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SIGNAL PROCESSING. GRIZZLY?

Designing a signal processing system can Stop laboring with trial-and-error debug With SPROC technology, engineers focus
be a bear of a problem—immense, mean, and ~ methods, cumbersome logic analyzers, or on designing to create better products in less
unforgiving. Engineers grappling with con- software simulators to debug a design! time.
ventional analog or digital technologies face Engineers using SPROC technology down- If you can't bear to see your productivity
risk and unpredictability at every turn, with load designs directly onto actual silicon and mauled by the problems of signal processing
no guarantee of success. Designers invest interactively debug systems as they execute design, call STAR Semiconductor at
months of development time in a brutal in real time! Using the SPROC chip’s unique ~ 908/647-9400. We'll send you a brochure
design process that’s as lengthy as it is frus- built-in probe feature, you can easily modify and demo disk telling how to tame your next
trating. Productivity and time to market are design specifications  signal processing project.
devoured in the struggle! to tune system per- . .

formance during STAR Semiconductor Corporation
SPROC Te(hnology : 25 Independence Boulevard, Warren, NJ 07059
Tames The Task . execution. Telephone: (908) 647-9400 FAX: (908) 647-4755

At the core of STAR Semiconductor’s - SPROC Users Slash Development Time
unique signal processing solution is the PREVIOUS PREVIOUS | SPROCDEV. | §SAVINGS
SPROC™ chip, the first-ever programmable AFFLICATION TECHNOLOGY | DEV. CYCLE CYCLE (Ist YEAR)
signal processor using the “Sketch and Secure FSK modem analog 6 months | 3 weeks | $50,000%
Realize™ design approach. With a single Adaptive noise canceler DSP 6 months 1week | $57,500*
SPROC chip and a SPROClab development — =

; ; Power supply controller analog 6 months 1 day $60,000
system, signal processing becomes a tame ——
wsk: Closed-loop vibration controller analog 3 months 2 weeks | $240,0001

Why WI'CSI]C wi[h circuit breadboards 1Total system savingsmch‘Jding»pm]ecl overhead, engineering resource, and system hardware costs.

k. *Estimated savings in engineering resource based on cost of $10,000 per man month i

crawling with sensitive analog components?
Or agonize over line after line of assembly : o -
code? One SPROC chip integrates the func- 3 £ =
tionality of hundreds of analog and passive
components to cut system costs. And
SPROClab employs system-level graphical
programming so you can capture designs as
signal flow block diagrams. You gain all the
benefits ! of a digital solution—

§ { w without writing
| ¢

SEMICONDUCTOR

The Signal Processing Company

software!
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Sketch and
Realize” are trademarks of STAR Semiconductor Corp. y



Innovative Technology
In System Packaging

the Backplane

One Thing
Separates a Great

il

from a Good One.

It's the innovative applica-
tion of cutting-edge technology
to your specific requirements.
It's what we do at Electronic

experience and expertise to
resolve the design issues you're
facing quickly—at a price that
even your bean counters will be

Solutions. pleased with.
There was a time when a For industry standard
backplane was little more than a backplanes such as VME,

few connectors mounted to a
simple pc board. But today’s
higher performance systems
require higher performance
multilayer backplanes. Someone
has to resolve the difficult issues
faced in designing a backplane
that will handle your high-
speed system—a balancing act
between design parameters that
affect crosstalk, reflections,
impedance, ground shift, and
power distribution.

That’s where Electronic
Solutions can make your job
easier! You can rely on our

Multibus I or II, Sun, VXI, or
Futurebus+ we have a line of
high performance backplanes
available off the shelf. Our back-
planes have been independently
tested and ranked as the “Best
Balanced” backplanes available.

T
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For proprietary back-
planes, no matter how exotic or
unusual, we’ll apply the same
design expertise exemplified by
our standard products and
build you a backplane tailored
to your specific requirements.

Let us prove it to you! Just
call and request information on
our backplane design capabili-
ties and we’ll FAX the FACTS
right to you. Or ask to talk to
one of our Applications
Engineers who will help you
translate your requirements into
a backplane spec.

For standard or proprietary
applications, there’s only one
way to get a backplane that’s
just right for your system. That's
to call Electronic Solutions and
put our experience to work for
you.

One example of our design
innovation is our patented
Active Automatic Daisy
Chaining which eliminates
the number one field ser-
vice probem— improperly
placed Bus Grant Jumpers.
It's superior to the passive
auto-daisy chaining touted
by other vendors, and it's
available free of charge on
our new VME backplanes.

VMEbus
VXI bus
Sun bus
Multibus |
Multibus II
Futurebus+
Mixed buses

Electronic
Solutions

UNIT OF ZERO CORPORATION

Proprietary buses

CIRCLE NO. 2

6790 Flanders Drive, San Diego, CA 92121
(619) 452-9333 FAX: 619-452-9464
Call Toll Free: (800) 854-7086
In Calif: (800) 772-7086
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Out Front #
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The New Dual '040 VME SBC:

-

Faster, More Efficient and Lower Cost
Than Any Multi-board Solution

Get on-board multiprocessing and an astounding
40 MIPS throughput, when you power your system
with Synergy's new SV420 single-slot SBC. The
SV420's dual-CPU design means you'll need fewer
boards in your VME chassis, with no VMEbus
bandwidth bottlenecks between the '040s, and system-
wide cost saving of more than 40%.

And even if you don't need multiprocessing right
now, the SV420 still puts you out front. Use the
second '040 as a super-smart DMA controller. When
combined with the SV420's
66 MByte/sec VMEG64¢
circuitry, nothing
communicates faster over
the VMEbus.

Add even more on-
board power by selecting
from Synergy's big list of

Over a dozen smart, powerful 1/0
modules fit Synergy's '020, '030,
'040 and Dual '040 SBC's.

high-performance, intelligent plug-on I/O modules —
such as our latest Super-VSB module offering

40+ MB/sec over the VSB bus.

Or choose another module, from

a T1/E1 controller to a super-fast
graphics engine, that plugs onto
any Synergy SBC.

Better yet, just tell us what you
need. We're the company you can
talk to about your VME system
design problems. You'll find that we listen and
deliver (every Synergy 1/O module on our list
started as a customer request). We mean
business when we say customer support is our
most important mission.

So if you want to be out front in system
performance, just be up front with Synergy.
Call us today.

JYNERGY

microsystems
Synergy Microsystems, Inc.

179 Calle Magdalena, Encinitas, CA 92024
(619) 753-2191 FAX: 619-753-0903

Multiprocessor MIPS
0

CIRSLE NO. 3
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' HMI provides complete development systems—in-circuit emulator, window
driven source level debugger and software performance analyzer—that address all
L aspects of the microprocessor system design cycle, from prototype to production:

HMI Emulators Feature: EMULATORS
M Run at real-time with no wait states.

B Complex events and sequences for break and trigger conditions.
B Two independent 4K deep trace buffers.

M 1 psec resolution interval timer.

B Logic analyzer capabilities built into the emulator.

M 16 External Trace bits.

W RS232 Interface up to 115.2K.

M Parallel Interface for high-speed downloading.

M Work with IBM PC family and UNIX based machines including SUN and Apollo.

SOFTWARE

HMI's SourceGate ties it all together, so emulator features aren’t sacrificed to gain source-
level debugging.

HMI SourceGate® Features:

B Custom window configuration determined by user.

M Support for major C, PL/M, Pascal and ADA compilers.
M Source code in the trace buffers.

B C variable tracking.

ANALYZERS
Add our Performance Analysis Card to complete your development package.

Performance Analysis Features:

M Real-time hardware implemented software performance analyzer.
B 100 nsec resolution time-stamp in trace buffer.

B Setup trigger conditions to start and stop analysis.

B View covered and not covered pieces of code.

If you are looking for one development system that does it all, call (205) 881-6005, or write to
Huntsville Microsystems Inc., 3322 South Memorial Parkway, Huntsville, AL 35801. Ask for free demo disk.

AVAILABLE EMULATORS
68000 68330/333 68HCO01
68008 68331/332 8051 Family
68010 68340 DS5000
68020 6809/6809E 8096/80196 Family
68030 68EC020 8085
68302 68EC030 64180/7180
68301/303 68HCI1 including 780

F1 and D3 68HC16 Family
Now supporting 68040 Series

IBM is reg. T.M. International Business Machines, Inc. ~ UNIX is reg. T.M., Bell Laboratories, Inc

CIRCLE NO. 4
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ASIC testability tools force trade-offs
in silicon, performance and coverage

Wiill you trust your complex ASICs to test synthesis? Can you

take hits in silicon and speed in exchange for quality? Does
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— BRI TUCK s s erss s sem s eahe ey 57
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| organization. But for those willing to invest, the payoff can be

enormous—for small jobs and big ones. —Tom Williams ........ 101
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Cable assemblies for your toughest applications.

Or your tenderest.

Your need may be defined by signal
requirements: the speed demands of
today’s ‘hot’ designs. Or your need may
derive from the environment a signal
passes through, or even the signal’s
source. High-performance cable assem-
blies from AMP come in just as many
types as you have needs. With the level
of reliability—and support — you require.
Microminiature cable assemblies for
the medical field serve in environments
where space, weight, and maneuverability

AMP is a trademark of AMP Incorporated.

are critical, and ‘friendliness’isn't a nicety,
but a necessity. We design and manufac-
ture assemblies to meet your most
demanding requirements. They offer
outstanding signal fidelity. Th
enough for heavy use. Yet they're aston-
ishingly small, flexible, and easy to handle.
Our cable assemblies for high-speed
data applications answer to a different
challenge: moving your signals transpar-
ently. Fast data streams require coaxial
or transmission-line assemblies for




effective signal management. We custom-
engineer around your performance
requirements —matching cable, connec-
tor, and termination technology to the
critical impedance/risetime needs of
your design. And meeting your critical
business needs for a cost-effective,
time-effective solution.

The know-how we bring to your
high-performance interconnect needs can
be extended as much as you need, too:
we offer services that pick up from your

i

initial design concept and take you all
the way to production. Starting with in-
depth analysis and verification, we can
provide board layout and routing, full
software simulation of and proof of first
article, thermal and electrical analysis,

THIS IS AMP TODAY.

CIRCLE NO. 5
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package design, and fabrication.

For more information, contact
our Product Information Center at
1-800-522-6752 (fax 717-986-7575). AMP
Incorporated, Harrisburg, PA 17105-
3608. In Canada call 416-475-6222.

AP
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Semiconductor

National ann
“quiet revolution

The cry for low-noise
3-voltlogic has never been
louder. That’s why we're
leading the charge with our
new LVQ (Low Voltage

4 Quiet) logic.

e Every member of this com-
plete family of gates, multiplexers,
flip flops, and octals is fully speci-

) fied for the 3.3V world of




ounces the

in 3~volt logic.

battery-operated computing. Asa  and cumbersome shielding.

result, LVQ is ideal for everything
from laptops and notebooks to

palmtops and pen-
based systems.

LVQ is extremely
quiet. Its reduced volt-
age swings go a long
way towards minimiz-
ing noise on octals
(guaranteed Vo p/Vorv
= +(0.8V) and EMI—
especially critical to
miniaturized designs,

where there'’s simply

- VOLP/VOLV = S8V
guaranteed

= Negligible EMI

.= 50pA max

= QSOP packaging

= 9ns prop delay

= Hands-on application
assistance on dual
voltage designs

= Samples available for
5- to 3-volt

translation (LVX244)

LVQ is low power. Make that
ultra-low power, as in SOpA. And

that’s a specification
we guarantee. SO nOw
you can count on much
longer battery life,
while maintaining the
speeds required to
optimize your 33MHz
designs.

LVQ is also very
compact. Its revolu-
tionary new package

design (QSOP, or quarter size
no room for elaborate  outline package) not only makes
LVQ smaller, but provides

LVQPORTFOLI0 | Price/per-
74lvQ00  74Lva157 | formance of
74LVQ02  74LVQ174 e
7ava04  74lvar | today’s 3V
74VQ08  74LVQ244 | o :
74VQ14  74LVQ245 solutions. g
74VQ32  74LVQ273 And while
74LVQ74  74LVQ373 :
741voss  74wvaaza | the family
74LVQ138  74LVQ573 | comprises 1
74LVQ151 prises 19

greater functionality and
enhanced thermal con-
ductivity. Not to mention
) increased board space.
Even though
it offers all these
advantages, LVQ
delivers the best

parts, it’s just
the beginning. In fact, LVQ is part
of a much larger, company-wide
commitment to provide a compre-
hensive selection of innovative
low-voltage solutions —now
including EPROMSs, power man-
agement, interface, data acquisi-
tion, audiovideo, and voltage
reference products.

All of which proves that our
quiet revolution is definitely a
movement in the right direction.

Join the revolution today!
For free samples, give us a call
today: 1-800-NAT-SEMI, Ext.197.
Or fax: 1-800-888-5113.

@National

Semiconductor

NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1 800
628 7364, ext. 197; Fax: 1 800 888 5113); EUROPE: Industriestrafie 10,
D-8080 Fuirstenfeldbruck, Germany (Tel: 49 8141 103 0; Fax: 49 8141 103 515);
HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd.,
Tsimshatsui, Hong Kong (Tel: 852 737 1654; Fax: 852 736 9921);

JAPAN: Sanseido Building SE, 4-15-3, Nishi-shinjuku, Shinjuku-ku, Tokyo,
Japan 160 (Tel: 81 3 3299 7001; Fax: 81 3 3289 7000).

©1992 National Semiconductor Corporation.
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High-temperature super-
conducting MCM unveiled

The world’s first high-tempera-
ture, superconducting multichip
module is a ring oscillator/counter
introduced by Superconductor
Technologies, Inc. (STI—Santa
Barbara, CA). Developed under a
DARPA contract, it consists of
nine conventional CMOS inverters
connected by lines of superconduct-
ing thallium HTS.

STI has the world’s only HTS
foundry. Frank Patten, DARPA
Defense Sciences Office program
manager, says, “By using HTS
for the interconnects between sili-
con ICs, we will be able to build
modules that have less signal de-
lay.” He believes this demonstra-
tion “opens the door for full-scale
development.” —Don Tuite

Digital to launch
MCM partner

Digital Equipment Corporation
(Maynard, MA) is hoping that the
fledgling multichip module (MCM)
market will bring some much-
needed capital into the company’s
coffers. Digital is set to launch Mi-
croModule Systems (Cupertino,
CA), an MCM design and fabrica-
tion facility that will target sys-
tems houses, telecommunication
companies and defense-related con-
tractors that want to incorporate
MCMs into their designs.

MicroModule has a 24,000-ft>
wafer fab and a staff of about 85
people. Until now, Digital has been
using the facility to design and man-
ufacture MCMs for its VAX 9000
systems, but the need for cash is
forcing it to spin off the company as
a money-making partner.

—~Milike Donlin

Actel cuts FPGA prices;
still more coming

For the second time this year,
Actel (Sunnyvale, CA) has cut its
FPGA prices, keeping a commit-
ment it made last February to con-
tinue to pass on its own cost reduc-
tions to users. “Actel has been

able to meet its commitment be-
cause we have continued to benefit
from our technology, which uses
the extremely small PLICE anti-
fuse programming elements in
combination with our optimized ar-

chitecture,” says senior vice-presi-
dent of sales and marketing Doug
Rankin. “This technology results
in smaller die sizes and lets Actel
continue to reduce prices.”

Prices for the ACT 1 family, cur-
rently in production, have been
cut up to 10 percent for high-vol-
ume sales. Across-the-board reduc-
tions also apply to the newer ACT
2 family, now moving into produc-
tion applications. The 8,000-gate
A1280, for example, has been re-
duced up to 33 percent.

Price cuts apply to all packages,
temperature ranges and speeds for
both families. More good news for
users— further reductions will
probably be announced next year.

—~Barbara Tuck

European consortium
launches OS project

A project aimed at ensuring the vi-
ability of open-systems computing
has been launched by a consor-
tium of European companies, in-
cluding Alcatel Ashthom, Chorus
Systems, Olivetti, Siemens Nix-
dorf, SGS-Thompson, and Unix
System Laboratories. The $14-mil-
lion project is part of the
European Community’s Espirit 111
initiative to create advanced
European-developed information
technologies. The project, called
Ouverture, will aim at advancing
Unix System V Release 4 technolo-
gies into new areas, including real-
time embedded systems.

The main goals of the Ouver-
ture project are to optimize the in-
tegration of microkernel
technology, based on the already
available Chorus/Mix from Chorus
Systems (Paris, France), into Unix
SVRA4 for massively parallel and
real-time applications, as well as
to introduce object-oriented inter-
faces, while researching the ben-
efits of object-oriented technology,
to mainstream Unix.

