let the LAW make up
the difference. Contact us for a free
application note on bus timing char-
acterization. You'll also receive free
technical literature or an on-site

demonstration. @s
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REGISTERED PROMs
HELP IDENTIFY
SYSTEM FAULTS

Diagnostics, previously unavailable in a single chip, were
done using SSI/MSI chips, or were ignored. Now, PROMs
with registered output can provide speed and on-chip
diagnostics in pipelined, testable microprogrammed systems.

by Om Agrawal

Microprogram memory, or control store memory, is
one of the most critical resources in a micropro-
grammed system. While microprogram memory can
be very deep and quite wide, it is usually limited to
1000 to 16,000 words deep and 16 to 100 bits wide.
A variety of memory types (such as ROMs, PROMs,
or RAMEs) can implement microprogram memory, de-
pending on the speed or degree of function desired.
ROM used to be the most prevalent type of con-
trol store because it was relatively cheaper and faster
than other types of memories. In certain situations,
implementing microprogram memory in ROM is
ideal. ROM is the best choice, eg, in systems where
the microprogram has a fixed function (such as inter-
preting fixed machine languages); when debugging
is complete and system designers can incorporate the
codes in ROM; and when the volume justifies the
use of ROMs, because of expensive mask costs.
PROMs have also been widely used in micropro-
grammed systems because they are field program-
mable. Obviously, fast read/write RAMs offer more
flexibility for building alterable/writable control
stores. And, microprogram development usually re-
quires writable control store. Once a system is fully
debugged, however, a design can be transferred to

Om Agrawal is department manager of customizable
logic in product planning at Advanced Micro
Devices, Inc (Sunnyvale, Calif). He holds a PhD in
electrical engineering/computer science from Iowa
State University.

PROMs or ROMs, based on cost/volume/perfor-
mance considerations.

PROMs and SSI/MSI elements can be used for
both the control sequencing and the control store
sections of the system. But using registered PROMs,
both with and without on-chip diagnostics, results
in cost-effective, high performance micropro-
grammed system design. This design also has lower
package counts, lower power dissipation, and faster
cycle times than SSI/MSI solutions. Using the
Am27S65/75/85 series of registered PROMs, the
PROM’s access time and the register setup time will
determine the cycle time of a control section. For
standard versions, an effective cycle time of 47 ns
can be obtained (for fast A versions, 37 ns).

Using a diagnostic test technique

On-chip diagnostics, comprising a structured test
technique, provide a systematic way to control and
observe all portions of a digital system under test.
The technique also provides control by allowing the
user to set input conditions and system register
values. Selected outputs can be monitored to deter-
mine whether or not the system is functioning prop-
erly. Control and monitoring can also be used at
intermediate points in a system.

On-chip diagnostics requires four extra device pins,
a duplicate (shadow) of each system flipflop in an
additional register, and an extra multiplexer at the
input of each system register. The internal system reg-
ister is accessible through this shadow register in
parallel with the normal system register. These two
registers serve as the control/observation point and
provide the flexibility of parallel operation.
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One of the on-chip diagnostics functions uses the
mode input pin which controls the source data for
both sets of registers. In a normal mode of opera-
tion, mode input is low. When the mode input is
low, two things happen. First, the normal system
register is loaded with the normal data inputs, under
the control of the normal clock input. Second, the
shadow register can be shifted independently by
clocking its diagnostic clock input. The serial data
input serves as the least significant bit of the serially
shifted data, and the serial data output serves as the
most significant bit of the serial data.

Mode input high allows transfer of data for diag-
nostics testing. When the mode input is high, several
things can occur. The normal system register can be
loaded from the shadow register. This initializes the
desired register with the proper diagnostic value,
which is essential for control. Or, the serial data
input pin can become a control pin instead of a data
input pin. In this case, if the serial data input is low,
the shadow register can be loaded from the system
register, effectively sampling the register values.
Once the data to be sampled is in the shadow reg-
ister, it can be shifted out serially for examination.
This flexibility of operating the shadow register and
the normal system register in parallel allows normal
system operation and diagnostics shifting at the same
time. Dynamic snapshots of machine states make
it possible to diagnose machine malfunctions.

