Fast GaAs and silicon BICMOS parts rekindle designers’ interest in ECL
Prototype testers put ASIC characterization into designers’ hands
~ 2,400-bit/s modem ICs add functionality, preserve design flexibility




WANT TOTALK SCSI?
CALL CIPRICO AT
1-800-SCSI-NOW.

Why talk SCSI with Ciprico? To start
with, we're the only vendor with a complete line
of high-performance SCSI host bus adapters
for Multibus® I, VMEbus, and Multibus II. Each
board was designed to optimize performance
with its system bus. And consider our experience.
Ciprico has over 50,000 boards installed world-
wide. Our design expertise provides you with the
highest possible performance at the lowest
possible price.

But that’s not all. Ciprico has
respondability. We have the largest staff of
customer support engineers in the industry to
help you resolve any integration problems. Plus
software drivers for all major operating systems.

Our SCSI adapters are all based on
an 80186 microprocessor, providing a command
queuing, pass-through SCSI command soft-
ware interface. Each board supports SCSI
disconnect/reconnect and asynchronous and
synchronous transfer rates of 2MB/s and 5MB/s
respectively. And a floppy port is optional
for cost effective system design.

So if you're currently designing a system
based on Multibus I, VMEbus, or Multibus II, RIMFIRE 3510

give us a call to talk SCSL SCSI Adapter for
VMEDbus

IIIIHIIIIIHHIIIIIIIHHmlﬂt

(/
CIPRICO LISTENS. AND RESPONDS.
RIMFIRE 1500 RIMFIRE 2500
SCSI Adapter for SCSI Adapter for
Multibus® I Multibus® II

Multibus is a registered trademark of Intel Corporation.
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Visit us at Booth #355

THE BROADEST FAMILY OF " CONTROLLERS

When it comes to high performance
peripheral and communications control-
lers for the world’s leading 32-bit open
bus, nothing comes close to Xylogics.

Xylogics' VME controllers give

OEMs, systems integrators and sophisti-

cated end users major advantages over
competitive products.

Features like full 32-bit support. A
large read-ahead caching buffer archi-
tecture that eliminates performance
degradation due to loss of disk revolu-
tions. A command optimization feature
that lets the controller get ahead and be
smart about operating system requests.
A command queuing design that opti-
mizes controller throughput. 48-bit ECC
for today’s high performance disk
drives. Asynchronous command pro-
cessing and UNIX support. A single,
standard VME board design to reduce
backplane space requirements. VLS
design. Self-test diagnostics. And
“DYNAThrottle,” Xylogics' design break-
through that increases system through-
put by as much as 60%.

These features mean the difference
between average VME system perfor-
mance and the kind of high performance
Xylogics' customers need day in and
day out.

No other company offers a broader,
higher performing family of VME periph-
eral and communications controllers.
And no other supplier is a more dedi-
cated partner to OEMs. Partnerships
based on the ability to meet OEM needs
with superior product quality, on-time
deliveries, custom solutions, support
and a long term commitment.

CIRCLE NO. 2

That's why Xylogics is rapidly be-
coming the VME peripheral and commu-
nications controller of choice. Why settle
for less when Xylogics delivers it all?

Find out how Xylogics' high perfor-
mance, reliability and support can be
part of your VME success story. Call or
write for information about our complete
line of products.

THE PERFORMANCE SOLUTION.

Your Partner For Performance

Corporate Headquarters:
Xylogics, Inc.

53 Third Avenue
Burlington, MA. 01803
(617)272-8140

International Subsidiary:
Xylogics International Ltd.
2A Cofferidge Close
Stony Stratford

Milton Keynes MK11 1 BY
United Kingdom

(908) 569444




~ The complex world of
microprocessor development

b

Highperformance 8,16
and 32-bit emulation.

Software development
tools, including source
and symbolic level

debuggers.

Motorola, Intel, Zilog and
Hitachi microprocessor

support.

just got simpler.

As the challenges of developing and
debugging embedded microprocessor
designs becomes more and more com-
plex, you need the best development
tools possible.

And nobody offers you higher relia-
bility, better performance or a quicker way
to develop and debug your 8, 16 or 32-bit
systems than Applied Microsystems.

Our emulators, for example, can be
controlled from the host computer you
work with (VAX, Sun, Apollo, IBM PC or
compatible). Your target system will run
exactly as if its microprocessor were in
place. And you'll get a clear picture of
your design and how it interfaces with
interrupts, clocks and the flow of software.

Our emulators are designed to work
with easy-to-use VALIDATE software to
give you powerful source level or sym-
bolic debugging capabilities. You also get
our powerful Event Monitor System, a
hierarchical, real-time breakpoint and
triggering system.

The list of benefits goes on and on;
but the end result is a faster, easier and
more accurate approach to developing,
debugging and integrating your design.

To find out more, write Applied
Microsystems Corporation, P.O.Box
97002, Redmond, Washington, USA
98073-9702. Or call (800) 426-3925,
in WA call (206) 882-2000.

In Europe contact Applied Microsystems
Corporation Ltd., Chiltern Court, High Street, Wendover,
Aylesbury, Bucks, HP22 6EP, United Kingdom.
Telephone 44-(0)-296-625462.

AMC-230

i
Applied
Microsystems
Corporation
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How the fa

Our new 75ns PAL® device is fast ure it yourself means you can get exactly

enough to prove that standard logic what you want.

shouldnit set the standard anymore. If you want to redesign some-
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What to give the microprocessor
that has everything.
We suggest the first PAL device
that can keep up with it.
The75ns PAL device runs at 74 Mhz.
It can deliver the speed the new high per-
formance microprocessors need.
Processors like the 29K, the 386 and
the 68030.
This PAL device delivers 25% more
speed than any other PAL device.
We even have the fastest 22V10.
Our 15ns 22V10 runs at 50Mhz. That's
10ns faster than anyone else on the mar-
ket. And it lets you run at twice the rate
of the new 25Mhz microprocessors.
We've been shipping 20 pin 10ns

PAL devices for eighteen months. And
now you can get the new 24 pin 10ns PAL
device as well.

Theres plenty of service and sup-
port to get and keep your project moving.
And all our fast PAL devices are available
in volume when you need them. Now, for
example.

For all the facts about our fast PAL
devices, drop us a line. Or call us at
(800) 222-9323.

Because you can never be too fast.

Advanced Micro Devices 1

- - -
Monolithic Memories [}
901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.

PAL is a registered trademark of Advanced Micro Devices, Inc. FAST is a trademark of National
Semiconductor Corporation. ©1988 Advanced Micro Devices. Inc
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FDDIL

From deskwork to
NCtWOrK.

More good news! AMP and electro-optic conversion are now
has the complete fiber optic easier than ever.
interconnection system—the AMP

OPTIMATE Fixed Shroud Duplex
System—that meets all FDDI PMD
requirements. And includes all the

e néws Ao physical components you need to

make your fiber optic network a
The X3T9.5 Task Group, under reality.
the procedures of ANSI Accredited Of special note: the transceiver
Standards Commitiee X3, has —the first of its kind—is capable of

reaffirmed approval of the Media :

Interface Connector (MIC) for the operating at data rates up to 125 MbFs.
proposed FDDI (Fiber Disiributed ~ Available in standard or raised (+5v)
Data Interface) Physical Layer ECL logic, it gives you a compact,
Medium Dependent (PMD) document. ~ board-mount data link in a single 24-

pin module. Reliable duplex mating

AMP and OPTIMATE are trademarks of AMP Incorporated.




All system compo-
nents, in fact, are easy to
install and reconfigure. Our
field termination kit makes
short work of attaching
duplex connectors to fiber
cable. And because all inter-
connections use a floating
interface, you get consistent,

low-loss mating (0.6 dB typlcal)

throughout.

You can also order
complete, custom-built cable
assemblies from us. Either
way, you’ll have the assured
compatibility that comes
from dealing with only one
supplier for all your FDDI
interconnection components.
A supplier whose capability

e yTYY

~-{Sehaly

in fiber optic technology is everything
you’d expect from the world’s largest
connector company.

For technical literature and
more information, call 1-800-
522-6752. AMP Incorporated,
Harrisburg, PA 17105-3608.

AP Interconnecting ideas
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THIS T1 TRANSCEIVER IS SMALLER, DESIGNED
SMARTER, AND OUTPERFORMS THE COMPETITION.

SO WHY DOES IT
COST LESS?

Our new SSI 78P233 is not the only single-
chip T1line interface you can buy, but it
can be the best cost/performance solution
to your design problem—and here's why.

It's a lean, mean, bipolar design which
makes it smaller and easier to use. And
our smarter lean-and-mean design also
cufs the cost. No superfluous functions—
best left to other devices—have been inte-
grated info this chip. Yet it provides all the
transceiver performance you need to inter-
facetoaTl line.

Simply put, our new low-cost, high-
performance interface transceiver converts
DS-1 signals to TTL-level, and vice-versa.
This new chip facilitates the cost-effective
implementation of designs for high-speed
voice and data transmission. Like PABXS,
channel banks, multiplexers, digital cross-
connect systems, digital switches, and test
and diagnostic equipment for digital com-
munications. And to meet international
CEPT standards, Silicon Systems offers the
78P234,a sister chip that performs all the
same functions as the T1 chip.

Call Now!
(714) 731-7110, Ext. 3575

For a copy of our comprehensive T1/CEPT
data sheets, and a listing of the company’s
complete line of telephony products, con-
tact: Silicon Systems, 14351 Myford Road,
Tustin, CA 92680

Jzﬁconﬂ‘fmw

INNOVATORS IN JINTEGRATION

1000-piece prices

CIRCLE NO. 6 FOR PRODUCT INFORMATION
CIRCLE NO. 7 FOR CAREER INFORMATION

“Where we design to your applications.”
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3%-in. "floptical’’
drive packs 25 Mbytes

Optical servo tracks engraved in the

sity 3%-in. floppy disk let a specially
designed head mechanism read and
write data at 1,250 tracks/in. for a
capacity of 25 Mbytes (unformatted).
The Floptical drive from Insite
Peripherals (Santa Clara, CA) will
use media initially supplied by Ko-
dak and Xidex. The two companies
will etch the servo tracks in their
media with equipment developed
and supplied by Insite.

The optical servo tracks are cut to
a width of 4 microns with a laser. In
between, magnetic tracks 15 microns
wide are used to record sector for-
matting information and data. An
infrared light-emitting diode shines
on the optical tracks. A four-element
photodetector is used to align head
position to compensate for thermal
variations in the media, to seek
across tracks and to perform track
following. Insite president James
Adkisson predicts capacities of up to
100 Mbytes once barium ferrite ver-
tical recording media becomes
available.—~Tom Williams

R.l.P. SMD

System designers have long been
predicting that sooner or later the
SMD disk drive interface, stretched
to a 24-Mbit/s serial data transfer
rate in recent years, would eventu-
ally run out of steam. It would be
replaced, it was predicted, by the
16-bit parallel IPI-2 interface,
which has an initial maximum
transfer rate of up to 10 Mbytes/s
and a slew of other advantages over
the old SMD. The transfer rate of
first-generation IPI-2 drives, how-
ever, generally hasn’t exceeded 3
Mbytes/s—offering little motivation
for system developers to offer the
up-front investment needed to make
the changeover.

Nevertheless, IPI-2 drives that
can pass data at about a 6-Mbyte/s
rate are on the way, offering a per-
ceived advantage for those systems
that have had their performance
hindered by a disk I/O bottleneck.
Before the end of the year, expect to

oxide media of a standard, high-den-

see the announcement of several
IPI-2 controller boards for the popu-
lar open-architecture buses, with
the VMEbus being the most proba-
ble first beneficiary of the higher-
performance interface.

—David Lieberman

The RISCraceis on

At last, reduced-instruction-set-
based single-board computers for
industry-standard buses are start-
ing to emerge from the labs into the
real world. Many single-board com-
puter manufacturers have spent con-
siderable resources over the last
year or so determining whether the
time has come to move to a high-per-
formance RISC micro and, if so, to
which one.

It should start to become apparent
by year’s end which RISC chips will
gain a significant number of design
wins, which innovative design strat-
egies have been developed to effi-
ciently implement a RISC architec-
ture within the confines of a single
board, and whether existing bus
architectures are up to the job.
—David Lieberman

Open Software Foundation
and AT&T/Sun group
may be communicating

Unconfirmed reports claim that the
two separate consortia working to
develop Unix standards, the AT&T/
Sun Microsystems group and the
Open Software Foundation (OSF),
may be talking to each other. Many
observers have viewed the announce-
ment of the joint effort by AT&T
(New York, NY) and Sun Microsys-
tems (Mountain View, CA) as an at-
tempt by the two companies to close
the Unix environment to outside
participation. Similarly, observers
have viewed the creation of OSF as
a challenge to this effort by major
computer companies, including
IBM and Digital Equipment Corp.
Now, the reports of talks between
the two groups have raised hopes
that separate and incompatible
open environments can be avoided.
—Ron Wilson

IBM joins X/Open
Unix standards consortium

In an unusual show of support for a
not-invented-here standard, IBM
has joined the X/Open consortium.
The move implies that IBM will con-
tribute resources to the develop-
ment of X/Open’s Common Applica-
tions Environment specification,
and then will introduce products
that comply with the specification.
IBM’s move, following commitments
from such pivotal vendors as Fujit-
su, NCR and Sun Microsystems, vir-
tually assures the X/Open interface
spec of a permanent role in the evo-
lution of Unix-based software.

The X/Open specification covers
five areas of the interface between
an application program and its
operating environment: languages,
operating system, data manage-
ment, networking and user inter-
face. IBM’s announcement suggests
that the company’s AIX version of
Unix will move into compliance
with the IEEE Posix specification
included in the operating system
segment of X/Open’s environment
spec.—Ron Wilson

First RISC processor
appears on VMEbus

Ironics (Ithaca, NY) and Advanced
Micro Devices (Sunnyvale, CA) have
announced development of a VME-
bus CPU board based on AMD’s
29000 reduced-instruction-set com-
puter processor, apparently the first
announcement of a RISC CPU board
for the VMEDbus. The board, which
Ironics claims has about five times
the computing power of the compa-
ny’s own 68020 boards, includes
caches, interleaved on-board mem-
ory and a high-speed daughter card
interface to exploit the latent speed
of the 29000 processor.

If the introduction is any indica-
tion, it appears that RISC proces-
sors will enter the board-level
computer market as expensive,
high-powered and self-contained
compute nodes, suitable for taming
large, performance-critical tasks or
for collecting a number of smaller
tasks onto a single, cost-efficient
engine.—Ron Wilson
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Compiler brings
real-time Ada
to 80386 board

With the introduction of its DACS-
80X86 Ada compiler system, DDC-I
(Phoenix, AZ) has liberated real-
time Ada from the confines of de-
fense-oriented CPU environments.
The software runs on Force Com-
puter’s 80386 VME board and can
deliver performance equal to that of
other real-time operating systems.
Since code size is minimal (from 1 to
20 kbytes), applications can be put
into ROM for use in embedded sys-
tems. The compiler features hard-
deadline scheduling (HDS), which
prioritizes processes based on
importance as well as task dura-
tion. Under HDS, long-duration,
high-priority tasks are prevented
from locking out lower priority,
short-term tasks, ensuring higher
processor utilization.—Mike Donlin

Prime bows out of
minisupercomputer market

Intense competition has forced
Prime Computer (Natick, MA) out
of the minisupercomputer arena.
Prime’s entry into the market for
the small special-purpose system
was actually a product of Cydrome
(Milpitas, CA). A strategic partner-
ship between the two, which includ-
ed OEM and software development
agreements, was announced last
year. Designed for scientists and en-
gineers who perform heavy numeri-
cal calculations, the 320-Mbyte
MXCLS5 was unveiled by Prime last
January with speed specifications
of up to 10.4 MFlops. However, price
wars within the minisupercomputer
marketplace forced discounting of
up to 60 percent. Customers and
prospects for the system are being
referred to Cydrome, which will
continue to sell and support the
machine under its own name, the
Cydra 5.—Mike Donlin

Multibus Il is flying high
The selection of a 32-bit bus archi-
tecture for computers aboard the fu-
ture U.S. space station has been
made by IBM’s Systems Integration

Division (Houston, TX)—and it’s
going to be Multibus II. It’s been a
more-or-less lethargic year or so for
the bus, which has found use in a
flight simulator here and a few com-
puter systems there. The visibility
that this high-flying application
will lend to the bus may be just
what’s needed to get OEMs think-
ing about the benefits of a syn-
chronous message-passing bus
that enjoys high-level software
standardization.

According to Steve Cooper, man-
ager of the architecture prolifera-
tion group at Intel’s OEM modules
operation (Hillsboro, OR), however,
next year will bring more big news
for Multibus II. “In the second or
third quarter of 1989, about a half-
dozen minicomputer manufacturers
will announce that they’re making
the bold move to off-the-shelf micro-
processors, industry-standard oper-
ating systems and open architecture
buses,” predicts Cooper. Although
the minimakers’ chips of choice will
vary, a near-unanimous nod will be
granted to Unix and to Multibus II,
Cooper claims—David Lieberman

MS-DOS breaks
the 32-Mbyte file barrier
with version 4.0 release

Partitioning large hard disks into
32-Mbyte or smaller files should be-
come a thing of the past with the re-
lease of MS-DOS version 4.0 by
Microsoft (Redmond, WA). The new
DOS version allows disk volumes as
large as the drive if needed. Micro-
soft also built in support for the ex-
panded memory specification (EMS
4.0) that allows applications, mem-
ory-resident programs and operat-
ing environments such as Windows
to use memory above the 640-kbyte
DOS limit.

Also announced by Microsoft is a
file-directory management system
that includes pull-down menus and
gives the user a visual (although
not a high-resolution graphics)
way to oversee and organize files.
Microsoft will be distributing MS-
DOS 4.0 only through hardware
manufacturers.—Tom Williams

Universal PS/2 chip set

adapts to 80286 or 80386

In an effort to simplify the design
process of PS/2 clones, G-2, an affili-
ate of LSI Logic (Milpitas, CA), and
Groupe Bull (Paris, France) are of-
fering an IBM-compatible set of
seven gate arrays and a BIOS. G-2
provided the BIOS, while the chip
set was developed by Bull Micrel of
America (Roseville, MN), a Groupe
Bull subsidiary. Unlike competitive
chip sets, which are compatible with
one specific processor, the new offer-
ing gives clone makers the first set
of circuits capable of functioning
with all three Intel microproces-
sors: the 80286, the 80386 and the
80386SX. To compensate for the
differing timing requirements of
systems based on the 80286 and
80386, Bull integrated control pins
and logic that let the set operate in
any of several modes. G-2 claims the
BIOS is also compatible with all
three Intel processors and is self-
scaling to match processor speed
and type.—John Mayer

Single-chip autodial
modem has tight
analog-digital marriage
Modem IC manufacturers continue
to demonstrate a progressive ability
to integrate analog and digital func-
tions on a single chip. The latest
development is that of the first au-
todial single-chip frequency shift
key (FSK) modem by Advanced Micro
Devices (Sunnyvale, CA). Designers
can build an intelligent autodial,
autoanswer FSK modem using the
chip under the control of a host
microprocessor and supported by a
data-access arrangement circuit.
Operating at 300 bits/s full duplex
or 1,200 bits/s half duplex, the chip’s
digital signal processing architec-
ture eliminates the need for an ex-
ternal dialer chip by adding a
dual-tone multifrequency (DTMF)
generator on-chip. External filters
are avoided with the integration of
a call progress tone detection func-
tion. Designers can also forget about
using external hybrid op-amp circuits
because the modem’s analog inter-
face has an internal hybrid for four-
to-two wire conversion.—/ohn Mayer
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When 1t comes
to ASICs,

ou need more
than technology
that works.




You need a partne




rship that works.

In todays highly competitive marketplace, it takes more than
technology and tools to meet your ASIC needs. It takes a long-term partner
you can count on. One whos ready to help you turn your hot idea into
an even hotter new product.

At Fujitsu Microelectronics, we believe that the only way we can
achieve our goals is to help you achieve yours. So weve committed our
technical, financial and human resources to providing you with the ASIC
technology, tools and trust you need to meet your objectives. From design
support through volume production of your advanced VLSI ICs. The heart
of your new products.

When you shake hands with Fujitsu, you get more than just a
business deal. You get the industrys most experienced volume producer
of ASIC devices as a working partner.

We become an extension of your ASIC design team, providing
you with a nationwide network of field application and technical
resource engineers, ready to offer local technical support on both products
and tools.

You also get ASIC sales and marketing support to help you
smooth out all the administrative wrinkles.

Plus coast-to-coast technical resource centers, fully equipped
with easy-to-use design tools. And local training and twenty-four hour
design facilities, so you can work whenever inspiration strikes.

All supporting the most advanced process and manufacturing
technologies in the industry, including CMOS, ECL, BiCMOS and LSTTL.

All of which is structured for the fast design input-to-prototype
turnaround, design security and timely delivery of volume production
you need to get to market faster.

It all adds up to a partnership that works. Which, after all,
is everything an ASIC partner should be.

IR
FUJITSU
R

FUJITSU MICROELECTRONICS, INC.
Everything an ASIC partner should be.

3545 North First Street, San Jose, CA 95134-1804 (408) 922-9000
CIRCLE NO. 9



"“"What counts is
how adequately
you support the
best and the
brightest that
you have.”’

John C. Miklosz
Associate Publisher/
Editor-in-Chief
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Will R&D soon mean
retreat and defeat?

The presidential campaign is now in full swing, and Michael
Dukakis is drawing analogies between his campaign and that of
John Kennedy, nearly three decades earlier. One of Kennedy’s
themes back then was that America had the “best and the brightest”
and could accomplish anything it set out to do. That belief was
supported—one might even say confirmed—by a manned moon land-
ing less than 10 years later. While there’s no doubt that it took some
of the “best and the brightest” to put a man on the moon, it’s easy to
overlook the fact that it also took a lot of money. It took a lot of money
poured into basic research at universities and private companies,
along with a lot of money poured into engineering development.

Kennedy’s best-and-brightest theme wasn’t original, and the belief
wasn’'t unique to him. Americans have believed that we're the best
and brightest for at least a couple of hundred years. After all, we
whipped the all-powerful British, tamed a continent, won two world
wars (almost single-handedly, we like to think) and became the
world’s banker, farmer, merchant, benefactor and protector in that
time. It’s not surprising, then, that our egocentrism pins the credit on
having the best and the brightest and conveniently lets us forget the
enormous wealth committed to this success.

It wasn’t always called R&D, so it’s easy to forget that until the
1970s, the United States poured more money, both public and pri-
vate, in absolute terms and as a percentage of its gross national prod-
uct (GNP), into basic research and both engineering and industrial
development than any other nation in the world. Last year, for exam-
ple, we spent more than $120 billion on R&D, which was more than
Japan, West Germany, France and the UK. spent together. Of that,
about one-half—$58 billion—was spent by private industry. While
$58 billion sounds like a lot, and it’s more than our competitors
spent, it falls far short of what our competitors are spending in terms
of GNP. In 1986, for example, the Japanese spent about 3 percent of
their GNP on nondefense R&D and the West Germans about 2.6 per-
cent. The U.S. spent only 1.8 percent.

Whether you have more of the best and the brightest is totally ir-
relevant. What counts is how adequately you support the best and
the brightest that you have. It may be a simplistic view, but the per-
centage of a nation’s wealth spent on R&D is a better measure of com-
mitment to support its best and brightest than the total amount
spent. On that basis, there are at least a couple of more serious com-
petitors in the race. If we don’t reevaluate this commitment—along
with a few others, primarily one to education—then all of the hoopla
about more jobs, a second coming of the Massachusetts Miracle (for
those who believe in miracles) and a better America is nothing but
hoopla. If we don’t, R&D won’t mean research and development; it

will mean retreat and defeat.



How 1o Wring
Workstation-Level
PCB Designs
Out Of Your PC.

P-CAD’s new Master Designer turns an ordinary PC into a full-fledged PCB workstation.

When you need to wring every drop of performance out For forward annotation of logic changes and “history
of your next PCB design, you need Master Designer™ independent” back annotation, Master Designer also has
software. an ECO processing option.

If you're interested in wringing every penny out of
your PCB design station instead of wringing your

hands, ring P-CAD. Let P-CAD show you how
to turn a PC into a high-powered workstation.

p-cad

Master Designer provides all the horsepower you'd
expect only from workstations priced from $50K

up to as much as $200K. /
With Master Designer you can tackle the really &
big jobs. Board designs with 500 EICs, 32,000 Q§
pins and 2,500 nets are just the beginning.
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YOURE LEAVING OUT ONESTE

Most likely, if you need SNA com-
patibility, you'll buy the software source
code from one company and hardware
from another. Then youll spend sev-
eral months desperately working out
the integration.

Or worse, you'l design it from
scratch.

Systech knows youve got better
things to do with your time. So we've
created a way to cut down that lengthy
process. With OneStep.™

OneStep is a complete SNA/DCP
board package. Which makes it the
quickest and easiest off-the-shelf solu-
tion for IBM communication. In fact,
with our help, the OneStep can be
up-and-running in just five days.

To make this unique integration

\NDIN
MUCH TIME ON SNA DESIGN,

work, we teamed up with the most
reputable and experienced company
in IBM compatibility around—
Systems Strategies, Inc. With their
superb emulation software and
Systech’s modular design, OneStep
gives you the wide-area links you need
for VME and Multibus systems. What's
more, the OneStep takes a load off
your CPU. That way, you have more
power and improved system perfor-
mance overall.

Systems Strategies, Inc’s extensive
variety of popular protocols includes
SNA 3270, RJIE and LU6.2. BSC 3270
and RIJE. Plus, X.25 and QLLC. All
thoroughly tested and successfully
ported to Systech’s hardware.

Along with easy installation, the

00

™
P

OneStep will keep your up-front costs
down. And its modularity makes it
easy to maintain and upgrade.

Most importantly, with the experi-
ence and expertise of Systech and
Systems Strategies, Inc., you'l be in
step with the latest software and hard-
ware developments. And youll always
be OneStep ahead of the competition.

For a demonstration or more infor-
mation, call Systech at (619) 453-8970.
Or write: Systech Corp,, 6465 Nancy
Ridge Dr, San Diego, CA 92121.

SYSTECH

WE OPEN UP A LOT OF POSSIBILITIES.

OneStep is a trademark of Systech Corporation.
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VME LEADERSHIP VIEWPOINT #5

A common
architecture for
communications
is simply
COmMmaon sense.

Rob Spade
Manager, Advanced Communications




The OEMs we talk to these days need to inter-
connect their systems—often with products that weren't
designed to work together. They're faced with trying
to integrate multiple protocols, media and operating
systems. Most of which are incompatible.

Moving toward a common ground.

At Motorola, we're working hard on a common
sense idea: Any VME product should be able to communi-
cate—both within a VME world and outside it. That’s the
basis of our Common Environment effort, which is
moving toward a uniform software interface for all
modules in a VME system. So that global task-to-task
communication can become commonplace.

Building a communications platform.

In addition to this Common Environment, we've
invested heavily in developing the fundamental build-
ing blocks our customers need for communications.
Motorola now supports—within an open VME architec-
ture—most industry-standard protocols and media.
These run under our version of AT&T’s UNIX " System V,
and a variety of real-time kernels. For local area network-
ing, for example, we offer XNS, TCP/IP and DECnet, oper-
ating over Ethernet. Plus ways to tie together a user’s PCs.

Reaching out and touching the corporate mainframe.

For OEM systems that need to talk to remote hosts,
Motorola again provides access to multiple protocols
and media for wide area networking. These include
products for connecting to IBM " mainframes, under
either SNA or BSC, and for accessing X.25 public data
networks. We're also at work on integrating new tech-
nologies, such as ISDN and FDDI.

Mapping out factory and office networks.

Motorola has taken the lead in developing a 7-layer
OSI model for MAP—the Manufacturing Automation
Protocol. We now offer, in fact,a complete hardware/
software portfolio of MAP, TOP and MiniMAP products
for enterprise-wide networking. And to assure the inter-
operability of products, we're working with the major
conformance testing groups on validating test suites.

Just a few of the common sense ways Motorola
gives OEMs to interconnect their systems. With more
VME communications protocols implemented at very
sophisticated levels—but without sacrificing overall
performance, or adding greatly to cost. And with a
wealth of communications products available early in
the cycle of technology development. That’s what being
the leader is all about.

MOTOROLA Microcomputer Division

Approaching our technology from your point of view.

For reprints of this series, call 1-800-556-1234, Ext. 230;

in California, 1-800-441-2345, Ext. 230. Or write: Motorola Microcomputer Division,
2900 South Diablo Way, Tempe, AZ 85282.

UNIX, DECnet, Ethernet and IBM are registered trademarks of AT&T Bell
Laboratories, Digital Equipment Corp., Xerox Corp. and IBM Corp., respectively.
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Fast GaAs and BiCMOS parts
rekindle designers’ interest in ECL

Ron Wilson, Senior Editor

long associated with power-hun-

gry silicon bipolar circuitry, are
being usurped by newer technolo-
gies. In the process, the newer tech-
nologies may move this 25-year-old
interface standard to center stage in
digital design. Within three years,
some observers predict, ECL may be
the dominant logic I/O scheme in
the industry.

The I/O specifications of ECL,

Three trends support ECL’s move |

to dominance. First, ECL’s current-
steering, noise-resistant I/O spec is
the choice for new parts that run
faster than conventional bipolar sili-
con. Second, BiICMOS technology, by
combining dense CMOS logic with
bipolar drivers, is finally providing
the high-speed, high-density VLSI
parts ECL has previously lacked.
Third, designers who have been

bloodied by struggles with TTL’s |

growing switching-noise problems
are reevaluating ECL’s reputation as
a hard-to-use technology.

B Breaking speed limits with GaAs

One company’s recent announce-
ment makes it clear that ECL re-
mains the I/O scheme of choice for
vendors at the furthest edge of the
performance envelope. Microwave
Semiconductor (Somerset, NJ) has
announced a family of gallium ar-
senide logic devices that are pin-
compatible with, but twice the speed
of, existing 100K ECL parts. In fact,
the company sacrificed some of the
potential speed of its GaAs process to
make the four new logic parts drop-
in compatible with corresponding
100K ECL parts.

“We define compatibility to mean
same power-supply requirements at
similar consumption, same rise and
fall times, and same temperature
compensation,” says Curtis Kraut,
Microwave Semiconductor market-
ing engineer. “You can pull a conven-
tional F100113 quad driver out and
put our GaAs G100113 in, and the
circuit will work. Everything will be
the same except that the G100113
will have about half the propagation

delay that the silicon part has.”
The four parts include the quad
latch, a 100141 8-bit shift register, a
100179 look-ahead carry generator
and a matching 100180 6-bit adder.
“We chose to start out with the parts
that showed up in the most critical
paths of existing designs,” Kraut
says. “All four parts are sampling
now. By first quarter 1989, we’ll be

With BiCMOS, you can spend the bulk of
your power budget on the few bipolar
drivers that are on critical paths, according
to Charles Hochstedler, product planning
manager for the memory division of
National Semiconductor. This strategy lets
National’s 256-kbit BICMOS static RAM
with ECL I/O achieve both 15-ns access
time and very low power consumption.

sampling a total of 14 devices in the
G100K family.” Later that year,
Microwave Semiconductor expects to
announce a family of 100K-compatible
GaAs gate arrays to complement the
company’s standard products.

B ECL and BiCMOS work together

A growing family of ultrafast ECL
elements and arrays perfectly com-
plements the plans of BICMOS ven-
dors. “BiCMOS has some key advan-
tages—and disadvantages—in the
ECL world,” says Charles Hochsted-
ler, product planning manager for
the memory division of National
Semiconductor. “For very fast parts
such as 3-ns RAMs, other technolo-
gies can do a better job today. It’s
very difficult now to design level

B TECHNOLOGY UPDATES

translators that are fast enough to
go between the CMOS and bipolar
portions of a BiCMOS circuit at
those speeds.

“But in the 15-ns range, BICMOS
provides extremely high packing
densities at low power consumption.
Essentially, BICMOS lets you spend
the bulk of your power budget on the
few bipolar drivers that are on criti-
cal paths. The majority of the circuit
elements can demand very little
power,” says Hochstedler. National
cites its 15-ns, 256-kbit static RAM
with ECL I/O as an illustration of
this principle.

Integrated Device Technology
agrees wholeheartedly on the impor-
tant role of BiCMOS in the ECL
world. “Physics is on our side,”
points out David Wyland, IDT man-
ager of product definition and appli-
cations. “As you shrink a CMOS die,
both the on-resistance and the capac-
itance of the transistors go down. As
a result, speed increases at about the
square of the change in dimension.
With our current .8-micron L.,
CMOS devices driving on-chip loads
have propagation delays comparable
to those in the best bipolar processes.”

IDT recognized this trend some
years ago, according to Bill Snow,
ECL marketing manager. “We saw
that we were going to have very fast
on-chip logic, but that for high-
current needs—when a signal had to
leave the chip, for example—CMOS
drivers were always going to be slow.
So we targeted our BICMOS process
at this problem.”

IDT chose to make a 64kx1-bit
SRAM the technology driver for the
process. The company designed the
part with a CMOS memory array,
but bipolar word line drivers, sense
amps and pin I/O. Recently, the ven-
dor announced that the part has
achieved 10-ns access times.

The ability of BiICMOS to make
dense, low-power VLSI devices avail-
able at ECL speeds has been a god-
send to designers of high-end com-
puters. In Cray-class machines, huge
arrays of main memory must func-
tion at 15- or 20-ns access times. The
new BiCMOS parts have substantial-
ly reduced the size and power con-
sumption of these memories.

But SRAMs are just the first of a
long line of VLSI BICMOS ECL parts.
As more and more complex devices
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appear from the BiCMOS vendors,
their availability will change the role
of ECL in the industry.

B A thicker parts catalog

“Ever since Motorola introduced
ECL as an interconnect strategy for
high-speed circuits, it’s been the
interface standard above 25 MHz,”
says Snow. Wyland adds, ‘“Now, ven-
dors are talking about RISC micropro-
cessors with cycle times around 10 ns.
TTL can’t support that kind of speed.
But ECL I/O—inherently three or
four times faster than TTL—can.”

now, BICMOS can combine very high
integration with ECL’s low interchip
delays and can produce VLSI parts
better than either CMOS or bipolar
ECL could make by itself.”

“We're already hearing rumblings
of a RISC microprocessor with ECL
I/0,” points out Snow. “In one sense,
it’s already been done. A number of
people have implemented RISC
processors with ECL gate arrays.”

B ECL's changing reputation
The last important barrier to the wide-
spread use of ECL I/O is an old prej-

A BiCMOS device uses CMOS to implement the bulk of the logic, and employs bipolar
transistors only where higher currents are necessary. In IDT's 64-kbit static RAM, for
example, bipolar circuitry—shown in red—makes up a small fraction of the total chip
area but contributes greatly to the device's 10-ns speed.

But engineers, even when faced
with the almost insurmountable
noise problems of high-speed TTL de-
sign, have remained hesitant about
moving to ECL. “One of the biggest
issues for most designers has been
the lack of a thick ECL parts cata-
log,” observes National’s Hochsted-
ler. “But the underlying support
chips are there. As ECL PLDs and
ASICs begin to fill in the gap, this
disadvantage will go away.”

Wyland agrees. “There hasn’t been
a huge variety of ECL parts. But

udice. Many engineers who are com-
fortable designing with TTL feel that
ECL, with its 50-Q balanced lines and
strange-sounding design rules, is in-
ordinately difficult to use. But the in-
creasing speed of TTL interconnect,
as well as TTL’s waining ability to
deal with the speed, may be making
this point of view obsolete.

“People hate worrying about trans-
mission lines,” agrees Hochstedler,
“but there’s no way to avoid it any-
more. Even at the lower speeds of ad-
vanced TTL, you have transmission-

line effects to think about, so you
have to do that work anyway. And
with TTL, you have the switching-
noise issues. ECL may actually turn
out to be the simplest, not the hard-
est, solution.”

So for the speeds demanded by next
year’s microprocessors, ECL I/O de-
sign rules may be simpler than even
TTL design rules. The traditional
view of ECL devices as power-hungry
small-scale parts from a thin catalog
is being revamped by new BiCMOS
offerings. And the center of the ac-
tion in new, faster-than-bipolar GaAs
parts is shifting toward strict ECL
compatibility.

“We’ve seen this phenomenon be-
fore,” claims Wyland, ‘“when CMOS
technology took over TTL. The I/O
standard stayed, but a new device
type moved in.” In general, observers
seem to agree that I/O specifications,
like TTL or ECL, are related to oper-
ating frequencies, not implementa-
tion technologies. Today, as the
action moves into a frequency range
TTL can’t handle, it’s logical that the
best implementation technology
would move to ECL I/O.

As the process continues, TTL I/O
could become stale, used only in non-
critical designs. A new group of parts
could emerge, operating in the area
beyond ECL speeds. Here, technolo-
gies like GaAs, diamond film and su-
perconducting logic could be free to
optimize I/O for their own internal
needs, without the slowing con-
straints of ECL compatibility.

But the mainstream of digital tech-
nology would shift to ECL I/O. Most
new parts would be available with
ECL compatibility, and most new de-
signs would use ECL rules. In a fine
irony, the logic family long avoided
as complex and demanding could,
after a 25-year wait, emerge as the
simple solution to increasing digital
speeds.

Coming September 1

Watch for Ron Wilson's
Technology Report
on 16-bit microprocessors.
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Hall-Mark makes networking
easier with Ethernet ?
Solutions from
Western

Hall-Mark and Western
Digital have packaged LAN Solutions to
make it easy for first time and experienced users to
get networking benefits without spending a fortune.

Our Basic Starter Solution, the ETHERNET KIT, includes
everything you need to bring 3 PCs on-line—three Ethercard Pluses, one
Novell ELS Netware, two 20’ cables, two terminators and all the necessary documentation.

If you are wanting to expand existing networks, our ETHERCARD KIT may be just the
answer. This package includes three Ethercard Pluses, three “T” connectors and documentation.

Or maybe you’d like to add a single user to your network or upgrade our Basic Starter
Solution to 4 users. You need the ETHERCARD PLUS PACKAGE which includes an Ethercard
Plus, one “T” connector and documentation.

The Novell ELS Software Package gives you the ability to use ELS Netware with other
hardware providing the hardware is compatible. This package is especially helpful to first-time

network users.

20 cables and terminators are also available in cost saving packages from Hall-Mark.
So let Western Digital and Hall-Mark help you to expand your networking capabilities.
Call us today for the kit that best fits your needs.

(MLh M) Delivering Western Digital Technology
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S. Louis Martin, Contributing Editor

ot on the heels of 1-Mbit dy-

namic RAMs, 4-Mbit DRAMs

will arrive soon. And 16-Mbit
DRAMEs, if not around the corner, are
certainly just down the block. As
DRAMs have become crucial, so have
the controllers for them. But until
now, designers of memory systems
have had only two options—to buy
controllers off the shelf or to roll their

ASIC toolkit paves way to build
controllers for 16-Mbit DRAMs

SSI devices.

own, usually from a combination of
programmable array logic and MSI/

But now there’s a third alternative.
Texas Instruments (Dallas, TX) will
announce this fall an ASIC design-
er’s toolkit for DRAM controllers
that contains a number of standard
cells, which TI refers to as super mac-
ros, that help designers develop con-

ASIC DRAM TOOLKIT CONTROLLER BLOCK

EXTERNAL REFRESH
INTDIS

HRREQ 3

4
RASN (3:0)

/HRACK

STATE

4
TIMING ‘b CASN (3:0)

HOST OR ARBITRATOR
/MREQ

ped MACHINE

CONTROLLER

WEN (3:0)

RDWR ]

IFBANKN (3 0) q-ﬁb-

XN sl

BKOEN (3:0)

1y ¥

BYTEN (3 0)
/COLV
/NEWCYC

PRECHARGE

REFRESH

TIMER CONTROLLER

AUTOINC
/FCCYC
/FRCYC

ROW
COMPARATOR
/RCYC 2

/CCYC <t T

ROW & COLUMN ADDRESS

RA (11:0) el

CA (11:0) 24 COUNTER

ADDRESS LATCH AND

12
e MA (11:0)
MEMORY
ADDRESS

ADDRESS
MULTIPLEXER

/CRST —>

CDCLK (5:1) —,;—»

TOUT (11:0)

e

BUFFER

TIN (17:0)

DISTRIBUTED TO ALL
INTERNAL BLOCKS

HES TS

-
<
T

ECC LINES

EXRFSH
ECCER

SCRUBBING
REFRESH
CONTROL

(IN STATE MACHINE)

» /REFCYC
» /REFRAS

PROGRAM
REGISTER

CPGM (23:0)
/PGRST

The controller macro of the Tl toolkit offers multiple row-address strobe (RAS) and
column-address strobe (CAS) outputs for bank selection and byte or word access. It
operates with a 50-MHz clock, and RAS-to-CAS low time is programmable in 20-ns
intervals. Via a test mode pin, the address bus may be used to transmit test data onto a
test bus, allowing completely independent testing of the memory system.

trollers for up to 16-Mbit DRAMs.
The toolkit has macros for the most
advanced features of the new genera-
tion of DRAM controllers, including
the accommodation of a variety of
processor interfaces.