—Tom Williams

Tl teams with Cadence
on ASIC Workbench

The effectiveness of ASIC design
tools rests on the silicon expertise
built into them, so Texas Instru-
ments (Dallas, TX) is an ideal can-
didate to partner with Cadence De-
sign Systems (San Jose, CA). TI
and Cadence’s goals are to en-

hance Cadence’s ASIC Workbench
toolset by creating tighter links be-
tween synthesis, floorplanning
and layout; to put into users’
hands the ability to incorporate
RAM and other customized func-
tions into base arrays; and to auto-
mate the process of designing fully
testable ASICs.

TT will be installing ASIC Work-
bench in its worldwide customer
design centers. Its engineers will
also work on-site at Cadence’s San
Jose facility to directly influence
the development of an enhanced
ASIC Workbench.

According to George Barber,
manager of ASIC products at TT’s
Semiconductor Group, “Advanced
design environments are needed
to take full advantage of the next-
generation silicon technology. We
are working with Cadence, so that
when the next-generation ASIC
Workbench is introduced, we’ll be
there with the libraries and sup-
port necessary to have our custom-
ers hit the ground running.”

—~Barbara Tuck

Intel and HP
team up for test

Intel (Santa Clara, CA) has signed
an agreement with Hewlett-Pack-
ard (Santa Clara, CA) which will

| ensure the testability of Intel’s

present and future microproces-
sors through the use of IEEE-

| 1149.1 boundary-scan technology.

The deal gives HP access to bound-
ary-scan information on specific
chips, including pertinent pin-out
data, cell type and order, and the
1149.1 instructions that have been
incorporated into each IC’s design.
HP will convert this information
into a boundary-scan description
language (BSDL) that Intel can
distribute to its customers.

As further proof of its commit-
ment to providing testability infor-
mation to its customers, Intel has
even placed some of the BSDL
files on a Compuserve bulletin
board forum, Ionline. The files
don’t give away any secrets about
a microprocessor’s core logic or in-
ternal technology, but they do let
users develop test vectors for cir-
cuit board scan testing.

—Miike Donlin

Continued on page 12
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The Next World Standard

for Embedded Systems

D-CACHE
DATA & TAG

I-CACHE

IDT’s R3051 RISControIIer

MIPS® RISC for $30

The 32-bit R3051™ outperforms the i960 and AMD29K, and has
everything you need in a high-performance, low-cost CPU:

¢ Larger Cache—up to 10KBytes of I and D cache on-
chip for PostScript®, networking, or X protocols.

* 4-Deep Read and Write Buffers—allow the CPU to run
at full speed, even in low-cost DRAM designs.

* Multi-Sourcing— provides form, fit, and function inter-
changeable products at competitive prices.

¢ Development Support—100% software compatible with
low-cost MIPS and IDT development tools on PC, SPARC,
MIPS, and Macintosh® host platforms.

* In Production Now!

“I could never have imagined that RISC would
become so inexpensive, powerful, and pervasive,
and IDT's R3051 has made that happen.”

Steve Blank
Vice President of Marketing
SuperMAC, Leader in high-end graphics

(800) 345-7015 » FAX: 408-492-8674
ASK FOR KIT CODE 5071
CIRCLE NO. 6

Evaluate the R3051 Today

For a limited time, we're offering a com-
plete R3051 Evaluation Kit, including an
evaluation board and software, for $595
(an $895 value).

Call our toll-free hotline to get an IDT
RISC Product Roadmap and complete infor-
mation on the R3051 Evaluation Kit, so you
can evaluate the next uP standard for
embedded systems today.

S

]

Integrated Device
Technology, Inc.
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Continued from page 10

PC/104 as a mezzanine

The trend toward using mez-
zanine buses in creative ways has
been evident lately. Now, two com-
panies are using PC/104 as a mez-
zanine bus. ZyCom (Saline, MI)
has introduced a VMEbus board
sporting a PC/104 socket, and it’s
reported that WinSystems (Arling-
ton, TX) is evaluating PC/104 as a
mezzanine bus for its STD family
of CPUs.

PC/104 has some advantages for
such applications. The bus’s form
factor is small enough to easily fit
on a VME board and even an STD
board with little sacrifice. Also,
more than 20 vendors support the
specification and proponents are
driving hard to have it accepted as
an IEEE standard in the form of
an extension to the existing ISA
specification. Finally, a handful of
PC/104 boards provide a full PC
CPU; vendors can use them as
mezzanine boards to provide PC-
compatible support for front-end
interface functions, graphics or
other applications where it’s neces-
sary to save both space and cost.

—Warren Andrews

Alliance offers test and
measurement solutions

Three companies are teaming up
to offer users VXI- and GPIB-
based instrumentation, along with
the software to integrate and con-
trol those instruments and the
platforms to run the software. Sun
Microsystems (Mountain View,
CA), Tektronix (Beaverton, OR)
and National Instruments (Austin,
TX) will see to it that their respec-
tive products work together and
will cross-train their sales forces
on them.

Sun will offer its Sparcstation
and Sparcserver workstations,
which will run the graphical in-
strumentation and control soft-
ware and hardware from National
Instruments. National’s LabView
software lets users set up virtual
instruments in windows on a work-
station and integrate and analyze
the measurements gathered by
hardware instruments under its
control. Tektronix will offer VXI-
and GPIB-based instruments
which can be integrated with the

workstation-based bus controllers
and controlled via the National In-
struments software.

The alliance will also see to it
that these systems can easily be
linked to equipment from other
vendors. You'll be able to pur-
chase products separately from
the three vendors, as well as
through systems integrators and
value-added resellers offering inte-
grated systems. —Tom Williams

VME/Futurebus+
bridge board debuts

Cable and Computer Technology
(CCT—Anaheim, CA) will debut
the industry’s first Futurebus+-to-
VME bridge later this month at
Buscon. The Profile A- and B-com-
patible system has its own intelli-
gence, so no other processor is re-
quired in the system. A memory
windowing technique is used to in-
terconnect the two systems, map-
ping memory addresses from one
to the other. The system comprises
two boards, a VME board and a
Futurebus+ card interconnected
with a round, EMI-shielded cable.
The system also lets multiple
VME and Futurebus+ systems con-
nect in a star, daisy chain or com-
bination configuration.

CCT will also demonstrate its
software- and hardware-applica-
tion development station. The sys-
tem consists of a special split back-
plane card cage containing a 7-slot
Futurebus+ backplane and a 9-slot
VMEbus backplane. In the VME
section is a 386-based MS-DOS
computer and the Futurebus+to-
VME bridge card. On the Future-
bus+ side is the Futurebus+ bridge
card. The system can be enhanced
with other VME cards, Future-
bus+ bus analyzers, CPUs, or
CCT’s array processor.

—Warren Andrews

Moto, BT to develop
6000-Mips MM chip set

Motorola (Austin, TX) and British
Telecom (BT—Martelsham Heath,
Ipswich, England) have an-
nounced plans to develop technol-
ogy that may bring multimedia
into the mainstream. Through the
partnership, BT and Motorola will
share their respective expertise in
videoconferencing and semiconduc-
tor manufacturing. The specific

goal of the partnership is to em-
ploy Motorola’s chip expertise to in-
tegrate BT’s standards-based

video coding technology into a per-
sonal computer multimedia com-
munications chip set capable of
simultaneously processing real-
time video, still images and data.

According to Motorola and BT,
the 3-chip set will consist of a
shell processor, an I/O processor
and a 6000-Mips kernel processor.
The chip set will comply with in-
ternational standards, including
MPEG (decode and encode), JPEG
and several H- and G-series video
standards (including H.261 and
G.728).

Motorola plans to fabricate and
market the chip set. For its part,
BT will incorporate the chip set
into future video communications
products such as PC add-in cards.
Motorola anticipates volume pric-
ing for the chip set to be approxi-
mately $100. To put that into per-
spective, currently available
implementations of MPEG alone,
without encoding, cost from $100
to $200. Commercial availability is
targeted for 1994, with samples
ready by the end of 1993.

—Jeffrey Child

Chips talk
over powerlines

Despite skepticism that a power-
line could be turned into a me-
dium for network communications,
Adaptive Networks (Cambridge,
MA) has developed a spread-spec-
trum technology that’s seen a
flurry of design wins. Among these
is a proposal by CSK, Japan’s larg-
est system integrator, to use
powerline communications to let
Japanese vending machines com-
municate to a central location,
thereby improving inventory and
maintenance. Other designs in-
clude automated meter reading by
a company in Spain and state-
wide lottery machine LAN/WANs
in Providence, RI. While Adaptive
Networks has offered the technol-
ogy for over a year in module for-
mat, a chip set solution, an-
nounced last fall, becomes
available in production quantities
this month. —Jeffrey Child
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Why Settle for 12
'040 Board?

" SV430 outperforms every other SBC on
the market by as much as 150%.

You've chosen the *040 because you
need maximum performance in your
VME system. But look carefully,
because other Single Board Computers
may only give you only half of what you
expected from the "040.

Surprisingly, this kind of quality won’t cost
you any extra, because Synergy products
lead in another important area— value. At
Synergy, you don’t have to pay a premium

Compare Synergy’s SV430 perform- price for premium performance.

ance to any other SBC. Compare bus
speed, MIPs, support, flexibility, docu-
mentation, reliability, I/O intelligence
or any spec you can think of. We think
you’ll find the same thing we did —the

Let us show you just how far ahead your system
can be with a Synergy processor board. Call us today,
and get the whole 040 story.

MByles/sec I MByles/sec DRAM DRAM
VME Read: 67 Y —
Transfers Burst "l Random
VMES64 doubles oo Rates Accesses

bus performance
to 66 MB/s—and
the SV430 is the
only 040 board
that has it. But
we don’t need
VMEG64 to win
this comparison.

Even normal 32-bit transfers race at 33 MB/s.
That’s 200% faster than Force or Motorola.

I/0 Modules

Synergy’s EZ-Bus modules are compatible
with our entire line of SBCs. This means
Synergy’s current line of 12 intelligent I/O
modules are immediately available for the
SV430—today. No other vendor comes close
for selection, functionality or availability.

Data from Motorola MVMEI65 data sheet dated 2/90, and
Force CPU-40 data sheet Al Rev. 1. DRAM measurements
shown are with parity. VMEbus transfers are to a 60ns slave

VME64 is a trademark of Performance Technologies. Inc

A 25 MHz *040
is capable of
accessing mem-
ory at 80 MB/s.
The closer you
are to this max-
imum, the more
’040 perform-

ance you're gaining. SV430 bursts are 26%
faster than Force and Motorola.

020 & 030

030 Only

'030 SBCs. Force offers compatibility only from

Read: 1

Non-burst '040
performance is
measured in wait
states. Fewer
wait states mean
higher perform-
ance. The SV430
is not only 66%
faster than Force or Motorola, it supports twice
the on-board memory —32 MB.

Wait States

’020/°030 2 Years Product
Compatibility Warranty
Software Synergy backs

compatibility
between Synergy
SBCs means
users have simple
upgrades to the
SV430 from

our 020 and

the 030 level, and Motorola offers “upward
migration” —a polite phrase that means rewrit-

ing your code.

the reliability of
its SBCs with a
two year standard
warranty. Force
and Motorola
only offer

you one.

) JYNERGY

microsystems

Synergy Microsystems, Inc., 179 Calle Magdalena, Encinitas, CA 92024 (619) 753-2191 FAX: 619-753-0903
INSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1042
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BEDITORIAL

“What makes ECC
different from other
conferences and ‘
exhibitions is its focus
on providing solutions
for embedded
computer applications.”

John C. Miklosz ‘
Associate Publisher/
Editor-in-Chief

Embedded computing is
what it’s all about

Every time someone uses the word “computer,” what comes to
most people’s minds is first the PC or Apple Macintosh, then prob-
ably an IBM or a DEC mainframe/mini, and then, perhaps, a su-
percomputer. Pretty much the same is true when someone refers
to “computer design” and Computer Design. But computers are
much more than PCs or Macs or DECs or Crays. Computers are
truly everywhere; it’s just that most of them don’t look like com-
puters. That’s because they're embedded in things like ultrasound
machines, engine controllers, laser printers, PBXs, cellular phones,
and automatic bread bakers. Today, embedded computers are
more ubiquitous than “conventional” computers.

Since Computer Design’s focus from its inception has been hard-
ware and software designers, as well as the design of OEM sys-
tems or the equivalent, we've kept in step with the evolution and
dispersion of computing technology and power into the embedded
realm. Because of that history, and our desire to deliver the best,
most up-to-date information about the technology, design and pro-
duct issues surrounding embedded computers, we recently ac-
cepted an offer that was, simply, too good to resist.

The offer was to take on the responsibility to formulate and or-
ganize the technical program for the new Embedded Computer
Conference and Exposition (ECC) scheduled for April 14-16, 1993,
at the Santa Clara Convention Center. ECC is being produced by
BAV Expositions, a professional show management group based in
South Norwalk, Connecticut.

What makes ECC different from other conferences and exhibi-
tions is its focus on providing solutions for embedded computer ap-
plications. A focus on solutions, not just products, leads naturally
to a holistic approach to embedded computer design and integra-
tion that gives equivalent weight to issues in the selection and ap-
plication of microprocessors and microcontrollers; custom and semi-
custom board designs; standard-bus single-board computers and
peripheral boards; operating systems, real-time kernels and com-
pilers; development systems and debugging tools; embedded PCs,
workstations and even embedded minicomputers.

The similarities between ECC’s charter, BAV Expositions’ goals
and Computer Design’s editorial philosophy have made for an
ideal match. BAV has the management skills to stage a truly
world-class conference and exposition—not just a narrowly fo-
cused, regional event—and Computer Design has the technical
depth, breadth and experience in its editorial team to develop a
technical program that’s of unmatched excellence.

If you would like more information about participating in the
technical program (i.e., giving a technical paper, presenting a tu-
torial, or running a workshop) call Warren Andrews at (508) 283-
2102. It will be two to three months before the technical program
is complete and the Conference Preview (with registration infor-
mation) hits the mail. To make certain you receive the Preview,
circle 199 on the Reader Inquiry Card.
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The new SPARC®2SE hos serious
crunch power. 30 MIPS and 5 MFLOPS

change the definition of single board B B

computer performance. Workstation L | I Ps
features? This board is loaded. .

If you need 1/0, try 10Base-T, Ethernet ‘ 5 Mrmm
AUI, SCSI, and VME. Parallel, seriol,

keyboard, mouse and audio ports get

= SUN COMPATIBLE

Choose Sun0S or VxWorks to tackle

embedded and critical real fime

applications. Our MBus architecture

is the high speed path for VME dota ‘ .
and the only way to track Sun’s hot ‘ 20+ Mbyte, sec

new product moves. VME "lrgughput

30 MIPS SPARC Contronki
Need more? Two SBus slofs fum on processor i gl
a world of graphics and communications : /“’\ :

opfions. With 128 Kbyte cache ond
up fo 128 Mbytes of DRAM on-board,
10 job is too b

Two high performance
SBus slots

‘y
‘
‘y
‘4
/

THEMIS

COMPUTER

THEMIS COMPUTER e Americas and Pacific Rim
6681 Owens Drive, Pleasanton, CA 94588
Phane (510) 734-0870, Fax (510) 7340873

THEMIS COMPUTER ® Rest of World 128 Kbyte .
1, Rue Des Essarts, Z.1. De Mayencin, virtval cache - : ‘;» o
38610 Gieres, Fronce SN S Rl

10Base-T f s RS <
Phone 33 76 59 60 61, Fax 33 76 63 00 30 LR
twisted pair Ethernet \ L,

&
P
(TP i ] ' 144
/ N ? J
/ ” ‘
y < 4
&y £ & N I
R / sy & J
OF ~ ¥
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SPARC®2SE is a registered trademark of SPARC International licensed exclusively to

Themis Computer. All others are trademarks of their respective companies. FY




Contact-free soldering
LEISTER and de-soldering

with the new Leister Hot-Jet “S” @

» For SMD and through board components
« Very rapid and ESD protected

« Hot-air temperature with stepless electronic control
» Air-volume with stepless electronic adjustment
+ Power output 460 W, air volume 10-60 1/min

» Range of 700 desoldering nozzles available

NEW: Desoldering nozzle
with temperature gauge

NEW: Desoldering nozzle
with suction tube

e

ASK FOR FREE BROCHURE UW 218

=~ Karl Leister, Elektro-Geratebau, CH-6056 Kagiswil/Switzerland
TEL. (041) 66 00 77, Fax (041) 66 78 16, Telex: 866 404

Brian R. White Co. Inc., 313 Henry Station Road
Ukiah, CA 95482 phone: (707) 462-9795
Farmingdale, NJ 07727 phone: (908) 938-2700

CONFERENCES

CIRCLE NO. 9

REAL-TIME
MULTITASKING
KERNEL

68000/10/20
Z80, 64180, 8080/85

8086/88, 80x86/88
80386

m Fast, reliable operation

m Compact and ROMable

m PC peripheral support

m DOS file access

m C language support

m Preemptive scheduler

® Time slicing available

m Configuration Builder

m Complete
documentation

B [ntertask messages
® Message exchanges
® Dynamic operations
— task create/delete
— task priorities
— memory allocation
m Event Manager
B Semaphore Manager
m List Manager

No Royalties

Source Code Included
HINSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1036

Manual only $85 US KADAK Products Ltd.