The size of the control store is critical. When diag-
nostics are incorporated with the macroinstructions

DATA INPUTS
(PROM
ARRAY) \

MULTIPLEXER

MODE ———»

Y SERIAL

e SERIAL

s oureur | SERAL | oara
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§

The flexibility of the on-chip diagnostics concept lies
in the use of the serial shadow register in parallel with
the system register. This scheme provides the ability to
control and monitor a system under test.
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in the microprogrammed memory, the size of the con-
trol store grows. On-chip diagnostics eliminate the
need for storing diagnostics code in the micropro-
gram memory, thus saving the total control store
space. Along with the 4-bit parallel data register
(which is intended for normal registered data opera-
tions), the Am27S65, Am27S75, and Am27S85 each
have a 4-bit shadow register with serial bit-shifting
capability. This shadow register is intended to be a
copy (shadow) of the normal output register. It can
be used in a systematic way to control and observe
the output data register in order to exercise any
desired system function during a diagnostic test mode.

Using the serial shadow register

For system control, user defined vectors can be
serially shifted into the shadow register and trans-
ferred later to the parallel output register. These test
vectors can be any microinstruction defined by the
user. Once they are loaded in the serial shadow
register, they can then be transferred to the micro-
instruction pipeline register and executed as a nor-
mal microinstruction.

The serial shadow register can take data from the
output register or other serial scan paths to test either
the PROM contents or the contents of other system
elements (for system integrity). The PROM contents
can be transferred to the serial shadow register by
controlling the output enable signal. To observe
other system path elements if the output enable is
disabled, the serial shadow register can be loaded
with necessary state information.

To fully test the state machines, all possible state
transitions must be activated to determine whether
or not recovery from illegal states is possible. Inputs
to the state circuits can be derived from signals shifted
into the microinstruction pipeline register. These sig-
nals set the circuit states. Serial loading of the
shadow register is equivalent to application of the
test vectors. With the application of the clock,
the microinstruction is executed, and new states will
appear at the outputs for observation.

The on-chip diagnostics capability of the registered
PROMs provides advantages for microprogrammed
system design. It conserves micromemory size by
eliminating the diagnostic code in the control store
and increasing application code density. It also
allows all internal machine states to be controlled
by inserting serial diagnostic control information in
the microinstruction register. Register data and snap-
shots of various machine states with separate on-chip
diagnostics in series are available.

In systems where user microprogrammability is
desired, serial shadow register concepts can be incor-
porated to design and build a fully testable micro-
programmed system. Most of the macro/micro status
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While a microprogrammed system can be configured with separate PROMs, SSI/MSI registers,
and diagnostics, this version contains the Am27S65/75/85 PROM series with on-chip diagnostics
registers. This configuration replaces pipeline registers with on-chip diagnostics registers for control

ADDRESS BUS
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registers can be built with Am29818 devices. The con-
trol store memory (which is intended not to change)
can be built with the Am27S65/75/85 family. And,
the portions to be microprogrammed by users can
be designed with the 9151 static RAM (1 Kbit x 4 with
a serial shadow register). (The SRAM has the same
speed as the diagnostic PROMs.)

Expansion capability

Both user programmable synchronous and asyn-
chronous register initialize and enable (for flexibility
and memory expansion) are available in these chips.
The programmable initialize capability has been a
function of conventional registered PROMs. Built-
in initialize allows the contents of an additional user
programmable control word to be loaded into the
on-chip register. Since each bit of the extra control
word is programmable by the user, the initialize
function can be used to load any desired combina-
tion of highs and lows into the register. This fea-
ture can ease implementation of other functions,
such as built-in ‘“‘jump start’’ addresses.