Inclusion of the processor interface
is a feature of the newest generation
of off-the-shelf DRAM controllers.
The recently introduced DP8420/21/
22 standard-product controller from
National Semiconductor (Santa
Clara, CA), for example, is progam-
mable via a 22-bit register, which lets
it be interfaced to a variety of proces-
sors. A similar part, the KS84C21/22
controller from Samsung Semicon-
ductor (San Jose, CA), also provides
register programmability and mask
programmability. (See “Fast, full-
featured 4-Mbit DRAM controllers
begin to surface,” Computer Design,
Aug 1, p 26.)

B Toolkit supports five interfaces

Separate macros in the the TI toolkit
support five processor interfaces—the
68020, 68030, 80186, 80286 and
80386. “These blocks are direct-
marry blocks to the processor. They
include all the decode logic,” says
Steve Gumm, product manager. TI
will add macros for other processor
interfaces to the library, according to
Fred Tabaian, program manager.
Users also have the option of design-
ing their own custom interfaces. Oth-
er devices such as direct memory
access (DMA) controllers can also be
interfaced.

The most outstanding feature of
the T approach is that up to four in-
terfaces, on a fixed-priority basis, can
be included on a DRAM controller
built using the new toolkit. As a re-
sult, the toolkit can provide what
might be called “multiple access-
ing”—comparable to the dual-access-
ing feature of the new controller from
National. But the TI approach is
more flexible, letting as many as four
processors gain access to the same
memory or bank. (The Samsung
Semiconductor part doesn’t provide
dual accessing.)

A further distinction between the
National part and the TI toolkit has
to do with external logic. While the
National controller allows accessing
by different processors, like a 68020
and an 80386, additional logic is re-
quired for whichever processor is port

24
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B. With the TI toolkit, the interface
is complete for all ports. “By the time
you put the toolkit together, you
don’t need any external logic,” says
Gumm. Moreover, all interfaces are
asynchronous, as opposed to the stan-
dard product from National, where
port A must be synchronous and port
B must be asynchronous.

B The latch-and-go write capability
A unique feature of the toolkit is the
read and write registers in the inter-
face blocks, which provide a “latch-
and-go” read/write capability. “Let’s
say you have a 68020 interface,” ex-
plains Gumm, “and the 68020 wants
to do a write. You can program up for
a latch-and-go write where that write
would be latched with zero wait
states for the 68020, and the latched
data would be written to memory
later when memory became avail-
able.” A complementary capability is
available for read operations.

"“The controller
is the heart of
the system, and it has
an extreme amount of
flexibility.”

—Fred Tabaian, Texas Instruments

The latch-and-go write capability
maximizes the CPU bandwidth. In
turn, the latch-and-go read capability
maximizes the memory bandwidth,
since memory access isn’t slowed by
waiting for a processor to fetch its
data. “As soon as the data is avail-
able from memory, it’s latched and
the memory system is free to go on
and process someone else’s request,”’
says Gumm.

Another noteworthy feature of the
TItoolkit is that the number of wait
states is separately programmable

for each of the interface macros that
a design requires. For port B in the
National part, external logic is re-
quired for wait-state support.

B Flexible controller macro

The centerpiece of the toolkit is a con-
troller macro that includes tradition-
al DRAM controller functions such
as address multiplexing, row-address
strobe (RAS) and column-address
strobe (CAS) generation, refresh ad-
dress counters, and timing and con-
trol. “The controller is the heart of
the system, and it has an extreme
amount of flexibility,” says Tabaian.

The controller macro supports
DRAMs from 256 kbits to 16 Mbits.
And it allows use of DRAMs with ac-
cess times ranging from 80 to 150 ns.
“It covers a whole spectrum of
DRAM capacity and speed,” says
Tabaian. The controller block sup-
ports multiple RAS and CAS out-
puts. The RASO0-3 outputs let users
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select up to four banks of DRAMs,
while CAS0-3 can be used for various
combinations of byte or word access.

Also supported are a variety of a re-
fresh modes and numerous accessing
modes. In addition, the tools support
both external scrubbing and error
checking and correction. Two signals
from the controller block allow the
cycle to be extended for error correc-
tion when required.

The controller macro uses a 50-
MHz clock for the base frequency and
a phase-locked loop to derive a signal
with an edge at 10-ns intervals that
can be used for timing purposes. Row-
address hold time is programmable
in 10-ns intervals; RAS-to-CAS low
time is programmable in 20-ns inter-
vals. In comparison, the off-the-shelf
device from National operates up to

25 MHz, while Samsung Semicon-
ductor is promising a version that
will operate up to 40 MHz.

The toolkit also provides a test bus
that lets the complete controller chip
(interface blocks, arbiter block and
controller) be tested independently of
any other logic that may be included
on the same piece of silicon. A test
pin throws the device into test mode,
allowing test data to be brought in
over the address bus and each block
in the DRAM controller system to be
independently addressed and tested.

B Toolkit part of broader effort

The toolkit, along with extensive
documentation on how to build
DRAM controllers, is a supplement
to the TSC-500 standard cell library
from TI. The tools, which run on a

Mentor workstation, are currently
available, though they haven’t been
formally announced.

The DRAM controller toolkit is, in
fact, part of a broader effort at TI to
develop toolkits for a number of spe-
cific applications. “The approach of
the toolkit is to provide a complete
information package that lets design-
ers build customized versions of stan-
dard products, such as DRAM con-
trollers. We provide preconfigured
super macros—predefined functional
blocks designed using standard cell
methodology,” says Jerry Koontz,
ASIC merchandizing manager. Thus,
TI spares the system designer from
having to design from the ground
up—and in the case of a DRAM con-
troller, provides advanced features
and an easy upgrade path. ]

Ron Wilson, Senior Editor

for the well-dressed single-chip
microcontroller this season is
an on-chip analog-to-digital (A-D)
converter. This integrated A-D capa-
bility, highlighted in recent an-
nouncements from Mitsubishi Elec-
tronics America and Signetics (both
of Sunnyvale, CA), can save space
and effort for designers of embedded
systems. But the on-chip converters
are very specialized devices and are
easily misused. Designers need to un-
derstand the limitations of integrat-
ed A-D converters and be aware of
the alternatives now available for
embedded-system data conversion.
“The majority of A-D converters on
single-chip microcontrollers are 8-bit,
successive-approximation devices,”
says Ike Saeed, manager of micropro-
cessor applications engineering at Mit-
subishi. “The parts evolved to meet
the needs of appliance and consumer
product applications.” In these appli-
cations, according to Saeed, the A-D
converters are generally used for
such tasks as reading transducers or
digitizing slowly changing signals,
such as temperatures in ovens and
exposure in cameras.
As the popularity of on-chip A-D

The most fashionable accessory

Microcontrollers with on-chip A-Ds
raise speed, accuracy issues

converters increases, the parts are
finding new applications. “We have
seen designs where the on-chip con-
verter digitizes voice signals in a
message system or serves in a feed-

back loop in a disk controller,” notes
Saeed. But when designers use the
parts to digitize higher frequency sig-
nals, they risk using the converters
improperly. “The cost of a separate
A-D converter can be high,” warns
Azmat Malik, Mitsubishi’s ASIC/MCU
product manager. ‘“This tempts some
engineers to misuse the integrated
A-D converters. In some applications,
you can get away with that, but in
others, you’re going to get burned.”

A-D CONVERSION CIRCUIT STRUCTURE
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Nearly all analog-to-digital converters on microcontrollers are of the 8-bit successive-
approximation type, as shown in the M37450M2 device from Mitsubishi Electronics
America. The converter selects each successive bit of the digital output based on the
difference between the current output and the input.
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B Better specs needed

The first barrier designers face in us-
ing the integrated A-D converters is
the lack of appropriate specifications.
Data-sheet figures reflect the origi-
nal intent of the on-chip converters:
digitizing static signals. So the only
specifications available may be reso-
lution and conversion time.

But it can be quite difficult to relate
these dc characteristics to the actual
behavior of the converter. For exam-
ple, vendors generally list the resolu-

Signetics. “Because the accuracy of
conversion depends so much on what-
ever digital activity is taking place
on the chip, the data sheets practical-
ly say, ‘Yes, there’s an A-D converter
on here; use it at your own risk.’”’
Conversion time can also be mis-
leading to a designer trying to digi-
tize rapidly changing signals. In this
case, the problem isn’t that conver-
sion time is imprecisely specified; it’s
that by itself it can’t tell a designer

whether the converter will be fast
enough to handle a given signal.
Neither of these specification is-
sues is the result of a vendor’s at-
tempt to mislead customers. If the
designer wants to digitize a near-dc
signal with 2 to 5 percent accuracy—
the type of task for which on-chip con-
verters were conceived—the data-
sheet specifications tell the entire
story. It’s when designers try to use
the A-D converters for more ambi-
tious tasks that data-sheet figures

(ot et Do hus | S BEngontty of AL B mae il s
microcontroller. This can be quite dif- converters on smgle- frequencies are an issue, designers

must understand more about the de-
sign of on-chip converters and the
devices’ consequent limitations.

ferent from the accuracy of the de-
vice: it’s not uncommon for an 8-bit
on-chip A-D converter to give 5-bit ac-

chip microcontrollers
are 8-bit, successive-

curacy in actual applications. approximation .

“On almost all the chips I've looked devices.”’ b Physics affects performance
at, the accuracy of the converter isn’t - “The fundamental problem with ac-
specified,” observes Nick Gray, ap- —lke Saeed, Mitsubishi Electronics curacy in on-chip A-D convertersisa
plications section head for data con- phenomenon called charge injec-
version and interface products at inn tion,” says Signetics’ Gray. “High-
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even 8-bit accuracy.”

curacy is sufficient.

trollers it can improve accuracy.

speed digital activity on the micro-
controller injects energy into the
chip’s substrate. This energy gets
into analog circuitry and hurts the
accuracy of the converter. It requires
very special design and layout tech-
niques to isolate the analog section of
the chip from the digital section for

The effects of charge injection show
up in accuracy specifications. Mit-
subishi lists the absolute accuracy of
the 8-bit A-D converters of its new

Data sheets indicate
resolution and con-
version time, but,
from the experience
of Nick Gray, Signet-
ics” applications sec-
tion head for data
conversion and inter-
face products, the
accuracy of an inte-
grated A-D converter
is rarely specified.

2 ‘‘Because the accura-
cy of conversion de-
pends so much on
whatever digital ac-
tivity is taking place
on the chip, the data
sheets practically
say, ‘Yes, there’s an
A-D converter on
here; use it at your
own risk.” "’

“Some customers are reporting 9-bit
accuracy from the part in actual ap-
plications environments,” says Gray.

B Limits on input frequency

The charge-injection phenomenon
also plays an indirect role in limiting
the signal frequency on-chip convert-
ers can handle. Charge injection makes
it impractical to build a sample-and-
hold (S/H) circuit on the microcontrol-
ler chip. And the lack of an S/H se-

verely limits the converter’s ability
to accommodate changing signals.

“Vendors don’t put S/H circuits on
the chips because S/H devices must
have an absolutely quiet substrate,”
claims Gray. But the absence of an
S/H creates a fundamental problem
for the converter. “These on-chip A-D
converters are successive-approxima-
tion devices,” says Gray. “Since they
compare the input to their output
throughout the conversion process,
the input must remain stable during
the entire conversion time.”

This requirement has a big impact
on input frequency requirements.
Most designers think of input fre-
quency constraints for A-D convert-
ers in terms of the Nyquist criterion,
which requires the maximum input
frequency to be less than one-half the
sample rate. But the Nyquist criteri-
on assumes instantaneous sampling.
Without an S/H, the requirement that
the input remain constant within
conversion accuracy during the conver-
sion time is vastly more demanding.

For example, a well-designed on-
chip converter might achieve 7-bit ac-
curacy with a 20-us conversion time.
In this case, the input signal couldn’t
change more than about 0.4 percent
in the 20 us. That works out to a max-
imum frequency for a full-scale sine

MELPS740 series of microcontrollers
at +3 least-significant bits, worst

THE AD1332 ANALOG-TO-DIGITAL SUBSYSTEM

case. This works out to just over 1
percent of full scale. Such accuracy is
acceptable for applications where sig-
nals are likely to be near full scale
under operating conditions and
where 5 or 10 percent absolute ac-

In applications that need greater
accuracy, some designers have tried
to minimize the interference from
the digital portion of the chip by sim-
ply halting the microcontroller. But
this approach cuts into processing
time and locks out interrupts for the
20 ps or so required for A-D conver-
sion, although on some microcon-

The long-term solution, though,
will come from better isolation tech-
niques. Gray reports that Signetics’
efforts in this direction are producing
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results. The 80C552 chip, which of-
fers a 10-bit on-chip A-D converter, is
a beneficiary of the company’s devel-
opment work in isolation techniques.

Highly integrated analog-to-digital subsystems, such as Analog Devices’ AD1332, can
pack all the necessary stages of an ac data-conversion system into a single chip not much
bigger than an external sample-and-hold (S/H) unit. Such packages provide an
important alternative to on-chip A-D converters for non-dc applications.
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wave of around 30 Hz. With a precise
S/H, the Nyquist criterion would al-
low an input frequency of around 20
kHz, almost 1,000 times greater.

B Going external for speed

Vendors of discrete data-conversion
products are quick to note the fre-
quency limitations of on-chip A-Ds.
“Unless your signal is very slow mov-
ing, you're going to need some exter-
nal components,” claims William
Schweber, senior technical market-
ing engineer for Analog Devices (Nor-
wood, MA). He notes that there are
three stages in a data-conversion sys-
tem: a frequency-limiting filter, an
S/H and an A-D converter. It’s only
the assumption of near-dc input that
lets a microcontroller user leave out
the first two stages.

When the signal to be digitized con-
tains audio—or higher—frequencies,
each stage plays an important role.
The antialiasing filter removes fre-
quencies greater than those allowed
by the Nyquist criterion, thus pre-
venting aliasing from creating false
components in the digitized wave-
form. The S/H samples the signal at
precise intervals. “This precision is
essential, since jitter in the sample
interval translates directly into noise
in the digitized output,” claims
Schweber. And the S/H holds the in-
put to the A-D converter constant
during conversion, so the A-D con-
verter can function properly.

So for higher frequency applica-
tions, an external filter and an S/H
are necessities. But vendors of stand-
alone A-D converters argue that if
the system is going to require exter-
nal packages for these functions any-
way, it makes sense to use an exter-
nal A-D converter as well. “As a gen-
eral rule, demanding applications
are going to be better off with a sep-
arate A-D converter,” says Signetics’
Gray. “Once you move the converter
off the microcontroller chip, there are
a lot of alternatives.”

Not surprisingly, Analog Devices’
Schweber agrees, observing that sep-
arating the converter from the micro-
controller greatly improves conver-
sion accuracy and speed. In addition,
when the converter is used as the
front-end in a signal-processing ap-
plication, separate A-D converters
may offer other advantages.

“Many A-D converters are becom-

ing closely tuned to their intended ap-
plications,” Schweber says. “For sig-
nal-processing applications, where
integrity of the waveform is more
important than dc behavior, we have
been measuring and specifying ac
characteristics such as signal-to-
noise ratio and harmonic distortion.
These figures determine what the
converter is going to do to your sig-
nal, but they’re unknowns for most
parts.” This novel approach to char-
acterizing A-D converters is produc-
ing a new generation of parts, opti-
mized for their ac characteristics
rather than their dc performance, ac-
cording to Schweber.

B No increase in package count

Finally, champions of discrete A-D
converters point out that moving the
converter off-chip may not increase
the design’s package count. Once the
design commits to one external pack-
age for an S/H unit, that one package
may be able to accommodate the en-

tire data-conversion subsystem.

An example of an off-chip alterna-
tive is Analog Devices’ AD1332. This
device offers a 12-bit, 125-kHz A-D
converter with a programmable four-
pole Butterworth antialiasing filter,
an S/H and a microcomputer inter-
face with a first-in, first-out buffer,
all in a single 40-pin package.

So designers have a wealth of avail-
able options. If the microcontroller
must digitize a slowly changing sig-
nal with moderate accuracy, an on-
chip A-D converter may handle the
job splendidly. If the application is
concerned with the shape of the in-
coming waveform rather than with
static values, or if more than 2 or 3
percent accuracy is necessary, the de-
signer may be wise to investigate
highly integrated, separate data-con-
version parts. The key to success is to
compare the nature of the data-con-
version task against the restrictive
design assumptions implicit in the
on-chip converters.

Graphics coprocessors meet increasing
demands for floating-point math

Tom Williams, Western Managing Editor

major boost in floating-point
Amath capability for board-

level graphics controllers is
on the way with the introduction of
a next-generation graphics processor
from Texas Instruments (Dallas, TX).
The TMS34020, which by itself would
be an upgrade of TI's present 34010,
comes with a 40-MFlops floating-
point coprocessor that does standard
arithmetic as well as a number of
math-intensive graphics operations.
The pair, which were developed con-
currently, appear to be a firm indica-
tion that today’s graphics applica-
tions, especially three-dimensional
graphics, are making tremendous de-
mands for floating-point math.

The current generation of graphics
processor ICs has been a study in
trade-offs between speed and flexibil-
ity. Hardwiring a selected set of
graphics functions makes graphics
processors run very fast but reduces
their programmability. A high de-
gree of programmability lets a graph-
ics processor adapt to new algo-

rithms, but the multiple-cycle in-
structions tend to slow the chip down.

No matter how much clock speed is
increased through advances in pro-
cess technology, the basic trade-off
choice remains. On the one hand,
we’ve seen devices like the 82786
from Intel (Santa Clara, CA) and the
95C60 from Advanced Micro Devices
(Sunnyvale, CA)—processors with rel-
atively small sets of hardwired func-
tions. On the other hand, we’ve seen
the 8500 raster graphics processor
from National Semiconductor (Santa
Clara, CA) and TT’s 34010 graphics
system processor—chips that closely
resemble general-purpose CPUs in
their programmability but have add-
ed specialized graphics instructions.
All attempt to optimize both func-
tionality and speed.

But in continually moving toward
more sophisticated modeling and ren-
dering, graphics processing is mak-
ing increasing demands on silicon.
One demand is for floating-point
arithmetic both in geometry opera-
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tions such as rotation and scaling
and in pixel-rendering operations
such as the shading of surfaces. Once
the domain of high-end workstations,
3-D images are showing up on IBM
PC ATs, 80386-based platforms and,
no doubt soon, Macintosh platforms.
The need is growing for board-level
products on these platforms equal to
the new graphics task. These prod-
ucts will require a graphics engine
that can execute high-level com-
mands with little intervention from
the host CPU across the system bus.
For a graphics engine to do that, it
will need its own floating-point capa-
bility or, at least, exclusive access to
a floating-point coprocessor. Because
of the number of floating-point oper-
ations needed and the bus overhead
involved, farming out floating-point
operations to the host CPU, even an
80386/80387 pair, will no longer be
adequate. For example, a 3-D wire-
frame image that takes 0.3 MFlops to
render at 1 frame/s could take more
than 20 MFlops to render as a shaded
solid at a dynamic frame rate of 20
frames/s. The more complex the scene,
the greater the demand becomes.

B Coprocessor tailored to graphics

Responding to the need for floating-
point capability, TI has included a
powerful floating-point coprocessor,

the TMS34082, with its recently an-
nounced second-generation graphics
system processor, the TMS34020.
The 34082 connects directly to the
address and data buses of the 34020
and includes a number of functions
specifically tailored to graphics.
The 34020 is what one might ex-
pect as a follow-up to the 34010. It’s
fully upward-compatible with 34010
software and has the same internal
32-bit CPU as the 34010. But it also
has a full 32-bit-wide data bus and a
4-Gbit address range. That means
individual bits can be addressed di-
rectly by specifying x and y coordi-
nates, letting a programmer access,
for instance, one bit plane in a frame
buffer to change a color or to perform
a block transfer without having to ac-
cess and mask out unwanted bits.
One of the main criticisms of the
34010 was that although it was very
good as a line-drawing engine, it
tended to bog down in applications
that required many large bit-bound-
ary block-transfer (bitblt) operations.
This failing became particularly ap-
parent in window-oriented applica-
ions. TI claims to have improved the
situation by using two- and three-op-
erand block-transfer instructions and
by implementing a window clip/pick
function in hardware. The new hard-
ware cuts down on the compute-in-

A TYPICAL SUBSYSTEM ARCHITECTURE
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This is one example of a graphics subsystem architecture using the TMS34020 graphics
system processor and the TMS34082 floating-point coprocessor from Texas Instruments.
The 34020 has equally direct access to the video RAM frame buffer and to dynamic RAM
program memory, thus enabling the host to transfer large sections of code in a single
operation, reducing bus overhead. In addition to its internal functions, the 34082 has
access to user-designed microcode stored in ROM.

tensive chore of clipping an image to
the boundaries of a window.

TI has also redesigned the memory
interface so that it can directly con-
trol 64-kbit, 256-kbit and 1-Mbit dy-
namic RAMs and video RAMs. The
new interface actually has capabili-
ties well beyond what it needs for cur-
rent parts, according to Frank Lac-
zko, manager of advanced systems
for TI’s VLSI logic division. ‘“The
34020 has the multiplexing and re-
fresh capability to handle 64-Mbit
DRAMs, if they existed,” he says.

Like its predecessor, the 34020 con-
nects directly to video RAMs. In fact,
TTis announcing a 1-Mbit CMOS video
RAM, the TMS44C251. This RAM is
organized as four 512- x512-bit arrays
so that the arrays are available for
CPU writes during the time in which
512 four-bit pixels are being serially
shifted out of a single RAM chip.

B Muitiple FPUs accommodated

What makes the 34020 more than
just a second-generation graphics pro-
cessor—besides its coprocessor inter-
face—is the existence of the 34082.
The 34020 can accommodate multi-
ple floating-point units (FPUs)—up to
eight, in fact. In addition, multiple
34020s can be ganged in parallel,
making multiple CPU/multiple FPU
configurations a possibility. The
34082, derived from TI's IEEE sin-
gle-chip, 30-ns 8847 FPU, has a peak
burst processing rate of 40 MFlops.
In addition to supporting the IEEE-
754-1985 floating-point standard, the
34082 includes internally micro-
coded floating-point functions specifi-
cally aimed at graphics applications.

Matrix floating-point operations,
for example, are needed to move, ro-
tate and scale an object on the x, y
and z axes of its world coordinate sys-
tem. World coordinates define the na-
ture of the space in which an object
being modeled exists. For instance,
an astronomy model might use par-
secs, while a molecular model might
use angstroms. In each case, the coor-
dinate system needs a large dynamic
range and high accuracy, making
floating-point arithmetic more effi-
cient than integer. The 34082 sup-
ports these operations directly, as
well as polygon clipping and 2-D and
3-D linear interpolation.

The FPU also supports 2-D and 3-D
cubic splines, polynomial equations
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that increasingly are being used to
represent curved surfaces. In addi-
tion, there’s support for a class of vec-
tor operations that’s useful in light-
ing and shading calculations. View-
port scaling and conversion are also
supported. These functions help map
points from the more abstract world-
coordinate system to the final screen
coordinates, which must be integer
addresses in the frame buffer. In ad-
dition to these and other functions
that reside in 512 words of hardwired
microcode, the 34082 can address 64k
32-bit words of external microcode
that let the user program customized
floating-point algorithmsfor graph-
ics or other specialized operations.

B Support in other designs
There are, of course, other graphics

latest 32-bit CPU, the 32532, which
itself can use a dedicated floating-
point coprocessor, according to Wil-
son. National supplies a 32580 FPU
interface chip so the 32532 can work
with the 3164, a 64-bit floating-point
processor by Weitek (Sunnyvale,
CA). The idea is that the 8500, which
is much like an integer CPU in its
own right, would receive high-level

processor designs in which the need {§ |

for floating-point coprocessors has |

been recognized. Workstation graph-
ics subsystems such as those from
Raster Technologies (Westford, MA),
Silicon Graphics (Mountain View,
CA) and Hewlett-Packard (Palo Alto,
CA) have long used specialized float-
ing-point silicon—either custom-
designed or dedicated commercial
parts—to help more general-purpose
processors perform graphics func-
tions. And floating-point coproces-
sors are now finding their way into
lower-end graphics solutions.

One lower-end graphics solution is
the 32CG16 from National Semicon-
ductor. Intended mainly as a printer
processor, it’s a full 32-bit CPU with
additional bitblt and alignment com-
mands as well as commands for bi-
nary data compression and expan-
sion. The 32CG16 interfaces directly
with two of National’s FPUs: the
300-kFlops 32081 and the 480-kFlops
32381. Because the 32CG16 isn’t in-
tended for high-end 3-D color graph-
ics control, its floating-point needs
are more modest than those of the
34020. The FPUs serve mainly for
2-D scaling and rotation—an impor-
tant operation for font handling in
printers, says Les Wilson, National’s
manager of electronic imaging.

Wilson cites several designs built
around National’s DP8500 raster
graphics processor that address the
floating-point needs of higher-end
graphics display systems. While the
8500 is an integer machine, it can
work in conjunction with National’s

By teaming a floating-point coprocessor
with a graphics processor, Texas Instru-
ments is attempting to integrate integer,
floating-point and graphics functions on a
single processor. “‘We’re trying to cover
the whole range of processing require-
ments for graphics, from language and
command processing to CRT control,”’ says
Frank Laczko, Tl's advanced systems
manager. How well such an approach
pushes performance and flexibility has
yet to be evaluated by the industry.

rendering commands derived from
floating-point calculations done by
the 32532 and its coprocessor.

[ | Single chip vs. pipeline
The TI approach tries to integrate in-
teger, floating-point and graphics
functions on a single processor that
can get additional floating-point as-
sistance from its own coprocessor
when needed. “We’re trying to cover
the whole range of processing re-
quirements for graphics, from lan-
guage and command processing to
CRT control,” says TI’s Laczko.
But, argues John Blair, National’s
strategic marketing manager for
graphics, “Just because you can put
everything on a single chip, it doesn’t
mean it’s always a good idea.” Blair

| claims that truly high-performance

applications often do better with a

| pipelined architecture, where differ-

ent operations can take place simul-

| taneously. A single-chip solution

often makes one operation wait until
another operation is completed before

1 the whole process can continue. It

also makes it harder to tailor a hard-
ware configuration to the needs of a
given application.

While TT’s ideal is clearly stated, it
will remain for the industry to evalu-
ate how well the company’s latest
move pushes performance and flexi-
bility. Both the TMS34020 and the
TMS34082 are expected to sample
this fall and be generally available in
the first quarter of 1989. | |
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Bill Harding, Contributing Editor

ransferring designs from one

I CAE system to another, inte-
grating tools from different ven-

dors into your CAE environment, or
even changing CAE vendors without
scrapping your design data base:
designers have dreamed of these
capabilities. And the dreams could
come true within the next few years,
if CAE vendors support EDIF (Elec-
tronic Data Interchange Format)

EDA vendors cooperate on EDIF and
proposed CAD framework standard

Version 2.00 and if the recently an-
nounced CAD Framework Initiative
(CFD) is successful. In a flurry of
uncharacteristic cooperation at this
year’s Design Automation Confer-
ence (DAC) in June, six well-known
EDA vendors demonstrated how de-
signs can be passed from one vendor’s
schematic editor to another through
the use of the EDIF 2.00 standard.
Representatives from Mentor Graph-
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ics, Valid Logic Systems, Cadnetix,
Hewlett-Packard, Texas Instruments
and Viewlogic ran the demonstra-
tion. Meanwhile, also at DAC, CFI
was announced by an interim steer-
ing committee. If successful, CFI will
define a framework—a set of stan-
dards covering such things as human
interface, data base structures, inter-
tool communications and design
management—that will let CAE/
CAD tools from different vendors
work together in an integrated
system.

At first, it may appear that EDIF
and CFI are competing methodolo-
gies, since both have the objective
of providing a means for unlike tools
to work together. That, however, is
definitely not the case.

EDIF is a design interchange stan-
dard, defining an intermediate file
format for transmitting component
and connectivity information from
one system to another. It defines how
nets and symbols should be repre-
sented in an ASCII file format, and
it addresses the top-end translation
of files and their storage.

A framework, on the other hand,
works at the operating system level
rather than at the data file level.
A framework addresses core data
models to define how design data will
be exchanged among tools and sup-
ports functions that go far beyond the
transmission of file information from
one application to another. EDIF, for
example, supports only the transmis-
sion of component and connectivity
information while a framework ad-
dresses human interface standards,
design management and intertool
communications.

B Where EDIF stands today

When EDIF was formed, there were
about 80 schematic-entry packages
on the market. But because each sys-
tem defined symbols and nets in a
different way, a schematic couldn’t
be transferred from one system to
another. EDIF’s objective was to de-
fine a standard way for describing a
net. By translating their schematics
into this standard representation,
users would be able to move designs
from one schematic-capture package
to another, and even move the de-
signs to other tools such as layout
packages.

Two early versions of EDIF were

primarily experimental attempts to
meet this goal and never became
standards. But now that EDIF 2.00
has been accepted as an Electronic
Industry Association standard, EDIF’s
objective has been met, at least in the
area of schematic transfer.

A CAE vendor can support EDIF
2.00 by offering each of two products:
an EDIF schematic writer and an
EDIF schematic reader. The sche-
matic writer translates a schematic
file from the vendor’s internal format
into the standard EDIF format. The
schematic reader does the reverse: it
reads standard EDIF format files and
translates them into the vendor’s in-
ternal format.

But it remains to be seen how
many CAE vendors will actually sup-
port EDIF 2.00. Like any standard,

““There are too many
issues that CFl isn't
attempting to
address.”’

—Frank Costa, Mentor Graphics

EDIF 2.00 must have industry buy-
in to be successful. It finally appears
to be getting that, in large part be-
cause of a growing demand among
the CAE customer base for EDIF sup-
port by their CAE vendors.

“This demand has become more
pronounced over the last six months
as customers perceive EDIF as an an-
swer to many of their tool interface
problems,” says Elsa Reddy, EDIF
representative at Valid Logic Sys-
tems (San Jose, CA). “The problem is
that many customers expect more
from EDIF than it can deliver.”

David Ressler, EDIF product man-
ager at Mentor Graphics (Beaverton,
OR), agrees with Reddy that some
people may be engaged in wishful
thinking as to what EDIF can and
can’t do. EDIF doesn’t carry all simu-
lation models compatibly from one
system to another, it doesn’t yet ad-
dress printed circuit board designs,
and it isn’t considered to be a good
language for simulation. Also, since
EDIF normally involves two transla-
tion steps when moving a design

from one system to another, it can be
inefficient.

What EDIF does is carry design
connectivity, instances and graphics
so you can get a basic design from one
system to another. And that makes
EDIF very useful, even with its limi-
tations, according to Ressler.

“It will take several years to work
out all the wrinkles,” Ressler says.
“But customers have capabilities
now that they never had before.
Many users are willing to put in
extra effort (touch up a design, write
aroutine to handle library transfer,
and so forth) because the design
transfer capability is so important to
them.” He also pointed out that in
cases where libraries are compatible
from one system to another, or where
no libraries are used, EDIF 2.00
works without any extra effort.

B CFI: the new integration attempt

While EDIF appears to be the best
technology available today for design
interchange between systems, CFI
offers the greatest hope for the more
distant future. CFI represents a dif-
ferent approach to CAE/CAD stan-
dards. Its ambitious objective is to
establish standards under which
electronic design automation ven-
dors can create tools that will work
together within a total engineering
environment.

While CFI won’t define an indus-
try-standard framework for several
years, there are commercially avail-
able frameworks on the market to-
day. EDA Systems (Santa Clara, CA)
is a pioneer in frameworks for the
CAE/CAD industry and can provide
some insight as to what the CFI
framework may eventually contain.
CFIdoesn’t endorse the EDA product
or any commercial framework
product.

“A framework allows cooperation
among tools,” says Tony Zingale,
marketing director at EDA Systems
and CFI delegate. “For example, a
schematic editor from vendor A can
live in the same environment, on the
same network and in the same work-
station as a simulator from vendor
B.” He also points out that a frame-
work means much more than just be-
ing able to transfer a net list. The
framework includes management of
data and of the process taking place.
How does a change made to a sche-
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matic affect all the data previously
generated? For example, if a library
model is changed, the design man-
agement system ensures that all de-
signs that use that model are updat-
ed. Or when a net list is changed dur-
ing simulation, the design manage-
ment system ensures that the sche-
matic reflects the change.

B why a framework?

A framework appears to offer bene-
fits to all parties. Customers want to
be able to use the latest technology
and don’t want to be locked into a sin-
gle vendor. If necessary, they want to
be able to change their minds after
having selected a vendor.

“The major customer investment is
in data, not CAE equipment,” says
Mike Price, CFI delegate and Valid’s
vice-president of engineering. “Cus-
tomers spend hundreds of man-years
developing data, and if it isn’t trans-
ferable, they’re locked in.”

Benefits aren’t all on the side of the
customer. Larger CAE vendors see
CFI as a way to open up their compe-
titors’ customer bases as fresh sales
opportunities. Vendors with special-
ized point solutions such as high-
performance simulators or layout
systems, one of the fastest-growing
market segments, see CFI as a way
to penetrate more design environ-
ments. Equally important to the ven-
dor is that adopting standard human
interfaces and data bases will free up
R&D dollars that now go to support-
ing a nonstandard human interface
or data base.

Frank Costa, CFI delegate and
vice-president/general manager for
Mentor’s design and analysis divi-
sion, inserts a word of caution, how-
ever. “We don’t believe that, over
any reasonable time frame, users
will be able to buy a framework and
arandom set of applications tools and
have them work together,” he says.
“There are too many issues that CFI
isn’t attempting to address, and too
many areas of technology that aren’t
yet mature enough to make that kind
of system possible.”

B Don’t expect short-term results

CFI offers tremendous promise, but
it will be several years before any
concrete results appear. EDIF began
five years ago and just achieved re-
cognition, and that’s considered to be

fast in some quarters. Because of its
greater complexity, CFI could take
even longer.

“I hope people don’t expect too
much too fast,” says Mentor’s Costa.
“The scope of what we’re trying to
look at goes well beyond what any
group of this type has ever tried to
look at before. Many of the standards
that we're looking at, such as EDIF
and VHDL, have taken years to gain
recognition. With this in mind, peo-
ple shouldn’t expect the world to
change overnight, because such ex-
pectations could kill the momentum
of the group.”

Members of the steering committee
include Cadence Design Systems,
Digital Equipment Corp, EDA Sys-

tems, Hewlett-Packard, Honeywell,
Mentor Graphics, Microelectronic
and Computer Technology Corp,
Motorola and Valid Logic Systems.

The committee must determine
what CFT’s relationship should be to
the Engineering Information System
(EIS), a DOD-funded group that’s
chartered to build a framework.
There’s considerable overlap be-
tween the goals of the two groups. Ac-
cording to Valid’s Price, EIS appears
to be building a system that it would
like to donate to industry as a pro-
posed standard. The existence of EIS
may indicate that the DOD was im-
patient and wasn’t sure that indus-
try would come up with an acceptable
solution.

DATA COMMUNICATIONS

FDDI moves closer to fruition
as standard network backbone

Sydney F. Shapiro, Research/Special Projects Manager

Ithough the recent Enterprise
ANetworking Event in Balti-
more was intended to be a
showcase for broadband coax factory
networking, the conference unexpec-
tedly brought the Fiber Distributed
Data Interface (FDDI) into the lime-
light. Digital Equipment Corp (Lit-
tleton, MA) prompted the surprising
focus on FDDI by announcing at the
conference its plans to back FDDI
and by making a public commitment
to building FDDI-compliant products
for availability in the early 1990s.
FDDI first made a big splash about
a year ago when a five-chip silicon
implementation was introduced by
Advanced Micro Devices (Sunnyvale,
CA), but the proposed standard has
mostly remained in study mode
while Accredited Standards Commit-
tee X3T9.5 continues its work to de-
fine it. Meanwhile, various compa-
nies have evaluated the chip set and
the implications of FDDI itself, and
have researched how they might im-
plement fiberoptic networks for their
own purposes. And ever since DEC
initiated recent FDDI discussions,

Advanced Micro Devices is preparing to
release a revised Fiber Distributed Data
Interface chip set this December, according
to Patrick Green, manager of strategic
marketing. The new product will contain
every sublayer except station management
(SMT). But since most of SMT can be done
in station software, the revised chip set
will be as close as possible to what ANSI is
likely to accept.
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network and computer vendors have
suddenly become willing to discuss
their plans for implementing the as-
yet-unapproved standard.

B Need for 100-Mbit/s throughput

Until recently, LANs such as Ether-
net, Arcnet and the other commonly
used proprietary and semiproprie-
tary versions were adequate for most
users’ requirements. LAN speeds of
5 or 10 Mbits/s were, and still are,
sufficient for most of the predomi-
nantly used microcomputers and
minicomputers. In other cases, de-
spite the considerably greater stand-

would, therefore, really be signaling
at 20 MHz. If this encoding method
were used with a 100-Mbit/s LAN
such as FDDI, the required 200-MHz
signaling rate would be prohibitive
because it would require costly,
specialized chips on every board.
To provide for 100-Mbit/s through-
put, FDDI uses 4B5B encoding. In-
stead of sending two signals for every
bit, the 4B5B procedure sends five
signals for every four bits of informa-
tion. Signaling at 125 MHz, there-
fore, provides 100 Mbits of data.
Initially, there will be three main
applications for FDDI: as a high-
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Its 100-Mbit/s throughput will enable the Fiber Distributed Data Interface (FDDI) to serve
as the backbone support for many slower speed LANSs, such as IEEE-802.3 twisted-pair or
coax Ethernet, IEEE-802.5 token ring and IEEE-802.4 broadband coax MAP. Bridges
betweeen the slower LANs and the fiberoptic backbone will be external for most
applications, but will be built into devices such as larger computer systems.

alone capabilities of today’s small-
and medium-sized computers, even a
10-Mbit/s throughput is becoming a
drag on system operation. Increas-
ingly, even multiple-Mips worksta-
tions are handling such large chunks
of data that they often have to offload
portions of their tasks to host com-
puters that act as computational cen-
ters. It’s here that FDDI's 100-Mbit/s
throughput is beneficial.

But 100-Mbit/s throughput re-
quires a fundamental change in data-
encoding techniques. Ethernet and
token-ring networks use Manchester
encoding, which requires two signal
changes for every bit of information
transmitted. A 10-Mbit/s Ethernet

speed backbone architecture to route
communications among many slower
LANSs, as a direct connection for ex-
tremely high-performance worksta-
tions, and as an interconnect for
high-speed peripherals. All three
applications would take advantage of
the potential for improved communi-
cation for all sizes of networks be-
cause of the tenfold increase in
throughput rate.

Except for the preliminary AMD
chip set, however, there are no FDDI
products available today. And even
the AMD chip set has been available
only to a relatively few beta-site
users, who are evaluating the chips
and suggesting changes for the next

generation of silicon.

Beta-site users include 20 beta-one
sites, which are closely coupled to
AMD and managed directly from the
factory. About 25 more sites are cou-
pled to field-application support.
“The beta-one sites in particular
have helped debug system problems,
have aided in testing the chips and
have identified boundary conditions
that weren’t foreseen,” says Patrick
Green, manager of strategic market-
ing at AMD.

Some of these companies claim that
they will have FDDI implementa-
tions by 1990, while others admit
that 1991 or even 1992 are more
realistic targets.

B Combining Ethernet and FDDI

Although DEC announced its com-
mitment to FDDI, the company cer-
tainly has no intention of deserting
its Ethernet LAN implementation.
DEC will continue to back Ethernet
and believes that Ethernet will re-
main as a viable LAN for a long time
to come. DEC’s plan is to take advan-
tage of FDDI’s throughput capabili-
ties by tying several Ethernetsto an
FDDI backbone network.

“Ethernet is a first-generation net-
work, and its 10-Mbit/s throughput is
inadequate for future networking
systems,” says Karl Pieper, extended
LAN marketing manager. Although
DEC has no FDDI products yet, the
company has been talking about
fiberoptics to some interested cus-
tomers on a nondisclosure basis.
“DEC decided that it wasn’t sensible
to merely double Ethernet’s speed,”
says Pieper. “Even if there were no
technology problems, that relatively
small increase in throughput speed
would require lengthy standards-
committee discussions and costly de-
lays before approval. Since such dis-
cussions were inevitable anyway,
DEC opted for a leap to the 10-times
improvement potential of FDDI.”