AMX 86 ~ $3000 Us 206-1847 West Broadway
(Shipping/handling extra) Vancouver, B.C., Canada
V6J 1Y5

Call for prices for Ak Telephone: (604) 734-2796

other processors. AF Fax: (604) 734-8114
CIRCLE NO. 10
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September 15 - 17 =
Buscon ‘92 East = ==

Hynes Convention Center, Boston, MA.
Buscon ’92 East is the event where the
products, technologies and components
related to bus- and board-level design can be seen. The
technical conferences, organized and coordinated by Com-
puter Design and Military & Aerospace Electronics, are
highly focused, in-depth seminars that explore the hottest
issues from SCI to Futurebus+, RISC and embedded PCs.
Contact: Registration Department, Buscon 92 East, 200
Connecticut Ave, Norwalk, CT 06856-4990, (800) 243-3238,
Fax (203) 857-4075. Circle 366

September 20 - 24
International Test Conference
Baltimore Convention Center, INTERNATIONAL
Baltimore, MD. This year’s m e LSONFERENEE
theme for ITC, the conference :

for the test and design community, is “Discover the new
world of test and design.” ITC will focus on the test and
design techniques that companies need to compete glob-
ally, with emphasis on the integration of test factors into
product design. There will be 16 tutorials and more than
35 technical sessions. Topics include: new test and design
methods, MCM testing, BIST design techniques, test syn-
thesis, and more. Contact: ITC, 514 E Pleasant Valley
Blvd, Ste 3, Altoona, PA 16602, (814) 941-4666, Fax (814)
941-4668. Circle 367
September 21 - 24

Embedded Systems Conference
Santa Clara Convention Center, Santa
Clara, CA. The Embedded Systems
Conference and Exposition offers more
than 80 lectures, workshops and tu-
torials about current tools, technology
and theories in embedded programming. Full-day tu-
torials will include: object-oriented analysis, meta models
for system development, event modeling for embedded
systems programmers, and more. Contact: Miller
Freeman, 600 Harrison St, San Francisco, CA94107, (415)
905-2354, Fax (415) 905-2630. Circle 368
October 18 - 21

VHDL International Users Forum

Omni Shoreham Hotel, Washington,

DC. The biannual VIUF brings to-
gether users, vendors and supporters
of VHDL, the IEEE standard hard-
ware description language. This con- INTERNATIONAL
ference will focus on how VHDL serves as an enabling
agent for the effective management of system design and
development. Participants will explore the use of VHDL
for specification, design documentation, trade-off analy-
sis, and as an aid in system production. A wide range of
technical sessions and tutorials will be offered. The new-
est VHDL products will be presented. Contact: VHDL
International, 407 Chester St, Menlo Park, CA 94025,
(800) 554-2550 or (415) 329-0578, Fax (415) 324-3150.
Circle 369

Continued on page 18
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SYSTEMS
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Fast Forwarding Your Designs.

Thats AI&I “Customerizing”

L

ATsl

= = ATal
ATT3042-125

ATT3042- 150
M8Y4

i

T9123MF

MB4
T4
T9115MF

125 MHz 150 MHz

Volume Production Today Ready For Design-In Now

“Customerizing” means AT&T 3000 Series FPGA that can handle 66 MHz
giving you the freedom to Performance Tl‘ends

MiCroprocessors. So as
design-in the most pop- 200 MHz

your microprocessor
ular FPGA architecture, gets faster, you won't have
without worrying about to compromise system
the future. While provid- speed with slow logic.
. . 100 MHz (100

ing the logic you need to

Meanwhile, take
: , 1990 1991 1992 1993
support the fastest micro-

advantage of the substan-

processors at the lowest possible cost. Introducing tial savings now being offered on AT&T’s AT'T3000-

ATXT’s AT'T3000-Series 150 MHz FPGA, equipped Series 150 MHz devices, available from AT&T

with 2000 to 9000 gate densities, and ready for Microelectronics or your authorized AT&T distributor.
design-in today. For a free 150 MHz Speed File to update

ATKT led the way with 125 MHz and 150 MHz your XACT* Development System, plus our FPGA

FPGAs, and we'll continue to set the pace witheven  Information Package, complete and mail the

faster FPGAs, priced even more competitively. attached card, or call AT&T Microelectronics at

In 1993, ATLT will deliver AT T3000-Series FPGAs 1 800 372-2447 ext. 905.

== ATsT

Microelectronics

TR SR v
R il
—
*XACT is a trademark of Xilinx, Inc.
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The SPARC™ CPUengine - 40MHzTﬂ
Indistinguishable.

With two exceptions.

First, Pinnacle's 2
International
Member

SPARC CPUengine-40MHz
is priced better.

$3995.00 to be exact.

Second, the price tag includes

a one year warranty.

Pinnacle Data Systems. 1350 West Fifth Aven
Columbus, Ohio 43212
614 487-1150

We manufacture solutions. A AR el i

SPARC is a registered trademark of SPARC International. Inc. St
CPUengine - 40MHz is a registered tradema

ark of Sun Microsy

CIRCLE NO. 13
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RealTime, Multi-platform POSIX
Operating System
X11R5 plus Motif

e Demand-Page,
Virtual Memory

e Realtime fixed .
priority tasking

e Derived from

Berkeley BSD System

NET/2 e Full Networking
e POSIX 1003.1 with TCP/IP and

Compliant OSI Support

BSD4.3 Socket
Library

e Source Compatible e
with Sun OS

RTMX is standardized. POSIX compliance assures
consistent, portable code for now and for the future. X
Windows provides you, the developer and user, with the
most powerful graphical user interface available.
Runs on Intel, Motorola, MIPS, and SPARC processors.

Realtime tasking gives you, finally, what we have all
wanted...a real system -- and realtime performance!

|| For more information:{

RTMX Inc.

800 Eastowne Drive, Suite 111
Chapel Hill, NC 27514
Phone: (919) 493-1451
Fax: (919) 490-2903

RTMX/RN and
RTMX/XW, the
X Window system,
are priced at $995
and $1895 U.S.,
respectively.

Email: krl@rtmx-uniflex.com
CIRCLE NO. 14
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Continued from page 16

October 19 - 21

Northcon

Washington State Convention
and Trade Center, Seattle, WA.
More than 8,000 are expected to
attend this electronics design show which will introduce
Northcon-EDA, a dedicated show featuring the latest de-
sign automation tools and OEM products. Dr. Thomas
Furness, director of the Human Interface Technology Lab
at the University of Washington, will be a guest speaker
on the subject of virtual reality. Contact: Northcon/92,
8110 Airport Blvd, Los Angeles, CA90045, (800) 877-2668,

ﬁﬂoﬂhcon 192

Fax (310) 641-5117. Circle 370

s A
nalog ixed-Signal Design

Conference %

Hyatt Regency, San Francisco Air- i i

port, Burlingame, CA. The Analog &
Mixed-Signal Conference is an inten-

sive, three-day educational seminar and exhibition. The
heart of the conference is a technical program organized
by Computer Design and targeted at engineers and engi-
neering managers working on high-speed digital, mixed-
signal and analog designs who need to better understand
design problems and the capabilities and limitations of the
analog and mixed analog/digital ICs, ASICs and
CAE/CAD tools they use, as well as the best approaches
for implementing their designs. Contact: Betsy Ander-
son/Marketing Communications Manager, Computer De-
sign, One Technology Pk Dr, Westford, MA 01886, (508)
392-2209, Fax (508) 692-7780. Circle 371

November 16 - 20

Comdex

Several locations in Las @@m]@@%{ﬁu“ 92
Vegas, NV. The 14th annual

Comdex/Fall is one of the

largest trade shows in the country for computer and com-
munications products, including networking, multimedia,
imaging, and OEM business. More than 130,000 at-
tendees are expected, as well as 2,000 exhibitors. This
year’s show is divided into five programs: new media;
connectivity; the channel—addressing the channel net-
work and OEM business issues; corporate computing; and
international seminars on doing business in Japan, the
changing European market, Latin America, and South-
east Asia. Contact: The Interface Group, 300 First Ave,
Needham, MA 02194-2722, (617) 449-6600, Fax (617) 449-
2674. Circle 372

Would you like your event listed here?

Computer Design can include a calendar announcement
for your upcoming conference or seminar if it's received
at least three months prior to the date of the event. Be
sure to include a specific location, a brief description of
the event and a telephone, fax number and address of
a contact person. Please address calendar items to:
Annette Staron-Wilson.
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Advanced hardware is just the beginning.
Cyclone Microsystems completes the
development picture with C and Ada compilers,
VxWorks and pSOS+ real time environments,
source level debuggers, and a fantastic team
of support engineers, waiting to help
you create a masterpiece.

CYCLONE

CROSYSTEMS

CVMES61

”- Tam
% Prese

CVMEQ60 p
n’é":;t'*- H

B VLA TERE ETEME MG 25 Science Park, New Haven, CT 06511, Phone: 203-786-5536 Fax: 203-786-5025.
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An Object Less

For Absolutely Pr

The MACH" Family From AMD:

The Fastest, Most Predictable High Density PLDs Available Today.

Oops! You're a couple of nanoseconds shy this less. Because MACH parts are essentially PAL® devices,
time, and it's going to hurt. Perhaps next time you'll just like the kind you already know. Not some hybrid
choose a more predictable . PLD/FPGA, where you don't know
vehicle. And the most predictable  Numeer Gaes 'CGob bewy  Speed e Omon.  how it performs — until it's too
high speed, high-density PLDs macH1o o0 ® 1o etwiz 4  masciio  |ate. So you don't have to guess
available are the MACH family xg: f;n) {:‘O‘f f‘ :: %M: 4; NMQZ( ’° your delays or clock speeds, you
from AMD. B o e S e tiuECread them night'off eur

Only the MACH Family offers  maciio  s0 & s wom:z &  wmscin  datasheet.

3 " SOMHz B4 MASCO30

you worst case delays of 15ns*or ~ MAH20 %0 1w s

*In applications with a full 16 product terms. Every MACH part is specified using real-life conditions with all outputs switching

But they're not just ordinary



on InThe Need
edictable Speed.

PAL devices. Theyre bigger and better, with densities
ranging from 900 to 3600 gates, all in our submicron
CMOS technology.

Nor will you face unpredictable delays when you
order. Because the entire MACH family is now shipping
in volume.

Working with them is equally predictable. You
don't have to learn any new techniques, just use the
software and test equipment you already know. Like ABEL,
CUPL, OrCad, and others. Not to mention the software
and support from over 20 FusionPLD vendors — all
prepared to bring your products to market on time.

And each MACH part can migrate easily to a pin-

compatible, hard-wired MASC™ counterpart for high
volume. So you can get the volume you need, without
redesign, NRE, or unforeseen delays.

So call AMD today at 1-800-222-9323. And let
the MACH family make your design cycle a whole heck

of a lot safer.

Advanced Micro Devices

© 1992 Advanced Micro Devices, Inc. 901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. PAL is a regis-
tered trademark, and MACH and MASC are trademarks of Advanced Micro Devices, Inc. All brand or product
names mentioned are trademarks or registered trademarks of their respective holders.
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Pushing the Edge of Capacity...

1.65 GB in a 5.25-inch Form Factor.

Edge-to-Edge Performance
The DK516C-16 uses Hitachi's advanced propri-
etary technology to deliver 1.65 GB of capacity
and a fast 13.5 ms average access time.

Its SCSI interface provides a maximum data
transfer rate of 5.0 Mbytes/sec (synchronous), with
a 256 Kbyte data buffer and read look-ahead cache.

Or, if you have an ESDI application, look into
Hitachi's 1.54 GB DK516-15 with a 14 ms average
seek time and a 2.75 MB/sec data transfer rate.

B B A ’ - B oty MG
e Wl 1 1 e b ey : | Choose the DK516 and you get a drive backed by
1 o B ] the quality and reliability of Hitachi—a $ 54 billion

company. Unlike other drive manufacturers, we
design, build, and test all key components in-house.

For more information about the DK516, or
any Hitachi disk drive, call 1-800-HITACHL

) 4 i it ' Hitachi America, Ltd.
e - - = Computer Division, MS500
Hitachi Plaza
2000 Sierra Point Parkway

: ; risbane, CA 94005-1819
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“The whole of science is nothing more than

INSERTION

TECHNOERGY ™

Reduced Downtime. Increased Productivity. a qo\,jdw

It just makes sense fo design Live Insertion Products ihat:

® Replace system hardware without turing off system power,

e Continue system operations even when a hardware failure is defected;

® Add new capabilities info a system without disrupting application support;

Minimize the impact on system software to implement fauli-resistant or fault-tolerant systems;

Use industry standard bus architectures to leverage cost-effective, commercially available products;
Run diagnostics on individual boards to isolate failures without shutting down the system application.

Multibus | is a registered trademark of Intel




the refinement of everyday thmkmg

isolate all unique hardware require-
ments to the system controller and
~ backplane to maintain compatibility with com-
-mercially available board-level computer products.

; OUr Live Insertion Products provide software integro-
tion features that make it simple to incorporate Live Insertion
Technology with almost any type of operating system.

AcHieving Tomorrow’S 1eas TopAY.

: We’re Micro Industries. \\e provide electronics solutions that help you bring ideas
” to market . . . faster, more cost-effectively, and with higher quality end products. You supply the
ideas, and we can provide the electronics solution. Micro-processor based board-level solutions.
In your choice of standard, semicustom, or full custom boards. In low, medium, or high volumes.

I\ \ ¥

MICRO INDUSTRIES®

8399 Green Meadows Drive N.,  Westerville, Ohio 43081-9486
Tel: 800-369-1086 Fax: 614-548-6184
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With more run time, the new HYDRITECH“nickel hydride battery is significantly
increasing the lives of portable computers and their consumer appeal. HYDRITECH
offers 25% more power than the best nickel cadmium battery. It gives users hours
more work time without recharging. Plus, HYDRITECHS enhanced performance also
allows you to add more features and design a lighter, smaller product. All with one
hour charge capability. And it's environmentally preferred. Gates Energy Products
is the only company that has a full line of nickel hydride batteries and unparalleled
assistance to apply this new technology to your designs. So, if you're interested in
portable computers with more run time and more sales potential, live longer and
prosper with HYDRITECH. Call Gates Energy at 1-800-67-POWER today:

THE NEW HYDRITECH BATTERY FROM 2> £rocits

A
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BTECHNOLOGY VIEWPOINT

Bruce R.
Bourbon on:

High-level
design

description languages, logic synthesis—we

regularly read and hear about these new de-
sign methods. As is the case with many subjects that
become popular in the trade press, however, the con-
text is often unstated and the implications unex-
plored. Let’s look at the market fundamentals that
are behind these new design methods.

Many electronics and computer companies have
adopted an increased pace of new product introduc-
tion as either a major strategic weapon or a survival
tactic. We've all seen the widely published analyses
suggesting that being six months late into a market
can reduce lifetime product revenue by about 25
percent. And it’s only going to get worse. End-market
demand for new products will not abate.

The convergence of computer, graphics and commu-
nications technologies will create a demand for new
categories of products, increasingly directed at the large
and temperamental consumer market. Product life-
times will continue to shrink as market windows stay
open for ever shorter time periods. To maximize the
profit earned from new products, there must be funda-
mental changes in design methods to reduce design
time. This accounts for the increasing noise level about
high-level design, HDLs and logic synthesis.

H igh-level design, top-down design, hardware

l HDLs are coming

MdJ Associates (Milpitas, CA) recently completed a
report, HDL Market Analysis, based on a survey of
1500 design engineers and design managers. About
29 percent of the deliverable surveys were returned.
Such a high-percentage response produced a large
enough sample to yield statistically significant re-
sults. The large sample also suggests a high level of
interest in HDLs.

In the report, MdJ Associates states that “the use of
HDLs in electronic design is on the upswing. Thirty-
three percent of designers use HDLs today, and it’s

Bruce R. Bourbon is president and CEO of Vertex Semi-
conductor (San Jose, CA) and chairman of Open Verilog
International (Sunnyvale, CA).

estimated that by 1995 70 percent of designers will
use HDLs to design electronic systems.” The company
further notes that most of the respondents using
HDLs have been doing so for less than two years.
Finally, the survey verifies that the design of ASICs
and application-specific standard products (ASSPs)
are driving the use of HDLs.

MJ Associates estimates that only 15 percent of the
ASICs designed in 1991 were designed using an HDL;
that percentage is expected to reach 45 percent by
1995. Although the trend toward high-level design is
clear, its penetration of the design community is still
quite low.