Applying a low to the asynchronous initialize out-
put enables an immediate load of the programmed
initialize word into the master flipflops of the reg-

ister only. This application is independent of all other
inputs (including the clock pulse). Applying a low
to the asynchronous initialize input loads the pro-
grammed initialize word into the slave flipflops of
the register independent of all other inputs. To bring
the data to the device outputs, the synchronous ena-
ble should be held low until the next low-to-high
transition of the clock. Following this, the initialize
data will appear at the device outputs after the asyn-
chronous enable is brought low.

Initialization serves as a superset of both Preset
and Clear functions, since it can be used to generate
any arbitrary microinstruction for system reset or
interrupt. If all bits of the initialize word are pro-
grammed, activating Init performs a register preset
with all outputs high. In the unprogrammed state,
activating Init performs register clear.

On-chip edge-triggered registers, unlike latches
which have gated flipflops, have master/slave flip-
flops. The on-chip edge-triggered registers simplify
system timing since the PROM clock can be derived
directly from the system clock without introducing
race conditions. Other register timing requirements
are similar to those of standard Schottky registers
and are easily implemented.
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The register outputs are buffered by three-state
drivers that are compatible with low power Schottky
bus standards. These devices have IoL (output low
current) specified at 24 mA with a maximum output
low voltage of 0.5 V. IoH (output high current) is
specified at -3.7 mA at an output high voltage of
2.4 V with a minimum of -2.4 mA. These drive capa-
bilities make these devices well suited for micropro-
grammed systems.

Memory expansion capability

These PROMs offer flexibility for memory ex-
pansion and data bus control by providing both
synchronous and asynchronous output enables. The
synchronous enable is particularly useful for micro-
instruction work expansion when two or more reg-
istered PROMs are bused together. In this case, the
enable becomes the most significant address bit, and

as such must be synchronized with the data. The
asynchronous enable (E) allows direct control of the
three-state output drivers.

When Ve power is applied, the synchronous
enable flipflop will be in the Set condition, causing
the outputs (QO to Q3) to be in the Off or high impe-
dance state. Reading data is accomplished by apply-
ing the binary word address to the address input (A0
to A9, to Al10, or to All, depending upon the
PROM configuration) and a logic low to the syn-
chronous enable (Eg). During the address setup
time, stored data is accessed and loaded into the
master flipflops of the data register. Since the syn-
chronous enable time is less than the address setup
requirements, any extra delay in the enable path will
not impact the memory performance. Upon the next
low to high clock transition, data is transferred to
the slave flipflops which store the output buffers.

Microprogramming is a technique for designing the
control section of a digital machine in a structured
and systematic way. The major advantages of micro-
programmed system design over random logic
design are better structured organization, ease of
field changes, adaptability of microprogrammed
machines for different architectures, development
of both hardware/software in parallel, and variable
word and instruction length. Conceptually, micro-
programming offers an “‘elastic” or “rubber band”
machine architecture.

A microprogrammed system has two levels. At
the first level are the machine-level instructions—
called macroinstructions which are stored in main
memory. A row of microinstructions or a sequence
of microinstruction rows corresponds to this
macroinstruction. Collectively, these microinstruc-
tions are a microprogram which resides in the
microprogram memory or control store memory.

A microprogrammed system consists of a control
section and a data path section. The control section
has a microprogram sequencer (sequencing logic),
a microprogram memory (for storing all micro-
instructions), and usually some pipeline registers at
the output of the microprogram memory for higher
performance. The data path section consists of a
register file, ALU, and status register. Both the se-
quencing logic and the execution logic are con-
trolled by appropriate microinstruction bit fields.

The microprogram memory is an N-word deep by
M-bit wide memory array—structured to hold all the
microinstructions. Each microinstruction is parti-
tioned into user defined fields of various lengths.
These microinstruction fields exercise control over
all internal resources of the system. Usually a
microinstruction must contain sequential control
and execution control information. Sequential con-
trol information includes the address of the next
microinstruction to be executed. This can be either

The microprogramming technique

implicit (such as current micro-address plus 1) or
explicit (such as actual value of the specific
microinstruction).