Although the proposed FDDI stan-
dard allows up to 500 connections to
the backbone, DEC believes that
number to be too high for a practical
network. If individual loads aren’t
too great, each Ethernet can support
as many as 1,024 workstations or
computer subsystems. Even at fewer
than the 500-link maximum, FDDI’s
potential is appealing.

The initial FDDI-compliant prod-
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ucts to emerge from DEC will be
bridges to tie Ethernet LANSs to the
FDDI backbones. Eventually, DEC
will build FDDI controller boards
into VAX computers, but that will be
done only for high-performance sys-
tems. Small systems probably
couldn’t handle FDDI, and DEC sees
no reason to include such capability
in its smaller VAXes or desktop
VAXes when they become available.
Some people may simply choose to
stay with lower cost LANs such as
Ethernet because they believe that
the benefits of FDDI aren’t worth the
cost, according to Pieper.

B other plans for FDDI

Many other computer manufacturers
and network specialists are now
openly discussing their plans for
FDDI. At Ungermann-Bass (An-
dover, MA), the need for some mech-
anism to tie LANs together has been
created by the move to the use of
twisted-pair solutions for LANSs, a
higher amount of LAN traffic, and an
increase in LAN sizes, says Greg
Hopkins, vice-president of engineer-
ing. He views FDDI as a backbone
network to provide that needed tie.
Ethernet and token ring will be the
dominant subnetwork architectures,
although neither provides the speed
necessary for future networks, says
Hopkins. Accordingly, there’s a need
for FDDI-compliant products to serve
as data-link mechanisms to let those
subnetworks communicate with the
FDDI backbone, he adds.
Hewlett-Packard (Roseville, CA)
has been a beta site for the AMD
FDDI chip set and has built bread-
boards and other components for the
proposed standard, according to Dave
Harris, networking division market-
ing manager. The company is testing
protocol chips in both backbone and
workstation interface applications.
Apollo Computer (Chelmsford,
MA) isn’t ready to talk about specific
commitments to FDDI. Yet, the com-
pany has been very active in FDDI
standards committees and has pro-
vided strong input to the system-
management area of the specifica-
tion, says Dave McCrabb, senior net-
working product manager of DEC/
LAN communications. “Apollo antic-
ipates being one of the initial vendors
with an FDDI implementation, prob-
ably with an FDDI bridge built into

its workstations,” says McCrabb. “Be-
cause fiberoptics so readily matches
the requirements of technical or
workstation environments, FDDI
could initiate the replacement of
broadband. But it’s more likely that
manufacturers will retain broadband

as a complement to fiberoptics.”

B Matching LANs to applications

There are two probable directions for
LANSs over the next four to five years,
according to McCrabb. The first is a
gradual movement toward twisted

CIRCLE NO. 17
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pairs as a replacement for Ethernet
and token-ring coax cables at slower
speeds (between 1 and 15 to 20 Mbits/s).
The second is for FDDI to become a
corporate backbone to connect many
work groups with minicomputers,
superminicomputers, mainframe
computers and higher performance
workstations.

The twisted pair, as envisioned by
McCrabb, will interface with the two
lower layers (physical and data-link)
of the open systems interconnection
(OSI) communications model, which
is where Ethernet also interfaces.
FDDI networks will then interface
with the remaining upper five layers,
with bridges or gateways from the
twisted pair to the fiberoptics.

Prime Computer (Natick, MA) is
another company that’s “not ready to
set a date” for its first FDDI an-
nouncement, according to Douglas
Hunt, senior technical consultant.
But Prime does expect to be an early
implementer of FDDI, he says. That
should occur, he adds, early in 1989,
according to the availability of FDDI
chip sets.

“Prime intends to have a complete
systems approach both to support
Prime platforms and to be sure we
can interface with platforms from
other suppliers, including attach-
ments between FDDI and other net-
work technologies such as Ethernet,”
says Hunt. Prime doesn’t intend to be
all things to all people in its first re-
lease, according to Hunt, but that
product will serve in many applica-
tions because of its very high band-
width and network management ca-
pabilities. Any FDDI products intro-
duced by Prime will offer upward ca-
pability from FDDI 1, the presently
proposed version of FDDI, to FDDI 2,
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the next version, and will provide in-
teroperability wherever possible.

B FDDI standards not yet approved
Several subcommittees are working
toward developing FDDI standards
that will be approved by ANSI and
the International Standards Organi-
zation (ISO), according to Gene Mil-
ligan, manager of business and prod-
uct planning for the small disk-drive
division of Control Data (Oklahoma
City, OK) and chairman of the
X3T9.5 committee.

The X3T9.5 working committee is
focusing on four discrete areas or sub-
layers: physical media dependent
(PMD), physical (PHY), media-access

“LANs will get into the
gigabit range—so FDDI
may be only a
temporary stopgap.”’

—Douglas Hunt, Prime Computer
nnn

controller (MAC) and station man-
agement (SMT). PHY is ISO-ap-
proved and is about to be ANSI-ap-
proved, MAC is ISO-approved and
was approved by ANSI about a year
ago, and PMD isn’t yet ISO-ap-
proved, but is out for a second letter
ballot for ANSI approval. SMT is the
only sublayer on which the commit-
tee is still working.

“AMD won’t wait for ANSI or ISO
approval of the SMT sublayer and
will introduce a revised FDDI chip
set without that sublayer,” says
AMD’s Green. “The new product will
contain everything except SMT. But
since most of SMT can be done in sta-

At Ungermann-Bass,
the need for Fiber
Distributed Data
Interface to tie LANs
together has been
created by a move to
the use of twisted-
pair solutions for
LANs, a much higher
amount of LAN
traffic, and an
increase in LAN sizes,
according to Greg
Hopkins, vice-
president of
engineering.

tion software, the revised chip set
will be as close as possible to what the
ANSI group is likely to accept. Minor
changes will have to be made later in
software to work with other people’s
equipment. Although beta sampling
will begin earlier, a final revision of
the modified silicon will be available
to ship to all customers in December
of this year.”

The future of FDDI will depend
upon users’ needs, particularly if it’s
to suffice for industrial applications.
Projections for the next two to three
years indicate that the study commit-
tee will have to consider the need for
digitized voice, security systems and
miscellaneous video, as well as possi-
ble specialized capabilities. Although
it will be able to handle most current
needs, as backbone requirements
continue to grow FDDI will soon be-
come inadequate.

B Where FDDI is headed

“The presently proposed FDDI 1
standard is basically an asynchro-
nous data standard,” says HP’s Har-
ris. “Despite its pure, high-perfor-
mance bandwidth, FDDI 1 has only
minor provisions for handling syn-
chronous traffic, such as for digitized
voice or video. Such capabilities
aren’t expected to be fully available
until the next version of the stan-
dard, FDDI 2, is accepted.”

FDDI 1 is optimized for packet
data, but it has some capabilities for
handling real-time applications, says
Control Data’s Milligan. FDDI 2, on
the other hand, will add a sublayer to
change the optimized point from
packet data to optimization for real-
time applications such as voice, video
and process control.

FDDI—both the currently proposed
standard and the next version—isn’t
the ultimate solution. In spite of the
seemingly large step up from 10-
Mbit/s networks to the 100-Mbit/s
FDDI, future users will demand
higher performance. “Mips ratings
are growing so rapidly that some
applications such as those that are
graphics-intensive are already
demanding every bit of interconnect
bandwidth that can be applied,” says
Prime’s Hunt. “I believe that fairly
soon, we’ll be trying to move toward
standardization of LANs getting into
the gigabit range—so FDDI may be
only a temporary stopgap.” L
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..graphic interfaces from CGI to GKS and language
bindings—Ada, C and Fortran.

The powerful Q-bus Subsystem is designed both
for the DEC MicroVAX and the new 3000 series. You
get a full subsystem package including the Formulal
card, enhanced for VMS and ULTRIX.

The VME Subsystem starts with an industry
standard 6U160 VME card that supports X-Windows
and UNIX. CalComp can supply you with VME
modules or a total subsystem for integration
into your system.

The Formula 1 meets your TEMPEST
requirements, too. Choose a sub-
system designed for DEC's TEMPEST
MicroVAX II, or combine the graphics
engine with CalComp’s TEMPEST

DEC and MICROVAX are registered trademarks of Digital Pe—
Equipment Corporation. UNIX is a registered trademark

of Bell Laboratories.

Fi la 1is a trademark of CalC: Inc.
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in VMEbus, Multibus Il and
Multibus Interconnect Packaging.

Right now, we’re introducing more new
products for interconnect packaging
than anyone else in the business.

But that’s not all we’'re doing. We're
looking for new and better ways to
reduce the size and weight of packaging
to simplify interconnects and improve
EMI integrity, to remove heat more
efficiently, and to combine system
components in a way that allows the
highest degree of accessibility.

We’re not just sitting on our canned
solution; we're working every day to
find better products and better methods
for interconnect packaging.

Find out how much more Mupac
does in interconnect packaging. Circle
the readers’ service number, call toll free
(800) 225-0398 inside Massachusetts
(617) 588-6110, or write today. Mupac
Corporation, 10 Mupac Drive, Brockton,
Massachusetts 02401.

MUPALC

The Innovative Leader in Interconnect Packaging.

CIRCLE NO. 19



TDR Yesterday TDR Today

19,4040 e 20,8040 v

= g0 svareasise
5 B

The HP 54120T': precise TDR
measurements never before possible.

Throw away the calculators and slide rules.
Toss out the CRT camera, the pencils and
the scratch paper. Enter an unprecedented
realm of TDR measurement that is powerful,
fast, accurate, and easy touse. The HP 54120T
Digitizing Oscilloscope and TDR with 20 GHz
bandwidth and 10 ps resolution will make
your life a lot easier.

Match bandwidth to

system requirements.

The software we developed for the HP 54120T
enables you to accurately match bandwidth
to the speed of the device under test. Nor-
malization* then corrects for reflections and
imperfections caused by connectors and
cables. You measure the device—not the con-
necting hardware —for error-free readings.

In addition, the HP 54120T features
unmatched speed and convenience. HP
Auto-Scale gets waveforms to the screen

quickly, automatic measurements produce
test results fast, English-like commands

via HP-IB make programming easy, time
and voltage markers customize measure-
ment parameters, hardcopy documentation
is available at the push of a button. And there
are numerous other features we simply can't
get into a single ad.

Call HP today!
1-800-752-0900, Ext. F786.

Application notes are yours for the asking.
They include “Improving TDR Network
Analysis,” “TDR Fundamentals,” and other
technical data. You'll see for yourself what
the HP 54120T can do for your design, char-
acterization and test applications.
*Normalization is accomplished using the Stanford

Bracewell Transform. The Bracewell Transform
Is under license from Stanford University.

© 1988 Hewlett-Packard Co. EI15803/CD
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Prototype testers put
ASIC characterization
into designers’ hands

Functional verification
may not be enough
for complex ASICs or
full-custom ICs. So IC
designers are turning
to prototype testers
to provide accurate
characterization data.

Richard Goering
Senior Editor

First-time designers of applica-
tion-specific ICs usually aren’t con-
cerned about verifying prototypes—
they assume the foundry has ade-
quately tested the device. But a grow-
ing number of designers of complex
ASICs or full-custom ICs not only run
their own functional verification, but

also characterize IC prototypes over a range of operating parameters. Paul Gifford (right),
A functional verification determines whether a prototype works according manager of systems
to the designer’s specification. Characterization, on the other hand, looks at ~ engineering at Se-
the performance limits of the device. Designers might want to know, for ex-  quent Computer,
and Steve Shovoly,

ample, how power-supply voltage will affect propagation delay, how temper-
ature will affect performance, or how fast an IC will run. Such questions may

engineer responsi-
ble for application-

be critical for determining whether a device will work within a system. specific IC verifica-
To run a functional verification, designers usually compare logic-simulation  tjon and procure-

results to actual test results. This can be accomplished either with a logic  ment, use a Cadic

analyzer/pattern generator combination or with a hardware modeler. But  STM5200 digital

if designers want to look at ac or dc parametrics, use programmable power  VLSI test system for

supplies or voltage drive levels, or sample within clock cycles to subnano- ASICdesign verifica-

second resolutions, they need either a production test system or a special-
ized IC prototype tester.

tion and character-
ization. Sequent,

Prototype testers aimed at the engineering environment include the Logic foé?igf’,,d?:,'(g it
Master family from Integrated Measurement Systems (Beaverton, OR), the  4¢/cs p as,;urned
Topaz family from Hilevel Technology (Irvine, CA), the Asix-1 from AsiX  to prototype test-
(Fremont, CA), the STM5200 from Cadic (Beaverton, OR) and the HP81810S  ers because, accord-
from Hewlett-Packard (Palo Alto, CA). Used for full-custom ICs, gate arrays ing to Gifford, a
and standard cells, these testers have many of the capabilities of $1 million foundry won't tell
production test systems—yet are priced typically from $50,000 to $350,000. you how close you

“If all an engineer wanted to do was functional testing, our class of instru- :; ’_en‘;’ ’-:" ‘;‘r’; ;r)w‘s’er :

ment would be hard to justify,” says Norbert Laengrich, vice-president for
sales and marketing at Hilevel. “What the engineer is really doing is design
characterization. He needs to set up operating margins to verify whether the
chip will work in the system. If an ASIC requires a power-supply voltage be-
tween 4 and 5 V, he’s got to provide that on the board.”
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Foundries run tests on ASICs be-
fore they’re released to the customer,
but these tests may not provide much
information about how the ASIC will
function in the system. A foundry
test takes the test vectors supplied by
the customer, which are usually de-
rived from logic simulation, and runs
them to ensure that the device meets
the designer’s specification. “We can’t
guarantee that the chip will work at
the system level,” says Van Lewing,
director of marketing for CAE prod-
ucts at LSI Logic (Milpitas, CA).

Some foundries, however, believe
they can ultimately predict system-
level performance. According to Dan
Skilken, software product manager
at VLSI Technology (San Jose, CA),
this can be accomplished if foundries
forge tight links to CAE systems that
support system-level simulation. Skil-
ken points to recent library agree-
ments that VLSI Technology has
signed with such vendors as Mentor
Graphics (Beaverton, OR) and Daisy
Systems (Mountain View, CA) as
steps in this direction.

Skilken also argues that VLSI
Technology can provide adequate
characterization data for ASIC de-
signers. “We characterize our process
in advance for the customer, and we
can give extremely accurate esti-
mates on how the process parameters
will affect propagation delay and var-
ious other operating conditions. We
feed the parameters into our simula-
tor and double-check each wafer for
the same process parameters the cus-
tomer simulated,” he says.

B Foundry testing no guarantee

Not all foundries provide the same
level of information, and many de-
signers of complex ASICs want more
than estimates. “A foundry won’t tell
you how close you are to your operat-
ing margins,” says Paul Gifford,
manager of systems engineering at
Sequent Computer (Beaverton, OR)
and a recent purchaser of the Cadic
STM5200. “It won’t tell you that if
you’re 1 ns off, you’re in trouble.”
Western Digital (Irvine, CA) uses
production testers to verify proto-
types from ASIC foundries and then
uses an Integrated Measurement
Systems (IMS) Logic Master for a
more detailed failure analysis.
“Some foundries are better than
others,” says Winfield Scott, supervi-
sor for device failure analysis. “We
do a quality-assurance audit on found-
ries. If the process is good, we can ad-
just the frequency of our audits.”

Proper test development streamlines ASIC verification

1-;1e verification of
high-integration
application-specif-
ic ICs has become a
serious problem.
The complexity of
these designs
makes normal test-
development
methodologies inadequate. Convention-
al design techniques and test-devel-
opment procedures often leave design-
ers wondering whether prototype chips
will work to design specifications. Un-
certainties in both the results of their
design efforts and the quality of their
prototype test programs are driving
designers to find other means to verify
their prototypes.

One option, although expensive and
time-consuming, is to use a benchtop
tester to aid in the development of more
effective test programs. Test programs
are debugged with the tester after de-
signers receive their prototype parts. But
with this option, a chip’s production
release is often delayed while test en-
gineers work out test program problems.
In addition, using a benchtop test for
production test development only ad-
dresses the symptoms of bad test pro-
grams, not the problem of developing
the proper test program from the start.

Often, production development
schedules dictate that ASICs must move
into full production as quickly as proto-
type parts are qualified. To address this
problem, VLSI Technology (San Jose,
CA\) has taken a different approach to
test development. By using the same
test programs for full-production and
prototype-production tests, prototype
parts are better qualified, in less time,
and give better information on future
production yields for the chip. This
doesn't leave time in the test-develop-
ment process for interactive work to de-
bug test programs on a benchtop tester.

In VLSI Technology's test methodolo-
gy, the test program is broken down
into hierarchical blocks, with automatic
test-vector-generation software de-
veloping high-fault-coverage compo-
nent tests for each functional block in a
chip. Additional test software ties the
complete chip test program back
together and screens it for production

test requirements. This automated
methodology and careful screening
have virtually eliminated test-
development problems before proto-
type production, thus eliminating the
need for interactive debugging of test
programs on a prototype tester.

After receiving a prototype from the
factory, some customers may turn to a
benchtop tester to verify their design
specifications. Again, the focus needs to
be on the problem of designing to
specification instead of on prototype
verification. Advancements in high-level
design specification have improved the
accuracy of the overall chip specifica-
tion. System-level design tools have also
helped verify these specifications. As
these design tools have improved, they
have eliminated much of the uncer-
tainty that might otherwise exist in pro-
totype parts.

Customers may also use a benchtop
tester to characterize the performance
of their chips to the foundry manufac-

turing process. If a

The focus needs customer is using a
to be on the stable and well-
problem of characterized
designing to process, however,
specification  the foundry can

instead ofon  provide all the per-
prototype formance details
verification. needed to develop
a working chip.
inn When thgse th)ar-

formance para-
meters are integrated into a highly ac-
curate ASIC simulator, they yield
detailed measurements of the chip’s
performance. This lets designers adjust
the design to meet performance re-
quirements before the chip is fabri-
cated. The burden of characterizing a
design process should remain with ASIC
manufacturers—they'll accept responsi-
bility for the chip’s performance to
simulation predictions.

As the industry improves design
specification, system simulation and
test-development techniques, it elimi-
nates uncertainties in the performance
of prototype and production ASICs.
These developments offer a better solu-
tion than simply dealing with the symp-
tom of having to debug a low-yielding
prototype part on a benchtop tester.

Daniel Skilken, BSCS, Manager, ASIC Product Marketing, VLSI Technology
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When ASIC designers decide to do
their own prototype verification, the
first thing they’re likely to do is test
the prototype against their own
simulation vectors—presumably, the
same vectors used by the foundry.
But the designer might want to add
new vectors that don’t come from
simulation. “You really want to ex-
ercise the part functionally as it will
exist in the system,” suggests Larry
Miles, director of IC development at
DSC Communications (Plano, TX)
and a Mentor Graphics customer.
“That takes millions of vectors, and
it’s prohibitive to simulate them all.”

B several tools available

Three types of devices—logic ana-
lyzers, hardware modelers and IC
prototype testers—can provide a com-
parison to simulation vectors. Miles
uses Mentor’s Hardware Verification
System, a logic analyzer/pattern gen-
erator combination that’s no longer
sold by Mentor but is still in use by
customers. Another logic analyzer/
pattern generator combination that
can compare simulation datato actu-
al test results is the DAS 9200 from
Tektronix (Beaverton, OR).
Although hardware modelers were
designed for simulation modeling,
they can also be used to stimulate a
prototype IC and compare the results
to simulation. Over 30 percent of the
Daisy PMX hardware modeler users
use it for prototype verification, ac-
cording to Dave Stamm, vice-presi-
dent at Daisy Systems. “A hardware
modeler can do a quick functional
verification, but it can’t do a timing
characterization,” he says. “At some
point, you’ve got to ensure that setup
and hold specifications are met.”
Specialized IC prototype testers
like the IMS Logic Master offer an
advantage over logic analyzers and
hardware modelers because they pro-
vide a real-time comparison to simu-
lation results while a test is running.
This lets users program conditional
instructions into a test. That’s a help-
ful feature for supplying initializa-
tion sequences because it provides
the capability to run multiple itera-
tions of vectors until the device
reaches an initialized state.
Prototype testers also provide
programmable timing formats, such
as return-to-zero and nonreturn-to-
zero, a capability that lets the user
control the edge placements of the
data presented to a device. That can
be important if an IC requires differ-
ent timing sets on various input pins.
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A Shmoo plot, an analysis tool included in prototype testers, lets users plot the inter-
action of any timing or voltage parameter against any other. Acommon application of a
Shmoo plot is testing power-supply voltage (Vo) against propagation delay, as shown

here on the Hilevel Topaz V system.

[ | Measuring ac parametrics

To measure ac parametrics such as
setup, hold and propagation delay, IC
prototype testers program repetitive
tests within clock cycles. Setup time,
for example, can be measured by de-
laying the leading edge of the data in
1-ns or better increments until a fail-
ure occurs due to a setup-time viola-

"A hardware modeler
can do a quick
functional verification,
but it can’t do a timing
characterization.’’
—Dave Stamm, Daisy Systems

tion. Propagation delays can be
measured by moving the output-pin
sample time toward the start of the
cycle until the test fails.

A few logic analyzers can perform
this type of measurement, but gener-
ally not to the same degree of accura-
cy as an IC prototype tester. The DAS
9200, for example, can test ac para-
metrics with a 1-ns edge placement,
while the IMS Logic Master XL series
and the new Hilevel Topaz V offer
100-ps edge-placement resolution.

When IC prototype testers were

first introduced, users had to write
short test programs to verify setup,
hold or propagation delay. Now ven-
dors of these test systems offer auto-
mated measurement capabilities
that eliminate such programming.
Asix, for example, offers its Analyti-
cal Toolset, which provides a timing-
edge search for ac parameters. The
search function can return a pass/fail
report on selected parameters.

Many designers run ac parametric
tests on multiple copies of a prototype
to determine the range of setup, hold
and propagation delay values. If de-
signers are concerned about possible
variations in the foundry’s process,
they might wish to draw samples
from multiple foundry lots. “The tim-
ing performance of the die seems to
change slowly from lot to lot,” says
Sequent’s Gifford. “That’s important
because we like to select from lots to
get the best speeds we can.”

To help keep track of runs using
multiple samples, several vendors let
users develop their own spreadsheets
using Lotus 1-2-3. IMS, for example,
recently introduced its Characteriza-
tion and Timing Analysis (CTA) soft-
ware, which can collect the results of
any Logic Master measurement and
compile them on a spreadsheet. CTA
provides preprogrammed routines for
making ac and dc parametric meas-
urements and lets users generate ta-
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bles, charts and graphs. “In effect,
you can create your own data sheet
for a device,” says Ken Lindsay, di-
rector of marketing at IMS.

B Parameter plots boost value

One graphical analysis tool that’s of-
fered by all vendors of IC prototype
testers is Shmoo plotting. A Shmoo
plot lets users plot the interaction of
any timing or voltage parameter
against any other. Users might want
to know, for example, how power-
supply voltage (V¢c) affects propaga-
tion delay, how high and low voltage
input levels (Vin and Vi) impact out-
put thresholds (Voh and V1), or how
fast a chip runs under varying supply
voltage or temperature conditions.
Most prototype testers provide
programmable power supplies, and
because CMOS propagation delays
vary with supply voltage, designers
often use Shmoo plots to compare
these parameters. Other timing
parameters can fluctuate with sup-
ply voltage as well. “We find out
what the range of supply voltage is
for every critical ac parameter,” says
Yung Feng, manager of product test-
ing for digital signal processors at Zo-
ran (Santa Clara, CA) and an IMS
Logic Master user. “We vary the
clock frequency and find out what the
minimum and maximum V¢ are.”
The ability of the IC prototype test-
er to vary supply voltage and estab-
lish voltage thresholds can yield a lot

of information about a device’s oper-
ating limits. To exploit this capabil-
ity, Cadic introduced its Voltage-Level
Sensitivity Measurement (VLSM)
software package, which lets users
determine what power-supply levels
are necessary to prevent device fail-
ure. “As you drop the supply voltage
to a given level, the internal gates no
longer propagate and you start get-
ting failures,” says Garth Eimers,
Cadic marketing vice-president.

To use VLSM, the user selects a
supply voltage and sets high and low
thresholds for voltage inputs or out-
puts. The user runs a test, and if the
sample device passes, the tester moves
the threshold voltage until it fails. By
programming repetitive tests, the
user can deduce a window of opera-
tion for each power-supply voltage.
The results can be charted on a
Shmoo plot or reported in a text file.

A voltage-level search function in
the Asix Analytical Toolset offers a
similar capability, letting users ex-
amine device sensitivity to changing
supply voltages and input levels. The
toolset includes a lot summary report
utility for evaluating multiple proto-
type runs. “The process is going to af-
fect output voltage levels,” says Rich-
ard Bullen, Asix marketing director.
“If you’re running a test with 100
devices, you might want to set up a
certain condition on each device and
do a level search across the range.”

Programmable in many systems on

REPRESENTATIVE IC PROTOTYPE VERIFICATION SYSTEMS

Vendor | Product Maximum Channels Price
Test Speed
IMS Logic Master XL | 60 MHz, 100 MHz | 32 to 448 $53,500 to $400,000
unidirectional
IMS Logic Master ST | 20 MHz 32 to 190 $16,800 to $85,300
unidirectional
Hilevel Topaz V 110 MHz 32 to 544 1/0 | $70,000 to $500,000
Hilevel Topaz FX 30 MHz 16 to 224 1/0 | $20,000 to $85,000
Cadic STM5200 25 MHz 32 to 352 1/0 | $42,000 to $200,000
Asix Asix-1 50 MHz 64 to 256 1/0 | $70,000 to $300,000
(multiplexed)
Hewlett- | HP81810S 50 MHz 16 to 256 $60,000 to $500,000
Packard unidirectional

With 100-MHz chips becoming available, designers are looking for IC prototype testers
with higher test speeds. Both Integrated Measurement Systems (IMS) and Hilevel were
able to increase test rates without sacrificing channel count. Other vendors, such as Cadic,
have chosen to keep costs down and pin counts up.
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a per-pin basis, variable voltage lev-
els let designers accommodate the
various drive levels required by ECL,
CMOS, TTL and other technologies.
Another capability that may become
important is programmable loads,
now available on a per-pin basis with
the Hilevel Topaz V. A program-
mable load lets users quickly change
the loading on a pin to mimic condi-
tions on a printed circuit board.
Designers look at more than volt-
age fluctuations, however. Some de-
signers also examine the effects of
temperature on device timing and
performance. Zoran’s Feng, for exam-
ple, uses a temperature controller
from Temptronic (Newton, MA) in
conjunction with the IMS Logic Mas-
ter. Basically a hood that sits on top
of the tester, this device provides a
stream of temperature-controlled gas
from —70° to +205° C. Thus, users
can check temperature against ac
timing parameters, voltage thresh-
olds or maximum operating speed.

B Measuring dc parameters too

Users who want to go even further
with characterization can buy a de
parametric measuring unit (PMU),
now available from all manufac-
turers of prototype verification sys-
tems. The PMU lets users force
voltage and measure current, or force
current and measure voltage, through
a switching matrix. The switching
matrix lets users rapidly connect and
disconnect input and output pins
without changing the wiring.

A dc PMU can be used for a gross
leakage test, which verifies the de-
vice’s leakage current through the
power-supply pin. With this test,
major process-related problems can
be detected. This test is valuable to
both foundries and designers of full-
custom ICs. But its worth to ASIC de-
signers is less clear, since they don’t
control the foundry’s process.

But a de PMU can also help deter-
mine whether an IC will work with
the circuitry that surrounds it—a
concern of ASIC designers. A PMU
can measure the load that a device’s
input pins present to an external cir-
cuit, as well as measure the ability of
a device’s output pins to drive the
load presented by an external circuit.

Rockwell International (Cedar
Falls, TA) uses a dc PMU to verify
gate arrays manufactured by com-
mercial foundries. “We want to de-
termine the characteristics of the
gate arrays ourselves,” says design
engineer James Brown, a user of



Verification tool focuses on scan design

When designers use a scan-design
methodology to improve the testability
of their ICs, verification needs change
drastically—and a new test system from
Gillytron (San Jose, CA) reflects that
change. The Scanmaster DV-6005 han-
dles only circuits that use scan design,
and it's intended for engineering verifi-
cation and low-volume production test.

A scan-design methodology uses seri-
al scan paths, in which latches are con-
nected to form shift registers, to let a
tester control and observe all the latches
in the circuit. This makes sequential logic
appear combinational to the tester.

To provide functional verification, the
DV-6005 can shift extremely long test
patterns in and out of the serial scan
paths. A scan module can place 4
Mbytes of 32-bit-wide patterns behind

a designated scan pin, and the system
can support up to 1,792 functional I/O
pins. This test isnt run at the device's
rated speed, and Gillytron doesn't pro-
vide a comparison to simulation data,
although the company will offer inter-
faces to simulators in the future.

The DV-6005 provides what's called a
ring-oscillator test to verify ac perfor-
mance characteristics. This test causes
the circuit to oscillate at its natural fre-
quency and then calculates the average
of the gate delays in the circuit. This lets
adesigner determine whether a gate
will operate properly without having to
run it at speed.

A dc parametric testing unit also lets
users check leakage current by forcing
voltage and measuring current, or forc-
ing current and measuring voltage.

Hilevel’s Topaz system. “The specifi-
cations from the foundry aren’t al-
ways adequate. They may give you a
sink and source current that’s ade-
quate for driving TTL, but you may
want to know if you have enough
sink and source current to drive
other CMOS circuitry.”

B Faster, wider and deeper

Not all designers are interested in dc
parametrics, but most want to find
out how fast their device will run.
That’s one reason why test speeds for
IC prototype testers have been in-
creasing. IMS’ XL series, for exam-
ple, introduced late last year, has
maximum test speeds of 60 and 100
MHez. “A lot of people are buying 100
MHz because they want to push out
the boundaries and see how fast their
chip will run,” says Dave Parmley,
IMS marketing vice-president.
When Hilevel introduced a 110-
MHz test rate for its Topaz V system
this summer, it wasn’t just to show
up IMS. “One-hundred-MHz chips
are becoming available. If you want
to margin test such a chip, the tester
must run faster than 100 MHz,” says
Hilevel’s Laengrich. Unlike some
systems, neither the Logic Master
XL nor the Topaz V test rates require
multiplexing, which halves the chan-
nel count when speed is doubled.
Cadic, on the other hand, chose to
keep costs down and pin counts up.
With a maximum test rate of 25
MHz, the STM5200 offers up to 352

I/O (bidirectional) channels. The
Asix-1, with a multiplexed 50-MHz
test rate, offers 256 I/O channels.

The Topaz V provides up to 544 I/O
channels, while the Logic Master XL
offers up to 448 unidirectional or 224
I/O channels. The HP 81810S, which
is basically an instrument cluster
with a data generator and a data an-
alyzer, offers a 50-MHz test rate with
up to 256 unidirectional channels.

As ASICs grow in complexity, de-
signers are looking for more memory
per channel. “We’d like memory to
be deeper, and we’d like to be able to
download vectors while testing a de-
vice,” says Bob Krebs, manager of
circuits in VLSI development at CCI
Computers (Irvine, CA) and a Hilev-
el Topaz user. The Topaz V attacks
that problem with what Hilevel calls
“virtual vector memory,” which lets
users run long vector sets from an in-
terleaved RAM memory without
having to reload from disk.

B Per-pin flexibility
To give users more flexibility in mak-
ing measurements, many prototype
testers are offering a per-pin archi-
tecture. Pioneered in the prototype
verification market by Cadic, a per-
pin architecture is now available
with the Asix-1, the Hilevel Topaz V
and the IMS Logic Master XL series.
None of these testers have a sepa-
rate timing generator for each pin—
the traditional definition of tester-
per-pin in the production test world.

But timing generators and other re-
sources can be assigned to individual
pins, rather than eight-channel groups.
In addition to making test program-
ming easier, a per-pin architecture vir-
tually eliminates the need for users
to wire connections between the de-
vice-under-test and the test fixture.

The per-pin architecture is the
latest trend making IC prototype
testers look more like $1 million pro-
duction testers. As designers learn to
use prototype test systems, they’re
using their new machines to take
over many of the functions pre-
viously relegated to test engineers.
That’s particularly true as designers
characterize their own devices ac-
cording to timing, voltage and tem-
perature. As a result, designers are
gaining a greater understanding
about how their ICs will function in
the real world. |
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Introducing Radstone Technology, a new
name with more computer experience
than any company in the business.

f you've been following the commercial or military
microcomputer industries in recent years, you

know that the hot company has been Plessey Micro-
systems. In VME, for example, we soared from entry
level to Number 3 worldwide in just a few short years.

As the management team of Plessey Microsystems,
we saw an opportunity to go even higher. Our product
development and technical support programs were
clearly the class of the industry. But still we weren't
satisfied. So, we decided to position the company
even better to meet the needs of the commercial and
military markets we serve. To do this, we bought the
company from our corporate parent, Plessey.

A brand new,
30-year-old company

Meet Radstone Technology. A
new name, yes. But a solid,
well established and fully
resourced company with
more board level and com-
puter system expertise than
any company in the OEM
microcomputer market.

Our firsts in the computer industry
span a 30-year history of breakthroughs—
from developments in core, bubble and
semiconductor memory technologies to the
world’s first 68030-based VMEbus pro-
cessor board and the world’s first and still ﬁ' )
only true mil spec VME product line.

Today, Radstone Technology means business as
usual, only better. We've intensified our product
development efforts to further accelerate our growing
lead in the introduction of advanced products that
match market needs precisely.

UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312

USA One Blue Hill Plaza, Pear] River, New York 10965, (914) 735-4661
France 6 avenue des Andes, “Le Miniparc”, 91940 Les Ulis, (1) 64.46.04.03
Germany BahnhofstraBe 38, 6090 Risselsheim, (061 42) 6 80 04

.9

Solid System Solutions

Radstone Technology is built on a philosophy that
addresses board level hardware, software and systems
solutions. We combine the solid technical and market-
ing bedrock of a 30-year industry veteran with the flex-
ibility, innovation and responsiveness of a brand new
company. A perfect blend: the wisdom and experience
of age, the enthusiasm and agility of youth.

For those of you used to dealing with us as Plessey
Microsystems, look for an increase in the excellence
you've become accustomed to. For those of you yet to
take advantage of our proven problem solving
strengths, prepare to be impressed.

As for our relationship with our former parent,
Radstone Technology will continue to be a valued

supplier of board and system level products to
Plessey’s vast telecommunications and
defense efforts. We'll also participate in a
continuing technology transfer with Plessey
through a cross-licensing arrangement.
We couldn't ask for a better partner or
customer...nor they for a better supplier.

-
%

The best is getting even better

Radstone Technology. System solutions
through a constantly expanding range of
VMEDbus processor, controller, I/O
and memory boards, soft-
ware and development
systems; full mil spec or
ruggedized VMEbus and Mul-
tibus boards, software and packaged
systems; and bubble memory systems.
For the full story and what it means to you, call or
write Radstone Technology. The best is yet to come.

RADSTONE

TECHNOLOGY

System solutions supported worldwide
CIRCLE NO. 21



Designers hone SBCs
to utilize full 32-bit power

David Lieberman, Senior Editor

Sophisticated I/0 and
memory response
strategies can mean the
difference between a
dead-end SBC design
and one with the vitality
to meet today’s process-
ing and system needs.

one are the days when the
OEM was content to build systems
around a “hunk of iron” purchased
from a vendor of board-level com-
puters. System integration has be-
come too complex, time-to-market too
critical and software costs too high
for that approach. Also, the days
when the potential user of single-
board computers (SBCs) could afford
to hand alternative boards over to a
junior hardware engineer for com-
parative evaluation are rapidly re-
ceding. Increasingly these days,
board evaluators are looking more
closely at system-oriented hooks,
bells and whistles—those seemingly
finicky architectural details that can
spell the difference between a dead-
end design and one that can grow to
meet future requirements. Increas-
ingly, too, SBC selection is being
driven by software support, and the
choice among alternatives is becom-
ing ever more heavily skewed toward
application support.

The activity in SBCs today is, if not
chaotic, at least extremely energetic.
This year, the “bus wars” of the past
have given way to bus mania, with a
slew of new buses, enhanced buses,
extended buses and auxiliary bus
schemes. Then there’s processor ma-
nia. Whereas a year or so ago, there

were only about four 32-bit micropro-
cessors in serious contention for high-
end Unix systems, for example, the
choices today for the same level of
performance have about tripled. Add
to this the industry contention and
fragmentation over Unix System V,
Version 4—which was to be the “uni-
fied Unix”’—and over real-time soft-
ware standards for the VMEbus, and
the chaos seems to propagate.

B High-end SBCs most active

The most dynamic segment of the
SBC world this year was at the high
end. There were a lot of firsts at the
heart of the boards: their 32-bit
microprocessors. The year began,
continued and ended with a slew of
new Motorola 68030-based SBC de-
signs, for example, which are helping
to raise the baseline definition of
high-end microcomputing. VMEbus
SBCs based on the 68030 appeared
from American Eltec (Pasadena, CA),
Force Computers (Campbell, CA),
Dual Systems (Hayward, CA), In-
tegrated Solutions (San Jose, CA),
Micro Industries (Westerville, OH),
Mizar (Carrollton, TX), Motorola’s
Microcomputer Division (Tempe,
AZ), Pacific Microcomputers (San
Diego, CA) and Radstone Technology
(Pearl River, NY).
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Omnibyte (West Chicago, IL) is
putting a 68030 on a Multibus SBC
this year, and Synergy Microsystems
(Encinitas, CA) has done the same,
adding to it a 32-bit bus-extension
technique called Multibus Plus. A
68020 showed up on an SBC from
GW Three (Springfield, VA) that’s
touted to be the first “complete”
32-bit SBC for the STD Bus—by vir-
tue, in part, of its 32-bit internal path
to both dynamic RAM and floating-
point coprocessor.

The year also saw the Intel 80386
designed into Multibus SBCs from Cen-
tral Data (Champaign, IL) and Con-
current Technologies (Laguna Hills,
CA), and into an 8- to 23-slot PC AT-
compatible STD system from Compu-
ter Dynamics (Greer, SC). Heurikon
(Madison, WI) and Xycom (Saline, MI)
took on their first microprocessors
from National Semiconductor (Santa
Clara, CA) this year, building VME-
bus SBCs with the 32532 and the
32332, respectively. The depth and
breadth of National software support
played a major role in Heurikon’s
decision to develop a family of prod-
ucts around a National core, says
Clarence Peckham, director of en-
gineering at the company. Heurikon
also introduced 68030 SBCs for both
Multibus and VMEbus this year.
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This year, the “’bus wars
of the past have given
way to bus mania, with a
slew of new boards, new
buses and bus schemes.
Cover by Sergio Roffo.

All this processing muscle may re-
sult in a lot of design headaches, but
the problems can also present oppor-
tunities for creative solutions. “The
most striking phenomena in SBCs
are the dramatic growth in processor
performance and the adverse effect
that growth can have on other attri-
butes of a system architecture,” says
Richard Billig, director of the Series
32000 value-added program at Na-
tional Semiconductor. “Some people
tend to focus on just the processor and
completely ignore the I/O require-
ments of an application,” he explains.
“That’s a problem because processor
technology is ramping up at such a
steep angle and SBCs are demanding
substantially more I/O than in the
past to create a balanced system.”

In addition to increasing I/O re-
quirements, the movement to a
higher performance, higher speed
microprocessor also puts dramati-
cally greater demands on CPU-to-mem-
ory bandwidth, and there’s no expec-
tation that processor technology is
going to slow its advance while inter-
face technology races to keep up.
“Within five years, digital technol-
ogy is going to drop down from 5 V to
3 or 3.3V as today’s 1-micron tech-
nology becomes the %-micron tech-
nology of the 1990s,” says Wayne
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Fischer, director of marketing at Force.
So how do SBC designers keep the
pipelines full, the current-technology
processors busy, and time-critical
traffic off the main system bus these
days? In other words, how do they
keep the monster fed? “Black art,”
the designers say, which seems to
mostly include memory-addressing
“tricks’ and hierarchies, caches and
cache hierarchies, coprocessor inter-
faces, a little brute force and a lot of
intelligent program massage.

The 68030’s ability to run out of in-
ternal caches—limiting the need for
frequent off-chip memory accesses—
represents a tremendous improve-
ment over the 68020, and its cache
burst-fill capability makes accesses
to on-board memory more efficient,
according to Joel Silverman, market-
ing manager for commercial products
at Radstone (formerly Plessey Micro-
systems). ‘“This makes the on-board
memory more accessible over the sys-
tem bus,” he says, “and it’s an ideal
situation to efficiently implement
true dual-port RAM.”