0 The case against standard ICs

So why not design new products using only standard
ICs? Surely that’s the obvious way to get the design
done more quickly. Wrong! The design of the next
generation of electronic products is inextricably tied
to next-generation processor and memory products,
so the design of these generic or “standard” ICs must
accelerate as well. Designers in semiconductor com-
panies who are designing generic standard-product
ICs and ASSPs are increasingly using ASIC design
methods to shorten design times. Designers in sys-
tems companies must continue to use ASICs to differ-
entiate their end products from the competition. Both
groups need to boost design productivity to handle
ever more complex designs in ever shorter design
times.

Almost every type of IC has become more applica-
tion-specific in the market’s quest to tailor IC solu-
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tions to the needs of a specific class of products or to
a specific function within multiple classes of products.
Most of these ICs are designed using ASIC design
methods.

Even memories are becoming more application-
specific. Today, we find more logic implemented on
memory devices, and in the last several years there’s
been a proliferation of different types of memory
devices directed at solving performance problems in
specific system architectures. Customer-specific ICs
are also needed to differentiate a product from com-
peting products—Dby offering lower cost, smaller size,
less power dissipation, more features. This suggests
that ASIC design methods will be applied to all types
of IC designs to ensure the designs can be completed
in the time available.

l Programmable devices pave the way

FPGAs, EEPLDs, ASIC emulation systems, and the
recently announced programmable interconnect de-
vices are primary ways for designers to deal with the
reduced time available to develop new products. Even
with these advances in design methods, however, we
still can’t exploit all the available silicon integration
density. Let’s look at some facts.

The illustration below shows the history of and
future road map for memory and ASIC integration
levels. Notice first that memory process technology
drives ASIC process technology, and that the gap
between the two is closing for a given generation. Also
note that we can build gate-array architectures with
800,000 available gates and about 560,000 usable

High-level design methods aren’t enough if we're to
successfully deal with this complexity problem. Advo-
cates of high-level design tend to concentrate on the
logical part of the problem. That’s necessary, but not
sufficient. Let’'s examine the various pieces of the
solution to this daunting design complexity problem.

l Solving the design complexity problem

First, we must finally see the emergence of applica-
tion-specific cell libraries with complex blocks de-
signed specifically for a given class of products. Re-
usable, fully characterized blocks (megacells or
megafunctions) reduce design time and are compati-
ble with the dominant ASIC implementation style for
complex designs—a sea-of-gates architecture with
multiple embedded blocks placed anywhere on the
die. Reusable design elements have been discussed
for a long time. Now this idea must be used to reduce
design times.

There are two primary ways to develop blocks that
are intended for reuse. Software that automatically
compiles the block, based on input of information
about the desired memory configuration, is a good
choice for regular structures, such as memory blocks.
Memory blocks must be generated in a variety of size
configurations, with one to n ports, and with built-in
self-test (BIST) circuitry. Because of the regular struc-
ture and the variations in configuration, the use of a
software compiler is the best approach—design
knowledge is captured in the software, and that
knowledge is easily reusable. Compilers may be de-
veloped for any class of block for which the block

architecture is fully defined.
For high-performance blocks,

Memory & ASIC integration levels such as core processors, a combina-

tion of handcrafted cells and auto-

matically generated cells using

QD pram BITS)

1.0p 1 |

@ ASIC (USABLE GATES)

row-based, standard-cell logic is of-
ten used. In this approach, tight con-
trol of the physical placement of cells

is necessary to meet high-perfor-

0.8y

0.6p 1

0.4y 1+

0.2p

mance critical path constraints.
High-performance blocks can be syn-
thesized directly from an HDL de-
scription, albeit with less than
optimal size and performance. As
synthesis software and the associ-
ated physical design software con-
tinue to improve, more cells will be
synthesized from an HDL descrip-
tion. In essence, the HDL description
becomes the reusable form of the cell.

1990 1992 1994
YEAR OF INTRODUCTION

s All types of cells require full char-
SOURCE: TOSHIBA acterization. Cells generated

gates with triple-layer-metal interconnect technology.
Implementing more than a half-million gates on a die
presents some significant design challenges. How do
we design such a complex circuit in a reasonable
amount of time? And how do we adequately test the
manufactured circuit to guarantee quality levels?

The progress in silicon integration has outstripped
the capabilities of EDA tools and associated design
methods. ASIC designs in excess of 100,000-gate
equivalents still aren’t commonplace, even though we
can fabricate 500,000-gate equivalents.

through compilation or synthesis are
often characterized through simulation. Other cells
that have a single design form may be characterized
either through simulation or through measurements
made on test silicon.

The second piece of the solution to the complexity
challenge is describing the design at a level of abstrac-
tion above the gate level to reduce the amount of
information that must be specified to completely cap-
ture design intent. This is the application space of
HDLs and the various graphical means of describing
the functional and timing behavior of the design.
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Level of abstraction

clock period by 20 percent.
Clock skew across a given
chip and skew across the
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board must be minimized us-
ing a set of circuit design
and physical implementa-
tion techniques.

The next system design
issue is design planning—
intelligent partitioning with
ample consideration of
power budget and packag-
ing constraints at the sys-
tem, board and IC levels.
Design planning is one of
the frontiers of design auto-
mation. Because it has, by
definition, system-level

RTL
LEVEL LEVEL

ARCHITECTURAL

OTHER scope, design planning is
very application- and user-

Referring again to the MJ Associates report, “46
percent of the respondents who use HDLs use Verilog
HDL, 39 percent use VHDL, and 25 percent use
proprietary HDLs. Overall, we believe 15 percent of
all designers use Verilog HDL, 13 percent use VHDL,
and 5 percent use proprietary HDLs. Thirteen percent
for VHDL is higher than expected. This is because
several companies [whose employees responded tothe
survey]| use both Verilog HDL and VHDL. Our esti-
mates [of the number of] pure VHDL usersis less than
10 percent in the United States.”

The chart above shows the distribution of responses
to the question, “When capturing a design, what levels
of abstraction do you specify in HDL?” As expected,
gate, register-transfer and behavioral are the domi-
nant levels of abstraction in today’s use of HDLs.

HDL usage will continue to increase as we adopt
top-down design methods to take advantage of the
available silicon density. This trend toward top-down
design is being aided by the emergence of many new
players in the HDL simulation market. In the last
year, for example, the number of simulation products
compatible with Verilog HDL increased from one to
ten. But it doesn’t really matter whether you prefer
VHDL, Verilog HDL or a proprietary HDL. The real
issue is the ability to automatically synthesize to the
gate level those portions of the design description for
which predesigned functions don’t exist.

H Design-for-testability

The third piece of the solution to the complexity
challenge is design-for-testability. At 500,000-gate
equivalents, using a DFT method is no longer discre-
tionary—you must adopt a strategy to ensure ade-
quate testability. A good DFT strategy is transparent
to the design team. Software must synthesize the test
logic, optimize the design for testability and automat-
ically generate the test patterns for manufacturing
test. Although the most obvious current choice is some
flavor of scan testing, increased use of BIST for re-
usable blocks will gradually emerge.

The fourth piece is attention to system design
issues. Today, this attention is focused primarily on
clock skew minimization. With a 15-ns cycle time,
giving up 3 ns to clock skew reduces the available

specific. As the EDA indus-
try tackles this problem, care mustbe taken to ensure
early tools are easily malleable to match user habits
and preferences.

The fifth piece is physical design. In the IC realm,
this means cell placement and interconnect routing
software. Physical design of complex ICs has again
become areal challenge. The problem was first solved
in the latter half of the 1980s when place-and-route
software first came into widespread use. Now com-
plexity increases have made place-and-route elapsed
times uncomfortably long. We need place-and-route
software that handles embedded block IC architec-
tures and completes its task in hours, not days.

0 The packaging dilemma

Sixth and last is packaging technology. As integration
levels and operating frequencies have increased, so
has the power dissipation. For ICs we need packages
that can dissipate more than 5 W without junction
meltdown or high-volume air flow across the package.
These packages must also have excellent electrical
characteristics—low parasitic inductance and capaci-
tance—to facilitate higher operating frequencies. The
move toward 3.3-V systems will help for a time, but
the march is relentless. Major advances in packaging
are needed to allow exploitation of all the available
complexity.

Time-to-market pressure will not lessen, but will
continue to increase. Can we manufacture the com-
plex ICs to build the products needed to meet market
demand? Our challenge is design. The increased pop-
ularity of HDLs and the growing availability of sim-
ulation and synthesis software tools are accelerating
the trend toward top-down design methods. Con-
tinued advances in design methods, software design
automation tools and packaging technology are all
needed to ensure we can complete the design task in
the available time, while using all the complexity
offered by today’s and IC fabrication processes.

COMPUTER DESIGN SEPTEMBER 1992 29




We've just tested the
performance of our new
1960 CF processor.

Make no mistake. This is no the market—and we have over 25 bench-
middle-of-the-road processor. marks to prove it.

It’s our new superscalar You see, only our 1960 RISC architec-
" 1960" CF chip. And it delivers  ture brings superscalar processing with
»  blistering speed to your high-end  multiple operations per clock to embedded
printing, imaging, communications applications. Our new 1960 CF processor is
and networking applications. Simply put, it highly integrated with optimized data and
outruns every 32-bit embedded processor on instruction caches for throughput up to

© 1992 Intel Corporation. 1960 is a trademark of Intel Corporation.



twice that of our 1960 CA chip. Which makes further speed up your design process.
it the most advanced technology available for So step on it. Call 800-548-4725 and ask
embedded applications. for literature packet A9AS0 for complete

If you're already using our 1960 CA proces-  benchmarks. And learn what your applica-
sor, you can quickly shift up to higher perfor- tions can do with a faster engine.

mance with full code and pin compatibility.
And, of course, we offer a comprehensive
array of Solutions960 development tools to

intal.
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Inside Information

THE FTSA PC KEEPS YOU
UP AND RUNNING. The FTSA

PC utilizes a backup power supply
and self-recharging battery pack to
seamlessly stay on-line should
normal power fail, while its data
mirroring disk array helps
prevent downtime due to disk
crashes. Its components are
monitored by a diagnostic system
that will warn you of any impend-
ing problem.

This makes FTSA ideal for

critical applications like work-

On The World'’s First -

Fault Tolerant PC.

INTRODUCING THE FAULT TOLERANT PC FROM

TEXAS MICRO. If you're someone who has to be on-line,
who has to have your data, your PC has arrived.

Head crashes, blackouts, user errors, bad sectors,
power surges, jolts, jars, bumps and bruises can't stop it.

It thrives where others knuckle under. Its the pit bull
of PC-dom. It’s the FTSA™ PC from Texas Micro, and it
redefines PC fault tolerance.

THE FTSA PC IS FAULT TOLERANT FROM THE
GROUND UP. The FTSA PC is built with a proprietary

system of fault tolerance—called Fault Tolerant System
Architecture"—that operates at the BIOS level.

This specialized, DOS-compatible BIOS binds the fault
tolerant components together, creating an umbrella of fault
tolerance, and a level of protection never before achieved in

PCs. While maintaining a high standard of performance.

Get An Insider’s Look At The FTSA PC. Call 1-800-627-8700.

All trade names referenced are the service mark, frademark or registered trademark of the respective manufacturer

NetWare Lite right out of the box.
THE FTSA PC GIVES YOUR
DATA A FIGHTING CHANCE.

Supplementing the disk array, the FTSA PC employs sophisti-
cated data auditing and archiving systems that virtually
guarantee data integrity, even in the event of a system crash,
corruption or unexpected system shutdown.

The FTSA PCs modular design gives you plug-and-play
access to every major component, including CPU and option
cards, which gives you a 10-minute Mean Time To Repair,
and CPU upgradability.

FTSA’S BIGGEST BREAKTHROUGH IS PRICE. In

fact, the only thing with comparable fault tolerance is a
minicomputer, which costs 5 to 10 times more.
Detailed information about the FTSA PC and our free

“Guide to Fault Tolerant Computing” are just a phone call

SESETENAS
BERwicro

away. Find out today how you

can benefit from a PC that has

inner strength.
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ASICs & ASIC DESIGN TOOLS

Barbara Tuck, Senior Editor
he complexity of both silicon
T and the systems into which it’s
going is forcing designers to
higher levels of abstraction for com-
plex ASICs, and the use of synthesis
is putting distance between design-
ers and implementation details.
Both ofthese developments are mak-
ing it increasingly difficult to gener-
ate test programs manually. While
CAE/CAD vendors make testability
trade-offs more palatable by
enhancing tools already on
the market (see “ASIC test-
ability tools force trade-offs
in silicon, performance and
coverage,” p 57), broad-line
EDA suppliers such as Ca-
dence Design Systems (San
Jose, CA), Dazix (Huntsville,
AL), GenRad (Milpitas, CA),
Mentor Graphics (Wilson-
ville, OR), and Viewlogic
Systems (Marlborough, MA)
are just beginning to ship
testability products that
have been incorporated into
their integrated toolsets.

0 Real-world ATPG support

Cadence, which expects to
ship Release 1.0 of its Test
Solution product in Novem-
ber, signed Ericsson Tele-
com AB (Stockholm,
Sweden) as its first Test So-
lution partner in June, and
just weeks ago announced
participation in a similar
partnership with Texas In-
struments (Dallas, TX). As

W

EDA leaders getting serious
about automatic test generation

or an ASIC vendor would need.”
The development work of Cadence
and Ericsson is taking place within
the context of an actual complex-
ASIC design project. The goal of that
project, according to Ericsson, is to
get from specification to first silicon
in one year. To do that, Ericsson is
looking for a top-down design meth-
odology to master complexity, a
smooth design flow with few itera-
tions and a powerful design automa-
tion solution to minimize lead times.

| ity synthesis and test pattern gener-
ation to subblocks of the design.

Rick Friedman, Cadence’s test
products marketing manager, says
that the key demand of designers is
that test to be made part of the
design environment. “They’re look-
ing for us to make design tools
smarter about test, from front to
back end, not for us to make smarter
test tools,” he says. “The concept of
using synthesis and testability re-
quires a new way of doing things.
For test synthesis, we have to look
at what designers do and enter that
into the tool.”

With Cadence’s Test Solution, us-
ers will add testability at the func-
tional level before synthe-
sizing to gates. Optimiza-
tion for area and perfor-
mance will take place after
scan insertion. Cadence will
be offering a full-scan strat-
egy “without the impact of
full scan,” claims Friedman.
“The synthesis program will
analyze the logic and take
advantage of what'’s already
there.”

Test Solution will be an
option of the Synergy syn-
thesis family. The tools will
be built around Cadence’s
Framework II-based Com-
poser front end. In addition
to test synthesis, the test en-
vironment will include logic
and fault simulation and
ATPG. JTAG synthesis will

Texas Instruments’ Bob Gruebel, ASIC test development
manager (standing), and Robert Wong, ASIC test develop-
ment engineer, review test efforts of a new beta version of
Cadence’s design-for-test software. TI's early involvement
with Cadence in defining testability tool specifications has
been instrumental in ensuring compatability between Ca-
dence software, and TI's ASIC design flow and libraries.

require some designer in-
put, and BIST will be avail-
able later.

Will test synthesis be con-
nected to Cadence’s Preview
floorplanner? “Yes,” says
Friedman, “since Preview is
linked to synthesis, and test

an ASIC vendor, TI is very

develop netlists and test vectors.
Bob Gruebel, TT’s ASIC test develop-
ment manager, says that, while both
Cadence and Mentor have done a
good job supporting users in netlist
development, both have had “gaping
holes” in automatic test pattern gen-
eration (ATPG) capability. “They’ve
given users no support in delivering
test vectors,” he says. “Older ATPG
tools didn’t seem to comprehend a
real design, and they tended to gen-
erate test vectors that had no rela-
tionship to what a tester would use

interested in its customers’ ability to |

According to Jorgen Hjert, manager
of microtechnology at Ericsson,
“pboth Cadence and Ericsson agree
that test issues can’t be addressed
through a point-tool approach, but
must be an integrated process
throughout the design cycle.”

What are some of the specific test-
ability demands that Ericsson de-
signers have written into the test

| specifications for Cadence? One is

that testability synthesis must be a
well-integrated part of the synthesis
activities. Another is that designers
must be able to apply both testabil-

synthesis is part of synthe-
sis.” Friedman says full integration
of the tools will take place by
November.

l Testability built into 8.0

Steve Eichenlaub, sales and market-
ing development manager of Mentor
Graphics’ simulation, synthesis and
test division, says that Mentor’s new
ATPG products are on schedule for
shipment this quarter. Mentor is of-
fering both a full-scan-based, combi-
national ATPG tool (to be used with
AutoLogic synthesis) and a partial-
scan, sequential ATPG tool devel-
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ASICs & ASIC DESIGN TOOLS
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Viewlogic has integrated the ViewTest family of automated ASIC test programs into
its new Unix-based Powerview toolset. ViewTest test synthesis works with Power-
view's synthesis package, ViewSynthesis, to build highly testable ASICs.

g5l  Mentor’s ATPG tools will fit

oped by CheckLogic Systems (San
Jose, CA). Eichenlaub didn’t indi-
cate whether Mentor has completed
integration of the ATPG tools with
AutoLogic at the database level.

within a language-based, top-down
design flow as well as a more tradi-
| tional, schematic-driven design

flow. Although integrated into Men-

tor’s Version 8.0 Falcon Framework,

the ATPG products will also run well
| on designs that weren’t created
within 8.0, according to Eichenlaub.