The execution control portion describes opera-
tion control performed by the data path and other
system logic functions. These functions typically
include ALU function selection, source/destination
selection, shift/rotate control, and 1/O operations.

MACROINSTRUCTION
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The basic idea of pipelining is to split a major task
into N subtasks and dedicate hardware for each
subtask. Pipelining techniques can be used both
at the macro and the microinstruction level for
improving performance. If some function can be
executed with a straightforward design technique
(without pipelining) in T ns and, if the design is par-
titioned into N stages, then the pipelined system
can perform the same function at rates up to T/N
ns—resulting in up to an N-fold performance in-
crease. It may not be feasible to achieve the
maximum rate either because of the hardware or
the nature of the function that is being implemented
in the pipeline. The maximum rate of the pipeline
clock is obviously limited by the slowest stage.

In a nonpipelined system, the current microin-
struction is available at the output of the control
store and is fed into appropriate points of the con-
trol sequencing section and the processing section.
The machine cycle time is the sum of the delays
for these three sections. One major disadvantage
of this simple approach is that not all internal
resources can be used concurrently.

The concept of pipelining can be applied to this
system to improve performance. Depending upon
where the pipeline registers are used, the architec-
ture of the microprogrammed systems can concep-
tually result in one of the following: microinstruction-
based, micro-address-based, microstatus-based,
micro-address instruction-based, microinstruction

Pipelining and the registered PROM

status-based, micro-address status-based or micro-
address instruction status-based.

In a micro-address instruction status-based sys-
tem, the microinstruction pipeline register holds the
address of the current microinstruction, the micro-
address register holds the address of the next micro-
instruction, and the micro/macro status register
holds the result of the previous microinstruction
execution. Even though micro-address instruction
data-based architecture is supposed to result in the
shortest machine cycle time, its microprogramming
becomes somewhat complex. This is particularly
true when a branch condition is encountered. Care
must be used in flushing the pipeline and restoring
it to its initial status. Even though cycles may be
shorter, more microcycles may be necessary in the
pipelined system because comparison and condi-
tional branches would require two instead of one
microinstruction (as in a nonpipelined system).
However, the increase in microcycles can be alleviat-
ed by careful design of the microprogram.

For microprogam systems, a microinstruction
status-based architecture is recommended for flex-
ibility and higher performance. Although the control
store and microinstruction register can be con-
structed from standard PROMs and SSI/MSI reg-
isters (for instruction pipeline registers), the
single-chip register PROM solution of the
Am27S65/75/85 series offers performance, reduced
package size, and power savings.

If the asynchronous enable is low, the stored data
will appear on outputs QO to Q3. If synchronous
enable is high when the positive clock edge occurs,
outputs go to the Off or high impedance state regard-
less of the value of the asynchronous enable. The
outputs may be disabled at any time by switching
asynchronous enable to a high level.

Following the positive clock edge, the address and
synchronous enable inputs are free to change.
Changes will not affect the outputs until another
positive clock edge occurs. This unique feature
allows the PROM decoders and sense amplifiers to
access the next location while previously addressed
data remains stable on the outputs. For less com-
plex applications, either enable may be eliminated
effectively by tying it to ground.

Microprogrammed system configuration

In this serial shadow register PROM configura-
tion, the Am29818 on-chip diagnostics registers com-
bine the SSI/MSI registers and diagnostics functions,
and the advanced PROMs combine PROMs, pipe-
line register, and the on-chip diagnostics functions.
For better control and monitoring, all pipeline reg-
isters are replaced by on-chip diagnostics registers.
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Incorporating serial scan accessibility in all the
macro/micro system registers makes it easier to
control/observe and thus diagnose all system failures.
Such a diagnosis is accomplished by breaking the
feedback paths and by turning a sequential state
machine into a number of combined logic blocks.