As Silverman explains, when an
SBC’s “dual-access” RAM is accessed
from the bus, the 68030 locks its in-
ternal bus and idles. With dual-port
RAM, “The SBC has separate logic
that serves as a traffic cop between
the local bus and the VMEDbus. If an-
other board accesses the SBC’s mem-
ory, the 68030 can still be running
out of EPROM or internal caches—
it doesn’t have to sit and wait.”

B A hierarchy of MMUs

One of the most common architectur-
al wrinkles in balanced, high-per-
formance SBCs is the memory hier-
archy; hierarchical arrangements
among other system elements are,
however, also being implemented.
Like other 68030-based products, for
example, one version of Synergy’s
SM31 SBC makes use of the 68030’s
integral memory-management unit
(MMU) when it’s in a low- to mid-

Source: British Aerospace

Today s leading-edge multiprocessing
applications, such as this British Aerospace
cockpit flight-simulation system based on
Radstone Technology single-board
computers, require both processing power
and balanced I/0O and memory access to
achieve the speed that’s required for a
high degree of realism.

range application. For high-end mul-
tiuser, multiprocessing and real-time
applications that require frequent
switching between large numbers of
processors, however, another version
of the board can bypass the on-chip
MMU and take a more ‘“‘brute force”
approach: routing the task to an en-
hanced version of the Stanford
University MMU (often referred to as
the Sun MMU).

With its 256-Mbyte address range,
storage for 64,000 descriptors and
support for multiple contexts, the
Sun MMU avoids the considerable
overhead that MMUs based on de-
scriptor caches incur during cache
misses and process or context

“Some people tend to focus on just the processor and completely ignore the I/O
requirements of an application,”’ says Richard Billig, director of the Series 32000 value-
added program at National Semiconductor. This concentration on processor performance
causes a problem, according to Billig, because single-board computers are demanding
substantially more I/0 than in the past to create a balanced system.
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68030 UNIX or VRTX "Multibus I
Single Board Computer

The TP33M from Tadpole

*The Philosophye *The Designe

The TP33M s designedto bring together onafully configured
single board computer the outstanding performance of two N
leading edge technologies: INTEL Multibus Il and the 16-33
MHz MC 68030 CISC processor.

*The Specification®

MC68030 processor 16-33MHz

4-16Mb Nibble mode DRAM

Custom 32-bit DMA controller

NCR 53C90 DMA-driven synchronous or
asynchronous SCSI interface

AMD Lance IEEE 802.3 Ethernet with DMA
6 x RS232 ports

Multibus 1I/iSBX/iLBX Il interfaces
Battery backed-up real time clock

2Kb SRAM e 256Kb EPROM
TP-IXV.3.1* ® VRTX

VRTX - TP-IX* communications software
Intel transport layer protocol drivers
CIRCLE NO. 22

e The Evidencee®

Tadgole Technology

the ) driving force in 32-bit design

Tadpole Technology plc Tadpole Technology Inc
Reservoir Place, 2157 0'Toole Avenue,
Titan House, Castle Park, 1601 Trapelo Road, Waltham, Suite F, San Jose,
Cambridge, CB3 0AY, UK. Massachusetts 02154, U.S.A. California 95131, U.SA.
Tel: 0223 461000 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223
Fax: 0223 460727 Fax: 0101-617-890-7573 Fax: 0101-408-435-8432

T A D P O L, E

UNIX is a trademark of AT& T Multibus Il, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation
VRTX is a trademark of Ready Systems ~ *TP-IX V.3.1 is derived from UNIX V.3.1
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Unix performance merits extra design effort in SBC implementations

-rhe basic func-

tions required to
run a Unix applica-
tion can be im-
plemented on
either a single-
board computer

board computer.
Though each approach has its niche,
the SBC approach offers a superior
price/performance ratio for certain
classes of systems by incorporating
memory and I/O functions that would
otherwise reside on additional bus
boards. The system software required
for SBCs, however, is typically more
difficult to develop than that for
multiple-board computers because an
SBCis a more complete system with
relatively unintelligent device inter-
faces. Also, since the CPU on an SBC is
doing the work that would be done by
several intelligent controllers on a
multiple-board computer, performance
tuning and balancing under load is es-
pecially important when configuring an
SBC-based system.

Multiple-board computers are well
suited for large systems, multiuser sys-
tems, or systems with high throughput
and heavy loads. But for small systems,
single- or few-user systems, or systems
that have light loads, an SBC can be a
better choice. The SBC also provides a
good engine for workstations and
embedded systems.

Regardless of which type of com-
puter is used, the minimal hardware re-
quirements for running one of today's
Unix derivatives begin with a general-
purpose CPU and a paged memory-
management unit. At least 4 Mbytes of
dynamic RAM is recommended for
small systems, and 8 to 16 Mbytes can
be put to good use. A tick timer that
can generate a 60- to 100-Hz system
clock is also required, as are a hard disk
interface and at least one serial port for
the system console.

Beyond this bare minimum, an inter-
face to streamer tape and/or high-
density floppy disk is needed for hard
disk backup and software transport,
and additional serial ports are necessary
to add users, printers and low-speed in-
termachine communications. Also,

(SBC) or a multiple-

since the introduction of Unix System V
Release 3.0, networking hardware has
become a de facto requirement for a
full-featured Unix system. Often, appli-
cations will also need the performance
afforded by a floating-point coproces-
sor and, increasingly, a graphics inter-
face able to support the X Window
System is expected.

B SBC has performance edge

An SBCcan be at least as fast as a
multiple-board computer implemented
with equivalent technology. It involves
less overhead to use the on-board inter-
nal buses of an SBC to access specific
memory and mass storage and commu-
nications subsystems than it does to use
the external buses of a multiple-board
computer, with all their generic pro-
tocols, to access diverse memory and
1/0 subsystems. Typically, too, an SBC
has a more powerful processing engine
than the intelligent peripheral con-
trollers it replaces, and the engine can
perform I/O operations more quickly.

Considering this performance edge and
the fact that the price of an SBCis
usually significantly less than that of a
multiple-board computer, the SBC
offers a better price/performance ratio
for small systems.

By providing more of the computer
system's functionality on a single board,
SBC-based systems can fit into smaller
enclosures than multiple-board compu-
ter-based systems can. This makes the
SBC route very attractive to OEMs and
VARs who need a general-purpose en-
gine for their custom boxes. In industri-
al-automation applications, for example,
an SBC can often provide all the basic
functionality required in a factory
machine and can communicate with
other machines in the factory or office.

The multiple-board computer route is
usually the appropriate solution in sys-
tems for which expandability is an
important requirement. With the back-
plane and external bus structure of a
multiple-board computer, the system
can easily support additions of memory,

SINGLE-BOARD COMPUTERS VS. MULTIPLE-BOARD COMPUTERS
Single-board computers Multiple-board computers
Chassis size May be quite small Large chassis required
Backplane Required only with external bus Multiple slots required
interface (nonexpandable)
VAR/OEM Easily built into custom boxes Not easily embedded
applications : ; ; !
Good workstation engine Highly configurable
Performance One CPU has entire work load Intelligent controllers share work
load
For light loads and/or fewer s
users, performance may be Superior performance for heavy
better than multiple-board loads and/or many users
computer
On-board vs. On-board memory and Off-board memory and controller
off-board peripheral access is fast access is slower
features
Cost Under $10,000 $20,000 to $80,000
Less waste in small system Costs more for equivalent
[ i functionality
Price/performance ratio better for
small system Price/performance ratio better for
large, multiuser system

David L. Barker, BSCS, system software development manager, Motorola Microcomputer Division
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mass storage and communications con-
trollers, and even processors. Applica-
tion-specific boards can also be added.

B system software considerations

Unix system software can be viewed as
a core kernel, I/O drivers and network-
ing software. Since the SBC is an entire
system, it usually requires a full set of
new drivers. When the hardware archi-
tecture of the SBC permits, however (as
with the Motorola MVME147 SBC, for
example), the system may make use of
some previously developed drivers—
making the first kernel for an SBC no
more difficult to generate than a kernel
for any other new CPU board. The first
Unix kernel for a new SBC-based design
typically includes some CPU-specific
code, a new console driver and a new
clock driver, which are merged with ex-
isting disk, tape and communications
board drivers and the common kernel
code. To support the onboard devices,
new /O subsystem and networking
drivers later replace the drivers for ex-
ternal devices.

Whether on an SBC or on individual
peripheral boards in a multiple-board
computer, /0 and networking sub-
systems are often implemented using
the small computer system interface
(SCSI) and Ethernet, respectively. SCSI
satisfies the Unix system requirements
for an I/0 subsystem. It provides hard
disk, streaming tape and floppy disk in-
terfaces on one chip as well as addition-
al capabilities and expandability.

SCSI provides a technology-indepen-
dent, upgradable I/O-subsystem stan-
dard that consumes a minimum amount
of board space. SCSI can support up to
seven SCSI devices, or controllers, on a
ribbon-cable bus, with each device able
to support up to eight peripherals, for a
total of 56 peripherals. But since most
SCSI peripherals have embedded SCSI
controllers, the number of peripherals
that can be configured on one SCSl is
most often limited to seven. Since the
SCSl can extend to 6 m, SCSI devices
can reside outside of the SBC enclosure.

SCSI's technology independence sim-
plifies the task of upgrading an /O sub-
system. As new and faster devices are

developed, SCSI will support them with-

out any hardware modifications to the

SBC. At most, a software modification
is all that's required to support a new
device. SCSI not only supports mass-
storage devices—both direct access
(disk) and sequential access (tape)—but
also processor output (printer) and
processor input (scanner) devices. And
asingle SCSI chip and DMA controller
can support multiple classes of devices.
With the support of a microprocessor,
SCSI can also be used to implement an
inexpensive very local area network.
With its 5-Mbyte/s data rate, SCSl is
fast enough to handle the SBC mass-
storage devices of today and tomor-
row. The fastest SCSI disks and ESDI
(Enhanced Small Device Interface)
disks can transfer data in the range of 2
Mbytes/s. There's also a strong move-
ment throughout the mass-storage
marketplace to SCSI. Most of the new
mass-storage

With its devices—3%:-in.
5-Mbyte/s data hard disks, optical
rate, SCSlis fast  disks and helical-

enough to handle scan digital tapes
the SBCmass-  and so forth—

storage devices have SCSI.
of today and Since SCSlisa
tomorrow. non-time-critical
interface, a SCSIin-
inn terrupt can wait in-

definitely to be

serviced if the processor is busy with a
higher priority task. Other interfaces—
ESDI, serial communications and LAN,
for example—must service interrupts in
a specificamount of time to prevent
data loss. SCSI can be put at an inter-
rupt priority lower than these time-
critical devices because there’s no dan-
ger of data loss if SCSI interrupts aren’t
processed in a certain amount of time.

A SCSI chip on-board an SBC most
often provides a relatively unintelligent
interface when compared to a dedicat-
ed SCSI host adapter board. Typically,
an adapter has its own processor and
firmware that provide a high-level inter-
face for a Unix driver. Some SCSI host
adapters abstract the SCSI device inter-
face, providing a consistent interface to
the Unix driver for every supported SCSI
device type, thus letting the same driver
support a variety of peripherals.

Since the on-board SCSI chip doesn't
provide this degree of functionality, the

Unix driver must interface to the SCSI
chip with low-level commands and ac-
tually drive the SCSI chip. The driver
must also be written to support specific
SCSl devices. The result is a complicated
device-specific driver and a long debug-
ging process. Some of this burden can
be alleviated by including firmware on
the SBC to control the SCSI chip. As
with the dedicated host adapter ap-
proach, the on-board firmware can pro-
vide a high-level interface to the Unix
driver and drive the SCSI chip.

B Ethernet more time-critical

Unix also requires networking hard-
ware capable of supporting remote file
sharing, and Ethernet, with its 10-Mbit/s
data rate, meets this requirement. Like
the SCSI chip, an Ethernet LAN con-
troller chip—such as AMD’s AM7990 or
Mostek’s MK 68590-Lance chip—pro-
vides a relatively low-level interface, re-
quiring device-specific code in the
lowest layer of the network software.

Unlike SCSI, however, the Ethernet
interface must be serviced within time
constraints; otherwise, data can be lost
or data packets may require retransmis-
sion, thus reducing system perfor-
mance. The Ethernet chip support must
therefore be written to handle the time-
critical functions within an interrupt
routine at an appropriate priority level.
If a system developer wants to make
the network driver support additional
off-board network device options as
well as the on-board LAN device, the
driver becomes even more complex.

Also like the low-level SCSI, some of
the LAN chip support can be put in firm-
ware. However, it's usually more advan-
tageous to use RAM-based code, as
long as a local boot device such as disk
or tape is available. The RAM is general-
ly cheaper than ROM, PROM or EPROM,
and RAM-based code is easier to main-
tain, especially code as complex as net-
work software. However, if a developer
wants to use an SBC as a diskless Unix
node on a network and must boot over
the network, some LAN chip support
might be required. Even in this case, the
ROM-based support may be so primi-
tive that it would only be used to boot
the system and would be replaced by
RAM-based code.
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Presenting CMC’s TCP/System V.3 for 386-based
UNIX PCs. Teamed with CMC’s ENP-66 intelligent
Ethernet node processor, you get both industry-
standard TCP protocols with simultaneous use of
AT&T-style networking and 4.2 BSD networking.
This powerful performance package includes full
support for the STREAMS I/O system, the Transport
Level Interface (TLI) and Remote File System (REFS),
AT&T’s distributed file system.

The fastest TCP for V.3 available is also the easiest.
TCP/System V.3 provides an exceptionally simple
procedure for installing its device driver and
applications programs.

TCP/System V.3 is just one part of CMC'’s family of
high-performance Ethernet TCP/IP and ISO net-
working solutions.

Set your own LAN speed record. You chose your
386 PC for its power, so choose your networking
the same way. The fastest way to get TCP/IP up
and running on 386 UNIX PCs is to call CMC today.

1/800/CMC/802.3

" We set th‘e-LAN_spezd_recad.

125 Cremona Drive, Santa Barbara, CA 93117
1/805/968/4262 TWX 240876 FAX 1/805/968/6478

LAN speed record and TCP/System V. 3 are trademarks of Communication
Machinery Corporation. All other product names mentioned and shown are
registered trademarks of their respective manufacturers. © CMC 1988
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Application, not CPU, should drive design choices

H umans are taxonomic creatures,"’
says Ray Alderman, vice-president at
Matrix (Raleigh, NC). With that in mind,
Alderman constructed a graphical
model (see figure) to put some of to-
day’s major design decisions in perspec-
tive. As Alderman sees it, skewing the
first-order design decision toward
microprocessor standards is a danger-
ous habit and one that's quickly falling
out of favor.

Alderman suggests that decisions
have been skewed toward processors
because the technical community is
bombarded with technology standards
from the semiconductor manufacturers.
“The result of this is a nasty phenome-
non called the sacrificial order,”” he
says. 'By accepting a set of micro-
processor standards, we also accept
limited alternatives to buses, applica-
tions and software methodology. "

Alderman believes that skewing the
decision toward bus standards is
"“precarious,”’ since the battle over
buses can degenerate into “‘emotional
issues disguised as technical points.” As
he sees it, the bus structures created by
semiconductor manufacturers are “'the
evangelists of their CPU standards and
the hardware timing interface to their
peripheral I/O chips.

"If you make your decision based on
bus specifications alone, you will by

default accept some restrictions on
software standards, "’ says Alderman.
"“If you adopt Multibus I, for example,
you will code interrupt handling very
differently than you would for a VME-
bus system. If you choose a multi-
processor bus, your new software
standard will be structured program-
ming with segmented code.

"Let’s talk about application stan-
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WHERE WE SHOULD ENTER

dards instead,”” Alderman suggests.
"What is the customer’s ultimate goal?
If he's Chrysler and he's going to build a
comprehensive quality control data
base, then the right data base is the key
to the success of the project. The most

sophisticated and capable data bases
today run Unix, which also has all the
required tools, networking and utilities,
so that's decided. The next step is to
study the microprocessor standards and
match them to your software stan-
dards, and then decide on the bus
structure or platform you feel is most
appropriate for the application based
on the CPU standard that you want.”

Entering the decision model at the
applications standards level, Alderman
concludes, avoids surprises and brick
walls when it comes time to implement
a system. "‘Study the applications pend-
ing now, evaluate how they might ex-
pand and where they might evolve in
the near future,” he says.

"“Consider all the possibilities of I/0
expansion in the system and gain a
good understanding of the business
problems to be solved,”” explains Alder-
man. "‘Decide if central processing or
distributed processing is more advanta-
geous. Look very hard at communica-
tions and networking to see if they'll be
needed. Evaluate packaging, space re-
quirements, environmental factors and
budget estimates. Then go straight out
and study software standards. Resist
the urge to evaluate microprocessors.
Why? Because a system'’s software
costs can be as much as five times the
hardware costs."

switches, according to Stan Skowron-
ski, president of Synergy. “If there’s
a cache miss and the MMU doesn’t
have enough descriptors to describe
an entire address space, the memory
access cycle is put on hold for a retry
while the MMU goes through the
descriptor tables in main memory.
Walking a descriptor tree can take as
much time as two to 100 memory ac-
cesses, while the CPU just sits there
and waits,” Skowronski explains. As
for switching overhead, Skowronski
says, ‘“The problem with most MM Us
is that since the cache tags typically
don’t have context numbers for cache
entries, all the cache entries are sud-
denly invalid when the CPU changes
the process or context.”

The trade-off of the Sun MMU ap-
proach, Skowronski admits, is that
it’s not a VLSI solution. The Sun ap-
proach requires “about 10 small,
surface-mount chips.” On the other
hand, all descriptors are instantly

Clarence Peckham, director of engineering
at Heurikon, predicts that the board
vendors that survive into the 1990s will be
the ones who provide a system solution,
offering a real-time executive with drivers
and all the development tools.

available in very fast local memory,
so it’s possible to switch processes or
contexts within a single CPU cycle.

The SM31 is noteworthy on an-
other front: the Multibus Plus exten-
sion, which pushes data transfers to
32 bits wide and memory addressing
to 256 Mbytes, while adding a burst-
transfer methodology that claims
bus-transfer rates in the range of 32
Mbytes/s. (Multibus has a theoretical
maximum limit of 10 Mbytes/s, but
typical boards have a transfer rate of
somewhere between 4 and 7 Mbytes/s.)

Novel memory architectures are at
the heart of many of the newer high-
performance designs. An integral
part of the Synergy SBC’s burst
mode, for example, is the use of
nibble-mode RAM chips, which, says
Skowronski, “can get out a new piece
of data every 40 ns.” At Apollo Com-
puter (Chelmsford, MA), a new 4500
desktop workstation gets optimal
price/performance from its 68030 de-
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Real-time computing demands new tools, methods and designs

Within the

next few years, the
shape of real-time
computing will
change dramati-
cally. Single-board

- dard bus structures
will capture more of the real-time mar-
ket, both as low-cost alternatives to
minicomputer-based systems and as
strategic upgrades for applications that
have grown too complex for microcon-
trollers and embedded microprocessors.

Multibus and Q-bus will show con-
tinued strength in real-time markets,
primarily because of the availability of
excellent real-time software support.
Over time, multiprocessing will play an
increasingly important role in real-time
systems, and proprietary real-time Unix
operating systems will give way to
"hybrid" operating system implemen-
tations that link standard Unix with
dedicated real-time system software.
Coming years will also see Multibus Il
and the IBM PC AT bus capture signifi-
cant real-time market share—the for-
mer because of its sophistication and
support for multiprocessing and hybrid
operating systems, and the latter be-
cause of the appearance of real-time
operating system support and its low
entry costs.

A company's success in these emerg-
ing real-time markets will depend on its
ability to understand and deliver the
requisite performance for real-time
computing. The design considerations
for building real-time systems differ
from those of other systems, and
designers need to be reeducated in de-
sign concepts and methodologies. Real-
time development isn't just a matter of
adding a few new twists to conventional
development practice; it represents a
different way of thinking. In addition,
standard development tools and test
procedures are inadequate for real-time
system design.

B Defining real time

Real-time systems are appropriate for
almost every computer application
where a machine is controlled or moni-
tored, ranging from home appliances

to factory automation. Microcontrollers
generally represent the low-functional-
ity, low-cost end of the real-time mar-
ket. The high end of the real-time
computing arena is served by single-
board computers (SBCs) and real-time
systems. Many real-time systems are
minicomputer-based, but these are
rapidly being replaced by lower cost
bus-based SBCs and microcomputers.
While SBCs are appropriate for all types
of real-time applications, their most
common use has been in applications
with high logical complexity, such as
simulation, medical, military, communi-
cations and process-control systems.
Real-time systems require guaranteed
response to external events within an
absolute time deadline. Unlike other
kinds of computing, real-time systems
can't be satisfied

Real-time with good average
development isn’t response, but
just a matterof must specify and
adding a few new meet a worst-case
twists to response time. A
conventional late responseina
development  real-time environ-
practice; ment is useless and
itrepresents  can even be dan-
adifferent way gerous. If a sensor
of thinking. monitoring a robot
signals dangerous
inn movement, for ex-

ample, the com-
puter system must stop the dangerous
movement within a limited time frame.
Here, a late response could result in de-
struction of property or even human
injury.

In the real world, many different
agents are acting simultaneously on
many different tasks, so multiprocess-
ing is a natural part of real-time com-
puting. The primary reason for using
multiprocessing in a real-time imple-
mentation is to reduce its logical com-
plexity. By breaking the real-time appli-
cation into parts, each with a separate
set of system resources, the interaction
among tasks is greatly reduced. With
additional sets of system resources, a
highly complex real-time application
can be structured as several low-com-
plexity applications—an architecture
that's far easier to implement.

While multiprocessing can be used to

increase real-time performance, the re-
quirements of real-time multiprocessing
differ from those of multiprocessing in
other computer applications. Multipro-
cessing implementations dynamically al-
locate the next job to the first available
processor. But this is unacceptable for
real-time applications, which need to
know where the job will run so that they
can know when the job will run and
how long it will take to execute. With-
out this information, it becomes impos-
sible to know when the system will re-
spond to an outside event. Real-time
multiprocessing is thus typically static: a
job is set to always run on a particular
processor within a fixed execution time.

B Complexity dictates software

The logical complexity of a real-time ap-
plication provides a key to the most ap-
propriate solution for that application.
In a real-time system, logical complexity
increases with an increase in the num-
ber of tasks, as well as with an increase
in the amount of interaction among
those tasks.

Most applications with three or fewer
tasks are low-complexity real-time
applications. Those with more than
three tasks may also be low complexity
if there's little between-task interaction.
The appropriate software solution for
low-complexity applications is to use a
synchronous mechanism, such as a
large polling loop or a cyclic scheduler.
This type of software is normally written
from scratch by the system designer
and provides very high performance.

Applications with between three and
seven tasks are usually medium-complex-
ity real-time applications. These applica-
tions are generally event-driven and,
therefore, call for an asynchronous soft-
ware solution. The appropriate software
for these applications is usually a com-
mercially available real-time kernel or the
nucleus of a real-time operating system.

Applications with over seven tasks
are normally considered high-complex-
ity real-time applications. These applica-
tions are also generally event-driven,
and they have a significant level of in-
teraction among tasks. High-complexity
applications may also be hybrid systems
with both real-time and nonreal-time
functions. The most appropriate soft-

Tom Willis, software product marketing manager, Intel/OEM Modular Systems Operation
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ware for these applications is an object-
oriented real-time operating system.

Seven tasks may not seem like a large
number of tasks to programmers used
to working with Unix or Unix-like inter-
active systems. The need to specify
worst-case response times, however,
requires the explicit consideration of
many details that can be safely ignored
in systems that only seek to provide
good average response. The considera-
tion of these extra details rapidly in-
creases complexity.

B Developing applications

Since real-time applications specify
worst-case response times, the design
team developing real-time systems
must become familiar with the tech-
niques that make worst-case response
possible. These techniques fall into four
broad areas: real-time problem analysis,
design, implementation and evaluation.
Real-time problem analysis using
traditional data-flow-oriented tech-
niques hasn't been successful. The
defining of a graphical modeling lan-
guage by Paul Ward and Steven Mellor
in 1985 in Structured Development for
Real-Time Systems, however, repre-

sented a significant step forward in real-

time analysis. This graphical language,
which extended data-flow techniques
to explicitly consider events and con-
trol, has been implemented by Index
Technology (Cambridge, MA) in a PC-
based tool called Excelerator RTS.

Although the real-time problem anal-
ysis arena is still relatively immature, a
good start has been made with Ward
and Mellor’s work. We can expect the
Ward/Mellor language to be enhanced
and modified over time, new real-time
graphical languages to appear and,
eventually, front-end analysis tools to
be fully integrated with tools for design,
implementation and analysis.

In addition to learning about problem
analysis, the designer of real-time sys-
tems must become familiar with a new
set of design habits and system facili-
ties. Unlike a time-shared system, a real-
time system requires that the highest
priority task runs when necessary, with-
out disturbance and until completion.
This preemptive priority-based schedul-
ing, however, allocates only CPU time,

not the other system resources required
to run the task, such as memory, 1/O
devices or shared code. If a lower pri-
ority task controls any of the required
resources, the highest priority task can‘t
run, even if it's been allocated the CPU.
The best-case result is that you can’t
guarantee worst-case response time or,
hence, deliver real-time response. The
worst-case scenario is deadlock or com-
plete system failure.

To solve this problem, specialized fa-
cilities such as regions and priority queu-
ing on mailboxes and semaphores have
been created to ensure that system re-
sources are allocated to the highest prior-
ity task in a timely fashion. Some non-
real-time system software has the equi-
valents of semaphores and mailboxes,
but not regions and priority queuing.

B Error-free implementation

Real-time applications make severe de-
mands on error-free implementation.
Many errors can creep in when a logical
design is translated into the physical
reality of hardware and software, and
systems with implementation errors
can't guarantee worst-case response
time. The most common (and difficult

to find) real-time implementation prob-
lem is the accidental memory overwrite.
Memory segment protection, which for
many engineers is only an academic
theory, is essential for the reliable im-
plementation of complex real-time
applications.

Because of the more stringent need
of real-time systems for error-free im-
plementation, common black-box test-
ing methodologies are inadequate. The
typical black-box tester enters sample
data to a program and then looks at the
results the program generates. If the
results are correct, the program is as-
sumed to be correct. The tester never
looks inside the program to see what's
happening to the data.

Black-box testing doesn't verify that
every piece of code in the program has
been executed, so it’s of limited use in
the evaluation of real-time applications.
The sample data normally only tests a
few of the paths through the code. In
fact, black-box testing typically only ex-
ecutes 60 to 70 percent of the code, so
30 to 40 percent of the code has never
been executed in the testing process.
Real-time evaluators, such as Intel’s
iPAT analyzers, actually look inside the
black box to ensure that all the code
has been executed and that critical tim-

ing requirements have been met.
MOST
APPLICATIONS
2 HIGH
@i COMPLEXITY
-
= Low
= COMPLEXITY MEDIUM
R R COMPLEXITY
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INTERRUPTION OF LARGE NUMBERS OF SERVER TASKS
ONE TASK BY ANOTHER UNPREDICTABLE
INTERRUPTS
SYNCHRONIZATION CONTENTION FOR HYBRID SYSTEMS

BASED ON EVENTS

SYSTEM RESOURCES
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The complexity of a real-time application and, thus, of an appropriate software strategy
depends on both the number of tasks involved and the amount of intertask interaction.
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sign by using interleaved memory
and a 64-kbyte external cache, ac-
cording to Cheryl Vedoe, director of
workstation products at the com-
pany. And at Ironics (Ithaca, NY), the
use of static column RAM is at the
heart of the high-speed DMA capabil-
ity added to a pair of 68020-based
VME SBCs this year.

Ironics’ SCBLT (static column
block transfer) capability, according
to the company, lets the IV-3201A
and IV-3204A SBCs accept data at 30
Mbytes/s over the bus from an Iron-
ics DMA board, the 3272 FSDT (full-
speed data transporter). The theoret-
ical 40-Mbyte/s maximum transfer
rate of the VMEDbus typically trans-
lates into no more than 20 Mbytes/s
in reality.

“By using static column addressing
mode, we can effectively get a burst
of 16 transfers out in just a little bit
more time than it would normally
take to do one transfer,” says Kevin
Lynch, director of product engineer-
ing at Ironics. “In this mode, DRAM
can operate very fast, and you can
really cut down your setup times if
you only have to change a few of the
address lines.”

B Enhancing the interface

There are a number of other strate-
gies taken by SBC manufacturers
to remove various processing bottle-
necks and optimize performance.
One is to enhance the interface be-
tween a processor and its coproces-
sor(s). A new high-end National
Semiconductor VMEbus computer
board introduced this summer, for in-
stance, implements a new floating-
point architecture and takes advan-
tage of register scoreboarding, a
32532 feature that had hitherto gone
unused, according to Billig. The com-
pany replaced a 32381 floating-point
unit with the Weitek 3164 and a
National 32580 floating-point con-
troller—a new 1-micron CMOS part.

Since the Weitek part can comfort-
ably pump a new floating-point oper-
and into the data path every 100 ns
or less, the challenge was, again, to
keep the monster fed, explains Billig.
“Unless you can get to the latent per-
formance of the 3164 by preventing
it from waiting for new data, it’s like
using a sledgehammer to pound in a
finishing nail,” Billig says.

The design’s interface to the Wei-
tek chip uses a five-stage instruction
pipeline and a 20-stage data pipeline
so the monster never goes hungry;
when it’s finished one operation, it

will find its next instruction decoded
and its next operands fetched. Reg-
ister scoreboarding keeps the Weitek
chip operating concurrently with the
main processor. ‘“‘Compilers can fig-
ure out which instructions depend on
the results of other instructions, find
the overlap, and organize the instruc-
tions to optimize pipelining and con-
currency,” says Billig.

B Need for software support

The enormous popularity of the
VMEDbus has attracted an abundance
of vendors making similar products.
In part, it’s the perceived sameness
of the products that’s contributing to
the growing emphasis on software
support. “Hardware and micropro-
cessor technology has been the driv-
ing force in system design,” says
Alderman of Matrix, “but things are
turning completely around, with
hardware analysis giving way to sys-
tem analysis. It’s very hard to
differentiate yourself in a mature
market by virtue of hardware fea-
tures alone.”

“Two years ago, OEMs considered
drivers to be part of their value
added,” says Peckham of Heurikon.
“Now they want a real-time execu-
tive with drivers and all the tools.
They want a system solution, and the
survivors of the 1990s will be the
ones who provide that solution.
These days, if a customer doesn’t like
your development tools, he’s not go-
ing to like your board, particularly if
it’s his software staff doing the
evaluation.”

Software support is a critical start-
up issue, as Force’s Fischer sees it.
“It’s a matter of how easy the bus is
to use, how quickly you can get your
first application up and running.
Sure, there’s a lot of software out
there, but how much of it really helps
solve the problems of putting a com-
plete system together?”

Others view software support as an
economic necessity for some board
houses. “Board manufacturers are
tending more and more to become
system integrators,” says Michael
Curran, Micro Industries president,
“primarily because most are having
a great deal more difficulty attract-
ing the OEM customer than they
have in the past. It’s a cost/volume
issue. As a result, many board houses
haven’t been able to establish a mar-
ket for their new generation of
products without that extra step.”

National’s Billig conditionally ad-
mits that software issues are domi-
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nant in SBC evaluation today. “It’s
true to the extent that people are us-
ing more sophisticated software tools
in a broader set of applications now,”
he says. “When you're talking, let’s
say, about a board-level Unix engine,
some of the same selection criteria
that apply to choosing a complete
computer system at the software
level will also begin to apply to choos-
ing an SBC. Here, we see people look-
ing at what’s really important to
their application—overall delivered
system performance—as opposed to
single numbers like Dhrystones,
Whetstones and Mips.”

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
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Cyclone CY4180 High Speed
Cache Memory Single Board Computer

...a single 9U VME board replaces
four standard VME boards (right) with
more power!

= 68020 CPU @ up to 25 MHz

m 68881 Floating Point CoProcessor

m 16k Cache Memory—Zero Wait State
= Up to 16 Mbytes DRAM

= DMA Controller m SCSI

= Four RS232C Ports m Parallel Port

= VME Master/Slave (A32, D32)

= VSB Master m System Controller Which would you choose? CYCLONE Microsystems’ family
= Real Time Clock ® 24 bit Counter of 9U Single Board Computers offer you a highly integrated
Timer...all fully integrated with PDOS system, coupled with the advanced performance of extensive
or 0S-9...with the economy of local resources...zero wait state cache, up to 16 Mbytes of

a single board dual access DRAM, VSB and SCSI with DMA.

Accelerate your next system’s development with ONE

powerful Single Board Computer from CYCLONE. Write or

phone today for your illustrated brochure.
e A S P T I 5547

MICROSYSTEMS

25 Science Park. New Haven, CT 06511. Telephone: (203) 786-5536. FAX: (203) 786-5449. TELEX: 643998.

PDOS is a trademark of Eyring Research.
0S-9 is a trademark of Microware. CIRCLE NO. 24

...VMEbus used for loca




43K+ Dhrystones. 17+ MIPS. 7+MFlops.
4Mb DRAM. 1 SCSI. One VME Board.

The TP880V from Tadpole

*The Philosophye *The Designe

The TP880V isa high performance Single Board Computer for
VME based systems. Designed round the Motorola 88000
RISC architecture, the TP880OV offers 17MIP, 6MFlop
performance at 20MHz and provides a very high level of
integration of processing and /0 features on a single card.
Tadpole's 88K C Compiler was specially developed to take
full advantage of the 88000 RISC architecture.

*The Specificatione®

MC88100 RISC processor (20-33MHz)
16Kb MC88200 cache/MMU instruction cache
16Kb MC88200 cache/MMU data cache

4-16Mb Nibble mode parity-protected DRAM

/0 Subsystem MC68000/ 68440 CPU/DMA
53C90 high performance sync/asynchronous SCSI
2 RS232 Ports e 128Kb-1Mb EPROM
Extensive diagnostics capabilities

Full VME Interface Rev C.1 IEEE 1014

DTB Master-DTB Slave Syscon interrupter/handler
64Kb SRAM battery-backed RTC

TP-CDS/88K advanced C development environment
T-Mon 88K Monitor with extensive SCSI support
TP-IX*

CIRCLE NO. 25
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Tadrole Technology

the ) driving force in 32-bit design
Tadpole Technology plc Tadpole Technology Inc
Reservoir Place, 2157 0'Toole Avenue,
Titan House, Castle Park, 1601 Trapelo Road, Waltham, Suite F, San Jose,
Cambridge, CB3 OAY, UK. Massachusetts 02154, U.S.A. California 95131, U.S.A.
Tel: 0223 461000 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223
Fax: 0223 460727 Fax: 0101-617-890-7573 Fax: 0101-408-435-8432

1 A D P O L E

UNIX is a trademark of AT & T *TP-IX V.3.1 is derived from UNIX V.3.1
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Aeroflex Laboratories 35 S Service Rd, Plainview, NY 11803 (516) 694-6700 Circle 306
V3/50 8, 16, 32 24, 32 68020 125, std opt 1 8-bit 40 0/4M 0/2M 3x6U
16.7
V20 8 18,32 32 68020 16.7, 20 no opt none - 0 0/1.5M 6U
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Eurocom 4 8, 16, 32 24, 32 68010 12 opt opt — — 1M/4M 0 6U'
Eurocom 5 8, 16, 32 24, 32 68020 16,20,  opt opt = ’ IM4AM 0 6U
25
Eurocom 6 8, 16, 32 24, 32 68030 20, 25, opt opt — - 4M/8M 0 6U
33
SAC-7 8,16 24 68070 10 std E 216t | — 0 128k/2M  3Ul6U
Cyclone Microsystems 25 Science Park, New Haven, CT 06511 (203) 786-5536 Circle 338
CY4110 8, 16, 32 16, 24, 32 68020 12.5, opt opt 2 30 IM/16M 0 9Ux
16.7, 20 280
mm
CY4180 8, 16, 32 16, 24, 32 68020 16.7, 20, = opt (@ 30 IM/16M 0 9U x
25 280
mm
CY4380 8, 16, 32 16, 24, 32 68030 20, 25, o opt  432bit 30 2M/64M 0 9U x
30 280
mm
Dual Systems 3906 Trust Way, Hayward, CA 94545 (415) 785-8890 Circle 348
VMPU 4M 8, 16, 32 24, 32 68020 16 std opt = 20 4am 0 6U
VMPU SBC/16 8, 16, 32 24, 32 68030 16 std opt 30 1,2 o0r . 6U
am
VMPU SBC/25 8, 16, 32 24, 32 68030 25 std opt [= 30 1,20r = 6U
4am
DY-4 Systems 21 Credit Union Way, Nepean, Ontario, Canada, K2H 9G1 (613) 596-9911 Circle 340
DMV-154 8, 16, 32 16, 24, 32 68020 16 i std - Ly 512k L 6U
DVME-137 8, 16, 32 16, 24, 32 68020 16,7, 20, = opt &= L am . 6U
25
DVME-138 8, 16, 32 16, 24, 32 68030 25 = std = = amiBM  — 6U
DVME-140 8, 16, 32 16, 24, 32 68020 16.7,20 std il il p1 YV 12:1 Y — 6U
Electronic Modular Systems 1325 Capital Pkwy, Carrollton, TX 75006 (214) 446-2900 Circle 349
CPU-1 8, 16 16, 24 68000/10 8 std — none 10 256k 0 6U
CPU-2RT 8 16 16, 24 68000/10 8, 10, 5% — 416bit 10 128k/ 0 6U
125 512k
CPU-25C 8,16 16, 24 68000/10 8, 10, e = 416-bit 10 128k/ 0 6U
125 512k
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none 2 R8232C, none VSB Unix VRTX 710 . . . . . =
1 MIL-STD-
15538
none 1 RS232C/ none VSB none VRTX, pSOS, 710 . . . . . —
422 0s-9
1 16-bit 2 RS232C none VME none MTDS/UX 710 . . . -
— 1 RS232, 1 — — DOS — 7/0 . . . . . $1,720
keyboard
2 printer opt 1 (18 opt) yes VSB PDOS, 05-9, PDOS, 059  7/7 . . . . . . $1,224
others
— 2 RS232 — — PDOS, 0S-9, PDOS, 0S-9 7n . . . . . . $1,600
Unix 5.3,
VersaDOS
opt 2 RS232 1 32-bit VSB same as above same as n . . . . . . $1,990
(8 opt) above
opt 2 RS232 1 32-bit VSB same as above same as 71 . . . . . . $3,180
(8 opt) above
— 3 RS232 — — same as above same as 7n . . . . . $420
above
1 printer 4 RS232 — — PDOS, 0S-9 PDOS, 0S-9 18/7 . . . . . $4,210
1 printer 4 RS232 — VSB PDOS, 0S-9 PDOS, 0S-9 18/7 . . . . . $4,510
1 printer 4 RS232 1 8-bit VSB PDOS, 05-9 PDOS, 059  23/7 e . . . B . $4,980
none none none - Unix 5.2 pSOS 710 . . . . . . $3,990
pSOS 68k
— 2 RS232A/ - — same as above pSOS 710 . . . . . . $1,800 to
423 $3,600
— 2 RS232A/ - — same as above pSOS 710 . . . . . . $2,400 to
423 $4,200
— 175 - - — harmony 7 . . . —
— 2 RS232C — VSB — harmony 7 . . . . i
— 2 RS232C - VSB Unix 5.2 harmony v . . . . -
= 2 RS232/422 — e = L 7 . . . . .
1 printer 1 RS232 - — Unix 5.0 none 710 . $1,200
1 printer 2 RS232 — — — PDOS 8.2, 7n . . . . $1,430
pSOS
- 4 RS232/ — — — pDOS 3.2 71 . . . . $1,430
4 RS422 pSOS
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If you built your own logic analyzer...

Why make just an analyzer when
you could build a complete, flexible
logic analysis system? A modular
system with a 400 megasample/s
digitizing oscilloscope, an interactive
50 Mbit/s pattern generator, up to
400 state/timing channels available,
and a variety of features that make
it versatile and easy to use. Plus
a configurable price that you could
easily justify to the boss.

Fortunately, you don't have to build
it yourself to get all this. Just choose
the modular HP 16500A Logic
Analysis System. HP has already
done it for you.

HP Logic Analyzers:
the extra measure.