Vl(*wlog‘w shipped beta copies of
its ViewTest testability tools about a
month ago. Integrated into the com-
pany’s new Unix-based Powerview
toolset, ViewTest is scheduled for
next-quarter shipment to its first
customers. ViewTest test synthesis
works with Powerview’s synthesis
package, ViewSynthesis, to build
highly testable ASICs. The test tech-
nology, licensed from start-up Syn-
Test Technologies (Sunnyvale, CA),
supports partial-scan, non-scan and
BIST methodologies, as well as full-
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scan. Viewlogic hasn’t yet officially |

announced JTAG support.

| Synthesis-based solutions

GenRad users might want to look at
TestDesignA test synthesis from De-
sign Automation Products (Fare-
ham, Hampshire, UK), a division of
GenRad. TestDesignA is catching up
to the other half of GenRad’s HiDe-
signA synthesis package, the Logic-
DesignA logic synthesis module,
which has been shipping since June.
Both logic and test synthesis are
part of GenRad’s VHDL solution and
are integrated with System HILO 4
verification tools. The first release of
TestDesignA incorporates support

for full-scan, fault-simulation and |

combinational ATPG.

Although GenRad plans to link its
sequential ATPG tool to its test syn-
thesis, early users will have to man-
ually specify partial scan. GenRad
also plans to extend its support to
JTAG and BIST. In addition, the
company offers a tool that can turn
around a library for test, simulation

and synthesis in two to six weeks.

A feature that will be useful, ac-
cording to GenRad, is that scan-cell
connection is driven by physical lay-
out. The test synthesis program ex-
tracts the coordinates of scan cells
and connects those that are physi-
cally closest. TestDesignA incor-
porates pin-to-pin and path-based
timing analysis, as well as concur-
rent fault simulation.

Dazix also ships a test synthesis
product. TestSyn is one of five new
synthesis engines comprising Dazix
Synergy. (Synergy is a synthesid
technology developed by AT&T Bell
Labs and marketed exclusively by
Dazix.) TestSyn and the other mod-
ules have been tightly integrated at

| the database level with all existing

Dazix applications, including VHDL
simulation, gate-level logic simula-
tion, IC layout, and schematic cap-
ture and analysis. TestSyn intro-
duces test logic into the synthesized
circuit and automatically generates
test vectors. It operates with the
timing-driven logic synthesizer and

|

optimizer to ensure that the modi-
fied testable circuit meets area and
timing constraints.

You'll have to benchmark these
tools to discover if they measure up
to competitive products on the
market. Assuming you’re looking for
the highest performance tools, that
is. You may be more interested in
adequate tools that are well inte-
grated into a familiar design flow. m

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
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Mike Donlin, Senior Editor

s system speeds climb to 30
MHz and beyond, Spice models
can help predict the analog be-

their behavior has been validated
with a digital simulator. The prob-
lem is finding accurate Spice models
for high-speed drivers, buffers and
device packages that will let you sim-
ulate analog behavior along critical
paths. IC vendors have the neces-
sary information, but are reluctant
to get into the modeling business and

havior of digital components, even if

Vendor alliance to offer
encrypted Spice models

counter at high speeds. The alliance
will also include companies that can
provide Spice models for connectors
and PCB transmission lines. In ad-
dition to providing accurate analog
modeling capabilities through the
alliance, Meta will ensure that pro-
prietary process information re-
mains safe.

2 Security is guaranteed

“One of the key ingredients in the
success of MSIA will be the encryp-

ooy

REGISTRAR

ENCRYPTOR

engineer Anthony Stone the way in which encryption can protect proprietary informa-
tion about a device.

are wary of including data in a model
which would disclose proprietary
process information.
Meta-Software (Campbell, CA)
hopes to address this problem with
its Meta Signal Integrity Alliance
(MSIA) program. Meta is making an
effort to organize IC vendors to pro-
vide modeling information to tackle
ground bounce, noise problems,
propagation delays, and other com-
mon effects that digital circuits en-

tor service,” says Girish Kumar, ap-
plications engineer at Meta-Soft-
ware. “Encryption ensures that pro-
prietary data such as buffer models
and netlist information is hidden
from the user. The encrypted models
will let you achieve a level of accu-
racy that you can’t get using be-
havioral models or other approxima-
tion techniques. As far as winning
the vendor’s confidence is concerned,
we can assure them that their pro-

prietary data is safe, because we use
the same encryption techniques for
their models that we write for our
own proprietary models. That’s
about the best guarantee we can
give.”

Protected by this guarantee and
strict non-disclosure terms, MSIA
member companies will provide
Meta-Software with detailed de-
scriptions of the circuits they want
to let their customers simulate.
Meta then converts the circuit infor-
mation to a vendor-independent for-
mat to avoid inconsistencies in cir-
cuit labeling, local ground definition
or supply voltage parameters. Then
the data is encrypted to protect pro-
prietary information.

At present, there are five mem-
bers in the alliance besides Meta-
Software: Actel (Sunnyvale, CA) will
provide models for its ACT2 PGAs;
Advanced Micro Devices (Sunny-
vale, CA) for its Mach PLD family;
AMP (Harrisburg, PA) for its single-
line connectors; Concurrent Logic
(Sunnyvale, CA) for its CLi6000 se-
ries of FPGAs; and Xilinx (San Jose,
CA) for its Series 4000 FPGAs.

0 squelching the noise

Member companies see the alliance
as a way of providing information
about their products which some
customers have wanted, but have
been unable to obtain. Until now,
demand for this information has
been low, mainly because it’s only
used to analyze noise in high-speed
digital designs. But as clock rates
routinely climb over the 30-MHz
threshold, alliance members realize
they’ll be asked to provide detailed
information about their devices.

“These models are admittedly
more complex than the average
designer needs,” says Atsuko
D’Amour, product line manager at
Xilinx. “Most of our customers can
get by with the purely digital models
to verify the behavior of their de-
signs. But for those who need to
analyze analog effects on critical
paths, an accurate Spice model is
essential.”

Because Spice simulation is com-
pute-intensive, it’s unlikely that
anyone will use it for full PCB sim-
ulation. But for critical path analy-
sis, it can simulate noise that can
hamper or cripple the performance
of a circuit, even if its behavior has
been adequately simulated from a
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digital perspective.

“The roadblocks to effective high-
speed digital designs are noise and
delay,” says Shawn Hailey, presi-
dent of Meta-Software. “Ground-
bounce noise, for instance, is gener-
ated where leadframes or other
circuit wires can’t be formed into
transmission lines. The resulting in-

along a circuit, the ground level de-
grades. It rises up and the power
supply goes down. It’s important to
be able to model this, so that you can

compensate for those effects when |

you build your circuit.”

Other effects besides ground
bounce can be extracted with the
models. Crosstalk simulation, for in-

/O CELLS

Potential noise generators
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Signal integrity analysis becomes necessary on high-speed digital circuits when pas-
sive components generate analog effects. Every piece of the interconnect path illus-
trated here is repeated for all signals on the board. Singly and in groups, these pieces
create crosstalk, noise, delays, skews, excessive load, and ground bounce.

ductance creates a voltage in the
ground circuit, the supply circuit
and the output driver circuit.
Ground-bounce noise lowers the
noise margins for the rest of the
system.”

The models produced by the alli-
ance will work only with Meta-Soft-
ware’s HSpice simulator, mainly be-
cause they incorporate temperature
and local ground planes into the
simulation—a feature that Meta-
Software says is unique to its simu-
lator. “We let you change the tem-
perature per element in the model,”
Meta-Software’s Kumar explains,
“and that information would confuse
another simulator. We also let you
create a local ground plane inside a

subcircuit, because as you travel |

stance, can extract the coupled noise
between two transmission lines—
one quiet and one driven by the out-
put of a tristated buffer. Delay
differences resulting from driving
data between slots in a backplane
can also be simulated. Data is
driven from the center of the back-
plane and examined at its extreme
ends. The traces between slots are
modeled as HSpice lossy transmis-
sion lines.

B A word of caution

Although alliances such as MSIA
portend an era of model availability
for users, there’s a problem inherent
in such agreements. Because the
models work only with Meta-Soft-
ware’s HSpice, users of other Spice

simulators will have to wait for sim-
ilar alliances to get the model infor-
mation they need.

“There’s always a potential prob-
lem when you start to encrypt model
information,” says Paul Wang, CAE
division president of Contec Micro-
electronics (San Jose, CA). “The
process of hiding proprietary infor-
mation means that the resulting
models will be simulator-specific,

| unless there is a standard that ev-

eryone can write to. I don’t think
that a standard is feasible right now,
because everyone alters Spice to
give it their own added value. So the
only way to provide every simulator
with this information is to have an
alliance with each vendor. That’s an
unwieldy scenario.”

Caveats aside, the members of
Meta-Software’s alliance seem en-
thusiastic about being able to put
proprietary information safely into
their models. “I'm not sure about
other alliances in the future,” says
Joel Rosenberg, marketing director
at Concurrent Logic, “but I do know
this gives us an avenue that we
didn’t have before. For some of our
customers, true simulation of criti-
cal paths necessitates two opera-
tions—digital simulation, to verify
the logic in the design, and analog
simulation, to address the harsh re-
alities of the real world. It’s good to
know we can provide all of the
needed information without giving
away the store.” m

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
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Introducing Ultra €. 1t lets.you explore the
boundaries of performance for hard real time.

When performance counts, you need a C compiler
that will produce the fastest, tightest code possible—
especially in demanding hard real-time applications.
Yet most C compilers commonly used today were
originally written ten or more years ago. Since then,
computer scientists have learned a lot about how to
make better compilers.

That’s why Microware undertook the epic task of
creating an all-new C compiler based on the latest
academic research—a compiler able to eke out every
drop of performance from modern 16-, 32- and 64-bit
CISC and RISC microprocessors. Microware’s Ultra €
uses a modular architecture that creates a virtual
playing field for vigorous action by dozens of opti-
mizers to analyze, arrange, accelerate and compress
code into fast, compact executables. Heuristic analy-
sis of register and variable usage far surpasses the
capabilities of what most human programmers could do
themselves. ‘

State-of-the-art, plus...

1
Of course Ultra € has all features expected in a state- |
of-the-art compiler, such as full ANSI C compliance, l
C source code symbolic debugging, and a compre- |
hensive set of standard libraries including support

for the extensive real-time capabilities of the OS-9°

and OS-9000° Real-Time Operating Systems. Options

allow selection of either ANSI or K&R compatibility.

You can even turn the optimization knobs yourself

to best match your application’s requirements.

Built-in quality and reliability

You can count on Ultra € right now, because it’s
probably the most thoroughly tested new compiler
in history. Before the first copy went into beta test, it
successfully passed the massive Plum Hall ANSI C
Validation Suite—eight major sections, in all over
500,000 lines of C compiler torture track. Compilers
are not a sideline at Microware—we’ve been devel-
oping them in-house since 1978.

CISC now, RISC soon

Ultra C is available now for all 680X0 family and
386/486 family CPUs running Microware’s OS-9 and
0OS-9000 Real-Time Operating Systems. RISC ver-
sions are coming soon.

Call Microware Today!

MICROWARE SYSTEMS CORPORATION 1 -800-475-9000

1900 N.W. 114th Street ® Des Moines, lowa 50325-7077 - -
England / Benelux/Scandinavia: (44) 703 601990 » Germany: (49) 6221-862091 In Cahforma, call (408) 980-0201
France / Spain / Italy: (33) 42.58.63.00 « Switzerland: (41) 56-83-3377

MORE CHOICES * MORE OPTIONS ¢ TOTAL SUPPORT
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VMetro’s Futurebus+ analysis system is the first modular approach with both a VME-
bus analyzer and a Futurebus+ adapter. Shown are the company’s latest VMEbus ana-
lyzer, the VBT-325, the add-on 200-MHz timing analyzer and the FBT-625 adapter
board. Combined, they provide a complete Futurebus+ analyzer with the capability to
look at 282 signal lines, yet occupying only a single Futurebus+ backplane slot.

Warren Andrews, Senior Editor

commercially available as Dig-

ital Equipment Corporation
and other manufacturers introduce
products later this year. The devel-
opment of boards and the emergence
of systems will undoubtedly create
a heavy demand for debugging and
analyzer tools—particularly those
that will simplify VME-to-Future-
bus+ design. While a few analyzer
products have been announced, the
only one that’s available to date is a
product from Future+ Systems
(Westford, MA). The Future+ Sys-
tems analyzer comprises a Future-
bus+ extender card with interface
and protocol circuitry, which can be
connected to alogic analyzer to eval-
uate the signals captured by the
front end.

This single-product market is
about to change as VMetro (Hous-
ton, TX) introduces a Futurebus+
analyzer this month. It’s been de-

F uturebus+ systems will soon be

Futurebus+ analysis tools ease
transition from VME

signed to provide some significant
advantages to board and system de-
velopers coming from (or bridging
to) a VMEbus background. “VMetro
has broad experience in developing
VMEDbus analyzers,” says company

vice-president John Simpson, “and | also stores time tags in a buffer, with

recognizes the need to address the
Futurebus+ market. Initially, the
company planned to develop a spe-
cialized Futurebus+-only analyzer.”

Simpson explains that, given the
way the technology’s developing and
the pace at which VMEbus board
and system developers are migrat-
ing to Futurebus+, a logical first step

It can be enhanced with the TIM-
200, a 200-MHz timing analyzer
that can be piggybacked on the VBT-
325, providing additional signal ca-
pability for VME and VME/P2 lines.

The second major component of
the VMetro Futurebus+ analyzer,
the FBT-625, is a Futurebus+ adapt-
er card. This is a Profile A-, B- or
F-sized Futurebus+ card which can
accept the VBT-325 VME analyzer
with or without the piggybacked
TIM-200. The adapter card includes
Futurebus+ transceivers and BTL-
to-TTL translation, control and glue
logic needed to acquire and sample
Futurebus+ signals, circuitry to im-
plement on-board system reset and
a central arbiter that lets the analy-
zer function as the system controller
in a Futurebus+ system.

t Single-slot design
Although it’s a three-tiered piggy-
back design, the analyzer takes up
only a single slot in the system back-
plane and can be operated through a
variety of standard platforms, such
as ASCII terminals, PCs or Unix
workstations. The basic unit is capa-
ble of sampling all 177 Futurebus+
signals and storing up to 32,000 cy-
cles. It provides protocol-sensitive,
multiple-edge sampling, automati-
cally aligning arbitration, com-
mand, address, data, and status
lines into one line in the trace buffer.
In addition, it offers four full-speed,
177-input-event comparators with
RANGE, DON'T CARE and NOT op-
erators in the analytical engine.
The analyzer also supports com-
plex trigger generation based on
precision time delays and variable
event counts at each trigger level. It

each bus cycle allowing absolute and
relative timing measurements down
to 20-ns resolution.

With the 200-MHz timing-analy-

| zer option, the system samples an

was to make a VME-compatible de- |

vice. The first component of the new
Futurebus+ system, then, is a VME-
bus analyzer the company calls the
VBT-325.

This advanced version of
VMetro’s earlier products is a full-
featured, 50-MHz, VMEbus and
VME/P2 state and timing analyzer.

additional 105 Futurebus+ signals
at 200 MHz, storing an extra 32,000
cycles on all channels. This extends

| the total sampling capacity to 282

simultaneous channels, with a high-
speed (163.84-us) timing window on
the 105 signals aligned around the
trigger in a separate 32,000-cycle
trace. The option card operates
simultaneously with the 50-MHz
state analyzer to produce automati-
cally aligned, time-corrected,
state/timing displays, with timing
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waveforms and state traces com-
bined on a split-screen monitor. The
option also permits a full-speed trig-
ger on any state on any channel.

i Leveraging
“VMetro’s solution,” says Simpson,

age off the hardware, the software
and—as important—the accumu-
lated body of problem-solving knowl-
edge acquired in the VME world as
they move to Futurebus+. Any Fu-
turebus+ team which is migrating or
embedding an existing VMEbus de-
sign into Futurebus+ will have the

“lets engineers and designers lever- |

320 MFLOPS

SuperCard i860-based vector processors deliver. With our Quad-860 multiprocessor
and our SC-3XL ultimate performance models, CSPI continues to offer you the greatest
range of vector processing power. Look what you can get on a 6U board with VME64:
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opportunity to use the new analyzer
to fully characterize the design on
both buses, using effectively the
same instrument. Only the protocol
semantics necessary to describe the
unique properties of the target bus
will change in the user interface.”

Simpson remarks that the inher-
ent “look, touch and feel” of the an-
alyzer will remain constant for both
buses. This will undoubtedly save
VME and Futurebus+ project engi-
neers many hours of learning-curve
time and defer the cost of dedicated
test equipment.