To control/observe a section (such as an ALU),
first the microinstruction register is loaded with
appropriate microcommands. Then the desired func-
tion is executed, and the status information is cap-
tured in the status register. The status information
can then be serially shifted out and observed to check
proper function. Incorporating serial scan capability
in most of the major state registers makes it possi-
ble to break the major loop into multiple miniloops,
and thus reduce the serial scan time. The scan time
is proportional to the length of the path the data
has to travel serially.

Please rate the value of this article to you by
circling the appropriate number in the ‘‘Editorial
Score Box’’ on the Inquiry Card.

Low 721

High 719 Average 720




THE PEOPLE WHO GIVE VMEbus
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THE FPS 64-BIT FAMILY:
CONSIDER WHY THE MOST
ACCESSIBLE SUPERCOMPUTERS
MAY BE THE FASTEST WAY

TO DO YOUR JOB.

ow fast can you get
a supercomputer
up and running is

as important as how fast
it runs. When you look
beyond peak computing

speeds to the practical real-
ities of compute-intensive

| analysis and simulation,
odds are that nothing else
can take your job from start
to finish as fast as the FPS

| 64-bit supercomputer fam-

ily. Here’s why:
1. FPS protects and

| utilizes your existing
| software resources. FPS

offers you an exceptional,

| proven software tool set. If
| your investment in FOR-

| TRAN is typical, the FPS
| Compiler will alone be a

| compelling advantage.

| 2. More applications

software than for any
other comparable com-

puter. Compare quantity
| and quality of compatible
| third party software

packages—for structural
analysis, circuit design,
reservoir simulation, fluid
flow analysis, chemistry

i and much more—and the
| FPS advantage widens.

3. The FPS 64-bit family
makes supercomputing
speeds affordable at the
department level. Even
teams with remote access to
Crays® and Cybers™ are
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' likely to find that the advan-
tage of immediate, local
access is well worth the
sacrifice of standing in line
for the ““fastest’” machines.
System prices start at
$300,000 (U.S.) for the 11

| MFLOPS FPS-164. The

| new 38 MFLOPS FPS-264,
| starting at $640,000,

i achieves 4-5 times the speed

. of the FPS-164 on many

. applications programs. The

| multiple parallel processing

. units and peak 341
MEFLOPS of the FPS 164/

| MAX can run many matrix

| computations faster than

supercomputers, for less

than one-tenth the price.

FPS-264 FPS-164/MAX
| Peak speed, 38 33-341 T
| MFLOPS
Dynamic range 28 %107 2.8 % 1032 2.8x 1079
10.9:0:x 1031 t0 9.0 x 10*397 10 9.0 x 10+397
Logic format 64 bits 64 bits 64 bits
Main memory 4.5 MWords 15 MWords 7.25 MWords
capacity
Maximum disk 16 Gbytes 3 Gbytes 3 Gbytes

storage capacity

Precision 15 decimal digits 15 decimal digits 15 decimal digits
Vector registers 4x 2K 124 x 2K (max.) 4x2K

Scalar registers 64 184 (max.) 64

Host interfaces IBM, DEC IBM, DEC, Sperry, Apollo

Program Develop-
ment Software

FORTRAN Compiler, Overlay Linker, Assembler, Object
Librarian, Interactive Debugger.

FPS-164/MAX F

15 accelerators 1 accelerator

Peak MFLOPS 38 341 33 11
Peak MOPS 190 1705 165 55
Peak MIPS (Multi- 19 5.5 5.5 5.5
instruction partcels)

Typical MFLOPS, 9.9 20.0 6.0 2.6
LINPACK

Benchmark

Whetstones 20,100 5800 5800 5800
(64-bit)

1000x1000 matrix 53 10 66 189
multiply, seconds

$K/MFLOPS (system $16.8K $2.5K $12.3K $27.1K

price/peak speed)

4. The FPS family is
expandable. Proven
dependable. Well-
supported. In other
words, a safe, farsighted
investment. You can
upgrade your existing FPS
computer, or evolve from
one level of performance to
another, with minimal dis-
ruption. And you can bank
on a record of reliability that
begins with exhaustive
manufacturing testing and
extends to our 21 field office
service facilities worldwide.