Like all HP logic analysis tools,
the HP 16500A delivers an extra
measure of value. There are four
different measurement modules to
choose from. To maximize your

investment, configure the HP 165004,

using its five mainframe slots, with
the module combination that best
matches your budget and applica-
tion. Just imagine the possibilities
for mixing and matching:
* 80-channel, 25MHz state/100MHz
transitional timing module
(400 channels maximum)
* 2-channel, 400 megasample/s
digitizing scope module
(8 channels maximum)

...1t would be

» 50 Mbit/s pattern generator module
(204 channels maximum)

* 16-channel, 1 GHz timing analyzer
module (80 channels maximum)

If your applications are in
hardware, powerful inter-module
cross-domain triggering allows
high speed waveforms from both
the scope and analyzer modules
to be time correlated, giving you
unmatched analysis capability.

And you
can use
measure-




more than a logic analyzer.

ment results for simulation by using and color hardcopy output at
HP's bi-directional CAE link. the push of a button. And the

If you're a software developer, proverbial much more.
the HP 16500A offers complete Call for your free video!
support for popular 8-, 16- and 1-800-752-0900, Ext. H786.
32-bit microprocessors. You can also See for yourself
develop your own support package how the modular
for use with your custom processors HP 16500A Logic
or ASICs. Analysis System is the

But we didn't stop there. We logic analysis tool you'd design
designed a full set of features into yourself. Like every logic analyzer
the HP 16500A that make it easy in the HP family, it delivers the
to use. A touch screen or mouse extra measure of value you're
controls functions through pop-up looking for!

menus. Use your choice of a front
panel knob or screen keyboard
to change values. Plus, there are

two built-in disc drives for data (ﬁ HEWLETT
set-up and storage, HP Auto-Scale, © 1988 Hewlett- Packard Co.  EIS806/CD I” PACKARD
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Electronic Modular Systems 1325 Capital Pkwy, Carrollton, TX 75006 (214) 446-2900 Circle 349
CPU-2P6 8, 16 16, 24 68000/10 8, 10, = opt 416-bit 10 512k 0 6U
12,5
CPU-3 8, 16 16, 24 68000/10 8, 10, 1 std, opt . 10 2M 0 6U
TS 1 opt
CPU-4RT 8, 16, 32 16, 24, 32 68020 12.5, = opt 5 25 256k/4M O 6U
16.7, 20
CPU-45C 8, 16, 32 16, 24, 32 68020 12.5, L opt - 25 256k/4M 0 6U
16.7, 20
CPU-4QS 8, 16, 32 16, 24, 32 68020 12.5, o opt = 25 256k/4M 0 6U
16.7, 20
CPU4-SX 8, 16, 32 16, 24, 32 68020 12.5, I opt 8 25 256k/4M 0 6U
16.7, 20
CPU-5RT 8, 16, 32 24, 32 86386 16, 20 std opt 830, 25 2M 0 6U
Force Computers 3165 Winchester Blvd, Campbell, CA 95008 (408) 370-6300 Circle 353
CPU-2 8 16 16, 24 68000/10 10 = = = 4 = 512k/1M  6U
CPU-3 8, 16 16, 24 68010 10 std = 4 — 128k/ 6U
128k
CPU-4 8, 16 16, 24 68010 12,5 e == 4 - 128k/ 6U
128k
CPU-5 8,16 16, 24 68000/10 12.5, - o 4 L 128k/ 6U
16.7 128k
CPU-6 8, 16 16, 24 68000/10 12.5 = opt - 6 512k/ 6U
512k
CPU-21 8 16 14 32 16, 24, 32 68020 12,5 to = std _ 20 = 512k/4M  6U
25
CPU-22 8, 16, 24,32 16, 24, 32 68020 12.5 to - std = 30 1M/4AM 0/32k 6U
25
CPU-25 8 16 240 | 16, 24, 32 68020 125t0 | std std = 20 2 512k/4M  6U
25
CPU-29 8,16, 24,32 16, 24, 32 68020 12,5 to - std .t 20 TM/TM 6U
30
CPU-30 8 16,24, 32 16, 24, 32 68030 12.5 to in CPU std 2326t 30 TM/4M 0/32k 6U
25
CPU-31 8, 16, 24,32 16, 24, 32 68030 12.5 to in CPU std 232:bit 30 < 256k/TM  6U
25
CPU-32 8, 16,24,32 16, 24, 32 68030 125 to in CPU std - 20 o3 MM 6U
30
CPU-37 8 16,24 32 16,24, 32 68030 12.5 to in CPU opt L 20 1MI4M 6U
30
CPU-386 8, 16, 24,32 16, 24, 32 80386 16 in CPU opt = 20 2M/8M = 6U
CPU-26 8 1024 37 16,24, 32 68020 125 to - std 232bit 30 1M/4M 0/32k 6U
25
General Micro Systems 4700 Brooks St, Montclair, CA 91763 (714) 625-5475 Circle 358
GMSV06 8,16 24 68010 10, 125, no opt 4 8-bit 20 512ki2M  0/0 6U
(68020 opt) 16
GMSV16 8, 16 24 68010 10,125, no opt 4 8-bit 20 AM/8M 0 6U
(68020 opt) 16
GMSVO7 8, 16, 32 32 68020 16, 20, no opt 132-bit 30 0/4M 128k/1M  6U
25 opt
GMSV17 8, 16, 32 32 68030 20, 25, std opt 132bit 35 0/4M 128k/1M  6U
33 opt
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5 2 RS232 opt  opt = - PDOS 3.2, 70 . . B - $1,456
pSOS
— 1 RS232 — — Unix 5.2 pSOS 7N . . . $2,973
1 16-bit 2 RS232 : = e PDOS, pSOS, 7/ . B . . . . $1,500
0S-9, VRTX
= 3 RS232 - — — PDOS, pSOS, 71 . . . . L . $1,500
0S-9, VRTX
— 4 RS232 -- - PDOS, pSOS, 7/ . . . . . . $1,500
0S-9, VRTX
— 2 RS232 — — — PDOS, pSOS, 7 . . . . . e $1,500
0S-9, VRTX
— 2 RS232/ — Unix 5.3, IRMX, IRMK 710 . . . . . . $2,625
RS422 MS-DOS
24 parallel 1 RS232 — PDOS PDOS 710 . . . $1,825
— 1 RS232 - - Unix PDOS 710 . . $2,630
2 8-bit ports 1 RS232 — - PDOS PDOS 7/0 . . $1,950
24 parallel 2 RS232 — VMX PDOS PDOS 710 . L $1,865
24-bit parallel 3 RS232 - — PDOS, VRTX PDOS, 0S-9 710 . . $830
3 RS232 1 flme — PDOS, 0S-9 PDOS, pSOS, 710 . . $2,540
0S-9, VRTX,
C-Exec
— 2 RS232 - VMX PDOS PDOS, 710 . . . . —
VMEPROM
3 RS232 1 fime — Unix - 710 . . $4,245
— 2 RS232 — VvsB PDOS, 0S-9 PDOS, pSOS, 710 . L] $2,115
0S-9, VRTX,
C-Exec
4 RS232 — PDOS, Unix PDOS, 710 . . . . —
VMEPROM
2 RS232 - VSB PDOS, Unix PDOS, 710 . . . . —
VMEPROM
— 2 RS232 — VSB PDOS, 0S-9, PDOS, pSOS, 710 . . $3,610
Unix 0S-9, VRTX,
C-Exec
3 RS232 — PDOS PDOS, 710 . . —
VMEPROM
— 3 RS232 — Unix VRTX, ADA, 710 . U $3,390
C-Exec
— 4 RS232 — PDOS PDOS, 710 . . . . —
VMEPROM
1 printer 2 RS232/422 1 32-bit none PDOS, pSOS, PDOS, pSOS, 7/0 . . . . . $1,271
68020 0S-9, VRTX, 0S-9, VRTX,
VMEPROM VMEPROM
1 printer 2 RS232/422 1 32-bit none same as above same as 710 . . . . . $2,621
68020 above
16 lines up to 2 32-bit, VSB, same as above same as 717 . . . . . . $1,721
memory |/0 SAMbus above and up
16 lines up to 2 32-bit, VSB, same as above same as 717 . . . . . . $2,096
memory, /O SAMbus above and up
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Heurikon 3201 Latham Dr, Madison, WI 53713 (800) 356-9602 Circle 361
HK/68/VE 8, 16 20, 24 68000/10 10,125 no opt 4 32hit — 512k/IM  0/0 6U
HK68/VF 8, 16 20, 24 68000/10 10, 125 ERg opt [4SZEEES — 512k/iM  0/0 6U
HK68/V10 8, 16 20, 24 68010 10,125  opt opt 4326k — 512k/1M  0/0 6U
HK68/V2F 8, 16, 32 24, 32 68020 12.5; no opt = = 1IM4M 000 6U
16.7, 20,
25
HK68/V2E 8, 16, 32 32 68020 16.7,20, no opt — s 1IM/16M  0/1M 6U
25
HK68/V20 8, 16, 32 32 68020 16.7, 20, opt opt 4BFEL | — 1M/4M 0/0 6U
25
HK68/V30 8, 16, 32 32 68030 20, 25 std opt 4 32bit  — 4mM1neM 000 6U
HK32/V532 8, 16,32 32 32532 20, 25, std opt [4A3FEE - — 4am/i16M  0/0 6U
30
Integrated Solutions 1140 Ringwood, San Jose, CA 95131 (408) 943-1902 Circle 366
Liberator-SBC 16, 32 16, 24, 32 68020 16 0or 20 std std — 80 4M/I16M 64/— 6U
10 2430 N Huachuca Dr, Tucson, AZ 85745 (800) 426-2876 Circle 363
V68/32 8, 16, 32 24, 32 68020 125, 16, 4o std none 10M  1Mord4Mm o0 6U
20, 25
Ironics 798 Cascadilla St, Ithaca, NY 14850 (607) 277-4060 Circle 370
IV-1602 8,16 24 68010 10,125  opt opt none 4 512k 1M 0 6U
IV-900 32 32 Am29000 25 onchip  std none 200  2/816M  — 6U
IV-3201A 16, 32 24, 32 68020 16, 20 std std none 30 1 0 6U
IV-320YA 16, 32 24, 32 68020 16, 20 std std none 30 4 0 6U
Logical Design Group 6301 Chapel Hill Rd, Raleigh, NC 27607 (919) 851-1101 Circle 373
VME-0286AT 8,16 24 80286 10 no opt 7 BB 4 IMAM 00 6U
16-bit
VME-1120D 16 22 DCJ-11 15 std no none 5 0/0 0/64k 6U
Matrix 1203 New Hope Rd, Raleigh, NC 27610 (919) 833-2000 Circle 376
MS-CPU100 8, 16 24 68000 12.5 — opt none 4.1 512k/1M  8k/8k 3U
MS-CPU110 8, 16 24 68010 125 = opt none 4.1 512k/IM  8k/8k 3u
MS-CPUOO 16 24 68000 10 L - none L 0 0/64k 3U
MS-CPU10 16 24 68010 10 e - none - 0 0/64k 3U
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- 2 RS232/422 1 16-bit iSBX  — 0S-9, VRTX, pSOs, 0S-9, 7n . . . . . . $1,125
VxWorks VRTX
— 2 RS232/422 — — 0S-9, VRTX, pSOS, 0S-9, n . . . . . . $1,200
VxWarks VRTX
- 2 RS232/422 - 0S-9, VRTX, pSOS, 0S-9, n . . . . . . $1,895
Unix 5.0, VRTX
VxWorks
— 1 RS232/422 VSB 0S-9, VRTX, pSOS, 0S-9, 7N . . . . . . $1,500
VxWorks VRTX
1 printer 4 RS232/422 - VSB 0S-9, VRTX, pSOS, 0S-9, 7n . . () . . . $2,025
VxWorks VRTX
none 1 RS232/422 — VSB 0S-9, VRTX, pSOs, 0S-9, 7" . . . . . . $2,250
Unix 5.3, VRTX
VxWorks
1 printer 2 RS232/422 — - 0S-9, VRTX, pSOS, 0S-9, 7n . . . . . . $3,750
Unix 5.3, VRTX
VxWorks
none 2 RS232/422 — — VRTX, Unix VRTX 71 ° . . . . . $4,500
5.3
— 2 synclasync  — VME Unix 5 Uniworks yes/7 . . . . $5,995
— 2 RS232 1 32-bit VSB or PDOS, Forth PDOS, pSOS 717 . . . . . . $1,700
custom
2 2 RS232/422  none none Unix V.2 pSOS 1t07/ e . . . . . $1,530/
1to7 $1,800
none 2 RS232 1 DRAM, none VRTX VRTX/ 1to 7/ e . . . . . —
1110 EASI-MP 1to7
none none none VMX Uniflex pSOS 1to7/ . . . . . $2,625
1to7
none none none VMX Uniflex, Unix pSOS 107/ e . . . . . $3,790
V.2 1t07
1 printer 1 RS232 1, graphics P2 im- MS-DOS PC AT 714 . . —
plemented compat.
AT Bus
20/1 port 4 RS232/422 1 printer, none RSX-11M RT-11 40f 71 e . . —
1 prototype, 10of 4
1 Opto 22
module driver
none 2 EIA232-D 1 math accel, — 0S-9 0sS9 710 . . . . —
(EIA422/485 1 serial port
opt)
none same as same as — 0S-9 0s-9 710 . . . . —
above above
none 2 EIA-232-D — — 059 0s-9 710 . . —
none 2 EIA-232-D — 0s-9 0s-9 710 . . -
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Mercury Computer Systems 600 Suffolk St, Lowell, MA 01854 (508) 458-3100 Circle 379
MC3200VM 32 24, 32 XL-8032 10 = std 1 32pitel 25 2M/— < 6U
Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 381
PG2004/10 8, 16 24 68000 8 no . = = 0/0 0/64 6U
PG2005/10 8, 16 24 68000 8 std — s = 0/0 0/64 6U
PG2008/10 8, 16 24 68010 10 no — 0/0 0/64 6U
PC2009/10 8, 16 24 68010 10 std = - £ 0/0 0/64 6U
PG202X/10 8, 16, 32 24, 32 68000 8 opt opt - = 512k/ 0/0 6U
512k
PG202X 8, 16, 32 24, 32 68010 10 opt opt = 2 512k/ 0/0 6U
512k
PG203X 8, 16, 32 24, 32 68010 10,125  opt no - = 0/0 0/0 6U
PG2050 8, 16, 32 24, 32 68020 16 no std - 0/0 0/1M 6U
PG2100 8, 16, 24,32 24, 32 68020 16.7 opt std - - 4AM/4M 0/0 6U
Micro-Link 14602 N U.S. Highway 31, Carmel, IN 46032 (800) 428-6155 Circle 384
VME211 8,16 - 68000/10 10 no no none 5 512k/ 0 3U
512k
VME212 8, 16 24 68010 10 opt opt none 5 512k/ 0/64k 3U
512k
VME220 8, 16 24 68020 16 no opt none 8 0 256k/ 3U
256k
Microproject 4551 Glencoe Ave, Suite 225, Marina Del Rey, CA 90292 (213) 306-8000 Circle 390
2501-2641-6 8,16 24 68010 10 std std 116-bit 40 ™ 0 6U
Mizar 1419 Dunn Dr, Carrollton, TX 75006 (800) 635-0200 Circle 393
MZ 7100 8, 16 16, 24 68000/10 10,125  opt 4 24.bic ) — 512k/ 0 6U
opt 512k
MZ 7105 8,16 16, 24 68000/10 10,125  opt std 4 24.bit, — 512k/ 0 6U
opt G2k
MZ 7120 32 32 68020 12,5, opt opt 424t — MM 0 6U
16.7, 20 opt
MZ 8106 16 24 68000/10 10,125 no no - - 64k/64k  3U
MZ 8115 16 24 68000/10 10,125  opt opt opt = 512k/ — 64k 3u
512k
MZ 8120 32 32 68020 16.7, 20, opt opt opt - MM - 164k 3U
25
MZ 8130 32 32 68030 16.7, 20,  opt opt opt TIM/IM 164k 3u
25, 30
MZ 7122 8, 16, 32 16, 24, 32 68020 16.7, 20,  opt opt 4 32-bit - MM 6U
25
MZ 7124 8, 16, 32 16, 24, 32 68020 16.7, 20,  opt opt 430N — AM/4M s 6U
25
MZ 7130 8, 16, 32 16, 24, 32 68030 20, 25, std opt 432bit — AM/AM  012M 6U
30
Motorola, Microcomputer Div. 2900 S Diablo Way, DW283, Tempe, AZ 85282 (602) 438-3518 Circle 397
MVME105 8, 16 24 68010 10 no no none - 512k/ 0/128 6U
512k
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— — — VSB Sun, Unix pSOS 0/7 . —
1 printer 2 RS232C — none none 7/0 $760
1 printer 2 RS232C - — none none 7/0 $1,000
1 printer 2 RS232C — — none none 710 $1,000
1 printer 2 RS232C - — none none 7/0 $1,200
L 2 RS232C - i none none 7/0 . . $1,400/
$1,480
- 2 RS232C — - none none 710 . . $1,480/
$1,560
1 printer 2 RS232C = VMX none none 7/0 . . $1,200 to
$1,480
2 8-bit 3 RS232C = — none none 717 . . $2,680
none 2 RS232C - VMS none none 717 . . $7,040
none 2 RS232 none none PDOS PDOS 7/0 . $569
none 4 RS232 none none PDOS/nix PDOS 710 . . $1,.127
none 2 RS232 prop none PDOS PDOS 710 . . . . $1,250
none 4 RS232C — — 0S-9, VRTX, pSOS, 0S-9, 7/0 . —
Unix 5.2 VRTX,
MTDS-UX
2 8-bit 2 RS232 1 prop — 0S-9, VRTX- 0S-9, VRTX- 717 . . . ® $1,330
32, VxWorks 32, VxWorks
2 RS232 — 0S-9, VRTX- 0S-9, VRTX- 717 . . . . $1,540
32, VxWorks 32, VxWorks
opt opt prop VSB 0S-9, VRTX- 0S-9, VRTX- 717 . . . . $1,750
32, VxWorks 32, VxWorks
— - — 0s-9, 0S-9, 717 . . . . $440
VRTX-32 VRTX-32
opt 2 RS232 - MXbus 0S-9, VRTX- 0S-9, VRTX- 717 . . . . $1,095
32, VxWorks 32, VxWorks
opt 2 RS232 — MXbus same as above same as 707 . . . . $1,595
above
opt 2 RS232 — MXbus same as above same as 717 . . . . $2,635
above
opt 2 RS232/422  prop VSB opt same as above same as 717 . . . . $2,395
above
opt 2 RS232/422  prop VSB opt same as above same as 707 . . . . $3,895
above
opt 2 RS232 prop VSB opt same as above same as 717 . . . . $4,795
above
1 printer 1 RS232C, none none VersaDOS yes 710 . . ® $995
1 RS485
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Motorola, Microcomputer Div. 2900 S Diablo Way, DW283, Tempe, AZ 85282 (602) 438-3518 Circle 397
MVME117-3FP 8, 16 24 68010 10 no std none = 512k/ 0/256 6U
512k
MVME117A 8, 16 24 68010 10 no std none — 2M/2M 0/256 6U
MVME133A-20 8, 16, 32 24, 32 68020 20 no std none - MM 0/256 6U
MVME133XT 8, 16, 32 24, 32 68020 25 no std none o AM/AM 0/256 6U
MVME135/136 8, 16, 32 24, 32 68020 20 std std none 1M/4M 0/256 6U
MVME147/147-1 8, 16, 32 24, 32 68030 20, 25 std std none 5 4M/8M 0/256 6U
National Semiconductor Circle 401
2900 Semiconductor Dr, PO Box 58090, Santa Clara, CA 95051 (408) 721-5000
VMES532 8, 16, 32 16, 24, 32 32532 20, 25, std std, none upto 4AM/IBM 0 6U
30 opt 15
VME332 8, 16, 32 16, 24, 32 32332 15 std std none upto 1M/AM 0 6U
15
Omnibyte 245 W Roosevelt Rd, W Chicago, IL 60185 (800) 638-5022 Circle 404
OB68K/VME1 16 24 68000/10 125 no no none 40 0/0 0/448k 6U
OB68K/VME 1M 16 16, 24 68000 10 no no none 40 0/0 0/256k 6U
OB68K/VSBC1 16 24 68000/10 125,16 no opt 416-bit 40 512k 0/0 6U
OB68K/VSBC20 16, 32 16, 24, 32 68020 12.5, no opt none 40 AM/16M  0/0 6U
16.7, 20,
25
Pacific Microcomputers 6730 Mesa Ridge Rd, San Diego, CA 92121 (619) 453-8649 Circle 407
PV682 8, 16, 32 16, 24, 32 68020 16.67 std opt none 10 TM/ITM 0/0 6U
PC/M 6805 Sierra Ct, Dublin, CA 94568 (415) 829-8700 Circle 406
MPU-1 8, 16, 32 24, 32 68020 20, 25 no 2eay = = 0 0.75M 6U
4 ea
MPU-3 8, 16, 32 24, 32 68030 25, 30 std 4ea B 2 0 1.5M 6U
4 ea
Pep Modular Computers 600 N Bell Ave, Pittsburgh, PA 15106 (412) 279-6661 Circle 408
Am klosterwald 4, D-8950 kaufbeuren, Germany 08341/81001
VMPMB68KA-2 8, 16 16, 24 68000 8, 10, = = e o 0/128k 3U
12.5
MPM68KB 8, 16 24 68HCO00/10 10, 12.5  opt opt o 128k 3U
VMPM68KC 8 16 16, 24 68020 12.5, = opt = = MM 3U
16.7
VMPM68KC-1 8,16 16, 24 68020 20, 25 no opt = = 1M/4M 3U
VMPM68KC-2 8, 16 16, 24 68020 12,5 to no opt o - 1M/4M 3U
25
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1 printer 2 RS232C none none VersaDOS yes 710 . . . $2,095
1 printer 2 R5232C none none VersaDOS yes 71 . . . . $1,995
none 2 RB232C, none none VersaDOS yes 71 . . . . . $1,995
1 RS422/485
none 2 RS232C, none none VersaDOS yes 7n . . . . . $2,995
1 RS422/485
none 2 RS232C none VSB VersaDOS, yes 7N . . . . . $2,995/
System V/68 $3,495
1 printer 4 RS232C none none VersaDOS, yes 71 . . . . . . $4,995/
System V/68 $5,995
— 2 RS232C S — Unix 5.3.1, VRTX, VRTX- 7/0 . . . . $4,690
VRTX 32
= 2 R5232C — — Unix 5.3.1, VRTX, VRTX- 717 . . . . $1,890
VRTX 32
16/2 2 RS232C none none C-Exec C-Exec 7/0 . . $646
16/2 2 RS232C none none C-Exec C-Exec 7/0 . . $1,881
opt to 20/2 opt to 4 2 20-bit none C-Exec C-Exec 717 . . . $1,036
RS232/422 Omnimodules
16/2 (up to 2 RS232/ 1 20-bit none none none 710 . . . . . $2,076
20/1 more 422 std (2 Omnimodule
opt) opt)
none 2 RS423/422 1 32-bit none none none 717 . . . . . . -
PMIXbus
none 2 RS232 = — 0S-9, Unix builtin FLOS = 7 . . . . . . $8,000
none 2 RS232 VSB VSB 05-9, Unix builtin FLOS 7 . . . . . $12,000
L 1 R$232 = L PDOS, 059,  PDOS, 05-9, 7/0 . -
VersaDOS VersaDOS
8-bit 2 RS232/ — — same as above same as 7/0 3 -
422/485/ above
20 mA
— same as - - PDOS, 0S-9 PDOS, 0s-9 71 . . . . —
above
- same as + — PDOS, 0S-9 PDOS, 0S-9 mn . . . . -
above
S same as e - PDOS, 059 PDOS, 059  7/0 . . . . . °« =
above
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Performance Technologies 435 W Commercial St, East Rochester, NY 14445 (716) 586-6727 Circle 409
PT-VME 102 8, 16 24 68010 10 no opt 416bit 1.2 512ki2M - 6U
PT-VME 105 8, 16 24 68000 10, 12.5, no opt 416bit 1.2 512k/2M  0/1M 6U
16
PT-VME 118 8 16,32 24, 32 68020 12,5, 16, no opt 32-bit 16 1M2M 0/32k 6U
20, 25
PT-VME 120 8, 16, 32 24, 32 68020 12.5, 16, | 'no opt 32-bit 16 ™M 0/32k 6U
20, 25
Philips Electronic Instruments 85 McKee Dr, Mahwah, NJ 07430 (201) 592-3800 Circle 410
Philips Industrial Automation PO Box 218, 5600 MD Eindhoven, The Netherlands +31 40 785509
PG2100 8, 16, 24, 32 24, 32 68020 16 opt std = 8,3  4M/AM 0 6U
PG2050 8, 16 16, 24, 32 68020 16, 20, no std = 45 0 64k/3M  6U
25
PG2020 8 16 16, 24 68000/10 8, 10 opt opt - 2,8  0.5M/ 0 6U
0.5M
PG 2010/10 8, 16 16, 24 68000 8 = 2 - 3 . 16k/320k  6U
PG 8000/10 8 16, 24 68008 8 = = - = o 0/32k 3U
PG 8010 8, 16 16, 24 68000 8 - - il 16k/16k  3U
Radstone Technology One Blue Hill Plaza, Pearl River, NY 10965 (914) 735-4661 Circle 414
68-32 8, 16, 32 16, 24, 32 68030 16, 25, std opt none am 8k 6U
33
68-31 8, 16, 32 16, 24, 32 68030 16, 25, std opt none o M 8k 6U
33
68-25 8, 16, 32 16, 24, 32 68020 12.5,16, no opt none £ 1M/4M 8k 6U
20, 25
68-23 8 16 32 16, 24, 32 68020 12.5,16, no opt none 1M/4M 8k 6U
20
68-14 8 16 16, 24 68000/10 10 no opt 4 16-bit 512k/2M  0/128k 6U
68-12 8,16 16, 24 68000/10 10 no no none = 512k/4M 16k 6U
68-1B 8, 16 16, 24 68000 8, 10 no no none 128k/ 0/16k 6U
512k
CPU-1 8, 16, 32 16, 24, 32 68020 12.5, no opt none . = 128k/ 6U
16.6 512k
SBE 2400 Bisso Ln, Concord, CA 94520 (415) 680-7722 Circle 415
VPG-20 8, 16, 32 24, 32 68020 16 no no none 0/0 64k/256k  6U
VLAN-E 8, 16, 32 24, 32 68020 16 no no none IM/TM 8k/32k 6U
Sun Microsystems, OEM Board Products 2550 Garcia Ave, Mountain View, CA 94043 (415) 960-1300 Circle 429
3E120 8, 16, 32 16, 24, 32 68020 20 std std = 1.1 4M16M = — 6U x
160
mm
4200 8, 16, 32 16, 24, 32 MB86300 16.7 std std = 11 8M/128M 9U x
(SPARC) 400
mm
4108 8, 16, 32 16, 24, 32 MB86900 14.28 std opt = 8 8M/32M 9U x
(SPARC) 400
mm
3200 8, 16, 32 16, 24, 32 68020 25 std std = 11 8M/128M 9U x
400
mm
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— 2to 8 16-/24-bit — PDOS PDOS 707 . . . . L] $1,500
RS232/422
= 2108 16-/24-bit = pSOS pSOS 17 . . . . . . wE
RS232/422
— 1 RS232 32-/24-bit — pSOS pSOS 717 . . . . . . $1,600
1 RS232 32-/24-bit VSB pSOS pSOS 717 . . . . . . $2,000
none 2 RS232 — VMS Unix 5.2, DRM or ERM 777 . . . . . . $6,600
DRM, ERM
2 8-bit 3 RS232/485 — — ERM ERM 717 . . . . . . $2,600
none 2 RS232 — — Unix 5.2, ERM, DRM 717 . . . $1,500
DRM, ERM
3 8-bit 2 RS232 none none ERM ERM 317 . . $1,050
none 2 RS232 none none ERM ERM 1/0 . $750
none 2 RS232 none none ERM ERM 417 . $770
none 2 RS232/422 1 8-bit PEX — 0S-9, Unix 0S-9, 710 . . . . . . -
5.3, VXcel VRTX-32
none 2 RS232/422 1 8-bit PEX VSB 0S-9, Unix 0S-9, 710 . . . . . . —
5.3, VXcel VRTX-32
1 printer 2 RS232/422 1 8-bit PEX — 0S-9, VXcel, 0S-9, 710 . . . . . . —
VersaDOS VRTX-32
1 printer 3 RS232/422 — — PDOS, 0S-9, 0S-9 710 . . . . . . —
VersaDOS
— 2 RS232/422 1 8-bit — 0S-9, 0s-9 717 . . . . -
VersaDOS
1 printer 1 RS232 - — PDOS, 0S-9, 0s-9 710 . . . B
VersaDOS
1 printer 3 RS232 — — same as above 0S-9 710 . . . b
— 2 RS423 - VSB VRTX-32, VRTX-32, 7]t/ . . . . . -
VXcel, ARTX VXcel, ARTX
none 2 RS232 none none - — 717 . . . . . . $1,995
none 2 RS232 none none Regulus RTCK 717 . . . . . . $2,620
none 2 RS423, ~ prop mem- Sun OS, Unix, VxWorks 710 . . . . . $4,440
2401 ory bus ONC, others
none 2 RS423, — same as same as above — 710 . . . . . $17,536
2 TTL above
none 2 RS423, 1 video (Sun — same as above — 710 . . . . $9,536
2L P4)
none 2 RS423, — prop mem- same as above — 710 . . . . . $11,776
2 TTL ory bus
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Sun Microsystems, OEM Board Products 2550 Garcia Ave, Mountain View, CA 94043 (415) 960-1300 Circle 429
3004 8, 16, 32 16, 24, 32 68020 16.7 std std - 95  4AMI1I6BM  — 9U x
400
mm
Synergy Microsystems 179 Calle Magdalena, Encinitas, CA 92024 (619) 753-2191 Circle 430
SV20 8, 16, 32 24, 32 68020 125, opt opt  none 32 IMIIM 000 6U
16.7, 20,
25, 33
SV20C 8, 16, 32 24, 32 68020 12.5,16.7 no opt none 25 IMAM 000 6U
SV21 8, 16, 32 24, 32 68020 12,5, opt opt  none 32 4M/36M  0/0 6U
16.7, 20,
25, 33
SV31 8, 16, 32 24, 32 68030 20, 25,33 (= opt  none 32 4MI36M  0/— 6U
TL Industries 2541 Tracy Rd, Toledo, OH 43619 (419) 666-8144 Circle 434
TVME 1611 8, 16 24 68010 10 - opt = 30 512k/4M  2k/8k 6U
TVME 1612 8, 16 24 68000 8,10 - = - 30 - 0/192k 6U
TVME 1613 8 16 24 68000 8, 10 - — - 30 512k/IM  0/192k 6U
Torch Computers Abberley House, Great Shelford, Cambridge, England CB2 5LQ +44 223 841000 Circle 440
VME32QX 8, 16, 32 24, 32 68020 167,20  std std 432bit 80 4AMI16M 0 6U
VME 542 Valley Way, Milpitas, CA 95035 (408) 946-3833 Circle 441
V4000-08 16 24 NC4016 8 — e = 8 . 128k/128k 6U
V4000-04 16 24 NC4016 4 - - - 4 - 64k/64k  BU
VME Specialists 558 Brewster Ave, Redwood City, CA 94063 (415) 364-3328 Circle 442
SBC-1 8, 16 24 68000/10 10 - o - 512k/ 0/64k 3U
512k
SBC-2 8, 16 24 68000/10 10 - opt - = 512k/512k 0/64k 3u
SBC-3 8, 16 24 68020 125,16 opt § 3 - 512k 3u
Xycom 750 N Maple Rd, Saline, MI 48176 (800) 367-7300 Circle 449
XVME-682 8, 16 24 80286 10 - opt | 20 1M/4M 20120 6U
XVME-600/601 8,16 24 68000/10 10 - no none 20 512k/ 0/128k 3ul6U
512k
XVME-602 8, 16 24 68020 16 o opt  none 20 0/0 256k/ 3ul6U
256k
XVME-650 8, 16, 32 32 32332 15 std opt none 20 IM/AM  0/64k 6U
Tadpole Technology 1601 Trapelo Rd, Waltham, MA 02154 (617) 890-8898 Circle 455
TP88OV 8, 16, 32 24, 32 88100 20, 25 88200 x2 int. 21668 20 am/1eM 2k 6U
TP33V 8, 16, 32 24, 32 68030 16, 20, infernal © opt « 418bit 20 am/1eM 2k 6U
25, 33
TP30V 8, 16, 32 24, 32 68030 16, 20, internal  opt - 20 8M/32M 2k 6U
25, 33
TP22V 8, 16, 32 24, 32 68020 16, 20 opt opt:  fe 16 AM/16M 2k 6U
TP20V 8, 16, 32 24, 32 68020 12, 16 opt opt & o 16 2/8 2k 6U
TP21V 8, 16, 32 24, 32 68020 12, 16 opt opt - 16 2/8 2k 6U
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none 2 RS423 — same as same as above — 7/0 . . . . . $6,656
above
4 1/0 4 RS232 1 32-bit VSB opt PDOS, 0S-9, PDOS or 0S9 7/1 . . . . . . $1,925
Unix
4 1/0 4 RS232 1 32-bit VSB opt PDOS, 0S-9 PDOS or 0S-9 7N L] . . . . L $1,985
4 1/0 4 RS232 1 32-bit VSB opt PDOS, 0S-9, PDOS or 059 71 . . o . . . $4,685
Unix
4 1/0 4 RS232 1 32-bit VSB opt  same as above PDOS or 059 7/1 . . . . . . $4,985
2 8-bit; SCSI 2 RS232 — — — - 710 . $895
0 1 RS232C - [le] - — 710 . $620
0 1 RS232¢C - e} - — 710 . . $795
- 2 RS232 - - 0S9, Unix 5.2 0S-9 7 . . . . . $3,100
16 2 RS232 — — Forth Forth 717 . e . $2,800
16 2 RS232 - - Forth Forth 717 . . . $1,820
— 2 R5232 — — 0S-9 PDOS, pSOS, 710 . . $564
0S-9, VRTX
— 2/4 RS232 1 VME 750 - 0S-9 same as above 7/0 . . . $727
— 2 RS232 expansion 6Uor3U 0S9 pSOS, 059, 710 . . . . $1,240 to
VRTX-32 $1,340
1 printer 2 RS232/422 — — MS-DOS PC AT 710 ° . . . » $2,800
compat.
none 2 RS232 — o PDOS, 0S-9 PDOS, 0S-9 7/0 . . ° . $430
none 2 R5232 1 32-bit VME  — PDOS, 0S-9 PDOS, 0S-9 710 . . L . . . $1,500
none 2RsZ2321822 2 — — Unix VRTX 7 . . . . . . $2,800
NeY 2 RS232 none none TPIX, Unix no 717 . . . . . —
SCSI, printer 4 RS232 none none TPIX, Unix VRTX 717 . . . . . . —
- 2 R5232 none VSB TPIX, Unix VRTX 717 . . . . . . —
SCSI, FDC 2 R5232, none none TPIX, Unix VRTX, 0S-9 710 ° . ] . . . —
10 async UniPlus
SCsI 2 RS232 none none same as above VRTX, 0S-9 7/0 . . . . . . -
SCSI 2 R5232 none none same as above VRTX, 0S-9 710 . . . . . . —
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Aeroflex Laboratories 35 S Service Rd, Plainview, NY 11803 (516) 694-6700 Circle 306
M 86/30 8,16 20, 24 8086 8 no opt none 4 128k/512k 0/0
M 286/00 8,16 20, 24 80286 10, 12 no opt none 4 0/0 0/0
M 186/01 8, 16 20 80186 8 no opt 2 16-bit 4 0/0 16k/64k
Central Data 1602 Newton Dr, Champaign, IL 61821 (800) 482-0315 Circle 323
CD21/8086 8, 16 20, 24 8086 5,8, 10 no opt none 7 128k/1M 0/64
(D21/8286 8, 16 20, 24 80286 8 yes opt 11 16:bit 7 512k/4M 0/64
CD21/8386 8, 16, (32) 20, 24 80386 20 yes opt 8 32:bit 7 1M/4AM 0/0
CD21/8086V 8, 16 20, 24 V30 5,810 no opt none 7 512k/I1M 0/64
Concurrent Technologies 25401 Cabot Rd #206, Laguna Hills, CA 92653 (714) 768-3332 Circle 332
CPI 386/016 8, 16 20, 24 80386 16 no opt 8 7 0 128/1M
Grammar Engine 3314 Morse Rd, Columbus, OH 43229 (614) 471-1113 Circle 360
Mach | 8, 16 16, 24 68000 approx 8 no no none 4 128k/512k 0/0
to 16
Mach 1-2B- 8, 16 16, 24 68000 approx 8 no no 4 16-bit 4 128k/2M 0/0
to 16
Heurikon 3201 Latham Dr, Madison, WI 53713 (800) 356-9602 Circle 361
HK68/ME 8, 16 24 68000/68010 10, 12.5 no opt 4 512/1M 0/0
HK68/M10 8, 16 24 68010 10, 12.5 yes opt 4 512/1M 0/0
HK68/Mize 16, 32 32 68020 125,16.7, no 4 1M/4M 0/0
20, 25
HK68/Mizo 16, 32 32 68020 125,167, yes opt 4 1M/4M 0/0
20, 25
HK68/M130 16, 32 26, 32 68030 20, 25 yes opt 4 1M/16M 0/1M
Innovative Research 17071 Kampen Ln, Huntington Beach, CA 92647 (714) 842-0492 Circle 365
SBC 90A 8 20 Z280A 4 yes yes 1 — 128k 0
Intel 3065 Bowers Ave, PO Box 58065, Santa Clara, CA 95052 (800) 548-4725 Circle 367
SBC 386/21/ 8,18, 32 20, 24 80386DX 16 yes yes none 10 1M/16M 0/0
22/24/28
SBC 386/31/ 8, 16, 32 20, 24 80386DX 20 yes yes none 10 1/16M 0/0
32/34/38
SBC 286/12/ 8, 16 20, 24 80286 8 yes opt 4 10 1116M 0/0
14/16
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no 24 prog lines 2 RS232/422  none none RMX 86 yes yes no mil-spec conduction —
cooled
— 24 prog lines 2 RS232 none none RMX 86, yes yes no same as above —
286
yes 16 prog lines 1 RS232, none none RMX 86 yes yes no same as above -
1 RS422
no 24 prog lines 1 RS232 2 8-/16-bit none — yes no no up to 256k EPROM, $945
SBX compat. w/intel 86/3x
no printer RS232/422, 1 8-/16-bit loc. — yes no no up to 512k EPROM, $1,255
3 R5232 SBX memory/ compat. w/intel 286/1x
LBX
— no 1 RS232 2 8-/16-bit none — yes no no up to 512k EPROM, $5,200
SBX compat. w/intel 386/3x
no 24 prog lines 1 RS232 2 8-/16-bit none — yes no no up to 256k EPROM $950
SBX
no 0 2 prop DRAM ISBX Unix yes yes no 32-bit DMA cont., SCSI —
memory exp.
no none RS232 — — Unix yes yes yes intell. comm $795
slave/coprocessor
no 1 printer 2 RS232 — — Unix yes yes yes coprocessing platform $1,295
8/1 2 RS232 2 iSBX - 0s-9 yes yes yes 6 16-bit counter/timers; $1,125
Vxworks SCSI, 128k EPROM
— 81 4 RS232 2 iSBX iLBX 0S-9, yes yes yes SCSI, 128k EPROM $1,950
Vxworks,
Unix
= 8/1 2 RS232 2 iSBX iLBX 059, yes yes yes 256k EPROM, SCS! $1,800
Vxworks
= 8/1 2 RS232 1 iSBX iLBX Unix V.3,  yes  yes  yes  SCSI, 256k EPROM $2,500
0s-9,
Vxworks
— 16 prog 4 RS232 1 8-bit iSBX iLBX Unix V.3, yes yes’ yes 2M (E)E)(P)ROM, SCSI $2,900
lines/1 059,
Vxworks
16 2 RS232C none none CPIM yes no no floppy controller, $795
16-bit /0, math chip
no none 1 RS232 1 8-/16-bit prop RMX LI, yes yes yes 64 kbytes cache —
SBX Xenix
no none 1 R5232 1 8-/16-bit prop RMX LI yes yes yes 64 kbytes cache —
SBX
no 16 prog lines 2 RS232/432 2 8-/16-bit prop RMX LI, yes — yes — $2,636
SBX Xenix ) &
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Intel 3065 Bowers Ave, PO Box 58065, Santa Clara, CA 95052 (800) 548-4725 Circle 367
SBC 286/10A 8, 16 20, 24 80286 6 yes opt 4 10 0/16M 0/0
iSBC 86C/38 8, 16 20, 24 80C86 1,8 yes opt none 10 1IMAM 0/64
iSBC 86/35 8, 16 20, 24 8086 5.8 yes opt none 10 512k/I1M 0/0
iSBC 86/30 8, 16 20, 24 8086 5 8 yes opt none 10 128k/256k 0/0
iSBC 86/05A 8, 16 20, 24 8086 5 8 yes opt none 10 0/0 8k/16k
iSBC 186/03A 8,16 20, 24 80186 58 yes opt 2 10 0/1M 0/256k
iSBC 80/24A 8 16 8085A-2 24,48 yes = none 10 0/32k 8k/8k
iSBC 88/25 8 16 8088 5 yes opt = 10 4k/8k 0/128k
iSBC 80/40A 8 16 8088 4.8/6.67 yes opt = 10 4/8k 0/128k
Megadata 35 Orville Dr, Bohemia, NY 11716 (516) 589-6800 Circle 378
M80748 8, 16 16, 24 M68020 16.7 yes opt = 10 1M/8M 0/0
M80736 8, 16 16, 24 M68010 8, 10 yes - 10 1M/2M 0/0
M80781 8, 16 16, 24 M68030 10, 20 yes opt = 10 4AM/64AM 0/0
Metacomp 9466 Black Mountain Rd, San Diego, CA 92126 (619) 578-9840 Circle 380
MPA-2000 8,12, 16 - 80186 8 no opt 8 8-bit 16 128k/512k 0/16k
MPX-2000-160 8 12,186 = 80186 8 no opt 8 8-bit 16 128k/512k 0/16k
Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 381
MSBC 80/05 8, 16 16 8085A 98 no no none 0 256/256
MSBC 80/16D 8 24 8080A 2 no no none 0 16/64
MSBC 88/40A 8, 16 20 8088 48 no opt none 0 4k/24k
MSBC 86/05 8, 16 24 8086 5, 8 no no none E 0 8k/8k
MSBC 86/35 8, 16 20, 24 8086 5,8 no opt none 512k/I1M 0/0
MSBC 286/12 8,16 24 80286 8 no opt 4 8 ™ 0/256k
Microbar Systems 785 Lucerne Dr, Sunnyvale, CA 94086 (408) 720-9300 Circle 386
DBC68K2 8,16 20, 24 68000, 68010 10, 12 opt no none 2 128k/512k 0/0
GPC68020 8,16 20, 24 68020 125,167  opt opt 4 5 1M/8M 0/0
G20RT 8, 16 20, 24 68020 20 no opt none 5 TM/4M 0/0
G20FX 8, 16 20, 24 68020 16.7, 20, no opt - 5 256k/1M 8k/32k
25
G30FX 8,16 20, 24 68030 16.7, 20, opt opt - 5 128k/1M 8k/32k
25
F20RT 8, 16 20, 24 68020 20,25 no opt none 5 ™ 8k/32k
Microdesigns 1874 Forge St, Tucker, GA 30084 (404) 493-6318 Circle 388
Multiboard-86 8 16 20 8086-2 58 no opt none 2 0/0 16k/128k
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no 16 prog lines 2 RS232/432 2 8-/16-bit prop same as yes — yes — $1,898
SBX above
yes 24 prog lines 1 RS232C 2 8-/16-bit none RMX | yes no yes all CMOS, 5W power $1,796
SBX
yes 24 prog lines 1 RS232C 2 8-/16-bit none RMX | yes no yes — $1,540
SBX
yes 24 prog lines 1 RS232C 2 8-/16-bit none RMX | yes no yes — $1,310
SBX
yes 24 prog lines 1 RS232C 2 8-/16-bit none RMX | yes no yes — $876
SBX
yes 24 prog lines 2 RS232C, 2 8-/16-bit iLBX RMX | yes no yes SCSI 8/12 28-pin sites $986
RS422 SBX
no 48 prog lines 1 RS232 2 8-bit SBX - RMX | yes no yes — $945
no 24 prog lines 1 RS232 2 8-bit - RMX | yes no yes - $790
no 24 prog lines  — 3 8-bit SBX — RMX | yes no yes 32 analog inputs $2,000
— — 2 RS232 1 prop — — yes no yes 1 8-bit EEPROM -
— - 2 RS232 1 prop - — yes no yes 2 8-bit EEPROM -
— - 2 RS232 1 prop — —_ yes no yes 1 8-bit EEPROM —
— - 1 RS232 2 MPX - MRTM yes yes yes MPX daughter boards $1,825 to
$2,175
- — 16 serial 1 MPX site — MRTM yes yes yes MPX daughter boards $1,255
no 22 prog lines  — - — none no no no - $295
no 48 prog lines 1 RS232 2 8-bit SBX none no no no 6 (E)E)(P)ROM sites $465
no 24 prog lines  none 3 8-bit SBX — none no no no 32 SE, 16 analog inputs $840
no 24 prog lines 1 RS232 — - none no no no - $800
yes 24 prog lines 1 RS232C 2 8-/16-bit none no no no 4 (E)(E)(P)ROM sites $1,200
SBX
no 24 prog lines 1 2 8-/16-bit — none no no no 2 28-pin JEDEC sites $2,800
RS232C/422, SBX
1 RS232C
no none 2 RS232 1/memory none none yes no yes high-speed memory $1,257
access bus
no 16 prog lines 2 RS232/422 1 8-/16-bit none Unix, VRTX  yes yes yes opt TODC $1,712
SBX, 11/
memory
no 16 prog lines 2 RS232/422  same as none — yes yes yes same as above $2,303
above
no — 1 RS232 1 FX module  FX bus, — yes yes opt module provides 24 sq. $1,271
prop in. of user app. area
no - 1 RS232 1 FX module  FX Bus — yes yes yes same as above —
no — 2 RS232 1 SBX — — yes yes yes 25 MHz, 1 wait state -
yes 24 prog lines, 1 RS232 2 8-bit SBX,2  prop none no yes no SBC 86/14 compat., $746
3 out/8 in 8-/16-bit SBX prototype area