But providing a composite Fu-
turebus+ analyzer is just part of
VMetro’s strategy. Simpson says
that the company is currently using
flash memory in its FBT-625, but

| plans to migrate to a PC/worksta-

tion-hosted, window-driven user in-
terface called InsideView for both
Futurebus+-based and VMEbus-
based products. In addition, the
company will retrofit existing prod-
ucts to the new interface.

Such an interface provides two
major advantages to designers, ac-
cording to Simpson. First, it lets
VMetro turn out product capabili-
ties much faster on floppies than on
EPROM, making it more responsive
to emerging requirements. Second,
by migrating the user interface
away from the core analyzer, the
company can focus on the front end
and user interface as different enti-
ties. The result: the user interface
will be richer, since VMetro no lon-
ger has to create the interface envi-
ronment; it simply has to map to a
standard PC host.

I Another advantage

“Rehosting the user interface onto a
machine with multiple interactive
display capabilities,” states Simp-
son, “has yet another advantage. It
gives engineers the ability to use
multiple bus analyzers simul-
taneously in a given system, provid-
ing integrated control over all func-
tions and views of all aspects of the
target system. To realize this oppor-
tunity, VMetro is also developing an
adapter to let the VBT-325 passively
monitor the local bus activities on
68K/88K VME boards. The resulting
capability will let you install an an-

| alyzer on the system bus, and as

many analyzers as necessary to
monitor various desired subsystem
functions implemented inside CPU




Radstone Technology Corporation

20 Craig Road, Montvale, NJ 07645-1737
Call Toll-Free: (800) 368-2738

Eastern Region: (201) 391-2700

Central Region: (708) 304-0202
Western Region: (408) 727-4795
CIRCLE NO. 30

The Next Generation,
high performance
open bus architecture -
you can use right now.

For those systems designers who are waiting for an open bus
architecture that delivers next generation performance by
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and I/O boards using a single, inter-
active point of control.”

While VMetro’s composite tech-
nique provides a systematic ap-
proach to Futurebus+ bus analysis,
it also offers one of the first Future-
bus+ carrier boards sporting a VME
mezzanine. Although it still isn’t
known exactly what the Future-
bus+-to-VME bridge will look like,
it’s possible that carrier boards such
as that used by VMetro might pro-
vide a convenient I/O connection
when only a single VME 1/0 board
is required. In such approaches,
bridge functions could be limited,
since only a small subset of the VME
specification need be accounted for
in interfacing to a single board. W
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We goofed!

A New Product Development article
entitled “Simulation accelerator speeds
behavioral-level VHDL” appeared in
the August issue of Computer Design
describing Zycad'’s VVHDL Instruction
Processor (ViP). In that piece we
stated, “...a single-board ViP offers
the performance of a 70-Mips worksta-
tion....” According to Zycad, the ViP
offers 40 times the performance of a
70-Mips workstation.

That performance estimate was con-
tained in the article as orginally filed
by Barbara Tuck but was deleted by an
over-exhuberant Editor-in-Chief during
a final review of editorial pages. The
Editor-in-Chief sincerely apologizes and
regrets any problems the error caused.

If you would like more complete in-
formation on the ViP product, contact
Pamela Mayer Bernal, vice-president of
marketing, or Charlie Cheng, product
marketing manager at Zycad, 1380
Willow Rd, Menlo Park, CA 94025,
(415) 688-7400.

And while we‘re admitting our er-
rors, the telephone number given for
American Arium in the Product Focus
on logic analyzers in the July issue had
an incorrect area code. American
Arium is located in Tustin, CA and the
correct number is (714) 731-1661. No
over-exhuberance here, just a typo.




THE ONLY ATTACHED PROCESSOR
WITH FOURON THE BOARD
AND 2.5 GIGAFLOP PERFORMANCE.

Mercury’s MC860VS. The only attached processor that offers up to 32 Intel i860s in no

more than 8 VME slots. So you get 80 Mflops to 2.5 Gflops of horsepower to handle demanding

applications in defense signal processing and medical imaging. And all Mercury products can be

configured in workstations and chassis systems to deliver scalable performance at a scalable price.

Soif you're building or buying a highper- [~~~ T T T T T 7
| D Please send me more information on the MC860VS right away.
formance computing solution, take full advantage of | [ iwantto learn more. Send me your white paper

‘“Multiprocessing for the 1990s" and enroll me in your

Mercury’s unparalleled investment in standards, inno- e e

vative hardware, and software development environ- Title
ment. And get the most complete, flexible, high perfor- dd s
City/State/Zip

mance computing solutions available. Ifit’s time

Phone —

Please send to
gggt s;ffolk Street, Compurer Systems. Inc
G Lowell, MA 018!
. TR Sy, SVIERCLIRY
write Mercury today for more information. « | (508) 458-3100 o |
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The Ultimate Performance Machine.
See us at Buscon '92 East, Sept. 15-17, Booth #624

you moved into the fast lane, it’s time to call or
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| AWESOME

TEK-AT3
386DX HALF-SIZE PC/AT

We think this is the best way to describe the new TEK-AT3 all CMOS 386DX
single board computer. And rightly so. Because the TEK-AT3 comes standard
with a powerful 33 Mhz CPU, high performance Cache memory, and a capacity to
support up to 16 Megabytes of DRAM.

Plus, you get all the bells and whistles you've come to expect from conventional
PCs: hard disk interface, floppy disk controller, serial and parallel ports.

And like all Teknor computer cards, the TEK-AT3 benefits from the latest inno-
vative technologies. Options like 1 Meg of onboard programmable Flash EPROM,
1 Meg of battery-backed SRAM, and the ability to boot from Flash EPROM disk
offer possibilities never before conceived on a 7 x 4.7" PC/AT form factor.

In fact, when you consider all the advantages the TEK-AT3
will bring to your system designs... you'll think it's
awesome, too!

Call us today at 1-800-387-4222
for your free literature package.

cmrpnnl]

d
l 'I MICROSYSTEMS INC.

P.O. Box 455, Sainte-Therese (Quebec), Canada J7E 4J8 ® Tel: (514) 437-5682 ® Fax: (514) 437-8053
@ INSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1028
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CASE tool breaks away from
traditional development model

Tom Williams, Senior Editor
CASE environment for C code |
A has broken with the develop- |
ment model followed by most |
CASE tools. Instead of using the re-
quirements analysis model for soft-
ware engineering, the Ensemble
toolset from Cadre Technologies
(Providence, RI) focuses on what the
company calls an “implementation
model,” which it claims more closely
matches the way people are ap-
proaching software design and de-
velopment problems today.

Most CASE tools adhere to the
waterfall model, where structured
analysis is first used to specify the
requirements of a system. These re-
quirements are used in the design
stage to create the overall structure
of the program. Next comes imple-
mentation (or coding), followed by
the testing and maintenance stages.
With the waterfall model, there’s lit-
tle thought given to going back “up-
stream,” and it’s generally difficult
to do so. This inability to smoothly
move up and down the model has
been a major complaint of early us-
ers of CASE tools—and an impor-
tant factor in the slow acceptance of ‘
such tools.

The reality is that 80 percent of
the design community doesn’t follow
the waterfall model. “We’re finding
there are almost no clean-sheet
starts. They're always reusing
something,” says Caine O’Brien, di-
rector of marketing for Cadre’s Port-
land, Oregon operation, “and we’re
not going to force a waterfall process
onto the mass market.”

i Recycling possible

Cadre describes Ensemble as follow-
ing an “implementation-focused”
model, where you usually begin by
implementing some old and some
new code, do some testing and main-
tenance work and maybe a little up-
front analysis—but you don’t have to
do these things in any rigid order.
With Ensemble, “you can use struc-
tured design as a starting point if you
want to, but you can also use pieces
of existing code,” says O'Brien.
Ensemble is a modular toolset
aimed at providing understanding

of existing code both at the higher
system level and the lower func-
tional level. It lets you produce code
from designs, automate and verify
the testing of code and automati-
cally produce documentation.

Working with the Teamwork da-
tabase used by Cadre’s family of
Teamwork CASE tools, you can in-
tegrate Ensemble into the Team-
work environment if desired. In ad-
dition to the shared database and
user interface, Ensemble consists of
system-level and function-level un-
derstanding modules, a construction
module, test generation and verifi-
cation modules, and a documenta-
tion module.

H Reverse engineering supported

The system understanding module
supports reverse engineering of ex-

isting code. It can also extract a com-
plete structured design representa-
tion of an existing program, includ-
ing a data dictionary with all its
definitions, any comments con-
tained in the source files and infor-
mation on what functionality came
from which source files. In addition,
the diagram created by the module
shows the flow of both control and
data in the system.

“Our goal is to walk in and help
people figure out code in a matter of
hours and create tests for code about
the same time, ” says O’Brien. To
accomplish these ends, you usually
start with the system understand-
ing module and the database. The
other modules can be added as
needed.

The function understanding mod-
ule, for example, lets you view a
different level of what the system
understanding module generated.
By clicking on a box at the system
level, you open up a diagram of that
function’s control flow. The control
flow diagram looks much like a flow
chart, with each decision point, for

(A)
ANALYSIS

DESIGN

Waterfall model

IMPLEMENTATION

ANALYSIS

\

Implementation-focused
development model

TESTING

MAINTENANCE

DESIGN

/

IMPLEMENTATION

Pl

MAINTENANCE

S

TESTING

The classic CASE waterfall model of software development (a) supposes an orderly
progression from analysis through design and test down to maintenance. CASE tools
following this model have seemed awkward to users in the past. Ensemble (b) as-
sumes that development activity is centered on implementation and lets you move

freely between design, analysis and test.
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Making your
24 bits better:




PC display

That’s AI&I “Customerizing”

“Customerizing” means being
ready today with a total 24-bit
graphics solution—a complete
package to enhance your multi-
media PC applications.

It's an industry first from
AT&T Microelectronics. A
true-color graphics chip set
with complete driver support,
including 24-bit window
drivers. Today!

Developed to give you
one-stop, hassle-free, true-color
shopping. And priced to take a
surprisingly small bite out of a
PC design budget.

16 million colors
Offering quick and easy
implementation, our chip set
includes a True-Color VGA
Controller and highly-integra-
ted RAMDACs.

This high-performance
system, capable of generating
over 16 million colors, makes
possible a virtually unlimited
range of shading possibilities.

The system also delivers
photographic-quality graphics

display, provided by an AT&T
True-Color VGA Graphics
Controller that supports reso-
lutions as high as 1024 by 768.

Integrated Solution
AT&T’s chip set is designed for
a 5-chip motherboard that con-
sumes only 30 square centi-
meters, and incorporates two
memory devices.

Flexibility? AT&T’s chip set
offers three RAMDAC options
—24, 16/18 and 8/6 bit-so you
can differentiate your applica-
tion with various price/perfor-
mance points.

Development time? Our
complete manufacturing kit
helps you sharply reduce
design-in time and cost.

For more on how you
can give your product a 24-bit
edge at the lowest possible
system cost, just give
AT&T Microelectronics a call
at 1 800 372-2447, ext. 903.
FAX: 215 778-4100.

(In Canada:
1 800 553-2448, ext. 903)
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flow diagrams and source code in adjacent windows.

Cadre’s Ensemble toolset lets you migrate from high-level structure charts to control

example, represented by a diamond
shape. Clicking on a point in the
control flow diagram—or at the
structure chart level—will take you
to the corresponding place in the
source code. If you happen to be at a
decision point at the control flow
diagram level, you will end up in-
dexed to the line in the source code
representing that decision point.

Drawing support from existing
Teamwork technology, Ensemble’s
construction module lets you gener-
ate source code directly from each
element in a structure chart. Using
this feature, it’s possible to reverse
engineer existing pieces of code for
a new design and to create new
structure elements to generate new
code for the application. Moving
quickly among the coded parts of the
system using the analysis and de-
sign views represents a different de-
velopment process, one that’s cen-
tered on implementation—much as
in the real world.

Ensemble’s ability to produce
complexity metrics aids in the auto-

We Give

Whatewver it takes, at
Mitsubishi we’ll go the
extra mile to help our cus-
tomers meet their memory
card needs.

That means onshore applications
engineering, marketing and sales support.
It means we’ll support your custom card,
custom panel artwork and programming
requirements, as well as provide cards

that meet current PCMCIA, JEIDA
and JEDEC standards.
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0
%) To Our Customers.

Our dedication to 110% customer
support is why we maintain well-stocked,
onshore inventories, totally automated
shipping services, and inventories
available through authorized
Mitsubishi Electronics America,
Inc. stocking reps and distributors. §

When it comes to memory cards,
we're here when you need us. We follow
up. We solve problems. We give 110%.

o= MITSUBISHI

ELECTRONIC DEVICE GROUP

SRan Ro

Call (408) 730-5900, ext. 2214.
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MULT—The Source
Level Debugger Fluent
In Many Languages

MULTI gives you the ability
to simultaneously debug in
multiple languages: C+ +,
C, FORTRAN, Pascal and
Assembly code. You
maintain seamless
debugging even when your
C++ program uses C and
FORTRAN libraries. When
the source language
changes as you step into
procedures, MULTI's
expression evaluator and
data structure displays
change to reflect the
current source language.

MULTT's X Windows ™
customizable user interface
(Motif™, OPEN LOOK™,
etc.), lets you traverse your
data and code in different
views. Display source and
assembly code intermixed.
Click a mouse button to
trace the hierarchy of C++
classes and member
functions or disambiguate
objects and functions.
Change values interactively
as you step through your
code.

One Cranberry Hill, Lexington, MA 02173

Your Passport For Native

Or Cross Development

MULTI supports multiple
targets such as the 680x0
(including 68040), as either
a native debugger or as a
cross debugger.

In cross mode, the same
executable version of
MULTI interfaces to your
choice of debug execution
devices (simulators,
monitors, emulators)
without relinking. Since
MULTI is based on a
standard UNIX ptrace
interface with extensions,
you can easily program
your own interfaces to
additional execution
environments.

MULTI can be executed
remotely from X-terminals
across networks, or on any
major UNIX workstation.

On most hosts, you can
even debug multiple
processes as your
application forks.
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Let Oasys Be Your Guide

Oasys has years of experi-
ence with C and C++. We
have the development tools
you need today and the
support, service and
continuous technical
advantage you need for a
migration path to the
future.

Oasys can guide you to:

greater performance—
quickly develop a
competitive product that
executes faster with smaller
code size. Oasys delivers
performance with the
highly optimized Green
Hills Compilers (C, C+ +,
FORTRAN or Pascal). Our
C++ Compiler takes you
directly from source to
executable with no
translation required.

productivity—debug
native or cross applications
on a workstation, a dumb
terminal, across a network,
or across the country using
the same debugger
commands and interface.
MULTTI helps you find and
fix bugs fast.

portability—Oasys
delivers a complete
software development tool
kit including a common set
of compilers, assembler/
linker and debugger across
major UNIX workstations,
to take your application to
any environment.

Call Us Today—
We Speak Your Language:

(617)862-2002
Or Fax: (617)863-2633

Trademarks are acknowledged to AT&T Bell
Labs, Digital Equipment Corp., Green Hills
Software Inc., MIT, Motorola Corp., Open
Software Foundation, Sun Microsystems Inc.,
and XEL, Inc.

Seeusat. ..

EMBEDDED
SYSTEMS
CONFERENCE

September 21 - 24, 1992
Santa Clara Convention Center
Santa Clara, California
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matic generation of test cases. There
are metrics for both data and control

complexity because the two are not

always the same. This lets you con-
centrate on those sections of code
most likely to contain problems. The
automated test generation module

takes advantage of the contents of \

the data dictionary to produce test
suites. It can use the data dictionary,
for example, to determine the upper
and lower boundaries of variables.
It can then automatically generate
test cases that break these bounda-
ries to see how the system reacts. “It
should be possible for code created

Why Settle For
Second Best
WhenYou Can
Have the
Realtime,

Real UNIX®?

VenturCom provides VENIX™
operating systems for realtime
and embedded realtime solutions
on popular low-cost Intel® 386
and 486 processors. VENIX
software is the enhanced, USL
licensed, UNIX operating
system—not a look-alike or

a clone.

VENIX System Software

e Full Kernel Preemption

¢ Deterministic

e Priority Scheduling

e ROMable/Embeddable

e Contiguous File System
e 27 us Interrupt Response

Call for our Realtime Technical
Overview.

VenturCom

% Industrial Strength UNIX

215 First Street, Cambridge, MA 02142
TEL 617-661-1230 FAX 617-577-1607
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today to be automatically tested to-
night and the results examined to-
morrow,” says O’Brien.