Ask your local Floating
Point sales representative
to help you develop your
own strategy for accessi-
ble supercomputing.
Contact Floating Point
Systems, Box 23489,

Portland, OR 97223.
Telex 360470
FLOATPOIN BEAV.
Sales offices worldwide.
Call (800) 635-0938.

“THE PROVEN POWER
IN ACCESSIBLE HIGH-SPEED

COMPUTATION.

FLOATING POINT

« SYSTEMS

Cray is a registered trademark of Cray Research, Inc., Minneapolis, MN. Cyber is a trademark of Control Data Corporation. Copyright © 1985, Floating Point Systems, All rights reserved. FPS SEC5227
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TOSHIBA. THE POWER IN

AREA SALES OFFICES: WESTERN AREA, Toshiba America, Inc., (714) 752-0373; CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN
AREA, Toshiba America, Inc., 1408& 244-4070; POUGHKEEPSIE, NEW YORK AREA, Toshiba America, Inc., (914) 462-5710. REPRESENTATIVE OFFICES: ALABAMA, Glen White Associates, (205) 883-7938; ARIZONA,
Semper Fi Sales Company, (602) 991-4601; ARKANSAS, Technology Sales Company, (214) 380-0200; CALIFORNIA, (Northern), Elrepco, Inc., (415) 962-0660; CALIFORNIA, (Southern), Bager Electronics, Inc., (714)
957-3367; COLORADO, Duffy Associates, (303) 535-4244; CONNECTICUT, Datcom, Inc., (203) 288-7005; DELAWARE, Vantage Sales, (609) 663-6660; FLORIDA, Donato & Associates, (305) 352-0727, (813) 785-3327,
GEORGIA, Glen White Associates, (404) 441-1447; IDAHO, Components West, (206) 271-5252; ILLINOIS, L-TEC, (312) 773-2900; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; I0WA, J.R. Sales Engineering,
319) 393-2232; KANSAS, D.L.E. Electronics, 5316) 744-2126; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; LOUISIANA, Technology Sales Company, (214) 380-0200; MAINE, Datcom, Inc., (617) 891-4600;
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21 CMOS GATE ARRAYS.

We have the silicon. We have LDS™ software.
We have volume production. And we have design capacity
available now.

Get your 2L cMoS gate array
design off the board and into produc-
tion at one of Toshiba’s design cen-
ters. We have design capacity
available now. We have Daisy," and
other popular workstation
compatibility, LDS design software
and the applications engineering staff
to give you total support.

We are volume producers of indus-
try standard gate array families such
as our high performance 2
devices, the 17G series. It has a 1.5
nanosecond gate speed with up to
10,000 gates as well as a macro
library of 7400 type ssyMsI functions.
These units have fully compatible
TTL/CMOS input and output and can
be configured with up to 232 avail-
able pins. Our 3L industry standard
CMOS gate array family, the 15G, has a
2.5 nanosecond gate speed with up
to 6000 gates available. In fact,
that’s why these industry standard
families are second-sourced with LSI
Logic Corporation.

And we’re working now on the
next generation of CMOS gate arrays

LDS is a trademark of LSI Logic Corporation. Daisy is a trad k of Daisy Sy

as well as full standard cell capability
to be introduced shortly.

TOSHIBA IS

PRODUCTION POWER

Toshiba is the world’s largest
producer of high quality cMos
devices, and one of the few compa-
nies with high volume production
experience and capability in cMOS
gate arrays.