COMPUTER DESIGN AUGUST 15, 1988 83




W DESIGNERS' BUYING GUIDE/Mulitibus |

&
o\ \YJ
& <O o o < "
& s° e?’b & o & & s
£ © g & L& N ©
‘;\0 b@ ‘_‘: Q‘ ’b° K B\ \"\ & &
N o o S £ VL i T3
& < ¢ S © LN S &
&L o b& @ N N é& R\ & @Y’ a b “zo s Tt
& 24 Ny & &S & & aghe Sy 9 3

Monolithic Systems 84 Inverness Cir E, Englewood, CO 80112 (303) 790-7400 Circle 394
MSC 8186-700 8, 16 16, 20, 24 80/86 8 MHz no yes 2 16bit | — IMIM 0/0

Nissho Electronics 17320 Red Hill Ave, Suite 200, Irvine, CA 92714 (714) 261-8811 Circle 402
N3101 8, 16 20, 24 8086 5.8, 10 yes opt none — 0.5M/1M 0/0

N3102 8, 16 20, 24 80286 8 yes opt 416pit @ — TMI2M 0/0

Omnibyte 245 W Roosevelt Rd, W Chicago, IL 60185 (800) 638-5022 Circle 404
OB68K1A 16 24 68000, 68010 10 no no none 20 128k/512k 0/0
OB68K/MSBC1 16 24 68000, 68010  12.5 no no none 20 256k/2M 0/0
OB68K/MSBC30 16, 32 16, 24, 32 68030 16, 20, 25,  yes opt 4 16-bit 20 4M/32M 0/0

33

Pacific Microcomputers 6730 Mesa Ridge Rd, San Diego, CA 92121 (619) 453-8649 Circle 407
PM68D 8, 16 20, 23 68000/68010 10 yes no none 4 256k/1M 0/0

PM680K 8, 16 20, 23 68000/68010 10 yes no none 4 512k/ 1M 0/16k

PM68OR 8, 16 20, 24 68000/68010 12.5 no no 2 16-bit 4.2 2M/4M 0/0

PM682 8, 16 24 68020 16.7 yes opt none 4.6 1M/2M 0/0

PM682T 8 16 20, 24 68020 20, 25 yes opt 1 16-bit 5.6 2M/8M 0/0

Radstone Technology One Blue Hill Plaza, Pearl River, NY 10965 (914) 735-4661 Circle 414
MP-1 8, 16 20 80C86 508 no yes none — 64k 64k

MP-2 8, 16 20, 24 80286 8,10 no yes none 128k 64k

SBE 2400 Bisso Ln, Concord, CA 94520 (415) 680-7722 Circle 415
MPU-28 8, 16, 32 24 68020 12.5, 20 opt opt none 1M/8M 0/64k

MPU-20 8, 16, 32 24 68020 16.7, 20 opt opt none IMI2M 0/64k

M68CPU 8, 16 24 68000/68010 10 yes no none 512k/8M 0/0

M68K 10 8, 16 24 68000/68010 10 no no none 128k/1M 0/16k

MPU-12 8, 16 24 68000/68010 12.5 no no 4 16-bit 128k/4M 0/64k

Single Board Solutions 20045 Stevens Creek Blvd, Cupertino, CA 95014 (408) 253-0250 Circle 421
MAT286 8,16 20, 24 80286 10 yes opt 4 8-bit, 3 512k/4M 0/512k

3 16-bit

MBx8000 8, 16 20, 24 78001/28002 4,6, 10 yes no none 4 128k/512k 0/128k
Tadpole Technology 1601 Trapelo Rd, Waltham, MA 02154 (617) 890-8898 Circle 455
TP20M 3 16 20, 24 68020 12, 16 opt opt 0 7 2M 2k
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no 24 prog lines 1 RS232 2 8-/16-bit iRMX-86, yes no no 4 28-pin sockets $1,095
iSBX MS-DOS
24 parallel 1 RS232 1/memory none no no no — $1,000
- 2 RS232 — - none no no no 2 to 8 16-bit EPROM $1,775
3212 2 RS232 none none Idris, Forth,  yes yes no — $841
VRTX,
none 4 RS232 1 8-/16-bit none Idris, Forth,  yes yes yes - $1,101
iSBX C-Exec
16/2 2 RS232, 1 20-bit none none yes no yes 256 bytes cache; —
2 RS232/422  Omnimodule SCSI, GPIB opt
16/1 2 RS422/423  none PMX16 Unix 5.0 yes no yes 5 16-bit counter/timers; —
16/1 2 RS422/423  none none none yes no no 5 16-bit counter/timers; —
printer 2 RS232 1 8-/16-bit none 0s-9 yes yes no 3 16-bit counter/timers, -
compat. iSBX dual port memory,
8-bit/2 2 RS422/423 1 32-bit none Unix 5.2, yes yes yes 8 16-bit counter/timers; -
PMIXbus 0s-9 dual port memory
none 2 RS422/423  none 16-bit Unix 5.2, yes yes yes 5 16-bit counter/timers; —
SCsI 059 dual port memory
no - 1 RS423 — 20-bit iRMX-86 yes yes no low power CMOS, -
local comm. ruggedized, mil
no - 2 RS423 — 24-bit iRMX-286 yes yes no low power, 0 wait-state —
ext local loc. bus
no 24 2 RS232 1 8-/16-bit Regulus yes — yes SBE watchdog timer; $2,950
iSBX Unix V.2 mailbox; 8 M DRAM
no 24 2 RS232 2 8-/16-bit Regulus yes — yes SBE watchdog timer; $1,950
iSBX Unix V.2 mailbox
no — 2 RS232 1 8bit, prop Regulus yes — no no-wait-state MMU $845
1 16-bit iSBX
no 24 2 RS232 2 8-bit iSBX Regulus yes yes no — $700
no 24 2 RS232 2 8/16-bit - Regulus yes - yes DMA support for iSBX $1,995
iISBX connectors
opt 18 prog lines 2 RS232 2 8-/16-bit ATBus PC/IAT com- yes yes no piggy-back EGA card, $1,395
SBX header pat. AT-compat. in 2 slots
opt 40 prog 2 RS232 1 8-bit SBX none CPIM yes yes no 8 28-pin mem sockets $1,011
8000
floppy, SCSI
yes SCsI 2 RS232 none iLBX UniPlus yes VRTX no - —
Unix
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Single Board Solutions 20045 Stevens Creek Blvd, Cupertino, CA 95014 (408) 253-0250 Circle 421
MB4116 8, 16 20 28002 4 yes no none 2 32k/32k 0/0
MB4126 8, 16 20 78002 4 yes no none 2 128k/128k 0/0
MB1801 8, 16 20, 24 28001 10 yes no none 4 0/0 0/0
Strobe Data 13240 Northup Way, #19, Bellevue, WA 98005 (206) 641-4940 Circle 428
FOX8532 16 16 F9445 16 yes no 116-bit 36  64k/512k 0/512
Synergy Microsystems 179 Calle Magdalena, Encinitas, CA 92024 (619) 753-2191 Circle 430
SM20 8, 16 20, 24 68020 125,167, ‘@t  opt  home 10 1IM/10M 0/0
20, 25, 33
SM21 8,16, 32 20, 24, 28 68020 125,167, 'opt  opt  none 20 4M/24M 0/0
20, 25, 33
SM31 8, 16, 32 20, 24, 28 68030 16.7, 20, yes opt  none 40 4M/24M 0/0
25, 33
SM68E 8, 16 20, 24 68000/68010 10, 12.5 yes no none 5 1M/5M 0/0
SM68S 8, 16 20, 24 68000/68010 10, 12.5, yes no none 7 128k/4M 0/0
16
Zendex 6700 Sierra Ln, Dublin, CA 94568 (415) 828-3000 Circle 452
7X-86/05A 8, 16 20 8086 58,16 no yes - 10 - 0/128k
7X-186/30-812 8, 16 20 80186 8 no yes 2 10 128/1M 0/0
7X-286/ 8, 16 24 80286 8 yes yes 4 10 1/4M 0/0
12/14/16
7X-386-8 8, 16, 32 28 80386 16 yes yes 8 20 1/8M 0/0
B Multibus I
Concurrent Technologies 25401 Cabot Rd #206, Laguna Hills, CA 92653 (714) 768-3332 Circle 332
MCP386/016 32 32 80386 16 no opt (8 32 0/16M 128/1M
Heurikon 3201 Latham Dr, Madison, WI 53713 (800) 356-9602 Circle 361
HK68/M220 16, 32 26, 32 68020 167,20, ‘@pt opt 4 = 1M/4M 0/0
25
Intel 3065 Bowers Ave, PO Box 58065, Santa Clara, CA 95052 (800) 548-4725 Circle 367
iSBC 386/116 816232 32 80386 16 yes yes 432bit 40 1IM/16M 64k/64k
iSBC 386/120 8162432 32 80386 20 yes yes 4 32bit 40 1M/16M 64k/64k
186/100 816,04 390 20 80186 8 no opt 4 4 512k/512k 0/0
286/100A 816,74, 32 24 80286 8 yes opt 4 23 0/16M 0/128k
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— 24 prog 2 RS232 none none none yes yes no previously AMD 4116 $1,046
— 24 prog 2 RS232 none none none yes yes no previously AMD 4126 $1,116
- none none none none Xenix yes no no LBX Bus compat. with $1,046
1034 and 1017
yes none 4 serial none none yes yes yes no real-time/calendar clock; $1,975
diskette controller
no 4 /0O lines 2 RS422/423 1 32-bit prop Unix, PDOS  yes yes yes 256 bytes cache, SCSI, $2,360
graphics cont.
yes 4 1/0 lines 2 RS422/423 1 32-bit prop Unix, PDOS  yes yes yes same as above $4,535
yes 4 1/0 lines 2 RS422/423 1 32-bit prop Unix, PDOS  yes yes yes 512 bytes of cache $4,835
and same as above
no 4 1/0 lines 2 RS422/423  none prop Unix yes no yes SCSI, 24 parallel $1,655
110 lines
no 4 /O lines 2 RS422/423  none prop Unix yes no yes SCSI port; 5 timers; $970
4 EPROM sites
- — 2 3 none CP/M, yes yes yes — $775
RMX
~ — 2 2 SBX none CPIM, RMX, yes yes yes — $1,025
CDOS
- - 2 2 SBX none RMX yes yes yes SBC-286/12 alone $1,985/$2,265
86/286,
Xenix
- — 2 2 SBX none RMS yes yes yes — $5,500(4M)/
286/86 $6,500(8M)
no 0 2 RS232/422  prop DRAM CCBX Unix yes yes no 32-bit DMA controller —
— 8/1 2 RS232 1 8-/16-bit iLBX Il Unix V.3, vyes yes yes 128 bytes non-vol. $3,000
iISBX 0s-9, RAM, 256k EPROM,
Vxworks SCsi
no none 1 RS232C 1 8-/16-bit SBX  none iRMX, 1, yes yes no 64k bytes cache; $3,456 (1M)
I3, 2 32-bit EPROM sites
Unix V.3
no none 1 RS232C 1 8-/16-bit SBX  none same as yes yes no same as above $4,320 (1M)
above
24 parallel 1 RS232, 1 8-/16-bit SBX IRMX yes yes no parallel port config. as $1,436
lines RS422 SCSI or printer; sockets
for 512k EPROM
24 parallel 2 RS232/422 1 8-bit SBX, 1 LBX Il iRMX yes yes no 2 28-pin SRAM sites $1,796
lines 8-/16-bit SBX
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Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 381
MIB Il 386/100 8, 16, 32 32 80386 20 yes opt 416:bit 133 2M2M =
MIB Il 386/101 8, 16, 32 32 80386 20 yes opt 416bit 133 2M2M —
MIB Il 386/102 8, 16, 32 32 80386 20 yes opt 416bit 133 2M2M =
MIB Il 386/110 8, 16, 32 32 80386 16 yes no 8 32-bit 32 - 128k/512k
MIB Il 386/111 8, 16, 32 32 80386 16 yes no 8 32-bit 32 - 128k/512k
MIB Il 386/112 8, 16, 32 32 80386 16 yes no 832bt 32 - 512k/512k
MIB Il 386/113 8, 16, 32 32 80386 20 yes no 8 32-bit 40 - 128k/512
MIB Il 386/114 8, 16, 32 32 80386 20 yes no 8 32-bit 40 0 128k/512k
MIB Il 386/115 8, 16, 32 32 80386 20 yes no 832bit 40 0 128k/512k
MIB Il 386/120 8, 16, 32 32 80386 16 yes opt 7 16bit 8 2M/2M 114
MIB Il 186/101 8, 16, 32 20 80186 8 yes opt 21608 2 1IMAM 0/0
MIB Il 186/102 8, 16, 32 20 80186 8 yes yes 6 16-bit 2 TIMAM 0/0
MIB Il 186/110A 8, 16, 32 32 80186 8 no no 6 16-bit 2 512k/512k 0/64k
MIB Il 186/110B 8, 16, 32 32 80C186 10, 125, no no 2 4 0 0/64k
16
Microbar Systems 785 Lucerne Dr, Sunnyvale, CA 94086 (408) 720-9300 Circle 386
MT20A 8162432 32 68020 12.5, opt opt 4 5 1M/4M 0
16.67
Tadpole Technology 1601 Trapelo Rd, Waltham, MA 02154 (617) 890-8898 Circle 455
TP33M 8, 16, 32 32 68030 16, 20, - opt 4,32 40 AM/16M 2k
25, 33
TP88OM 8, 16, 32 32 88100 + 68000 20, 25 88200 4 37 40 AM/16M 2k
B STD Bus
Advanced Micro Systems 31 Flagstone Dr, Hudson, NH 03051 (603) 882-1447 Circle 302
BAS-52 8 16 8052 11.0592  no no - 1.8 0/0 8/16
CPU-31 8 16 8031 11.0592  no no - 1.8 0/0 0/16
CPU-32 8 16 8032 11.0592  no no - 18 0/0 0/16
Computer Dynamics 107 S Main St, Greer, SC 29651 (803) 877-8700 Circle 330
CPU-186 8 20 80186 8, 10, yes opt 2 8-bit 1 0/0 0/512k
12,16
CPU-188 8 20 80188 8, 10 yes opt 2 8-bit 1 /1M 0/32k
CPU-9 8 16 280 25,4, 6, | #o no none - 0 0/64k
8, 10
CPU-2 + 8 16 280 25,4,6, no no none 0 0/64k
8, 10
STD-Bit Boss 8 16 8044/8051 12 no no none — 0 8/40k
Cubit Div., Proteus Industries 190 S Whisman Rd, Mountain View, CA 94041 (415) 962-8237 Circle 336
7540 8 16 6502 2 no no none 0 0/56k
8020 8 20 64180 46 yes no 1 8-bit 0 64k/64k
8400 8 20 V40 7.4 no no 1 8-bit - 0 64k/64k
8600 8, 16 24 80186 10 no no 2160t — 0 64k/64k
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- — 1 RS232C 1 OME none no yes yes no SCsl $4,400
- — 1 RS232C 1 OME none no yes yes no 64 kbytes cache; SCSI $4,800
- — 1 RS232C 1 OME none no yes yes no 256 kbytes cache; SCSI $5,600
— — 1 RS232C 1 OME none no yes yes no 1 16-bit (E)(E)(P)ROM; $3,200
prototyping area
- — 1 RS232 OME none no yes yes no prototyping area $3,600
— 1. RS232 o none no yes yes no prototyping area $4,400
~ — 1 RS232 — none no yes yes no prototyping area $4,000
— — 1 RS232 OME none no yes yes no prototyping area $4,400
o 1 RS232 OME none no yes yes no 512 kbytes cache; $5,200
prototyping area
— SCSI, printer 3 RS232, OME AT MS-DOS no yes no AT compat., $4,800
1 keyboard real-time clock
SCSI, printer 3 RS232 OME none yes yes yes no — $1,600
SCSI, printer 1 RS232 OME none yes yes yes no — $2,000
none 1 RS232 2 SBX none no yes yes no prototyping area $1,600
none 1 RS232 none none no yes yes no prototyping area $1,440
no — 2 RS232/422 1 SBX — Unix, yes yes yes SCSI; opt TODC $2,653
VRTX
yes SCsl, 8 1/0 6 RS232 8/16 SBX iLBX Il TPIX yes VRTX no Ethernet interface —
531
yes Scsl 4 RS232 8/16 SBX iLBX I TPIX yes no no Ethernet interface -
opt 24 in, 24 out 2 RS232 — — none yes yes no 8k EEPROM std, 16k opt  $351
opt 24 in, 24 out 2 RS232 — — none no no no 16k RAM, (E)(E)PROM opt $256
opt 24 in, 24 out 2 RS232 — — none no no no same as above $270
yes 24 2 RS232, 1 8BHSBX — MS-DOS yes yes yes 16-bit wide —
2 RS232/ memory, RTC
422/485
no 24 1 RS232, 1 8-bit SBX — MS-DOS yes yes yes 12 Clc —
1 RS232/485
yes 10 2 RS232/ 1 8-bit SBX — CPIM yes e yes RTC, master/slave —
4221485
no 0 0 — — CPIM yes - yes 4 CTC, 6 memory -
positions
yes 0 1 RS485 2 8-bit SBX ~ RMX-51 yes yes no — $450
no 56 prog lines 1 RS232 none STD none yes ho no — $251
yes 16 prog lines 2 RS232 none STD none yes no no ADC clock/calendar $379
yes 24 prog lines 2 RS232/485 1 8-bit SBX STD none yes no no same as above $470
yes 32 prog lines 2 RS232 1 8-/16-bit STD none yes no no clock calendar $565
SBX
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Enterprise Systems 6 Grove St, PO Box 698, Dover, NH 03820 (603) 742-7363 Circle 351
10812 8 16 6502 1, no no none L2 0 0/32k
10809 8 16 6809 1, no no none 1,2 0 32k
GW Three 7623 Fullerton Rd, Springfield, VA 22153 (703) 451-2043 Circle 355
SBC-20 8 24 MC68020 12, 16 no yes none 2 - 128k/2M
20

SBC 95/2 8 16 TMS 9995 2 no no none 15 — 24k/96k
SBC 95/1 8 16 TMS 9995 12 no no none 1.5 — 0/4k
Matrix 1203 New Hope Rd, Raleigh, NC 27610 (919) 833-2000 Circle 376
TS9 8 16 6809 1 no no none - — 0/64
MF9 8 16 6809 1, no no 1 8-bit - - 0/64
SP9 8 16 6809 ; no no none ~ — 0/64
CP9 8 16 6809 i no no none — — 0/64
Micro-Link 14602 N U.S. Highway 31, Carmel, IN 46032 (800) 428-6155 Circle 384
STD202 8 20 68008 8 no no none 2 0/0 0/32k
STD203 8 24 68000 8 no no none 2 0/0 0/0
STD205 8 16, 20, 24 280 4 no no none 2 0/0 8k/192k
STD206 8 20 80188 8 no opt 2 20-bit 2 256k 0/64k
STD245 8 16 8085A 4 no no none 2 0/0 0/64k
STD247 8 16 Z80A 4 no no none 2 0/64k 0/32k
Micro/Sys 1011 Grand Central Ave, Glendale, CA 91201 (818) 244-4600 Circle 385
SB8088 8 20 8088 5 no opt none 2 0/0 0/32k
SB8082 8 20 V20 5, no opt none 2 0/0 0/32k
SB8020 8 16 780 4 no no none 1 0/0 0/32k
SB8010 8 16 280 25,4 no no none 1 0/0 0/32k
Microcomputer Systems 1814 Ryder Dr, Baton Rouge, LA 70808 (504) 769-2154 Circle 387
MSI-C988 8 17 80C88 5 no no none - 0/0 0/32k
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yes 32 prog lines 1 RS232 — STD none opt no no 3 28-pin sockets for $190
RAM, (E)EPROM
yes 32 prog lines 1 RS232 — STD none opt no no same as above $190
yes 3 prog lines 2 async none none PDOS yes yes no 256 kbytes cache; $764
32-bit
wide RAM, 1M EPROM
yes 8 input/ 2 RS232 none none PDOS yes yes no - $350
8 output
no 8 input/ 2 RS232/422  none none PDOS yes yes no — $290
5 output
yes 36 1/0 lines 2 RS232C/ none none none yes yes no 3 16-bit counter/timers; $237
423 watchdog timer,
1/2 MHz ver.
bat/backed clock
no none 2 RS232 none none none yes yes no 1/2 MHz ver.; $222
3 16-bit counter/timers
no none 1 RS232C none none none yes yes no 1/12 MHz ver. $177
no none none none none none no yes no 1/2 MHz ver.; on-board $143
watchdog timer
no 2 8-bit 1 RS232, — - PDOS yes yes no PC communications $323
1 RS422 software avail.
no — — PDOS yes yes no 780 mode 2 interrupts $287
no — — - CPIM+ yes no no supports Z80 mode $143
2 interrupts and RETI
opcodes
no 8+ 1 RS232, 1 8-bit SBX - yes no no — $348
1 RS232/422
yes 1 24-bit 1 RS232 none CPIM yes no no counters, real-time clock  $266
no 8/1 1 RS232 none - CPIM yes no no same as above $205
yes 2 8-bit ports 1 RS232 - STD PC-DOS yes no no 5 8-bit down counters; $215
on-board interrupt cont,;
up to 64k EPROM;
standalone ROMable
C compiler
yes 2 8-bit ports 1 RS232 - STD PC-DOS yes no no 5 8-bit counters; $215
up to 64k EPROM;
standalone ROMable
C compiler
yes 2 8-bit ports 2 RS232 - STD CPIM yes no no 4 8-bit counters; $290
standalone ROMable
C compiler
yes — 1 RS232 — STD CPIM yes no no same as above $155
yes 24 110 2 RS232 - - none yes no no 1 real-time clock; $360

32k/64k PROM,; 10-bit
ADC; 3 16-bit timers
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Microcomputer Systems 1814 Ryder Dr, Baton Rouge, LA 70808 (504) 769-2154 Circle 387
MSI-C800 8 16 NSC800 1,25 4 0@ no none - 0/0 0/8k
MSI-C850 8 16 NSC800 1,254 | e no none — 0/0 0/32k
Mitchell Electronics 8481 Rock Riffle Rd, Athens, OH 45701 (614) 594-8532 Circle 392
M/E200 8 16 280 2:5546 no no none - 0/0 0/64k
M/E 300 8 16 Z80 25, 4,6 no no none — 0/0 0/64k
Mizar 1419 Dunn Dr, Carrollton, TX 75006 (800) 635-0200 Circle 393
MZ 77851 8 16 280 25,4 no no none — 1k/2k —{2k
MZ 78785z 8 16 Am9511A 4 no yes none — - -
Mz 77855 8 16 280 3.68 no no none - — 256/256k
Mz 77857 8 16 280 3.68 no no none - 64k/64k —
MZ 77858 8 16 280 2.5, 4 no no none - —/16k —/16k
MZ 77859 8 16 280 25,4 no no none - —/16k —/16k
Mz 77870 8 16 2280 8, 10 yes no 4 20-bit - 0/768k —
Moya 9001 Oso Ave, Unit C, Chatsworth, CA 91311 (818) 700-1200 Circle 398
132 8 19 HD64180 9.216 yes opt 2 8-bit 2.3 512k/512k 0/4M
RLC Enterprises 4800 Templeton Rd, Atascadero, CA 93422 (805) 466-9717 Circle 413
SBC-188 8 20 80188 5,8, 10 no yes 2 8-bit 2 0/0 0/256
SCC-188 8 20 80188 5,8, 10 no no 2 8-bit 2 0/0 0/256
SBC-188SL 8 20 80188 5,8 10 no yes 2 8-bit 2 0/0 0/256
SCC-188SL 8 20 80188 5,8, 10 no no 2 8-bit 2 0/0 0/256
SBC-186 8, 16 20 80186 5,8, 10, no yes 2 16-bit 4 0/0 0/256
12.5
SBIO-186 8, 16 20 80186 8, 10, no no 2 16-bit 4 0/0 0/256
12.5
DSP-320-20SL 16 20 TMS32020/ 20, 40 na no none 10 0/0 0/192
320C2S
SBC-C188 8 20 80188 CMOS 8, 10 no no 2 8-bit 2 0/0 0/256
SCC-C188 8 20 80188 CMOS 8, 10 no no 2 8-bit 2 0/0 0/256
SBC-C186 8, 16 20 80186 CMOS 8, 10, no no 2 16-hit 4 0/0 0/256
2.5
SBIO-C186 8, 16 20 80186 CMQOS 8, 10, no no 2 16-bit 4 0/0 0/256
1235

92 AUGUST 15,1988 COMPUTER DESIGN



o
3 ° <
& & & 48 gy o
> (s) | QQ ~Q o‘ *Q
& \ > 0 4 S o8 & R\ &
& Q & ¢ ) S ¥ & 0
& S ) < x O
° \\\Q & > & " ’o‘b & & <& +\¢ & (\"q' Y
& AN o5 LR & G > &Y ¢ <
L X S 2 N
® & &\ NN & e & E & F &
no 24 1/0 none - - none yes no no 1 real-time clock; 2 2k $260
PROM sites;
16-bit timers
no none none . - none yes no no 1 real-time clock; $240
4 8k PROM sites
opt IEEE-488 2 RS232 none none Forth opt no no flexible memory mapping  $250
opt 16 prog lines 2 RS232 none none Forth opt no no same as above $175
no 16 lines — — none no no no — $180
5 8-bit — — — — — no — $360
& = — - = no = $160
no 1 8-bit 2 RS232 — — — — no — $280
no 2 8-bit 1 RS232 = - = = = no = $220
no - - - — - - no — $155
— 3 RS232 = — — — = no 256 kbytes of cache —
no none 2 RS232, STD Bus STD Bus CPIM, yes yes yes 2 counter/timers; $396
1 clocked MaxDOS 5V only operation
opt 16 prog lines 1 RS232 - - none yes no no 3 16-bit counter/timers; $332 5 MHz/
5 8-bit counter/timers; $346 8 MHz
real-time calendar clock;
support software avail.
opt none 2 RS232 or — none yes no no 3 16-bit counter/timers; $332 5 MHz/
1 RS232/422 real-time calendar clock; $346 8 MHz
software support avail.
opt 16 prog lines 1 RS232 - none yes no no slave processor with 1/0 $350 5 MHz/
interface to STD Bus $364 8 MHz
opt none 2 RS232 or e — none yes no no same as above $350 5 MHz/
1 RS232/422 $364 8 MHz
opt 16 1 RS232 — none yes no no full 16-bit standard; 3 $374 5
16-bit timers; 5 8-bit MHz/$388 8
timers; real-time clock, MHz
software avail.
opt 32 2 RS232 or - none yes no no opto 22 compat. parallel ~ $388 8 MHz/
2 RS422 interface, real-time clock, $409 10 MHz
software avail.

32 1 serial - — none — no no slave DSP w/ memory $416 20 MHz/
and I/O interface $556 40 MHz
to STD Bus

opt 16 prog lines 1 RS232 - none yes no no 3 16-bit timers; 5 8-bit $367 8 MHz/
timers; real-time calendar  $381 10 MHz
clock; software, CMOS
opt none 2 RS232 or — - none yes no no 3 16-bit timers; real-time  $367 8 MHz/
1 RS232/422 calendar clock; software, $381 10 MHz
CMOS
opt 16 prog lines 1 RS232 — - none yes no no full 16-bit, 3 16-bit $416 to $458
timers; 3 8-bit timers;
real-time clock, soft-
ware, CMOS
opt 32 prog lines 2 RS232 or - none yes no no opto 22 compat. parallel  $416 to $458
2 RS422 interface; real-time clock;

software CMOS
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Spurrier Peripherals 10513 Le Marie Dr, Cincinnati, OH 45241 (513) 563-2625 Circle 423
Z80-1l 8 16 280 25106 no opt none — - 2k/32k
6809 8 16 6809 1,15,2 e opt none — . 2k/64k
68008 8 20 68008 8,10 no no none — 2k/64k
Systek 1027 N Kellogg St, Kennewick, WA 99336 (509) 735-1200 Circle 433
8850 8, 16 20 V50 8, 10 no opt 4 4 128k/512k 32k/128k
8810 8 20 V20 58 10 no opt - 25 0 0/64k
8887 8 20 V20 5810 no opt — 25 0 0
8800 8 20 V20 58 10 o no - 25 0 0
Timark Microsystems 5220 E 65th St, Indianapolis, IN 46220 (317) 841-6555 Circle 439
Rescuer-| 8 16 780 25, 4 no no 1 - - ; 2k
Versalogic 3888 Stewart Rd, Eugene, OR 97402 (800) 824-3163 Circle 444
VL-188-1 8 20 80188 5810 no no 2 125 0/0 0/0.5M
VL-188-2 8 20 80188 58 10 no no 2 1.25 00 0/0.5M
VL-7804 8 16 7280 4 no no none - 0/0 0/32k
VL-7806 8 16 280 25,4,6 no no none - 0/0 0/128k
Winsystems PO Box 121361, Arlington, TX 76012 (817) 274-7553 Circle 447
LPM-SBC50 8, 16 20 V50 8, 10 no opt 316:bit 10 0/0 0/512k
LPM-SBC40 8 20 V40 8,10 no opt 3 8-bit 10 0/0 0/512k
LPM-SBC8 8 20 8088 5, 8 no opt none 8 0/0 0/64k
LPM-102 8 16 Z 80 4,6 no no none 6 0/0 0/64
LPM-SBC6 8 19 64180 4,6 yes no 2 8-bit 6 0/0 0/64k
LPM-SBC5 8 19 64180 4,6 yes no 2 8-bit 6 0/0 0/64k
LPM-SBC3 8 16 280 4,6,8 no no none 8 0/0 0/64k
MCM-SBC 8 16 280 4 no no none 4 64k/64k 0/0
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no — 1 RS232 none — none yes no no — $295
no —_ 1 RS232 none — flex yes no no expanded /0 map, $295
512 ports
no - none none — none yes no no supports 1 M address $239
range via external
address bus
yes parallel 2 RS232/ — — MS-DOS yes no yes 3 16-bit counters; $746
1 RS485 watchdog timer;
multiprocessor CMOS
yes 8 1 RS232 1 8-bit SBX — MS-DOS yes no no 3 16-bit counters; $296
9 interrupts CMOS
-40to +85°C
- none - e — MS-DOS  yes no no CMOS $169
—40 to +85°C
— none - - - MS-DOS yes no no same as above $131
no 16 lines 2 RS232 — — no yes no — 8 kbytes EPROM $300
- 16 lines 1 RS232 - — - yes no no 3 16-bit timers; $243
5 8-bit timers
— 16 lines 1 RS422/485 — — — yes no no same as above $250
— — - - — — no no no 3 16-bit timers $127
— — 2 RS232 - - — yes no no 4 8-bit timers $168
opt 24 prog 1 RS232, 1 8-/16-bit STD Bus none yes no no 3 16-bit counter/timers; $575
422/485 SBX watchdog timer; real-
time clock; CMOS,;
-40to +85°C
oper. temp.
opt 24 prog 2 RS232/422 1 8-bit SBX STD Bus none yes no no ext oper. temp -40 to $525
+85° C; real-time clock;
watchdog timer; 3 16-bit
counter/timer
opt none 1 RS232/422 1 8-bit SBX STD Bus none yes no no 3 16-bit counter/timer; $495

watchdog timer; ext oper
temp ~40 to +85° C
opt none 2 RS232 none STD none yes no no replaces DY-4 DSTD- $295
102 board; avail. in
CMOS for extended
temp operation
opt 24 prog lines 2 RS232/422  none STD none yes no no 2 16-bit timers; watch- $395
dog timer; Z80 code
compat.; all CMOS
ext. temp. avail.

opt none 4 RS232 none STD none yes no no same as above $395
opt 16 prog lines 2 RS232 none STD none yes no no 4 timers; watchdog $265
timer; all CMOS ext.
temp.
—40 to +85° C avail.
no none 2 RS232 none STD CPIM 2.2 yes no no floppy disk controller $695

on-board; complete
system on a card
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Winsystems PO Box 121361, Arlington, TX 76012 (817) 274-7553 Circle 447
MCM-7815 8 16 8085 6 no no none 6 0/0 0/32k
MCM-CPU2A 8 16 280 4,6, 8 no no none 8 0/0 0/64k
LPM-CPU3A 8 16 NSC-800 25,4 no no none 4 0/0 0/64k
LPM-8088 8 20 8088 5 no no none 5 0/0 0/0
XYZ Electronics RR 12, Box 322, Indianapolis, IN 46236 (317) 335-2128 Circle 448
CPU-9A 8 16 68809 1.2 no no none - 0/0 0/64k
CPU-68K8 8 20 68008 10, 12 no no none = 0/0 0/64k
Ziatech 3433 Roberto Ct, San Luis Obispo, CA 93401 (805) 773-5854 Circle 453
ZT 8808/8809 8 20 NEC V20 (8088)  5/8 no opt none = 0/0 8k/392k
7T 8816/8817 8, 16 20 NEC V50 5/8 no opt 1 20-bit 512k/512k 64k/64k
(80186)
ZT 8806/8807 8 20 8088 5/8 no opt none 0/0 0/128k
7T 8814/8815 8 20 80188 5,18 no no 2 20-bit 0/0 0/32k
ZT 8830 8 20 8088 8 no no none 0/0 8k/32k
Ziltek 1651 E Edinger Ave, Santa Ana, CA 92705 (714) 541-2931 Circle 454
ASTD 101 8 16 Z80A 4 no - 0/0 2k/32k
ASTD 118 8 16 Z80A 4 no 5l E 0/0 0/0
ASTD 152 8 16 Z80A 4 no e - 0/0 2k/32k
ASTD 153 8 20 64180 6.144 no 2 0/0 256k/512k
ASTD 154 8 20 64180 6.144 no 2 0/0 64k/64k
ASTD 158 8 16 Z80A 4 no = 0/0 0/0
ASTD 801 8 20 8088 5 no opt 0/0 8k/32k
ASTD 501 8 16 280C 4 no - 0/0 4k/32k
B STE Bus
Arcom Control Systems Unit 8, Clifton Rd, Cambridge, U.K., CB1 4WH Circle 317
U.S. Distributor (Val-Tech) (302) 738-0500
SCPC88 8 20 8088 477,7 no opt 4 8-bit 256k
SC280 8 20 7280 10 yes no 4 8-bit i 0/96k
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opt none none none STD none no no no replaces Pro-Log 7805, $185
7815, 78C15; ext.
temp. operation —40 to
+85° C

opt none none none STD none yes no no replaces Mostek (Mizar) $185
MDX-CPU2A and MDX-
CPU2B

opt 22 prog none none STD none no no no 2 16-bit counters; $295
watchdog timer; calendar
clock; —40 to +85° C