Test verification uses the same
design database to produce informa-
tion on test coverage. The module
inserts software probes into the code
to determine which statements have
been exercised, as well as which
branches have been taken and

| which haven’t. It marks source code
| to indicate coverage, but it also lets
| you look at the diagrams. At the

control flow level, solid lines con-
necting elements indicate paths
tested, while dotted lines show
paths that haven’t been tested. Au-
tomated test case generation and
verification, along with the ability to
identify complexity, make it easier
to test what most needs testing and
to assure the desired level of testing
has been achieved.

The ability to move around freely
in the development cycle lets you
work in a way that’s more comfort-
able, especially in small to medium
projects. “We want Ensemble to fit
into the environments that develop-
ers are using today,” says O’Brien,
“rather than trying to replace their
tools.” 3

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.

Cadre Technologies

$401).3518950 .., ...c0v .. L Cirde 217

"FUZZY LOGIC"
REPRINTS

|| Last year our March special report on
Fuzzy Logic generated over 4,100
reader inquiries and the April 1992
|| Fuzzy Logicreport isalready poised
|| togeneratean even higher number of
inquiries! Reprints of the April
article are available now-quanti-
tiesof 100 or less are $1.00 each, quan-
tities over 100 are .75 each. To order,
| call Patti Kenney at (508) 392-2124.
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DISTRIBUTED PROCESSING
WITH THE QNX® FLEET™ NETWORK.

BECAUSE COMPUTERS WERE MEANT TO RUN TOGETHER.

Maybe it's not natural to expect
a network of microcomputers to
perform like a supercomputer.

With the QNX operating system,
it's not natural to expect
anything less.

POSIX AND MORE

Thousands of VARs and OEMs
choose QNX for mission-critical
applications — from POS to
manufacturing to medical
instrumentation.

And with good reasons.

Like POSIX compliance.

And real realtime performance.
And true microkernel architecture.
And message-passing IPC.

Not to mention our technical

support and customer services.
Now add “FLEET” to the list.

FAULT-TOLERANT
NETWORKING

With most networks,

a hardware failure spells disaster.
But not with QNX.

If a card or cable fails on

a dual-net FLEET setup, QNX will
automatically re-route data
through the other network

before you - or your application —

can even blink.

LoAD-BALANCING
ON THE FLY

For greater throughput,
the FLEET network puts all
available network hardware
to work at the same time.
And it will dynamically
distribute the load by choosing
the best route for the job.

EFFICIENT PERFORMANCE

FLEET uses network hardware
to full advantage for maximum
throughput. Whether you're
running Ethernet for speed
(application-level throughput
at just under 1 Mbyte per second)
or Arcnet for deterministic
transactions — or both
network cards in the
same machine — you can count

on FLEET for optimum efficiency.

®

REALTIME OPERATING SYSTEM

EXTENSIBLE
ARCHITECTURE

You can support new networks
simply by adding new drivers.
And you can start and

stop drivers dynamically,

without even rebooting.

TRANSPARENT
DISTRIBUTED
PROCESSING

In QNX there’s no difference
between local execution and
network-remote execution.
Which means you don’t need to
modify your applications in order
to distribute them across

the FLEET network.

To sum up: networking
with QNX is fault-tolerant,
load-balancing, efficient,
extensible, and transparent.
But it’s a lot easier

to just say “FLEET.”

Go with the QNX FLEET network.
Nothing runs like it.

To find out how your
applications can thrive in
the QNX environment,
call 1-800-363-9001
(ext. 103).
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Whatever you're working on, please stop. use embedded processor available. Adding
You deserve to take some time off. And with memory requires no interface circuitry. It's
any member of the AMD 29K™ Family of as simple as playing "Connect the dots."

embedded RISC processors, you can take Memory interface throughout the rest of

several months off your design cycle. the family is fast and easy too. Each processor
That's because 29K processors' simple,  in the 29K Family integrates easily with low-

highly integrated designs will knock time- cost PLDs or simple glue logic to minimize

consuming steps off your schedule. Take the  your circuitry needs.

inexpensive, new Am29200™ microcontroller. You'll also save valuable time when you're

With many features like 1/0 controls and serial  expanding your product line. The entire 29K
ports included on-chip, it's the easiest to  family is binary compatible. So you just deter-
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mine the performance you need and select  RISC family call today at 1-800-292-9263 Ext.3.
the appropriate chip—from the Am29200 Then kick back and watch the AMD guys go
to the high-end Am29050™ processor. There's  to work.

no need to recompile your applications'

software as you scale up or down the perfor-

mance ladder.
And thanks to the 29K’s RISC architecture, ‘l
you can use inexpensive memory devices to

lower your system costs and still deliverthe  Advanced Micro Devices

h]gh performance your CUStOmerS demand 901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1992 Advanced Micro Devices, Inc

29K, Am29200, and Am29050 are trademarks of Advanced Micro Devices. All other

FOI' more lnfOrmatlon on the 29K embedded brand or product names are trademarks or registered trademarks of their respective holders
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Memory it ccess Packaging
Configuration Features W Time (ns) Options Availability

Triple Port DRAMs
250K x 4 Fast Page Mode/Block Write MT43C4257/8 80,100 S0J Now
128K x 8 Fast Page Mode/Block Write MT43C8128/9 80,100 PLCC Now

Dual Port DRAMs (VRAMs)

256K x 4 Fast Page Mode/Block Write MT42C4256* 70,80,100 ZIP, SOJ Now

128K x 8 Fast Page Mode/Block Write MT42(C8128* 70,80,100 S0J Now

250K x 8 Extended Data Out/Block MT42(8256 70,80 $0J, TSOP Now
Write/Programmable Split

256K x 8 Fast Page Mode/Block Write MT42C8255 70,80 $0J, TSOP Now

250K x 8 Fast Page Mode/Block Write/ MT42C8254 70,80 S0J, TSOP Now
Dual Write Enable

Specialty DRAMs
250K x 16 Fast Page Mode MT4C16256/7/8/9* 70,80 ZIP, 80J, TSOP 4Q92

*Low power versions also available. Windows ™ is a trademark of Microsoft Corporation.

MICRON o

por ;

SEMICONDUCTOR, INC. fhat WO
2805 E. Columbia Rd., Boise, ID 83706 (208) 368-3900

Customer Comment Lines: U.S. 800-932-4992; Intl: 01-208-368-3410

©1992. Micron Semiconductor, Ine
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ASIC testability tools

force trade-offs in silicon,
performance and coverage

Will you trust your
complex ASICs to
test synthesis?

Can you take hits
in silicon and
speed in exchange
for quality? Does
integration or tool
performance come

%
ol
=
B
]

first for you?

heck Design Rules O Vet

Barbara Tuck, Senior Editor

Although testability is fi-

nally getting the respect it

deserves from both vendors
and users, it’s clear that if
you're designing testability
into complex ASICs using to-
day’s tools, you’ll still have to make trade-offs. But if you're familiar with
the strengths and weaknesses of the tools and techniques, there’s a good
chance you won’t have to sacrifice what’s most important to you.

Now is a good time to evaluate and benchmark such tools, since a number
of products on the market have just been enhanced and new testability tools
from broadbased EDA suppliers will be shipping over the next few months
(see “EDA leaders getting serious about automatic test generation,” p 33).
Before you do, however, you have to know what to look for and what the
trade-offs are.

i Extending synthesis to test

If you use Verilog or VHDL, you may want to leverage your synthesis
capabilities to build ASICs that are highly testable as well as providing
high-performance. Although the term “test synthesis” is being used very
loosely today as an umbrella to include almost any testability enhancement
tool, its strict interpretation implies tight integration with a synthesis tool;
the ability to select the best scan strategy based on area, performance and
testability goals; scan-insertion capability; and optimization with test struc-
tures in place.

Test Compiler from Synopsys (Mountain View, CA), with an installed base
of 200, for example, is limited to full-scan implementation but otherwise
fills this bill. The new Test Compiler Plus, due to ship at year’s end, extends
to constraint-driven partial scan and sequential automatic test pattern
generation (ATPG).

Jim Kleidon, a member of the technical staff at Sun Microsystems’
(Mountain View, CA) SBus engineering group and a first-time user of Test
Compiler, is in the middle of the SBus Goldchip design project. With 90,000

COMPUTER DESIGN

Synopsys test syn-
thesis automates
various testability
methodologies
(bottom left). Con-
straint-driven par-
tial scan, which
ships with Test
Compiler Plus at
year’s end, com-
bines constraint-
based scan selec-
tion, timing
analysis and se-
quential ATPG to
provide predictable
high-fault-cover-
age results (bot-
tom right) with
minimal impact on
design area and
performance (top).
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BASIC TESTABILITY

to 100,000 used gates, including
FIFO RAMs, the SBus Goldchip is a
general-purpose 64-bit DMA inter-
face chip for the RISC bus architec-
ture. “The complexity of the chip
mandated that we find a more effi-
cient way to incorporate scan,” says
Kleidon, who previously wrote HDL
code structurally and hand-instan-
tiated macros. “The Test Compiler
selects the fastest and most efficient
scan macros from the vendor-spe-
cific target library.”

Since Test Compiler is integral to
Sun’s standard Verilog/Synopsys de-
sign flow, the impact of integrating
and learning new tools was mini-
mized. Designing with Motorola
HA4C libraries, though, did mean de-
signers had to use the Mustang
ATPG tool, a requirement for Mo-
torola’s release.

A very straightforward design

with a single clock domain and
purely synchronous operation, the
SBus Goldchip is an ideal candidate
for full scan. To identify and fix
testability problems at an early
stage, the design group applies Test
Compiler to each block as it’s syn-
thesized, checking design rules, cor-
recting errors and generating initial
fault coverage results on blocks as
they’re developed. Test Compiler
can be directed to exclude faults cov-
ered by built-in self-test (BIST).
First-pass fault coverage for the
entire SBus Goldchip design, ex-
cluding RAMs, was 95 percent, re-
ports Kleidon, and the design group
is now approaching 98 percent. Sun
designers have seen a silicon over-
head that’s typically been 6 to 8 per-
cent and a penalty of 1 ns or less in
the overall timing. Estimates on
savings in schedule, however, are on

CrossChec

ORIGINAL SOLUT!

FEATURES

OBSERVABILITY

CONTROLLABILITY

ATPG

AREA IMPACT

LIBRARY IMPACT
BENEFITS

DESIGNER INPUT

NETLIST MODIFICATION

DESIGN STYLES

PERFORMANCE IMPACT
FAULT COVERAGE

SYNCHRONOUS

GATED CLOCK

ASYNCHRONOUS

10% - 18%

NONE
ANY
NEGLIGIBLE

95% - 99%
93% - 98%
90% - 95%

product comparison

NODE TOGGLE™®

*100% NODE TOGGLE REQUIRED FOR FAULT COVERAGES ON ORIGINAL SOLUTION

k

ION CX-ARRAYTEST
YES
YES
COMPLETE
10% - 20%
CCL

the order of four to six weeks.

But Kleidon warns others, “When
shopping for test synthesis tools, be
sure the vendor-specific target li-
brary has scan-equivalent D flip-
flops (D FFs). If this isn’t the case,
Test Compiler won’t substitute the
non-scan FFs with equivalent scan
versions.” (Twelve ASIC vendors
currently have certified ASIC librar-
ies for Test Compiler.) Kleidon also
notes that his company’s designers
had to exclude JTAG macros be-
cause, without a complete functional
description of such macros, Test
Compiler can’t generate tests for
that logic.

The forthcoming Test Compiler
Plus does include boundary-scan syn-
thesis, which automatically synthe-
sizes the JTAG 1149.1 test specifica-
tion and formats test patterns in the
1149.1 protocol. “You can set perfor-
mance, area or test coverage as your
most important issue. It'll give you a
balanced design,” Kleidon says.

To offer partial-scan technology,
Synopsys had to rewrite the core of
its timing optimizer. Now, with tim-
ing-driven sequential optimization,
Synopsys synthesis can be applied
to multiclock, multicycle and multi-
phase designs. Another benefit of

NETLIST
NONE
ANY
<2%

>98%
>95%

CrossCheck
on-chip test engine

~95%

If you use a silicon vendor that
licenses the CrossCheck Tech-
nology (San Jose, CA) alterna-
tive to scan methodology, you
don‘t need to be involved in
test development at all.
CrossCheck’s new CX-ArrayTest
solution, which combines its On-
Chip Test Engine with design
analysis and ATPG software, can
perform fully automatic test pat-
tern generation without modifi-
cation of your netlist. The
CrossCheck Controllability Latch
(CCL) is the key. It permits the
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expanded Roseville, California facility
brings high-volume submicron manu-
facturing even closer to you.
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the new technology is automatic
time borrowing, which lets you op-
timize latch-based designs for faster
clock speeds.

B Months off the design cycle

Although staff engineer Mark Spi-
otta of the Motorola Land Mobile
Product Sector (Schaumburg, IL)
suffered a 20-percent area penalty
using Test Compiler’s full-scan
methodology on a heavily register-
oriented design, he says he’d use it
again over the new partial-scan
methodology. “We got working sili-
con first pass,” boasts Spiotta, refer-

Silicon Graphics (Mountain View,
CA) chose the TestGen partial-scan
sequential ATPG tool from Sunrise
Test Systems (Sunnyvale, CA). It
handles up to 100-percent scan. He
is using the LCA200K ASIC family
from LSI Logic (Milpitas, CA) for his
50,000- to 80,000-gate ASICs, with
clock rates up to 75 MHz. Until this
design project, he used LSI Logic’s
scan ATPG tool (SATPG), which op-
erates on a structurally correct
netlist at the end of the design cycle.
“This time,” Deshmukh says, “I
didn’t want to wait until the last
step in the process.”

internally,” she says.

well as stuck-at faults.

IBM still adamant about full scan

IBM, which has been practicing level-sensitive scan design (LSSD) full scan
for more years than most, is now looking for your ASIC business. Christine
King, the ASIC product development manager at IBM Technology Products
(Burlington, VT), says that now that IBM is pursuing the merchant market busi-
ness, it will make its ASIC libraries available on third-party tools. “We want to
give our users the same advantages with regard to ASIC testability we've had

“The impetus to partial scan has been driven by the false notion that scan costs
silicon area,” says Steve Oakland, advisory engineer at the facility. “In a wiring-lim-
ited ASIC product, 20 percent of the silicon area could be wasted anyway.” He
also says you shouldn't calculate overhead for full scan based on gate count.
“Transistor count would be a lot closer. We typically see a 5-percent transistor
overhead, translating to something less than 5-percent silicon area.”

IBM’s test approach incorporates LSSD, boundary scan and BIST capabilities.
Like Synopsys, IBM uses timing-driven testability tools to optimize for area and
performance with test structures in place. The tools cover transition faults as

With ASIC complexities climbing, IBM has been especially active, according
to Oakland, in incorporating techniques to reduce manufacturing test costs

ring to a 57,000-gate ASIC that
functions as a data and audio inter-
face to a DSP chip in a two-way radio
repeater.

This ASIC project was Spiotta’s
introduction to VHDL and logic syn-
thesis, as well as to automated test.
“We paid a price in silicon,” he re-
ports, “but we got 99-percent fault
coverage and shaved three months
off the development project.” As long
as the 20-percent increase in area
didn’t force a move up to the next
H4C array size, there wasn’t a prob-
lem, according to Spiotta. “Silicon
overhead can bother you a lot or not
at all,” he adds. Motorola’s H4C Ili-
brary goes from eight gates/FF for a
non-scan FF to a dozen gates/FF for
an equivalent scan version.

To design full scan into 11 ASICs
going into a multiprocessing server,
VLSI manager Rajiv Deshmukh of
the Computer Products Division of
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Although he uses Verilog and Syn-
opsys synthesis, Deshmukh chose
TestGen over Test Compiler. “When I
evaluated Test Compiler, I found it
still buggy. If you do your design hier-
archically, Test Compiler works at the
individual block level, but when it
comes to rethreading scan for the en-
tire design at the top-level synthesis
step, it gets hung up. It’s great for 20-
and 30-MHz logic, but it’s kludgey for
high-performance logic running at 50
to 75 MHz.”

Asked about Deshmukh’s experi-
ence with Test Compiler, Synopsys
product marketing manager Kelly
Gomes said that for certain design
structures in Deshmukh’s circuitry,
there was indeed a bug that has
since been fixed. “We’ll be running
the design through the new soft-
ware,” says Gomes. “There’s no limit
with regard to speed.” As to density,
Gomes points to Test Compiler’s suc-

cess with Sun’s 100,000-gate SBus
Goldchip.

0 Performance over integration

In the meantime, Deshmukh traded
off the integration and synergy he
would have had with Design Com-
piler/Test Compiler to go with Sun-
rise’s TestGen—much to the chagrin
of his CAD manager. “Our CAD
manager is overstressed,” he says,
“because we're mixing the best point
tools to get high performance in-
stead of working with a single, inte-
grated toolset.” For the multiple
ASIC project, Deshmukh is using
Verilog, Synopsys synthesis, Sun-
rise’s TestGen, a proprietary scan
insertion tool, LSI Logic’s floorplan-
ner, and Quad Design’s Motive for
full-chip timing analysis.