All this means Toshiba can provide
the design support you need with a
volume production capability to
assure that your designs become
delivered product in the right quanti-
ties on time.

So if you are planning a 2|1 gate
array design, plan with the people who
have the power. Plan with Toshiba.

Part Array Max Gate Gate Delay (ns) !

Number Size Pins Length TYP MAX 2
TC15G008 880 74 3 2.5 5.0
TC15G014 1400 92 3 2.5 5.0
TC15G022 2200 114 3 25 5.0
TC15G032 3200 138 3 25 5.0
TC15G042 4200 156 3 25 5.0
TC15G060 6000 180 3 2.5 5.0
TC17G005 540 44 48 2 1.5 3.0
TC17G008 880 52 68 2 1.5 3.0
TC17G014 1400 68 86 2 1.5 3.0
TC17G022 2200 82 106 2 1.5 3.0
TC17G032 3200 98 128 2 1.5 3.0
TC17G042 4200 118 150 2 1.5 3.0
TC17G060 6000 146 188 2 1.5 3.0
TC17G080 8000 174 222 2 1.5 3.0
TC17G100 10000 180 232 2 1.5 3.0

NOTES:

! For a 2 input NAND gate having a fan out of 2 and 2mm of metal interconnect.
2 At 70°C and Vdd = 5v *+ 5%

TOSHIBA. THE POWER IN GATE ARRAYS.
TOSHIBA AMERICA, INC.
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SIMPLICITY OF DESIGN.

GREAT DENSITY.

HIGH SPEEDS.

LOW POWER DISSIPATION.

LATCH-UP IMMUNITY.

TRANSIENT RADIATION

TOLERATION.

SO WHAT?

So SOS is finally being recognized for its inher-
ent superiority in the world of custom and semi-
custom CMOS integrated circuits.

The key to the superiority of the Silicon-on-
Sapphire circuit is the isolating monolithic sapphire
substrate, which makes it possible to achieve com-
plete isolation between each device on the same
chip. That means latch-up is simply impossible,
toleration of transient radiation is 100 times greater
than bulk CMOS and, at the same time, the highest
possible integration density can be produced. It also
means very low parasitic capacitances, which means
greater speed and far lower power dissipation than
is possible with bulk CMOS. Since that sapphire
substrate eliminates any need for the guardbands
and wells which consume chip area in bulk proc-
esses, SOS is far more versatile and less complex
to design.

Now, under development, ASEA HAFO’s 2-
micron SOS/CMOS process will be even more

impressive. For instance, it can match the speed of
ECL while producing substantially lower levels of
power dissipation. The process can be applied to
existing 4-micron or larger bulk CMOS circuit de-
signs to increase speed significantly with no need
for redesign.

So what? So if you require state-of-the-art
performance from your integrated circuits, talk to
ASEA HAFO. We're the largest volume producer of
custom commercial SOS circuits in the world, and
the first to convert SOS production from 3-inch to
4-inch wafers. We're committed to the level of per-
formance which is possible with SOS. And that's
what makes us different.

For more information contact Michael Orenich,
ASEA HAFO, Inc., 11501 Rancho Bernardo Road,
P.O. Box 27255, San Diego, CA 92128-0925, (619)
485-8200, Ext. 401. Offices in Stockholm, Paris
and Zurich.

ASEA HAFO
The Midnight Sun Rises in the West.
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SUPERCOMPUTER BREAKS
PRICE BARRIER FOR
VECTOR PROCESSING

By using off-the-shelf logic and semicustom gate arrays for
vector processing, a supercomputer delivers high performance

with a bargain price tag.

by Tom Jones,
Harold W. Dozier,
and Jeff Gruger

A computer that supports vector processing can per-
form operations on arrays of data simultaneously.
In contrast, the scalar processing used by most com-
puters deals with only one element at a time. In
nearly all fields of scientific and engineering re-
search, the ability to perform vector operations
rather than scalar operations can mean significant
time savings or a more thorough evaluation of a
problem. Up to now, however, vector processing has
generally been found only in multimillion dollar
supercomputers, such as Cray Research’s Cray-1 or
Control Data Corp’s Cyber 205.