- none 2 RS232 none STD none yes no no -40 to +85° C $395
operation, 2 mA serial
channels

yes none 1 RS232 STD Bus — 0s-9 yes yes no 3 counter/timers $244

(16-bit); real-time clock;
custom mem map

yes 8 single-bit 1 RS232 STD Bus 0s-9 yes yes no 2 counter/timers (8-bit); $371
real-time clock

opt 12 prog lines 1 RS232C, none none STD DOS  vyes yes yes 256-kbyte EEPROM $531/561
RS422A/485 capacity, ac/dc power
fail protection
yes none 1 RS232C, none none STD DOS  yes yes no same as above $1,169/1,199
RS422A/485
opt 16 prog lines 1 RS232C, none none STD DOS  yes yes no 320-kbyte ROM $256/286
RS422A/485 capacity EEP
no none none 1 SBX none none yes no no 64-kbyte ROM $277/307
capacity EEP
no 16 prog lines 1 RS232, 1 SBX none STD DOS  vyes no no slave processor $288
RS422/485 capability
16 lines — — — yes yes — 1 CIC $136
printer 1 RS232C - CP/IM-80  yes yes - - $162
2 RS232¢/ - — yes yes - — $169
TTL
printer - in-house — CP/M-80 yes yes — — $345
yes 16 lines 2 RS232C/ in-house 2 yes yes — = $645
TTL
— - yes yes - - —
- — — yes no - — $164
16 lines — - yes yes — — $168
— - — MS-DOS, no no no SIE PE $548
PC-DOS
- 2 RS232, — CPIM + yes — no up to 96k RAM; $468
1 RS485 up to 128k EPROM
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Arcom Control Systems Unit 8, Clifton Rd, Cambridge, U.K., CB1 4WH Circle 317
U.S. Distributor (Val-Tech) (302) 738-0500
SC008 8 20 68008 8 no no none — 0/64k
SC88 8 20 80188 8 no no 2 8-bit — 64k/256k =
DSP Design LTD Unit 1, Apollo Studios, Charlton Kings Rd, London, NW5 2SB 44-1-482-1773 Circle 339
U.S. Distributor (Val-Tech) (302) 738-0500
sv2s 8 20 V25 8 no no 2 5 0 32k/368k
X180 8 19 HD64180 6,9 yes no 7 5 0/256k 8k/32k
SP180 8 19 HD64180 6,9 yes no 2 5 0 8k/96k
$z801 8 20 780 4,6 no no none 5 0 8k/96k
Val-Tech PO Box 9086, Newark, DE 19714 (302) 738-0500 Circle 443
vt1088 8 20 80C88 5 no opt none 5 - 8k
M S-100 Bus
Fulcrum Computer Products 459 Allan Ct, Healdsburg, CA 95448 (707) 544-0202 Circle 354
MPUZ 8 16, 24 Z80H 8 no no — = - =
IBS 5915 Graham Ct, Livermore, CA 94550 (415) 443-3131 Circle 362
Slavenet 186 16 24 80186 10, 12 s 316bit 2 512k/1M 0/0
M NuBus
Mercury Computer Systems 600 Suffolk St, Lowell, MA 01854 (508) 458-3100 Circle 379
MC3200NU 32 32 XL8032 10 - yes 132bit 25 2/8 —
Yarc Systems 5655 Lindero Canyon Dr, Suite 721, Westlake Village, CA 91362 (818) 889-4388 Circle 451
McCray 32 32,24 Am29000 (RISC) 20, 25 yes  opt 1 5 212 0.5/2.5
N G-64
Gespac 50 W Hoover Ave, Suite 2, Mesa, AZ 85202 (602) 962-5559 Circle 359
GESSBS-6 16, 32 24 68000/68010 8/16 yes = 20 0/0 256k/512k
GESSBS-4A 8 15 6809 12 yes - 20 0/0 64k
GESSBS-S 16 15 8088 5 yes = 20 64k 64k/128k
GESBDS-6 16, 32 24 68000/68010 8/16 yes — 20 0/0 256k/512k
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~ - 2 RS232 or - — 0S-9/68k ves yes no up to 64k RAM; $421
1 RS232/1 up to 124k ROM
RS485
— — 2 RS232 — — Concurrent  yes - — bus arbiter $543 to $936
DOS
no 24 2 RS232 no no Appcom, yes yes no i $450
CDOS
yes none 2 RS232 1 prop no CPIM+, Z-  yes yes no = $420
system
no 40 lines 2 RS232 no no CPIM+, Z-  yes yes no _ $360
system
no 32 lines 2 R5232 no no CPIM+, Z-  yes yes no — $270
system
no - - 8087 math — none no no no exCMOS; STEbus sys- $465
coprocessor tem controller funct.
yes 1 printer 2 RS232 none none — yes yes no — $225
none 2 RS232 1 SCSI - PNet yes no yes — $495
TurboDOS
no - — prop multifinder  yes yes no 64 kbytes cache
no - — prop 32-bit Nubus Mac Il yes no yes all memory full speed; $4,000
up to 1 wait state
yes 20 prog 2 RS232 - yes yes yes - 3 16-bit timers; $676
clock/calendar
yes 32 parallel 1 RS232 — = yes yes yes = multiple memory maps $421
lines
— 24 prog 2 RS232 — — complete  yes yes — multiple memory maps $506
devel. timers/clock/calendar
yes 20 prog 2 RS232 — — yes yes yes — 3 16-bit timers; -

clock/calendar
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Analogic/CDA 8 Centennial Dr, Peabody, MA 01961 (617) 246-0300 Circle 313
MicroMSp-4 16 22 68020 20 = opt 4 3 0.5M/4.5M 64/256
M Bitbus
Datem 148 Colonnade Rd, Nepean, Ontario, Canada K2E 7R4 (613) 225-5919 Circle 344
530 Series 8 16 8044 12 no no none 1 0/0 40k/64k
220 8 16 8044 12 no no none 1 0/0 16k/64k
330 8 16 8044 12 no no none 1 0/0 16k/64k
335 8 16 8044 12 no no none 1 0/0 16k/64k
B AMS Bus
Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 381
mMAMS-M6-A8 8,16 24 8086 8 = opt 2 8-bit = 0 0/32k
mMAMS7-A8 8, 16 24 8086 8 - opt 2 8-bit — 0 0/32k
mAMS-M16-A81 8, 16 24 80186 8 o — 2 8-bit = 512k/512k 0/0
mAMS-M26-A81 8, 16 24 80286 8 = = 4 8-bit 4 MM 0/0
mAMS-M36 8, 16 24 80386 16 L opt  832bit 20 2M/2M 0/0
B SMP Bus
Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 381
mMSMP-E14-AX 8 24 8085A 3,5 no = none 0/0 0/16k
mSMP-E17-AX 8 24 8088 5,8 no opt 4 8bit - 0/0 0/0
mSMP-E18-A8 8 24 80188 no yes 2 8-bit 1 0/0 0/96k
mSMP-E19-A84 8 24 80188 8 no no 2 8-bit 1 512k/512k 0/0
B Exorbus
Micro Industries 691 Greencrest Dr, Westerville, OH 43081 (614) 895-0404 Circle 381
M68MMO1A2 8 16 6800 1 no no none 1 0 1k
M68MM17 8 16 6809 1 no no none 1 0 0/40k
M68MM 19 8 16 6809 2 no no none 1 0 2k/34k
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no - 1 RS232 1 for memory none VMS - yes - coprocessor for uVAX $9,900
system w/peak arith.
rate of 20 MFlops
yes 64 digital/ 0 1 8-bit SBX — Basic, C, yes yes yes 3 memory sites, $400 to $1,200
6 analog Ladder module sockets
Logic,
assembly
no printer port 1 RS232 & 1 8-bit SBX — Basic, C, yes yes yes 3 memory sites $390 to $470
1 RS422 or assembly
2 RS232
no 48 none 1 8-bit SBX — yes, yes yes yes same as above $350 to $430
Basic,C,
assembly
no 24 none 1 8-bit SBX — yes, yes yes yes same as above $280 to $360
Basic, C,
assembly
no 24 prog lines 1 RS232 none SMP no no no no 3 counter/timers; $1,720
8089 /0 processor
no — 1 RS232 2 SBX SMP no no no no 3 counter/timers $965
8-/16-bit
no - 1 RS232 none SMP no no no no ECC; 2 counter/timers; $2,020
2 EPROM sites
no - 1 RS232 none SMP no no no no 3 counter/timers; $2,995
2 EPROM sites
no - 1 RS232 32-bit OME SMP no no no no 64 kbytes cache opt; $5,895
2 EPROM sites;
82380 controller
yes 16 prog lines 1 RS232 none none no no no no 5 counter/timers; $650/$670
8256 MUART
no — — none none no no no no — $810
no 16 input/ 2 RS232 none none no no no no 3 counter/timers; watch-  $890
8 output dog; 78530 serial cont.
no 1 printer, 8 2 RS232 none none no no no no 3 counter/timers; $1,215
prog lines 78530 serial cont.
no 32 prog lines 1 RS232C none none none no no no 4 (E)(PPROM/RAM sites $415
no 16 prog lines 2 RS232C none none none no no no 5 (E)(P)ROM/RAM sites $415
no 1 printer/prog 1 RS232C/ none none none yes no no 4 (E)(PPROM/RAM sites; $585
422/423 counter/timer
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Micromint 4 Park St, Vernon, CT 06066 (203) 871-6170 Circle 389
BCC180 8 20 HD64180 9.216 yes no 2 8-bit 15 0/256k 32k/128k
BCC52 8 16 8052 11.0592 no no none 0:25 0/0 8k/48k
W Xbus
Micromint 4 Park St, Vernon, CT 06066 (203) 871-6170 Circle 389
SB180FX 8 20 HD64180 9.216 yes no 2 8-bit 15 256k/4M 0/0
B Unibus
Nissho Electronics 17320 Red Hill Ave, Suite 200, Irvine, CA 92714 (714) 261-8811 Circle 402
N1100 Plus 16 18 n 15 yes yes 116bit 4 1M/4M 0/0

From the
Harris Collection...

One source, one workstation for
all ASIC military/space designs

Youremember what semicustom used to be: all that time
and money with no assurance your ICs would withstand
hi-rel environments. Now Harris gives ASICs a change for
the better. With advanced cell libraries...an open-system
CAE/CAD toolset...integration with industry standard
workstations (Daisy, Mentor, Sun and other UNIX-based
platforms).

You do the front-end. Trust the back-end — masks,
manufacturing, screening, packaging — to us. For the
assured ASIC performance you're looking for, look to us!
In US. phone 1-800-4-HARRIS, Ext. 1940. In Canada:
1-800-344-2444, Ext. 1940.

& HARRIS

1988, Harris Corporation

Instrumentation
and Control

-

g L

STD BUS 280 Single Board Power

® Optional cal/clock &
battery backed-up

® Optional onboard
FORTH Development

System ram

® |[EEE 488 or general ® CMOS versions
purpose parallel port available

® 2 RS232C Ports with  M/E200 with

Zilog Z80 DART
® L arge onboard

IEEE488 - $350
M/E300 with 20 parallel
lines - $250

memory capacity OEM pricing available
R HELL.
LEC THRONICS

8481 Rock Riffle Road + Athens « OH » 45701« 614-594-8532

CIRCLE NO. 27

CIRCLE NO. 28
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yes 48/6 2 RS232/ — - none yes no no multitasking Basic
422/485, compiler, EPROM prog
1 sync
yes 24/3 2 RS232 — - none no no no Basic interpreter, EPROM  —
programmer on-board
no 24/3 2 RS232, — — 2 system  yes no no floppy interface, SCSI —
1 sync (CP/IM)
yes — 2 RS232 none none DEC yes no no — $8,950
compat.

Guaranteed Portability for
your real-time systems.

A real-time,
multi-tasking,
ROMable kernel
for C programs.

Now you can have a portable base for
embedded systems that lets you grow
from 8- to 16- to 32-bit systems. CISC
or RISC, now your kernel can be as

portable as your real-time application.

C EXECUTIVE is especially suited for
high volume, low cost board level pro-
ducts for instrumentation, control,
data acquisition, and other real-time
applications.

Features

* Real-time, fully-preemptive task
scheduler.

* Optional file system available.

* Fast context switching time-17us on
25MHz MC68020.

¢ Standard |/0 and data flow design
facilities are built in.

* Highly portable—supports Motorola
MC68000/MC68010,
MC68020/MC68030, MC6809, Intel

8080/8085, 8086/8088, 80186,
80286, 80386, DEC LSI-11, Zilog
280, 2280, AT&T WE32100, Texas In-
struments TMS34010, Intergraph
CLIPPER, and the National Semicon-
ductor Series 32000.

® High Level Language Support—
written in C, provides built-in
interface to user applications code.

CIRCLE NO. 29

* Rapid prototyping—test under UNIX,
DOS, VMS, etc., then download to
your choice of microprocessor.

* Use the latest microprocessor—
C EXECUTIVE is being ported to a
wide variety of both CISC and RISC
Processors.

e JMI Portable C Library—a complete
ROMable and sharable library is
included.

Order Now

The JMI C EXECUTIVE single unit
binary price is $575. Source code for
all I/O drivers is included. Quantity dis-
counts are available.

To order, or for more information, write
or call JMI Software Consultants, Inc.,
215-628-0846.

Registered Trademarks: UNIX—AT&T, MC6809, MC68000—Motorola, Inc.
Distributors: Sweden, Unisoft AB, Vastra Hamngatan 8, S-411 17
Goteborg, Phone: 46-31-176050; West Germany, Staub Computer
Integrations GmbH, Lochhamer Schlag 19, D-8032 Graefelfing, Phone
089/853987; France, COSMIC, 52, quai des Carrieres, 94227 Charenton
Le Pont CEDEX, Phone: (1) 378-83-57; Switzerland, RETIS Realtime Soft
ware AG, CH-5001 Aarau, Bahnhofstrasse 96, Phone: 064-24-77-76;
United Kingdom, Real Time Systems, Ltd., PO. Box 70, Viking House,

Nelson Street, Douglas Isle of Man, British Isles, Phone: 624-26021;
Japan, Advanced Data Controls Corp., Nihon Seimei Otsuka Bldg.,
No. 13-4, Kita Otsuka 1 chome, Toshima-ku, Tokyo 170, Phone: 576-5351

[

JMI SOFTWARE CONSULTANTS, INC.
P.0. BOX 481 » 904 SHEBLE LANE
SPRING HOUSE, PA 19477
215-628-0846



68030 - VME
The Real Single Board Computer

The TP32V from Tadpole

*The Philosophy® *The Designe

Designed for optimum system performance from a single full
IEE 1014 VME board, the TP32V needs no other cards, piggy-
backs or mezzanines to deliver the full potential of the 16-33
MHz MC68030. To maximise overall throughput, all the on-
board /0 facilities were designed to take advantage of
hardware transfer buffers, DMA facilities and advanced DRAM
arbitration techniques between competing resources.

*The Specification®

MC68030 16-33MHz

MC68450 4-channel DMA controller

4Mb multi-ported nibble-mode DRAM

AMD Lance |EEE 802.3 Ethernet with DMA

28530 SCC giving two DMA-driven RS232 sync/
asynchronous ports and two further RS232
asynchrous ports

NCR 53C90 DMA-driven synchronous or
asynchronous SCSI interface  ® Floppy disk controller
Full VME Rev C.1 IEEE 1014 interface

64-512Kb EPROM  * Battery-backed RTC/SRAM
Full debug monitor  ® Optional MC68881/2 FPU
TP-IX/68K version of UNIX V.3.1* e NFS, RFS, TCP/IP

CIRCLE NO. 30 e The Evidencee
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Tadgole Technology

the ) driving force in 32-bit design

Tadpole Technology plc Tadpole Technology Inc
Reservoir Place, 2157 0'Toole Avenue,
Titan House, Castle Park, 1601 Trapelo Road, Waltham, Suite F, San Jose,
Cambridge, CB3 OAY, UK. Massachusetts 02154, U.S.A. California 95131, U.SA.
Tel: 0223 461000 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223
Fax: 0223 460727 Fax: 0101-617-890-7573 Fax: 0101-408-435-8432

T A D P O L E

UNIX is a trademark of AT&T  Ethernet is a trademark of the Xerox Corporation
VRTX is a trademark of Ready Systems ~ *TP-IX V.3.1 is derived from UNIX V.3.1



B PRODUCT FOCUS

INTEGRATED CIRCUITS

2,400-bit/s
modem ICs add
functionality,
preserve design
flexibility

John H. Mayer, Senior Associate Editor

ess than a year after a series of
highly publicized product in-
roductions, IC vendors are see-
ing a rising interest in modem chip
sets capable of 2,400-bit/s operation.
“They’re on a steep climb right now,”
says Jim Lange, application engi-
neering manager for Exar (San Jose,
CA). Driving that demand is a com-
bination of factors led by decreasing
chip set prices and an increased
recognition that higher speed mo-
dems deliver savings in communica-
tions charges and time. “Communi-
cations speed is a narcotic, just like
process and cycle time and how much
memory you have,” says Jack Hum-
phrey, general partner for Telequal-
ity Associates (Golden, CO), an inde-
pendent consulting firm.

Designers and users are demand-
ing chip sets that comply with the in-
ternational handshake and interface
standards outlined in the V.22bis
specification from the Consultative
Committee on International Tele-
phone and Telegraph (CCITT).
Equally welcome is the opportunity
compliance provides to offer commu-
nications protocols capable of meet-
ing a wide range of communications
hardware and software. At the same
time, the V.22bis-compatible, 2,400-
bit/s ICs are preserving their ties to
the popular Bell 212A standard for
1,200-bit/s operation.

Despite this growing consensus on
standards and continuing improve-
ments in telephone-line quality and
modem chip set performance, the

V.22bis-compatible
chip sets such as
Exar’s XR-2400 give
designers maxi-
mum flexibility by
supplying complete
modem functional-
ity in two compact
packages. The set
consists of the
XR-2401, a general-
purpose digital sig-
nal processor, and
the XR-2402 analog
front-end. Rather
than use a dedicat-
ed controller, the
chip set is designed
to interface to pop-
ular off-the-shelf
parts such as the
8051 and Z8.

2,400-bit/s market isn’t perceived by
all as a sure bet. Some analysts ex-
pect an eventual fallout in the 2,400-
bit/s arena, with only a few of the
V.22bis IC products finding commer-
cial success. Others predict that the
2,400-bit/s level will function only as
an interim stop for the low-cost mo-
dem market and that higher speeds
offer more promise.

These reservations have influenced
product-line evolution with some IC
vendors. A number of major suppli-
ers are sticking with the lucrative
1,200-bit/s market for the forseeable
future and have opted to either drop
initial 2,400-bit/s product develop-
ment efforts or to simply stay out of
the 2,400-bit/s market altogether.

Motorola (Austin, TX), for example,
offers a line of 300- and 1,200-bit/s
modem chips, but has abstained from
delivering higher speed ICs. And
after fielding its 2,400-bit/s
S3500/53551 chip set, Gould Semi-
conductor (Pocatello, ID) withdrew
support for the product. In addition,
after building anticipation for a
planned 2,400-bit/s chip set heavily
dependent on digital signal process-
ing techniques, Advanced Micro
Devices (Sunnyvale, CA) last year
terminated the project. AMD recent-
ly indicated, however, that it will be
sampling a new product in this class
by the end of the year.

The chips and chip sets listed in the
following table offer fairly complete
solutions and let designers with lit-
tle prior modem design experience

build complete modems in a wide
variety of systems. Aside from error
correction, many of the design issues
outside the chip sets themselves are
identical whether designing a 1,200-
or a 2,400-bit/s modem.

B Partitioning a primary distinction
The primary distinction among
2,400-bit/s chip sets is how they par-
tition modem functions. Product so-
lutions range from four chips includ-
ing a dedicated microcontroller down
to a single chip capable of integrating
both analog switched-capacitor
filters and DSP circuitry on the same
die. Although greater levels of in-
tegration supply more compact, com-
plete solutions and often simplify a
design task, they can also restrict a
designer’s flexibility.

Vendors use a wide spectrum of
modem chip technologies to achieve
varying levels of integration. Some
manufacturers rely on a largely dig-
ital approach, claiming that at
speeds of 2,400 bits/s and above, the
demand for adaptive equalization—
a technique in which the modem ad-
justs in real time to changing tele-
phone-line quality—can best be
served by this approach. The DSP
2400 chip set from Texas Instru-
ments (Dallas, TX), for example, com-
bines ROM-coded versions of the
TMS320 DSP and the TMS7042 8-bit
microcontroller. Other manufac-
turers allocate adaptive equalization
and error-correction functions to a
microcontroller and implement basic
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Cermetek Microelectronics 1308 Borregas Ave, Sunnyvale, CA 94087 (408) 752-5000 Circle 100
CH1780 V.22,V.22bis  212A,103 yes yes yes S, TTL ' analog, 2,100 2.5x3.7in. $209 self-contained
remote loops module
Exar 2222 Qume Dr, PO Box 49007, San Jose, CA95161 (408) 434-6400 Circle 101
XR2400 V.22bis, V.22 212A yes no yes S, P loopbacks 450 plastic DIP, PLCC $22.50 two-chip set
Intel 1900 Prairie City Rd, Folsom, CA 95630 (916) 351-6289 Circle 102
89024 M2l 22 212A,103 yes no yes S — 800 - $27 two-chip set
V.22bis
Oki Semiconductor 650 N Mary Ave, San Jose, CA 94086 (408) 720-1900 Circle 103
PC Modem V.22bis 212A yes no yes P — 400 DIP, FP $40 four-chip set
224
Rockwell International 4311 Jamboree Rd, Newport Beach, CA 92658 (714) 833-4839 Circle 104
R2424 V.22 A/B, 212A,103 yes no no S,P analog, 2,300 DIPs, modules $34 three-chip set
V.22bis digital, remote
SGS-Thomson 1000 E Bell Rd, Phoenix, AZ 85022 (602) 867-6100 Circle 105
157524 V.21,V.22, 212A,103 yes no no P — 1,700 plastic DIPs $40 four-chip set
V.22bisV.23
157525 V.21, V.22, 212A,103 yes no no P - 700 plastic DIPs $35 two-chip set
V.22bis, V.23 available 4088
Sierra Semiconductor 2075 N Capitol Ave, San Jose, CA 95132 (408) 263-9300 Circle 106
SC11006/ V.21,V.22, 212A,103 yes yes yes SR full 150/ 28-pin DIP, $59.50 two-chip set, MNP
SC11011 V.22bis diagnostics 250 PLCC/ (classes 1-5)
68-pin PLCC
Silicon Systems 14351 Myford Rd, Tustin, CA 92680 (714) 731-7110 Circle 107
73K224/ V.21,V.22, 212A,103 yes no no S, P full 100/  22-pinDIP, $37.04/ single chip
K224L V.22bis diagnostics 30(L) BCE $41.36
73D2402 V21, V.22, 212A,103 yes no yes 5 full 600 40-pin, 28-pin  $41.73 three-chip set
V.22bis diagnostics DIP, PLCC
Texas Instruments Semiconductor Group, PO Box 809066, Dallas, TX 75380 (800) 232-3200 Circle 108
DSP2400 V.22 A/B, 212A,103 yes no yes S — 600 — $27 three-chip set
modem V.22bis
Xecom 374 Turquoise St, Milpitas, CA 95035 (408) 945-6640 Circle 109
XE2400 V.21,V.22, 212A,103 yes no yes S analog, 800 module $199 component modem
V.22bis digital, with DAA
remote digital
XE2400A V.21, V.22, 212A,103 yes no yes S same as above 800 module $179 asynch operation
V.22bis only
XE2400MNP V.21, V.22, 212A,103 yes no yes S same as above 800 module $249 MNP protocols,
V.22bis production 4Q88
Key: DAA =data-access arrangement; DIP=dual in-line package; DTMF=dual-tone multifrequency generator; FP =flatpack; MNP =Microcom
Networking Protocol; P=parallel, PLCC = plastic leaded chip carrier; S=serial; UART=universal asynchronous receiver-transmitter

106 AUGUST 15,1988 COMPUTER DESIGN



CCITT V.22 bis
(2400 bps)
modems. ..’

“irst known bat-

d modem utilizing surface

t manufacturing technologies for

~ laptop microcomputers O Occupies

~ less than 13 square inches O Low
power—consumes less than 1 watt.

CTS2424STM. Smallest available

standard applications modem with

MNP* error correcting Class 4 protocol

O TTL interfaced @ Compact 16
square inches O Fully Hayes t com-

~mand set compatible O Integral adap-

tive equalizer in sophisticated CTS
C-MOS designed signal processor 0
Optional European fallback capabilities
of CCITT V.22 A/B,V.23and V.21 O
Less than $180.00 each in quantity.
CTS2424STH. Smallest, lowest pow-
er standard modem O Integral adap-
tive equalizer in advanced CTS C-MOS
designed signal processor [ 12 square
inches O Uses less than 1 watt power

CIRCLE NO. 31

L 00000

CUSTOM DESIGN

O Incorporates Hayes command
set—offers European compatibilities
V.22bis, V.22 A/B, V.23 and V.21 plus
guard tone capabilities O Under
$160.00 each in quantity.

Call toll free today 1-800-328-6104
or write CTS Fabri-Tek, Inc. Datacomm
Products Division, 6900
Shady Oak Road, Eden
Prairie, Minnesota 55344
for a copy of our new full
color brochure entitled CTS
Custom OEM Modems.

CTS MEANS RELIABILITY

CTS Fabri-Tek, Inc.

Data Pump Custom
Designed 2400 Full

Duplex Modem.
CIRCLE NO. 32

TTL Interfaced 2400 bps
Full Duplex Modem for

Small Quantity Users.
CIRCLE NO. 33

on One Board
CIRCLE NO. 34

Quadmodem Four 2400
bps Full Duplex Modems

o Datacomm Products Division

Half-Pak #24 IBM'
PC Compatible Half
Card 2400 bps Modem
CIRCLE NO. 35

R s s eresuemaw New t0 the Industry Since 1896. i e i s i s s TS e e

*Registered trademark of Microcom. $Registered trademark of Hayes Microcomputer Products, Inc. tRegistered trademark of International Business Machines, Inc.
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INTEGRATED CIRCUITS

modem functions such as filtering,
modulation and demodulation in less
costly, switched-capacitor technology.

The first manufacturer to convert
CCITT’s V.22bis specs into silicon
was Rockwell International (New-
port Beach, CA). Also compatible
with V.22 and Bell 212A and 103
standards, the three-chip R2424 set
supports links to both RS-232 and
8-bit microprocessor bus interfaces.
Rockwell placed all filtering func-
tions on a single part that uses ana-
log and switched-capacitor technol-
ogy. DSP and programmable func-
tions for operation with the CCITT
and Bell protocols are spread over
two digital chips.

A somewhat similar approach was
taken by Oki Semiconductor (Sun-
nyvale, CA) last year on its V.22bis
2,400-bit/s modem. Oki’s four-chip
set, which provides an 8-bit data bus,
operates in full- or half-duplex mode.
One of the chips, the M80C51-58 con-
troller, performs modulation and con-
verts transmitted data from syn-
chronous-to-synchronous mode. The
M6950 analog front-end supplies
digital-to-analog (D-A) conversion,
filters the result and outputs an ana-
log signal. It also filters incoming
analog signals, performs analog-to-
digital (A-D) conversion and passes
the result to the DSP for demodula-
tion. The chip set adds a separate
DSP, also designed by Oki, and a
gate array capable of handling
synchronous-to-asynchronous con-
versions and phase-locked loop.

B On-board intelligence added
To help designers ensure software
compatibility with handshake pro-
tocols or error-correction algorithms,
IC vendors add on-board intelligence
to simplify the software interface. In-
tel’s 89024 two-chip set, for example,
includes the 89026 application-spe-
cific processor. Based on Intel’s 8096
architecture, the 16-bit processor im-
plements a customized command set
including functions such as diagnos-
tics, echo suppression, dual-tone mul-
tifrequency generator (DTMF) auto-
dialing and Hayes protocols. A sec-
ond analog chip adds a modulator/
demodulator, filtering, and two-to-
four wire interface circuits.

Like the Intel set, Exar’s V.22bis-
compatible two-chip set merges all
digital functions into a single IC. The

XR-2401 provides modulation/de-
modulation, a carrier detect circuit,
a scrambler/descrambler, a DTMF
generator and an adaptive equalizer.
The XR-2402 includes linear analog
functions such as A-D and D-A con-
verters for getting into and out of the
DSP chip, programmable gain am-
plification, asynchronous-to-synchro-
nous and synchronous-to-asynchro-
nous conversion, and guard-tone am-
plification for CCITT applications.
Exar’s chip set differs from the In-
tel set in that it’s designed to tie to a

"“Communications
speed is a narcotic,
just like process and
cycle time and how
much money you
have.”’

—Jack Humphrey, Telequality
Associates

general-purpose microcontroller.
“These two ICs perform the entire
modem function,” says Exar’s Lange.
“Rather than share modem and con-
troller functions within the con-
troller, in our system the controller
only performs control functions.”
The company offers a PC AT com-
mand set designed to sit in EPROM
and support an 8031 microcontroller.

Exar’s use of a standard, off-the-
shelf microcontroller simplifies ini-
tial programming and eases product
modification, according to Lange.
“Everybody wants to add commands
to differentiate their modem, and the
Hayes command set is a kind of mov-
ing target anyway,” he says. “The
way we split the functions gives
designers total flexibility if they
want to add Microcom Networking
Protocol, for example, or make sim-
ple changes to the controller.”

B 'Open’’ approach adds flexibility

Rather than offer one dedicated con-
troller, Sierra Semiconductor (San
Jose, CA) offers designers a choice in
its two-chip set. For the widest design
flexibility, the company provides an
“open-architected” controller—the
SC11011. Capable of accommodating
parallel and serial bus applications,

the SC11011 offers a universal asyn-
chronous receiver-transmitter (UART),
an adaptive equalizer, carrier detec-
tion and data decoding. Firmware re-
sides in external ROM or EPROM.
“Instead of a closed system where
you can address only internal mem-
ory, and where everything in that in-
ternal memory is inaccessible in
terms of adding value, the designer
can add certain features and func-
tions in an open-architected ap-
proach,” says Bill Nicholson, director
of standard parts marketing.

For designers not requiring that
kind of flexibility, Sierra offers two
dedicated controllers. The SC11019
is optimized for parallel bus opera-
tions such as add-in cards for the IBM
PC. For external or stand-alone prod-
uct designs configured with an
RS-232 serial interface, Sierra pro-
vides the SC11020. Both controllers
add a UART, 16 kbytes of ROM and
the industry-standard AT command
set in on-board firmware.

Hl sierra stays analog

To minimize silicon area, Sierra uses
switched-capacitor filter analog tech-
niques rather than DSP in its SC
11006 modem chip. “We were able to
use lower resolution A-D and D-A
converters because we’ve done all of
the predetection operations in the
analog domain,” says Nicholson. “It
allows us a more efficient solution in
silicon.” Built in an advanced CMOS
process, the SC11006 adds an in-
tegrated DTMF/guard-tone genera-
tor; a call-progress monitor; analog,
digital and loopback diagnostics; and
a programmable audio output port.
One of the most highly integrated
modem solutions comes from Silicon
Systems (Tustin, CA). The K224 in-
corporates a DSP on the same chip
with other modem functions. Driven
by an 11-MHz clock, the DSP inter-
faces directly to surrounding trans-
mission circuitry and executes in-
structions at rates of 5.5 Mips. Mem-
ory-mapped registers link the K224’s
analog circuitry with the DSP.
This space-saving device supports
V.22bis, V.22, V.21, and Bell 212A
and 103 protocols for synchronous
and asynchronous operation. The
chip can be controlled by popular off-
the-shelf controllers via an 8-bit mul-
tiplexed address/data bus or an op-
tional serial command bus. |

108 AUGUST 15, 1988 COMPUTER DESIGN




The MC88000 RISC Multibus II
Single Board Computer

The TP880M from Tadpole

*The Philosophye *The Designe

The TP88OM design brings together the outstanding
performance of the Motorola MC88000 RISC processor set,
the power of the full Multibusll/iLBX Il interfaces, an
MC68000/68440 1/0 subsystem with SCSIand Ethernet, and
the specially designed Tadpole 88000 RISC optimising C
Compiler. The result is an outstanding product that offers
users the very best of current SBC technology.

*The Specification®
MC88100 RISC processor (20-33MHz)
16Kb MC88200 cache/MMU instruction cache
16Kb MC88200 cache/MMU data cache
4-16Mb Nibble mode parity-protected DRAM
iPSB interface implemented using the Intel Message
Passing Coprocessor (MPC)
iLBX interface and iSBX connector
/0 Subsystem MC68000/68440 CPU/DMA provides
SCSI 4 RS232 ports  * Up to 128Kb EPROM
64Kb SRAM and optional ETHERNET networking
TP-IXV.3.1*
TP-CDS/88K advanced C development environment
T-Mon 88K Monitor with extensive SCSI support

CIRCLE NO. 36 *The Evidence®

4 mesde s o) RS . mﬁ. ‘

" Tadeole Technology

the ) driving force in 32-bit design
Tadpole Technology plc Tadpole Technology Inc

Reservoir Place, 2157 0'Toole Avenue,
Titan House, Castle Park, 1601 Trapelo Road, Waltham, Suite F, San Jose,
Cambridge, CB3 OAY, UK. Massachusetts 02154, U.S.A. California 95131, U.S.A.
Tel: 0223 461000 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223
Fax: 0223 460727 Fax: 0101-617-890-7573 Fax: 0101-408-435-8432

18 A D P O L E

UNIX is a trademark of AT& T Multibus Il, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation
VRTX is a trademark of Ready Systems ~ *TP-IX V.3.1 is derived from UNIX V.3.1



B NEW PRODUCT HIGHLIGHTS

COMPUTERS AND SUBSYSTEMS

Single-board

computer targets

real-time Unix applications
Based on the Motorola 68030 micro-
processor, the VME-68K30 is a VME-
bus, single-board computer with a
processing speed of up to 7 Mips. The
board comes in a 16.67-MHz and a
25-MHz version and includes four
16-bit counter/timers with three
designated for external interface.

These counters, which can be either
free-running or wrap-around, can be
read without interruption.

The CPU, which acts as master and
slave on the VMEbus and VME sub-
system bus (VSB), supports multi-
processing. Up to eight CPUs can be
coupled in the backplane to perform
processor interrupts and interproces-
sor memory access and support in-
dependent soft and hard resets.

Eight on-board RS-232C serial

ports allow direct connection to the
CPU without the need for terminal
multiplexers. The board supports up
to four graphics displays through the
X Window System and features 512
kbytes of memory and a cache that
contains 64 kbytes of external mem-
ory. The standard memory manage-
ment unit that’s normally part of the
68030 microprocessor is disconnect-
ed to increase performance in real-
time applications.

Specifically designed for Unix
applications, the single-board com-
puter provides virtual direct memory
access, letting noncontiguous mem-
ory on the VSB appear contiguous on
the VMEDbus. The board also sup-
ports VMEbus burst mode, alleviat-
ing I/O bottlenecks and allowing the
use of next-generation intelligent
peripheral controllers. Standard net-
working protocols, such as Network
File System and Transmission Con-
trol Protocol/Internet Protocol are
supported by the CPU, which runs on
the manufacturer’s dual-universe
Unix. Prices start at $4,995.

Integréted Solutions
1140 Ringwood Ct
San Jose, (;A 95131

Circle number 152

Real-time system runs
on AT-bus hardware

A family of single-processor systems,
System 120 is based on the manufac-
turer’s iRMX Il operating system for
use in real-time applications. Using
an 80386 microprocessor-based, AT-
bus hardware platform, the family
supports a range of real-time applica-
tions, including medical diagnosis,
light industrial automation and
financial data acquisition. The OEM
platform version comes in two
models, each with 2 Mbytes of RAM.
One is diskless; the other has a
40-Mbyte disk and a 360-kbyte
floppy. The development version is
available on hard-disk models only
and includes a toolkit with compilers,
a debugger, a text editor and docu-
mentation. Prices start at $3,800.

Intel

3065 Bowers Ave
| Santa Clara, CA 95052
[ Circle number 153

VME board features
programmable ports

Providing 48 I/O lines organized as
six 8-bit ports, the MS-PIO is a single-
height parallel I/O card that allows
software configuration of each port as
input or output. Hysteresis and pull-
up resistors are provided on all in-
puts, as well as direct interface to two
24-channel Opto-22-type industrial
I/O racks. On-board latching elim-
inates the need for input-port data
synchronization, while all outputs
sink 24 mA. A key feature of the

board is the output control register,
which allows dynamic reconfigura-
tion of each port for bidirectional
data transfers and determination of
port direction status for all six ports.
The card is priced at $345.

Matrix
1203 New Hope Rd
Raleigh, NC 27610

( Circle number 160

32-bit CPU board supports
master/slave VSB transfers

The GMSV07-VSB-1 is a 25-MHZ,
68020-based single-board computer
with a 68881 coprocessor for 32-bit
operation, up to 1 Mbyte of zero-wait-
state dual-ported static RAM, two
multiprotocol serial ports and a con-
figuration controller with timers. A
mezzanine module lets any CPU be
master/slave and look into every
other CPU in the system, while pro-
viding memory-card access through
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EK’S 1241 MICRO ANALYSIS

SYSTEM: AT $9,950, THE CHIPS ARE
REALLY STACKED IN YOUR FAVOR!

Tek’s 1241 microprocessor
analysis system includes
the Tek 1241 Logic Ana-
lyzer. The micro support
package of your choosing.
Plus performance analysis,
storage and communica-
tions options. At a total
price of $9,950. If you're look-
ing for a system to minimize
your risk and maximize

your retumn, this is
the package you
can bet on.

It's proven. The
1241 is known and
accepted world-
wide as the
best of the
leading

logic analyzers.

It supports more than 45
microprocessors, micro-
controllers and digital sig-
nal processors. Thats more
than any other logic analyzer.
You can add additional micro
support for as little as $400.

It comes with a specialist.
Tek's dedicated logic analy-
sis sales and applications
engineers give you expert
support whenever you

need it.

It’s the best deal on the

table. For immmediate value
and long-term practicality,

nothing else can
touchit.

Call us. Tak to
your local Tek
sales represen-
tative, or call
1-800-245-2036
for more informa-
tion about
the total
Tek 1241
package.

CIRCLE NO. 37 FOR LITERATURE
CIRCLE NO. 38 FOR SALES CONTACT
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Processor Modules

P a8

Digital I/0 Modules Analog I/0 Modules Prototyping Modules

OUR FAMILY HAS GROWN!

And now provides you with complete
VMEDbus solutions.

Several years ago, we started small in For a lot more information on our grow-
industrial VMEbus I/O modules. Our ing family of VMEbus modules, write or call
sales grew. And our customers asked us today.

for more.

So our product line grew, too. Today
you can select from our complete family
of VMEbus boards. In single-high or
double-high. Including complete devel- The Hardhat Compater People.
opment systems. Backed by the best 750 North Maple Rd., Saline, MI 48176
support and warranty in the business. m (313) 429-4971 TWX 810-223-8153

CIRCLE NO. 39

®

VME Products Software Support

Processor Products ESDI Controller 3U and 6U Develop- 0S-9*

Memory Products BITBUS Controller ment Systems PDOS*

Digital I/0 PAMUX Controller VME Terminal PSOS*

Analog I/0 1553 Interface Products UNIX V/68K*

SCSI Controller Module Servo Controller SUN Workstations*

Winchester/Floppy Thermocouple Input Module VERSAdos*
Controller Module MTOS*

* Trademarks are acknowledged to: Microware Systems Corp. (0S-9); Eyring Research Institute, Inc. (PDOS); Motorola, Inc. (VERSAdos); V/68K
Motorola, Inc. (UNIX); Software Components Corp. (PSOS); SUN Microsystems, Inc. (SUN Workstations); Industrial Programming, Inc. (MTOS).



B NEW PRODUCT HIGHLIGHTS

COMPUTERS AND SUBSYSTEMS

the P2 connector. Master or slave
CPUs are determined by method of
address, not by control register, al-
lowing configuration changes during
operation and eliminating VMEbus
I/O bottlenecks. Packaged in a 9.2-
% 6.3-in. double Eurocard, the board
requires a single slot in a VMEbus
card cage. The price is $2,917.

General Micro Systems
4740 Brooks St
Montclair, CA 91763

| Circle number 159

Micro Channel adapter
provides three ports

Supporting the Micro Channel
shared interrupt scheme, the Boca.
MCA serial/parallel board features
two 25-pin RS-232 serial communica-
tions ports and one 25-pin parallel
port. Either serial port may be con-

comes with 1, 2 or 4 Mbytes of 100-ns
dynamic RAM with byte-wide parity
protection, and operates at 16 MHz
with no wait states. A 25-MHz ver-
sion can be configured with an 8-
kbyte data/instruction associative
cache. Additional features include

two synchronous/asynchronous seri-
al ports. Prices start at $2,995.

Dual Systems
3906 Trust Way
Hayward, CA 94545

| Circle number 157

figured as COM1 through COMS.
The parallel port can be configured
as LPT1 through LPT3. Installation
is conducted via the IBM set-up pro-
gram. The .ADF file is supplied with
the board. The price is $210.

Boca Research
6401 Congress Ave
Boca Raton, FL 33487 )

Circle number 154

Single-board computer
supports multiprocessing

An MC68030-based, VMEbus single-
board computer, the VMPU-SBC is
designed to be the core building block
for single or multiprocessing sys-
tems. The board features mailbox in-
terrupts that let as many as seven
units communicate with one another
in a multiprocessing environment.
The basic model of the computer

Think Small.

Yes, think small. And simple. And
cost-effective. Single-high VME-
bus computer modules offer no-non-
sense solutions to your industrial
control requirements while mounting
in either single-high or double-high
VME chassis.

VME Specialists brings the indus-
try a broad single-high VMEbus prod-
uct line. Select from among four
single-high single board computers,
hosting Motorola 68000/68010/ and
68020 processors. Breadth to support
your diverse requirements, from our
very low cost SBCI, to our 68020
based SBC3 with location monitor,
OEM expansion connector, floating-
point co-processor, real-time clock,
ROR requestor, dual-port RAM and
twin serial ports. And the same soft-
ware can run on all members of

the family.
CIRCLE NO. 40

Look to VME Specialists for pro-
cessor support functions, develop-
ment assistance, and operating
software.

DRAM Memory modules of
1 through 16 Mbytes

SCSI Our VME620 with DMA and
512 Kbytes of dual port cache

Serial I/0 The VME490 multipro-
tocol serial I/0 co-processor

Video VME360 High-resolution
color graphics with palette

Development made easy Consider
our VME1100 development system

Not to mention software Like 0S9™
and REGULUS™ real-time OS

We're VME Specialists. The solu-
tion was never easier.

*089 is registered trademark of
Microwave Systems Corporation.”

558 Brewster Ave
Redwood City, CA 94063
415 364-3328

Fax 415 369-5982

“REGULUS is a registered trademark
of Aleyon Corporation.”




B NEW PRODUCT HIGHLIGHTS

INTEGRATED CIRCUITS

boast densities of
64 kbits and 1 Mbit

Consuming only 1 mA (typical) of
standby current on a 5-V supply, the
HM628128 static RAM can store
more than 1 Mbit of data. During an
access, the device draws 45 mA (typi-
cal) of current and has a data-
retention mode that’s activated when
the 5-V supply is lowered to 3 V,
which is the level for lithium batter-
ies used in most electronic systems.
Data is retained in this mode with a
1 uA (typical) current drain.

Data is organized in 8 bitsx 128
kbits, and all I/O are TTL-compat-
ible. An 8-bit value can be stored or
retrieved from the device in 70 ns.
The device, which is built with a
0.8-micron gate-width process,
houses over 4 million transistors.
The chip is targeted for markets
dominated by dynamic RAMs such as
laptop computers, portable instru-
ments and point-of-sale terminals, as

I Static RAMs

DENSITY

well as for the development of
microprocessor-based credit cards.
Packaged in 32-pin plastic dual in-
line package (DIP) or plastic surface
mount, the chip is available in four
speeds: 70, 85, 100 or 120 ns. The
sample price is $220 each.

The 64-kbit family of SRAMs are
manufactured with a BICMOS pro-
cess. They feature 15-ns access times,

making them fast enough to feed
data to high-performance micropro-
cessors and reduced-instruction-set
computer processors. One family
member, the HM6789HP-15, has 64
kbits of data organized as 16kx4
bits. The device has an output-enable
pin that gates the data coming out,
eliminating the need for an extra
buffer chip in certain applications.

Other family members include the
HM6787HP-15 with 64-k x 1-bit or-
ganization, which is used in worksta-
tions and mainframe computers, and
the HM6788HP-15 with a 16-kx
4-bit organization, without output
enable. The 16-kx4-bit model is
available in 24-pin small-outline J
lead package and plastic DIP, while
the other two devices in the series are
packaged in 22-pin plastic DIP.
Prices start at $59.10.

ﬁitachi America
2210 O’Toole Ave
San Jose, CA 95131

" Circle number 176

RISC microprocessor
executes 20 Mips

The CY7C600 reduced-instruction-set
computer processor family is based
on Sun’s scalable processor architec-
ture (SPARC) and executes instruc-
tions in single 30-ns clock cycles, or
at an average rate of more than 20
Mips. Fabricated in a 0.8-micron
CMOS process with a 0.65-micron
electrical transistor size, the 7C600
is designed for fast, virtual caching
that relies very little on the memory
management unit (MMU) and the
main memory.

Other family members include the
7C601 integer unit (IU) and the
7C608 floating-point controller
(FPC). The FPC interfaces to a stan-
dard floating-point unit, the TMS
8847, to execute floating-point arith-
metic concurrently with the IU. In
addition, a second generic coproces-

sor can be interfaced to the IU.
Featuring a large virtual cache

space, the IU communicates with ex-

ternal memory via a 32-bit address

| bus and a 32-bit data/instruction bus
| and can be combined with the 7C603
' MMU for high-performance worksta-

tion applications. The device pro-
vides user and supervisor modes to
support a multitasking operating
system. A large windowed file with
two types of registers (working
registers that store processes and
control registers that monitor the
IU’s internal state) is provided on the
chips. The price is $2,984.

Cypress Semiconductor
3901 North St
San Jose, CA 95134

ming time is about 4 s for 256 kbits
of data using a 12.75-V, 100-ms pro-
gramming pulse. Using the same
voltage, erase time is less than 1 s.
Two packages, a 28-pin plastic dual
in-line and a 450-mil-width 28-pin
flat package, offer access times of
170, 200 or 250 ns. Manufactured us-
ing 1.2-micron design rules, cells are
reduced to less than one-third the
size of NMOS EEPROMS, allowing
faster access times and lower power
consumption. In quantities of 100,
prices start at $50.
Toshiba America I
9775 Toledo Way
Irvine, CA 92718
Circle number 182

Circle number 177

“Flash’* EEPROM has
170-ns access time

Organized in 32k wordsx 8 bits, the
TC58257AP/AF is a 256-kbit very
large-scale integration CMOS device
with 100-cycle program and erase en-
durance rates. The chip requires 30
mA of current in operating mode and
100 pA in standby mode. Program-
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Militarized VMEbus Solutions...

From
Clouds Above,
to Fathoms
Below




VMEDbus
System Solutions...

Chosen for many good reasons.

High performance, industry standard, multiprocessing
architectures, applicable to Mil-Spec applications, field-proven ...
DY~4's VME solutions satisfy the most stringent performance
issues, regardless of the environment.

DY+, a leader in Mil-Spec VME system solutions provides you
with more than high-performance boards. We understand the
specialized needs of mission-critical programs. Our products are
many — boards, chassis, system-level diagnostics, RTOS, and
application software supported by program management, ILS,
QA, configuration management and proposal support.

At DY-4, we offer experience-proven capabilities.

Proven on land, sea and air.

Off-The-Shelf and NDI

Backed by years of design experience, we offer over 50
off-the-shelf VME boards for a variety of applications:

* 68020/68030 Single Board Computers
Intelligent Peripheral Controllers
Multiprocessor RTOS

System-level Diagnostics

NTDS Interfaces

IEEE 802.3

ANSI X3T9.5 (FDDI)

SDC/DSC

Graphics

MIL-Std 1553B
ARINC 429

ANSI X3T9.2 (SCSI)
* Memory

Chassis



Avionics

Withstanding
shock and
vibration.

Our system
solutions are
working in
helicopter navi-
gational systems,
navigational
in-flight trainers,
flight management
systems an
in-flight test and
telemetry systems.

ATC

High reliability
in demanding
e g . situations.
,,,,, . , DY solutions are
: at work in radar
data processing
systems and
isplay site
equipment in
major air-traffic
control centers

across North
America.
Ground
Field maintain-
able under the
toughest
conditions.
DY-4 has solutions
applicable to fire
control computers,
tactical commun-
ications and
display, system ,
status monitors
and weapons
control.
When there’s a
need to know,
DY-4 is there. L
In naval plot data -
systems, naval
tactical data
systems, short- y
range air defense b :
systems, electronic ™
surveillance i
measures and L) :
ground and naval
C displays.
response means "
sur’zjzival. From F leld—pr oven
submarine combat
systems to mobile X-ray VMEbuS stems
units, DY-4 VME system are the pr erred
solutions are meeting the .
challenge. choice.

CIRCLE NO. 50



Anticipating the demands of tomorrow’s
applications. Providing the systems solutions.
DY-4 is laying the technology groundwork
today. Look to us for:

* Advanced conduction-cooled
products and system chassis

* Man-machine interfaces

* Ada™ Multiprocessor
Development Environment

* Enhanced performance
via custom silicon

* Relational Data Base
Processor Subsystem

SYSTEMS INC.
For more details on DY-4's s .-

VME solutions, contact:

DY-4 Systems Inc.
21 Credit Union Way
Nepean, Ontario
Canada K2H 9G1

Phone: (613) 596-9911
FAX: (613) 596-0574
TELEX: 053411

Campbell, California (408) 377-9822
Los Angeles, California (714) 549-2559
Washington, D.C. (301) 964-5554
Boston, Massachusetts (617) 692-9308
Denmark (06) 96-3624

Ferranti Computer Systems,
England 011 44 6333 71111

™ Ada is a trade-
mark of the United
States Department
of Defense

Printed in the USA

© 1987 DY-4
Systems Inc.




B NEW PRODUCT HIGHLIGHTS

INTEGRATED CIRCUITS

Chip set provides
communications link

Providing a communications link be-
tween data-terminal and data-com-
munications equipment at a rate of
48 kbits/s and 10 Mbits/s, the XR-
T3588 (driver) and XR-T3589 (re-
ceiver) provide three independent
drivers and receivers on each device.
Both ICs are TTL-compatible and
feature a power-down mode for each
of the receivers and transmitters.
The set is compatible with Consulta-
tive Committee on International
Telephone and Telegraph V.35 and
Bell 306 interface and is available in
a ceramic dual in-line package. The
price for the set is $4.18 in 5,000-
piece quantities.

Exar
2222 Qume Dr
San Jose, CA 95161

" Circle number 178

CMOS modem IC suits
V.21 European standard

A low-power, Consultative Commit-
tee on International Telephone and
Telegraph V.21 modem IC, the XR-
2100 is a 300-baud CMOS device
with a worst-case signal/noise perfor-
mance of 6 dB. The modem provides
transmit and receive filtering, as
well as answer and call tone gener-
ation/detection. It includes circuitry
for carrier detect and analog loop-
back. Power-down mode for battery
applications is featured, while typi-
cal power dissipation is 200 mW.
Packaged in 20-pin dual in-line pack-
age or plastic leaded chip carrier, the
unit operates + 5-V power supplies.
The price is $3.75.

| Exar
2222 Qume Dr
San Jose, CA 95161

| Circle number 187

CMOS microprocessor
consumes 310 mA

The 80C286-20 20-MHz microproces-
sor is guaranteed over the commer-
cial (0° to 70° C) ambient tempera-
ture range. In 16-bit applications, the
CMOS device executes 80286 code
more efficiently than an 80386, using
up to 30 percent fewer clock cycles to
perform many instructions. Housed
in a plastic leaded chip carrier, the
microprocessor carries a maximum
operating current of 310 mA. Price is
$261.90 in quantities of 100.

Harris Semiconductor
PO Box 883
Melbourne, FL 32901

_ Circle number 180

Transceiver ICs achieve
2-km point-to-point range

A family of integrated services digi-
tal network transceiver ICs, the MC
145474 and MC145475 pass full con-
formance testing to the Consultative
Committee on International Tele-
phone and Telegraph 1.430 recom-
mendation and ANSI specification.
An adaptive receiver structure auto-
matically selects the optimum sam-
pling phase and deduction threshold
of the incoming signal, enabling the
ICs to achieve a point-to-point range
of 2 km, twice the 1.430 specification.
The transceivers include multifram-
ing “S” and “Q” maintenance chan-

Programmable array
logic device runs at 7.5 ns

The PAL16R8-7 and PAL22V10-15
are 20- and 24-pin programmable
array logic (PAL) devices with propa-
gation times of 7.5 and 15 ns, respec-
tively. The 15-ns version is capable of
50-MHz operation due to its flexible
macrocell architecture. The entire
PAL product family is supported by
the manufacturer’s Palasm design
software, with programming accom-
plished via standard PAL device
programmers. The 20-pin, 7.5-ns de-
vice is offered in dual in-line package
and plastic leaded chip carrier
(PLCC) and is priced at $10.45. The
24-pin, 15-ns version is available in
skinny dual in-line and PLCC pack-
ages and is priced at $16.45.

Advanced Micro Devices
901 Thompson P1
Sunnyvale, CA 94088

Circle number 185

CMOS PLDs boast
12-ns propagation delay

Manufactured with E* CMOS tech-
nology, the GAL16V8A-12 (20-pin)
and GAL20V8A-12 (24-pin) are
programmable logic devices (PLDs)
with a maximum propagation delay
of 12 ns. The E? CMOS process allows
complete ac, dc and functional test-
ing of the PLDs, which are guaran-
teed for 100 erase/write cycles and
data retention exceeding 20 years.
Consuming a maximum of 115 mA of
power, the devices are available in
plastic dual in-line package or plas-
tic leaded chip carrier with prices
starting at $8.32.

Lattice Semiconductor
5555 NE Moore Ct
Hillsboro, OR 97124

Circle number 183

nels, a line driver that supportsa 1:1
transformer ratio, selectable modes
for line-card and terminal applica-
tions, and activation and deactiva-
tion functions. Prices start at $17 in
1,000-piece quantities.

' Motorola \
PO Box 6000
Austin, TX 78762

Circle number 186

GOMPUTER DESIGN rcprin:s

Reprints of any article or advertise-
ment appearing in Computer Design
may be ordered directly from June
Bozarth, CSR Reprints, PennWell
Publishing Co., P.O. Box 1260 Tulsa,
Oklahoma 74101, 1-800-331-4463
or 918-835- 3161 Ext. 379. Mini-
mum order: 100 black and white
copies, 500 four-color copies.
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B NEW PRODUCT HIGHLIGHTS

DESIGN AND DEVELOPMENT TOOLS

Printed circuit board
CAD software supports
moderate size designs

An entry-level printed circuit board
design tool, Associate Designer is
used to design boards of moderate
size and complexity, including dou-
ble-sided, surface-mount designs.
The software’s interactive printed
circuit board layout editor lets users
design printed circuit boards with
through-hole or surface-mount de-
vices, while an integrated schematic-
capture program speeds the accurate
entry of circuit designs. Two router
options are offered to shorten layout

Logic analyzer supports
68030 microprocessor

An interface between the Motorola
68030 microprocessor and the manu-
facturer’s 1240/1241 logic analyzer,
the 68030 support tool consists of a
12RM33 mnemonics ROM pack and
a PM206 personality module. The
ROM pack provides instrument set-
up and disassembly post-processing
of acquired 68030 data by marking
executed instructions and automat-
ically tracking the three-stage in-
struction pipeline. The pack also
decodes the dynamic bus-sizing
mechanism and displays only the
data that was actually transferred.
The personality module provides a
connection to the 68030’s 128-pin
socket through a low-profile, low-
capacitance probe connector. The
68030 also supports clock frequencies
of up to 25 MHz.

\v Tektronix > i
| PO Box 12132

Portland, OR 97212
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cycles: a standard maze router and a
rip-up-and-retry 100 percent comple-
tion router.

A flexible schematic-capture pro-
gram speeds the process of accurate-
ly entering a circuit design. Explicit
knowledge of printed circuit board
layout requirements and conven-
tions has been incorporated into the
program, facilitating design transfer
to the printed circuit board and sub-
sequent back-annotation.

A large schematic and printed cir-
cuit board library with more than
6,000 through-hole and surface-
mount components is included with
the package, which supports TTL,

CMOS, ECL, microprocessor, mem-
ory, discrete, linear and electro-
mechanical components. Interface
options are offered, providing pro-
grams for manufacturing and data
base interfacing. Automatic gate
packaging, engineering rules check-
ing, printed circuit board design
rules checking, net-list comparison
and photoplotter output are among
the standard system utilities sup-
plied. The price is $3,895.

P-CAD
1290 Parkmoore Ave
San Jose, CA 95126

Circle number 169 J

Printed circuit board design
package breaks DOS limits

Two versions of a printed circuit
board layout design tool work on
80386- or 80286-based PC ATs or
compatibles. The Ultiboard 386 runs
on a system with extended memory
(above 1 Mbyte) up to 24 Mbytes and
a 20-MHz 386 plug-in board. The use
of the 32-bit protected instruction set
results in programs running at a sus-
tained speed of 4 to 5 VAX Mips. The
286 version runs on ATs and compat-
ibles with extended memory and uses
the 286 protected mode. Previously
under DOS, the maximum capacity
for board layout was between 300
and 400 ICs. The use of 286 extend-
ed memory and 386 32-bit native
mode extends this to virtually un-
limited capacity, according to the
manufacturer.

Ultimate Technology
233 Peachtree St NE
Atlanta, GA 30303

Circle number 173

Design-synthesis system
works with ASIC libraries

The NCR design-synthesis system
uses high-level behavioral language
descriptions for the design of cell-
based application-specific ICs (ASICs).
The tool is coupled with the manufac-
turer’s cell libraries, and includes
both 2- and 1.5-micron digital and
analog cells; supercells; and compiled
functions for commercial, military
and automotive applications. The

system is an expert rules-based soft-
ware tool that lets designers specify
and simulate ASIC architecture in
high-level conceptual terms on Men-
tor Graphics workstations. Using its
data base of expert design rules, the
tool automatically generates the
logic necessary to implement the
desired system-level functions. A
license costs $51,000.

N éR Microelectr;nics
1700 S Patterson Blvd
Dayton, OH 45479

Circle number 171

Software simplifies
ASIC development

Compatible with any product in the
manufacturer’s Logic Master appli-
cation-specific IC (ASIC) verification
family, the characterization and tim-
ing analysis software package lets
the user automate any Logic Master
measurement. Test data may be col-
lected into formats for analysis, and
ASIC verification may be controlled
from a spreadsheet environment.
The software provides menu-driven
routines for making ac and dc meas-
urements of prototype devices and for
Shmoo plotting of test results. By fill-
ing out a menu, designers can set up
propagation delay, as well as set-up
and hold time. Prices for the software
package start at $3,000.

9525 SW Gemini Dr
| Beaverton, OR 97005

| Circle number 175

Fnt;:grated Measurement Systems
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Tom Boris, John Sly, Bill Cooper
1000 Elwell Court, Suite 234
Palo Alto, CA 94303

Tel: (415) 965-4334

Fax: (415) 965-0255

Oregon

Tom Boris

2082 SE Bristol, Suite 216
Santa Ana, CA 92707

Tel: (714) 756-0681

Fax: (714) 756-0621

Washington

John Sly

1000 Elwell Court, Suite 234
Palo Alto, CA 94303

Tel: (415) 965-4334

Fax: (415) 965-0255

U.K.

David Round

69 Imperial Way

Croydon, Surrey

CRO 4RR, England

Tel: 01 686 7655 Telex: 938420
Fax: 01 688 2134

Scandinavia

David Betham-Rogers
PennWell House

39 George St,

Richmond Upon Thames
Surrey TW9 1HY England
Tel: 01 948 7866

Telex: 919775 PENWEL G
Fax: 01 332 1172

France, Belgium, S. Switzerland,
Spain and The Netherlands
Daniel R. Bernard

247, Rue Saint Jacques

75005 Paris France

Tel: (1) 43 54 55 35

Telex: 214235F MISIVZ

Attn: Missitex: PENNWELL

Fax: 1 470 75901

W. Germany, Austria, N. Switzer-
land and Eastern Europe
Johann Bylek

Verlagsbuero Johann Bylek
Stockaeckerring 63

D-8011 Kirchheim/Muenchen
Federal Republic of Germany
Tel: 089 903 88 06

Telex: 529355 vbb d

Italy

Luigi Rancati

Rancati Advertising

Milano San Felice Torre 5
20090 Segrate Italy

Tel: 02 7531445

Telex: 328601 RANCAD |
Fax: 02 7532354

Japan

Sumio Oka

International Media Representatives, Ltd
2-29 Toranomon 1-chome
Minato-ku, Tokyo 105 Japan
Tel: 03-502-0656

Telex: J22633 MEDIAREP

Fax: 03 591-2530
Southeast Asia

Seavex, Ltd.

Anne Goh-Taylor

400 Orchard Rd

10-01, Orchard Towers
Singapore 0923

Republic of Singapore

Tel: 734-9790 Telex: 35539 SEAVEX RS
Fax: 732-5129

Jay G. Seo

Yong-Jin Park

Doobee International, Ltd.
Center Building (Byulgwan)
1-11 Jeong-dong, Choong-ku
CPO Box 4557

Seoul, Korea

Tel: 776-2096

Telex: K27117 DOOBEES

Fax: 755 9860

INDUSTRIAL COMPUTER SYSTEM
IBM PC/XT/AT compatible

Unique like the Mount
Rushmore National et
Memorial — the indus- i
trial computer system is. |

Unique.

The wide spreading of IBM compatible computer
systems has had as a consequence that a very large
number of corresponding operating systems, pro-
gramming languages, utilities and program genera-
tors are available fast and at low prices. The usage of
these programs for industrial applications usually
was not possible with standard computer systems A
100 % software compatibility to IBM PC/XT/AT
A Specially designed for rough operating condi-
tions A A modular and flexible industrial computer
solution is guaranteed through consequent standard
19" technique — extended temperature range through
appropriate connectors and component selection —
shock-proof through use of non-rotating mass storage
devices (RAM/EPROM floppy) A All components
may also be connected to the PC for software develop-
ment and debugging A Original-IBM expansions
cards can be used directly on this system by means of
an adapter card A For industrial applications no spe-

cial development system is neces-
m m “ sary A A large number of standard
boards are available.

COMPUTER-SYSTEME

indutrONIC

Indutronic, Dipl-Ing. Kreiger KG, Darnautgasse 13
A-1120 Vienna, Austria
Phone (0222) 87 30 71, Telefax (0222) 85 97 55
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Meet the technology
leaders in

—at the Invitational Computer
Conference near where you live
and work.

The Computer Graphics market is growing so fast it’s hard to
keep up with the products and trends you need to know about
for informed quantity purchase decisions. So we make it easy for
you—at the Invitational Computer Conference (ICC), the one-
day, seminar/product displays that bring the latest information
on computer graphics hardware and software technology and
products to your area. This year there are eight ICCs dedicated
exclusively to the computer graphics systems integrators,
OEMs and volume end users in the United States and Europe.
One will be convenient for you.

The ICCs are so popular because they give you just what you
need to know without wasting your time or money. You don’t
travel far, there’s no admission fee, the seminars and table-top
displays from major manufacturers are all targeted to your
interests (no searching through aisles), and the atmosphere is
informative and hands-on, but congenial, with refreshments
served. In a few hours you'll have the latest story on the newest
and best in graphics, CAD/CAM/CAE/CIM/CAP, etc.

Invitations to the ICC in your area are available from an
exhibitor or the ICC management. Request yours today.

ICC Conference Management: European Liaison Office:
B. J. Johnson & Associates, Inc. C. J. Nicholl & Associates Ltd.
3151 Airway Avenue, C-2 37 Brompton Road
Costa Mesa, California 92626 London SW3 1DE, England
Telephone: (714) 957-0171 Telephone: 01-581 2326/ 9
FAX: (714) 9570903 FAX: 1-589 0893
Telex: 5101002189 B] JOHN Telex: 888068 CINAD G

Invitational Computer Conference (ICC) is a ©copyright 1988 of B.]. Johnson & Associates, Inc.
CIRCLE NO. 42

1988/89
Computer Graphics Series

U.S. Locations

Chicago, IL Sept. 21, 1988
Irvine, CA Oct. 4, 1988
Dallas, TX Oct. 20, 1988
San Jose, CA Feb. 6, 1989
Newton, MA Feb. 15, 1989

European Locations
London, England May 11, 1989

Frankfurt,
W. Germany May 17, 1989
Paris, France May 23, 1989




PRODUCT BRIEFS

Graphics controllers

MS-4X series of graphics controllers
for multiscan monitors offers instan-
taneous pan and zoom. $1,795.
ACS International Circle 122

1-Mbyte graphics card

ATVista 1-Mbyte graphics card com-
bines high-resolution color video cap-
ture functions with a 32-bit graphics
processor. $2,995.
Truevision Circle 123
Single-chip video system controller
SMdJ34061 video system controller
combines VRAM, DRAM and CRT
controls on a single chip. $135.
Texas Instruments Circle 124

High-resolution graphics software
Hypergraph/8514 micro-mainframe
software lets a PS/2 display high-
speed/resolution graphics. Prices
start at $425.

Data-analysis package

Data Desk Professional data-anal-
ysis and graphics software can ana-
lyze VAX-based data on Macintosh
systems.
Odesta Circle 127
Video display buffer

IoVMEG630 high-resolution video
board for VMEbus features burst-
transfer speeds of up to 7 Mbytes/s.
Io Circle 128

Single storage units for SCSI systems
Q-Stor product line includes a
380-Mbyte disk, an 800-Mbyte opti-
cal disk and 2.3-Gbyte tape drives for
SCSI systems. Prices start at $3,225.
U.S. Design Circle 129

5%-in. SCSI RAMdisk

Ramstor 5%-in. SCSI RAMdisk deliv-
ers an average access time of less
than 0.5 ms. Prices start at $6,595.

Ethernet network manager

The 2244M and 2255M bridge mo-
dels with the Retix network manager
provide management for Ethernet
bridges. Package price is $6,250.
Retix Circle 146

Multibus 1 backplane

Bice-Vero Multibus 1-, 6- or 12-slot
backplane complies with IEEE Stan-
dard 796 and the Intel specification.
Bicc-Vero Circle 136

3+ network to mainframe interface
The 3+SNA provides a gateway be-
tween PCs, compatibles and PS/2s on
a 3+ network and IBM mainframe
computers. $4,995.
3Com Circle 144
40-Mbyte tape drive for PS/2
Matchmate tape streaming drive
backs up 40 Mbytes of data from PS/2
on a single cartridge. $649.

Attachmate Circle 125

Western Automation

Circle 130 | Dolphin Systems Circle 132

|IEEE
MEMBERS

If you vote for a person who
has served on IEEE’s Board of
Directors, then you are voting
to continue your own profes-

sional and economic decline.
Vote for a working engineer,
who understands and will work
(and has worked for 15 years)
to overcome OUR problems.
Use the “bullet” vote and vote
ONLY for

Irwin Feerst

CIRCLE NO. 43
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Introducing PLDesigner™ from Minc

Now-Design Synthesis For PLD Designs

This universal next generation tool separates design
from device selection and provides:
High level behavioral language
Algorithmic design entry for state machine
Waveform design entry for interface logic
Simulation with automatic test vector generation
Partitioning across multiple device architectures
Automatic selection of devices
Device library of over 2,000 devices
PLDesigner runs on IBM and compatibles. Call and ask
for our demo disk showing PLDesigner in action on sev-
eral logic examples. Now, speed your design time and get
your product to market faster.
MA, CT, RI, ME, NH, VT (617) 935-3001 « NY, NI (201) 692-0200 + IL, IN, WI, MI,
1A (312) 298-2290 + TX, OK, LA, AR (214) 661-0300 « WA, OR, MT; ID, AK
(206) 746-7970  Northern CA, Reno NV (408) 980-8868
Southern CA (714) 897-0319
Minc Incorporated

1575 York Road, Colorado Springs, CO 80918 (719) 590-1155

CIRCLE NO. 44
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PRODUCT SHOWCASE

Circle 220 for rates and information, or call: Shirley Lessard or Barbara Kovalchek 800-225-0556. In Massachusetts 508-486-9501.

- - RLL RELIABILITY IN STOCK “DATEM’s Single Board
B 5v " half-height rigid disk drive Industrial Controllers
Model MR535 from Mitsubishi Electronics is the relia- " B l
ble, 5% " half-height rigid disk drive designed to use
standard 2, 7 RLL controllers. The MR535 is in stock and
|6/8/4 offers such proven features as:

MByte * 76 MB memory

VME capacity when using

2, 7 RLL controllers
Memory (50 MB for MFM
o <5 Board

controllers)
® VME/ VSB Dual Ported Memory @ [00ns | Mbit T Qupesclseck
DRAM @ Parity check @ Available for Sun-3,4 also

time that is truly less

® VME 32bit Address Bus. 16/32bit Data Bus than 28 ms ; . !
.WeEcan <hip up to 200 boards iper a month « Automatic actuator —The deM53x faml_ly'of mtelllge_nt BITBUS
@ Ordering Information [FOB Calif. lock that places heads compatible analog/digital industrial control-
MB2240- 4MB (1~9)US$2200 (10~24) US$1980 over non-data areas of lers allow OPTO-22 compatible termination
MB2240- 8MB (1~9)US$4100 (10~24) US$3690 the giskitinon‘power modules to be integrated within a DISTRIB-
MB2240-16MB (1~9)US$8000 (10~24) US $7200 MTEF UTED CONTROL NETWORK that supports

. of 30,000 POH ;

CALL by FAX (from us.) hours and full on year up to 250 nodes over 8 miles. Programmable
[]'” _8] _474_22_] 759 warranty in C, BASIC and Ladder, modules are support-
For more information on the reliable MR535, write or call: ed by acomprehensive set of network devel-

You can get information on the next morning Mitsubishi Electronics America, Inc. Computer opment tools for DOS, QNX, XENIX, VMS.

MICROBOARDS, nc. Peripherals Diviion, 881 Knox Sireet, forrance, O | DATEM Ltd, 148 Colonnade Road, Nepean,

4-41-13 HONCHO. FUNABASHI-CITY. CHIBA 273 e o Ontario, Canada K2E-7R4 — (613) 225-5919.
JAPAN. TELEX : 2883472 MICRO
MITSUBISHI
CIRCLE NO. 221 & W ELECTRONICS CIRCLE NO. 222 CIRCLE NO. 223

Tango’s ease-of-use, rich functionality
and crisp output have brought fens of thousands of boards
to life, quickly and
affordably.

“Intelligent Communication ! STD BUS CARD CAGES
Gateways From DATEM” Taizgn Sets The Pace!

Full line with a .75" card spacing, extruded alumi-
num frames, aluminum endplates and non-

: : : Start-to-finish design tools include: conductive card guides. Open frame design excel-
—The dDCN5000 family of intelligent com- T St e T iy Vanias $495 lent for convection cooling. Variety of mounting
munication gateways allow a range of equip- ngo PCB 1mil Grid. o1 < -(.‘ rm*(‘) 'I ; $495 styles with 5, 8, 16 and 21 slots in stock.
ment to be integrated into a DISTRIBUTED & HIRIRI 7 ISR UetiER I tpul, s ; ;
CONTROL NETWORK. Firmware drivers sup- | Tango-Route auoroutes 90+%, Fast! 5359?5 jf;';'(;‘f;ﬂ:ecsagjj g’;‘lf‘vir‘y“g’:g: e :"‘;‘fzgvg‘:f;'g
port interfaces to RS232, RS422, 85485, Tango-Tools 8 Money-Saving Utilities, $295 to $360 (21-slot). Delivery, stock to 2-week ARO.
:;5_53588 tandkCENTII?OMCS: mgl%t/;'er;geﬁ Let's discuss your design needs Toll-Free, or order a full XYZ Electronics, Inc.
Ltd 14;%;(;;:;:: aRZO S&Jppon: ‘Om i function Evaluation Pkg, just $10. VISA/MC. RR#12, Box 322
Ganada, K2E7R — (613 225596, | 800 433-7801 S o e e o
» * - Satisfaction guaranteed. 317-335-2128 or 800-852-6822
ACCEL Technologies, 7358 Trade St., San Diego, CA 92121
CIRCLE NO. 224 CIRCLE NO. 225 CIRCLE NO. 226
COMPLETE DEVELOPMENT SYSTEM
FOR MACHINE CONTROL |l NTR ODUCI NG

APPLICATIONS <2

TINY188 s a low cost “PC somewhat com-

patible” engine for OEM controller applica- IN SYS‘I‘EM Your message can stand out from the crowd with a
gonlsébll\esﬂeg(i)ohﬂ of high level languages is colorad in System Showcase. Two- and four-color ads
val L . are now available. Just send us a color print, slide or
3333?/? An optional def\{elopmgntkboard v~|l||rh SH OWCASE transparency with your copy and insertion order and
programmer, floppy disk controller we will do the rest.
andt added Temory, removes to lower target For more information, call Shirley Lessard or Barbara
system cost.

Kovalchek at (800) 225-0556 (in MA, call (508) 486-9501).

Rates: BIW Color

1X$720 18X $650  2/Color $135
6X $695 22X $640  4/Color $235
12X $670

Prices start at $269 each/$99 at 1,000.

Vesta Technology, Inc.
(303) 422-8088

CIRCLE NO. 227
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target over 30
microprocessors

CROSS
ASSEMBLERS

Universal Linker, Librarian
micro VAX, VAX VMS, PC/MS DOS

* Powerful macros

¢ Relocatable or absolute code
* Binary or ASCI| Hex file output
* Fast Version 2.2

¢ Universal Linker for all targets
e Conditional assembly

¢ Prompt delivery

ENERTEC INC, 19 Jenkins Avenue
Lansdale, PA 19446 ¢ 215-362-0966

CIRCLE NO. 228

COMPUTER DESIGN
Super Decks

Now 90,000 circulatioon—83,000 quali-
fied Computer design U.S. subscribers,
plus 7,000 pass-along engineer inquirers
Six mailing in '88—January, March,
May, July, September and November
Less than a penny per card for 6 time
users

Rates start at $1495.00 and go down
with frequency

Closing 21st of previous month of
mailing

Contact Shirley Lessard or Barbara
Kovalchek

COMPUTER DESIGN

119 Russell Street

Littleton, MA 01460

Tel: Toll Free (800) 225-0556

In Massachusetts (508) 486-9501

RUN INTEL ON YOUR PC

ASMOO

PLM3 |

CREDIT

MICRUN 80

SOFTWARE
$595

6000 DEBUGGER

DEVELOP...and...DE I)L(.

8 and 16 Bit INTEL CODE ON YOUR PC WITH
MI

ASM4A

AEDIT

+ee 6 MHZ-8 Bit 595
MICRUN 80%....10 MHZ 8 Bit 995
MICRUN 86......16 Bit Development 450
8080 Debugger ..Intel Type Debugger 195

* Includes Hitachi 64180 co-processor
[«Micrun 80/86 Package § 893]
includes: Micrun 80(6mhz), 86 & 8080 Debugger
call: 1-800-888-8086

Micro Interfaces Corp. 16359 NW 57th Ave., Miami, FL. 33014

Intel and Micrun are registered trademarks of their respective companies.

CIRCLE NO. 229

MX-3 8 Channel TDM Multiplexer $389.95.
Features include: EIA RS-232 or CCITT/V .24
interface—speeds up to 19200 bps—no
modem needed up to 5000 ft.—completely
transparent to data format—DTE/DCE switch
selectable on each channel—composite link
test for diagnostic—built-in lightning pro-
tection. Bo-Sherrel Co., Inc.,, 36133 Niles
Blvd., Fremont, CA 94536 or phone (415)
792-0354.

CIRCLE NO. 230

e e e 3 S e s A et
UNIVERSAL LOGIC PROGRAMMER

®PROGRAMS,
READS, DUPLI-
CATES, TESTS
AND SECURES
HUNDREDS OF
20- AND 24-PIN
LOGIC DEVICES

23 UNIVERSAL
PIN DRIVERS
WITH INDE-
PENDENT DAC,
ADC & SLEW
FUNCTIONS
PROGRAM AL-
MOST ANY
LOGIC DEVICE

®MENU DRIVEN
OPERATION IS EASY TO LEARN AND QUICK TO OPERATE

© CONNECTS TO ANY I1BM COMPATIBLE COMPUTER VIA
PARALLEL PRINTER PORT

®EDITS FUSE DATA & TEST VECTORS WITH FULL SCREEN EDITOR

® TESTS WITH VECTORS & SECURES AFTER PROGRAMMING

© SUPPORTS ALL POPULAR PLD DEVELOPEMENT SOFTWARE

© ONLINE HELP FUNCTION © ONE YEAR WARRANTY

©® SELF CALIBRATING © SAME DAY SHIPMENT

© JEDEC FILE INPUT & OUTPUT ® TOLL-FREE TECH SUPPORT

30 DAY MONEY BACK GUARANTEE @ UPDATABLE VIA FLOPPY

®GOLD TEXTOOL ZIF IC SOCKET @ EPROM PROGRAMMERS ALSO

©JUST $798

CALL FOR FREE DEMO DISK OR INFO 800/225-2102

0 i i e
BPMICROSYSTEMS

10681 HADDINGTON #190 HOUSTON, TX 77043
713/461-9430 TLX: 1561477 FAX: 713/461-7413

LOGIC PROGRAMMER

PLD-1100

CIRCLE NO. 233

M-5S Synchronous Short Haul Modem $219.00.
Features include: EIA RS232 or CCITT/V .24
interface—speeds up to 38400 bps—internal
or external clocking—clear to send delays—
optical isolation—operating distance up to
10 miles—DTE/DCE switch selectable—LED
indicators—screw terminal or RJ11—two
year warranty. For more information: Bo-
Sherrel Company, Inc., 36133 Niles Blvd.,
Fremont, CA 94536 or phone (415) 792-0354.

CIRCLE NO. 231

IEEE-488 for
VMEbus & MULTIBUS

Hardware Options — High-speed DMA or
low cost programmed I/O

Software Support — UNIX, PDOS, MTOS,
VERSAdos, Aegis

‘7 NATIONAL

The snﬁw.m is the Instrument ™

CaII for FREE Catalog
512/250-9119 or 800/531-4742
CIRCLE NO. 232

68000 COMPUTER
PC/XT HARDWARE COMPATIBLE

* SK*DOS® Operating System with Editor,

Assembler, Utilities
e HUMBUG® Debug Monitor
® 1 MB Zero Wait State DRAM
* FDC, 4 xRS-232, Printer Ports
® 6 PC/XT 1/O Slots & Keyboard
PERIPHERAL TECHNOLOGY
1480 Terrell Mill Rd., Ste. 870

Marietta, GA 30067 404/984-0742
CIRCLE NO. 234

PRODUCT
MANAGERS

Needed who want to rent
Computer Design’s top-
notch direct mail prospect
list. Excellent benefits,
competitive rates.

Call Bruce for more info
at: 800-225-0556
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//':,f"/‘- ~< A lot Of
.+ performance
| took just a
little extra

< < common
= sense.

To get it to m
Intel’s doesn’t.

Our board lets you use both Weitek WTL 1167 and
80387 floating point co-processors. Intel makes you
choose between them.

Like all our Multibus SBCs, the CD21/8386 is fully
hardware and software compatible with corresponding
Intel boards . . . in this case with the SBC 386/3X
series. But our board is not just loaded with features,
it’s got the right features to capitalize fully on the
80386’s extra power and wide data path in any
application. That’s common sense design.

And Central Data backs it up by our industry-
leading performance in the areas of manufacturing
standards, user support, and on-time delivery.

Give Mike Heins, SBC product manager, a call
today and he’ll be happy to tell you all about it.

1602 Newton Drive, Champaign, IL 61821-1098
1-800-482-0315
(In lllinois 217-359-8010) FAX 217-359-6904

*Multibus is a trademark of Intel Corporation
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If you want

your Ethernet LAN
to have all the advantages

of fiber. ..

R

EthernetLAN
starter Kit

We've made it easy to try with our Fiber
Optic Ethernet LAN starter kit* For less than
$1,000, you can connect two PC workstations
with fiber optic cable. All you need are indus-
try standard Ethernet network controllers and
software like you'’re probably already using.
Plug our Fiber Optic Bus Transceivers in your
PC’s and connect them to your Ethernet con-
trollers. Then run the 50-foot fiber optic cable
(included) between our transceivers.

Now you’re ready to realize the advantages of

fiber, like freedom from electrical interference.
Not even lightning bothers fiber cable. You

fiber.

can extend the distance between nodes to
2,000 meters. You can stop worrying about
ground currents. You won’t have to be con-
cerned about RFI emission from the cable.
And it’s extremely difficult to tap fiber cable
without being detected.

When you're ready to think about fiber for
the entire LAN, Versitron makes that easy
too. Qur transceivers and star hubs are com-
patible with most popular network interface
controllers. And they work under the most
often used network software.

Try fiber. Call Versitron at (800) 537-2296.

*One kit per customer, please.

\"/ VERSITRON

9005-8 Junction Drive Annapolis Junction, MD 20701

(800) 537-2296 (301) 497-8600 Telex 4972387
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