By relying on standard technology, Convex Corp
has built a supercomputer with concurrent processing
and vector processing for approximately $500,000.
The vector processing portion, for example, is built
with off-the-shelf logic components and some semi-

Tom Jones is manager of hardware development at
Convex Computer Corp (Richardson, Tex). He holds
a BS in physics from the University of California

at Berkeley.

Harold W. Dozier is manager of VLSI development
at Convex Computer Corp. He holds an MS in
electrical engineering from Texas A&M University.

Jeff Gruger is a principal engineer at Convex
Computer Corp. He holds an MS in electrical
engineering from Southern Methodist University.

custom, low power CMOS gate arrays. This part of
the CPU is especially critical in meeting the perfor-
mance and functionality standards for supercom-
puter systems.

To attain the degree of functioning and perfor-
mance needed for supercomputers, Convex designers
created an asymmetric parallel processing machine.
In essence, the hardware consists of multiple proces-
sors for different operations. Thus, the machine can
handle instruction decoding, arithmetic computa-
tion, and address translation concurrently. Multi-
ple functional units provide concurrent or pipelined
processing of specific tasks.

Parallelism (or concurrent operations) can boost
computer performance substantially. Taking full ad-
vantage of hardware-supported parallel processing
requires software designed to use such hardware.
Convex developed a globally optimizing and vector-
izing Fortran 77 compiler for its machine, which will
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operations are involved, the time interval is even shorter.

In vector processing, all 100 elements of each vector are loaded and a register-to-
register vector addition takes place. Unlike scalar processing, the time required . e
for the arithmetic operation has no bearing on the total execution time.

Compared with an equivalent scalar operation, this vector operation takes 3/8 as
much time, assuming the clock cycles are equal. Where more complex arithmetic
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automatically schedule instruction execution for
maximum use of concurrent operations. It will also
recognize the parts of a Fortran program that can
be processed as vectors rather than scalars. Finally,
it will use the hardware’s vector processing to
improve overall performance.

Parallelism is not a new concept. In fact, shortly
after the introduction of the first von Neumann-type
(sequential processing) systems, groups at IBM and
elsewhere were working on systems that used paral-
lelism. One could consider vector processing as a
type of parallelism. A hardware/software system
designed to perform vector processing will carry out
similar operations on ‘‘N’’ elements of a vector
simultaneously. This processing is possible where
““N’” is the maximum number of vector elements that
the system accommodates.

Advantages of vector processing

As mentioned, most existing computers are scalar
processing systems. They add two numbers by loading
one number into one register and the other number
into a second register. They perform the addition
and store the results in a single register. Then they
generally store the result register contents in memory.
Even in a case where the system has to add a matrix
column of 100 elements to a row of 100 elements,
it would have to do redundant load, load, add, and
store operations on each element sequentially.

Even in a highly pipelined machine, certain tasks
have to wait while previously initiated instructions
are completed. Thus, while the effective execution
time of a load, load, add, and store may be less than
the sum of the execution times of the individual in-
structions, the execution time is still significant. In
most machines, the most important portion may be
the arithmetic operation itself. This effective execu-
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tion time can then be multiplied by the number of
successive operations (100 in this example) to deter-
mine the total execution time.

In contrast, a vector processing system that can
accommodate 100 or more elements in its vector reg-
isters (or accumulators) is more efficient. It loads
all matrix column elements, loads all matrix row ele-
ments, does additions across all elements at once,
and stores the full set of result elements in a single
vector register. There are no redundant loops, and
the entire calculation is accomplished much faster than
in the case of a scalar system.

This process begins when the vector operation ini-
tiates the load of the first 100 elements. As soon as
it is complete, the load of the second set of 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>