What were the trade-offs the Sili-
con Graphics team was willing to
make when it considered tools? Ac-
cording to Deshmukh, “We looked
for a tool that could run on partial
netlists. The run had to be over-
night—time was of the essence. The
exact percentage of fault coverage
wasn’t as important as how quickly
we could insert scan and compile
scan chains.”

Although Sunrise touts the partial-
scan and sequential ATPG capabili-
ties of TestGen, the Silicon Graphics
team tapped only the combinational
capability, since it implemented full
scan. Deshmukh reports that the LSI
LCA200K library overhead for a scan-
equivalent FF is an extra two
gates/FF (from seven to nine
gates/FF). Silicon overhead varied
across the 11 ASICs, from 6 percent
in some instances to 10 to 12 percent
in others. The full-scan penalty on
timing was 0.75 ns nominal and be-
tween 1.2 and 1.5 ns maximum.

How did a design-for-testability
philosophy affect cycle time? “We had
test vectors before sign-off rather
than after,” says Deshmukh. “We had
been in the habit of sending a proto-
type out with preliminary vectors and
then spending two to three man-
months between prototype release
and production release, developing a
full set of vectors. With that method-
ology, we sometimes ended up com-
promising on coverage.”

Ravi Bhatnagar, vice-president of
new product development at Chips
& Technologies (San Jose, CA), also
reports that Sunrise’s TestGen gave
the best results for his particular
application, which involved imple-
menting full scan in Chips & Tech-
nologies’ 350,000-transistor



Super386, a completely syn-
chronous, fully static CMOS design.
Bhatnagar’s team begins thinking
testability at the very beginning of
the design cycle. “By the time we
finish writing functional specifica-
tions, we have testability specifica-
tions,” he says.

There are areas that need im-
provement in the tools, and he ad-
vises you to watch for links to floor-
planners. “We had to do the
scan-chain ordering manually by
modifying the schematics,” accord-
ing to Bhatnagar.

Although the version of TestGen
Bhatnagar used was of no help in
testing memory portions of the
Super386, you can now get a version
from Sunrise that’s been upgraded
to include behavioral modeling.
With TestGen’s Version 1.1, you’ll
get single-primitive RAM and ROM
modeling as well as dynamic vector
compaction, enhanced fault report-
ing, improved test generation, and
new design audit features. TestGen
also now includes interfaces to
toolkits from Cadence Design Sys-
tems (San Jose, CA) and Mentor
Graphics (Wilsonville, OR).

0 Behavioral models guide ATPG

If you're looking for a testability tool
that’s driven by behavioral models,
you might also look at Test Design
Expert (TDX) from ExperTest
(Mountain View, CA), especially if
you'’re interested in a minimum
amount of scan. An expert system,
TDX uses register-transfer-level
(RTL) models to guide ATPG
through your circuitry. Though TDX
supports full scan, partial scan,
BIST, and boundary scan, Ex-
perTest encourages functional test-
ing, claiming TDX gets higher defect
coverage with far less design impact
than is possible with scan or partial-
scan methodologies.

Sun Microsystems design engi-
neer Mike Parkin is evaluating TDX
by running an 80,000-gate control-
ler design through it. Destined for a
Sun workstation, the controller has
several register files and RAMs.
Parkin, a Synopsys and Verilog user,
chose TDX for his chip design over
other tools, “primarily because the
chip doesn’t require scan.”

“We can start with no scan and
insert the minimum amount of test
points or scan. We can use
datapaths built into the circuitry to
exercise the chip. Also, because TDX
creates functional vectors, it detects
delay faults and bridging faults in

Will ASIC test patterns be executable?

Many ASIC de-

signers embrace in-
ternal scan hoping
it will automate the
test generation pro-
cess. And scan au-
tomatic test pattern
generation (ATPG)
tools do produce
test patterns quickly and automatically,
but not typically in the form needed by
logic simulators or automatic test equip-
ment (ATE). Unless scan test patterns
can be transformed and augmented
quickly and automatically at each step
of the test development process, the

ing individual scan patterns.

Logic simulators, on the other hand,
need to simulate the shifting of data
into and out of the scan cells to verify
scan chain functionality. To shift data in
and out of the scan chain, you need
both the scan chain topology and the
protocol. Obtained from the schematic
or layout, the scan topology defines
scan chain shift order and inversions—
when the inverted output of one scan
cell drives the input of the next cell in
the chain. To simulate the scan chain op-
eration, topology-ordered test patterns
and the corresponding scan protocol
must be written in the event-based

ATPG

Three views of scan data

SIMULATION

SIMULATOR “FORCE™:
D/CLK 10
D/IN-1 20
D/IN-2 31

D/IN-3 40

TEST

TEST PROGRAM
TP:
T1=5ns, T2=15ns
TRI2:
T1=12ns, T2 = 25ns

time and cost saved using scan design-
for-test (DFT) methods will be frittered
away re-entering test data.

0 same data, different form
Although ATPG, logic simulation and
manufacturing test all employ scan test
patterns, these ASIC development steps
each require a different form of the test
data, because each views the same data
differently. In addition, simulation and
manufacturing test need supplemental
test information beyond that required
by ATPG to implement test patterns in
their own environments.

ATPG tools provide test patterns as a
set of logic states—a form convenient
for fault analysis but not directly usable
by simulation or manufacturing test.
Since scan ATPG typically treats all scan
cells as primary inputs and outputs,
ATPG tools don't need to provide infor-
mation about how to get the scan data
into or out of the scan chain. The tools
need only create a table of ones and ze-
ros, with the columns representing spe-
cific scan cells and the rows represent-

force statements of a specific simulator.
In a similar manner, ATE must have the
topology and protocol information to
load and unload the logic states of the
scan chain through the scan I/O pins. A
manufacturing test needs the scan data
in a form executable by a specific tester
on a physical device.

| Transforming scan data

Using internal scan to automate the test
development process requires more
than simply running ATPG. To verify the
scan test logic and ultimately test actual
ASICs, the development team must
transform and augment ATPG test pat-
terns. If the team uses programs that ac-
curately transform the scan data at each
step, designers can rest assured that
their DFT efforts will contribute to
shorter time-to-market.

Third parties provide such programs.
TSSI, for instance, provides a neutral
test database where all scan test data
can be stored and accessed by all of the
major ATPG tools, simulators and ATE
testers.

Frank Binnendyk, director of marketing, TSSI, Beaverton, OR
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High fault coverage isn‘t enough

When evaluat-

ing test solutions,
aim for more than
just the highest
fault coverage. A
test solution must
also ensure minimal
impact on the area
and speed of a de-
sign, along with minimal impact on the
ASIC design cycle .

Scan is an effective test method for
addressing high fault coverage, but it in-
curs area, speed and schedule costs in
an ASIC design. When evaluating a
scan solution (full or partial), you're
faced with minimizing the cost to your
designs while maximizing fault cover-
age. You can typically measure the cost
of scan by answering these questions.

e Performance impact: Can | afford any
performance impact on my design for
test? If so, where?

e Area impact: What die size am | targeting?

e Schedule impact: What's the right level
of scan for my design? Can | afford
several iterations to get the right num-
ber of scan elements?

e Fault coverage: What's my fault cover-
age goal?

l Test cost management important

Traditional approaches to scan test solu-
tions have focused on providing auto-
matic test pattern generation (ATPG)
that will produce high-fault-coverage
test patterns. But this is only relevant
once a testable design has been cre-
ated. ATPG tools do nothing to address
the issue of how to create a testable de-
sign—and it's this step where the pri-
mary cost management of scan is done.
Scan is a cost-effective solution for
ASICs only when additional tools are
used that minimize impact on area and
performance and ensure predictable re-
sults (to minimize schedule impact).

Constraint-driven test synthesis com-
bines test, synthesis and timing analysis
to address all dimensions of the test chal-
lenge: cost management and high-fault
coverage. This type of test solution,
based on full- or partial-scan methodol-
ogy, addresses the challenge by automat-
ing scan architecture selection (which
registers to scan), implementation for
minimal design impact (how to put in
scan) and DFT (how to ensure predict-
able results), as well as providing ATPG
for generating high-fault-coverage test
patterns.

Constraint-based scan selection auto-
matically generates the optimal scan ar-
chitecture for a design based on area,
performance and testability, and elimi-
nates the need to manually do time-con-
suming scan selection. It also combines
structural testability analysis of a design
with timing and area analysis. Based on
these analyses, it selects sequential de-
sign elements to scan for optimal fault
coverage results with minimal area and
performance impacts, so you don't
have to determine the right percentage
of registers to scan for optimal results.
Percentage of registers scanned means
little to an ASIC designer; with con-
straint-driven test synthesis, you provide
only the parameters which have mean-
ing to you—performance, area and tar-
get fault coverage.

| Integrated timing analysis is key
A key element of constraint-based scan
selection is integrated timing analysis.
Only when timing analysis is done dur-
ing scan selection can you be assured
that performance goals are met with
the optimal scan architecture in place.
Replacing a register by a scan version
can affect set-up and intrinsic times and
can change the input load and output
drive, which affects net transition times.
All these factors must be taken into ac-
count to accurately assess the perfor-

mance impact of introducing scan into
a design. By leveraging timing analysis,
constraint-driven test synthesis can au-
tomatically select the scan architecture
to ensure that no critical paths are af-

fected. The critical path would then re-
main the same for the scan version of

the design as for the non-scan version.

Constraint-driven test synthesis com-
bines constraint-based scan selection
with other DFT technologies—such as
redundancy removal, testability rule
checking and feedback and optimiza-
tion of a design within the context of
test to ensure predictable results. With
these capabilities you expose and re-
solve testability problems early in the de-
sign cycle, ensuring the creation of a
highly testable design so that there are
no “testability surprises” at the back
end of the design cycle.

Finally, constraint-based test synthesis
provides ATPG, which is key to generat-
ing high-fault-coverage test patterns
once a highly testable design has been
created. Combinational ATPG is used
for full-scan, and sequential ATPG for
partial-scan designs.

Sequential ATPG is necessary with a
partially scanned design since the circuit
no longer appears as a simple combi-
national arrangement. Sequential ATPG
generates sequences of patterns to es-
tablish known states for all of the se-
quential elements in a design (including
those that aren’t scanned) and gener-
ates high-fault-coverage test patterns.
Sequential ATPG will take longer to run
than combinational ATPG.

Synopsys has developed constraint-
driven test synthesis in its Test Compiler
product family to provide predictable,
high-fault-coverage results with minimal
design impact. By integrating testability,
synthesis and timing analysis, Synopsys
provides designers with a cost-effective
solution for implementing scan in ASICs.

Kelly Gomes, product marketing manager, Synopsys, Mountain View, CA

addition to stuck-at faults. There’s a
whole class of faults that simple
scan tests don’t cover.” With the de-
sign of Parkin’s chip 80 percent com-
plete, first-pass fault coverage was 85
percent. The minimum fault coverage
he’s looking for is 95 percent.

To get higher fault coverage,
Parkin says he’ll use ExperTest’s
new Synthesized Test Enhancement
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Program (Step), available now as
part of the ExperTest integrated test
generation and fault simulation en-
vironment. With Step, the ATPG en-
gine of TDX can pinpoint the cause
of any problems it’s having. Step can
then synthesize a small number of
enhancements into the circuit
netlist, so that TDX can run more
efficiently. In the worst case, TDX

can resort to partial scan to increase
fault coverage of an ASIC.

Like Sun’s Parkin, TDX user
Chris van Staden, design engineer at
Scientific Atlanta (Atlanta, GA), put
very little effort into an up-front de-
sign-for-testability strategy. “I'm de-
signing for functionality more than
doing an up-front analysis for testa-
bility,” he says.
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Intended for satellite receivers
and cable descramblers, the televi-
sion video product van Staden’s de-
signing—especially the error correc-
tion and encryption portion he’s
responsible for—requires a lot of
vectors. “Scan vectors are really ex-
pensive, especially with counters,”
he warns. A VHDL and Synopsys
synthesis user, van Staden admits
he’s not currently leveraging his use

of synthesis for testability.

Mark Mallory, team leader of test
technology at Kodak (Rochester,
NY), sees an advantage to linking
his use of Synopsys synthesis to his
testability strategy. He says, how-
ever, that the link would have to be
made during the original synthesis
step for him to switch from his pres-
ent methodology. “Test Compiler
does test analysis and scan insertion
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after logic synthesis,” he states. “It
doesn’t put behavioral-level knowl-
edge of the circuit to work for testa-
bility purposes. I'd like to put test
enhancements right into the VHDL
code and run the testability rules
checker during the original synthe-
sis step. Otherwise, if you violate a
design rule, you have to go back and
change your code.”

Since Mallory switched from man-
ually generating vectors two years
ago, he’s been using Racal-Redac’s
(Mahwah, NJ) Intelligen sequential
ATPG tool and Cadat for logic and
fault simulation on cell-based digital

| ASICs that average about 20,000

gates in density and include RAMs
and FIFOs. In the future, Mallory
says he’ll be evaluating and bench-
marking tools.

Asked whether he’s looked at Racal-
Redac’s Sile RTS (register transfer
scan) test synthesis/ATPG tool, which
incorporates the sequential ATPG en-
gine of Intelligen, Mallory states,
“With synthesis tools, the overriding
factor is ASIC vendor support.”

Silc RTS test synthesis/ATPG is
linked to Racal-Redac’s SileSyn IT syn-
thesis, renamed Sile VHDL. With Silc
VHDL, automatic RTS test synthesis
happens as part of the architectural
synthesis step, with ATPG occurring
after the logic synthesis step. Racal-
Redac is looking at year’s end for the
first customer shipments of Sile RTS,
which accommodates full, partial and
JTAG boundary scan.

Like Mallory, test engineering
specialist Andy Halliday, who works
at the Texas Instruments (Dallas,
TX) Defense Electronics Group, is
using Intelligen as a stand-alone se-
quential ATPG tool for ASICs that
vary in density from 5,000 to
100,000 gates. “I'm using all differ-
ent pieces,” he says, “but it’s getting
me by right now. 'm anxious to eval-
uate test synthesis, though.”

Halliday is up against DOD re-
quirements that are getting tougher
and tougher with regard to VHDL.

| “The DOD has this idea you can have

synthesizable VHDL,” he adds.

| “They want us to put the test re-

quirements into synthesizable
VHDL code.” Halliday says there
have been big strides in test synthe-
sis in the last year, “but I want to
play with it first, and see if it does
what the vendors say it does.”

B Look for links to floorplanner

Hardware engineer Sanjay Bajaj at
Next Computer (Redwood City, CA)
is evaluating the newer tools, but, he
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says, “we have a process that’s work-
ing, and the manpower to evaluate
tools is limited.” Following scan de-
sign rules, Bajaj is designing 20,000-
to 100,000-plus-gate ASICs for Next
motherboards and plug-in boards
using Motorola’s H4C and HDC
ASIC families. Bajaj uses the
Mustang ATPG tool, and a propri-
etary tool, to automatically insert
JTAG boundary scan. He’s also

working on incorporating a RAM
BIST strategy into Next’s ASIC test-
ability methodology.

The switch from manual methods
to a design-for-testability strategy
using automated tools, says Bajaj,
“has been the biggest cultural win at
Next in the last three years. Test is
so much a part of our design meth-
odology now that designers don’t
even question the need for testabil-

The VME+ Analyzer System

VYMI bus
VSB

SCSI

vXI
Futurebus+
User defined

sets new standards ﬁir bam!-bascd
development tools. The S0OMHz, 177 /a4
channels VBT-325 base analyzer board,
with powerful 200MHz of Timing Analysis or
Pattern Generation options, provides unsurpassed
test and debugging power for bus-based systems.

VMETRO A'S VMETRO, Inc.
Prof. Birkelandsvei 24, 16010 Barker's Point Ln.
P.0.box 213 Leirdal, Suite 575, Houston,
N-1011 Oslo, Norway = TX 77079, USA
Tel: 47 2 322 580 The Bus Analyzer Specialist Tel: 713 584 0728
Fax: 47 2322880 Fax: 713 584 9034

See us at Buscon Booth #620
CIRCLE NO. 46
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ity. Inserting JTAG by hand was a
nightmare. Now test has become a
very small portion of our design cy-
cle, almost negligible.”

Target fault coverage at Next is
100 percent of non-redundant logic.
“There’s not a single node where we
can say it’s okay if there’s an unde-
tected fault. We end up getting
closer and closer to our target,”
claims Bajaj.

Scan overhead, he adds, is about
10 percent of used gates (8 percent
of silicon area), not including JTAG.
To implement JTAG in Motorola’s
1-um technology, which offered no
cells for JTAG, it took 5,000 gates in
a 200-pin gate array. “But now,” re-
lates Bajaj, “with its 0.8-um technol-
ogy, Motorola provides JTAG built
into pads, and it takes another 700
or 800 gates for the controller logic.”

Advice from Bajaj concerning the
significance of a link to a floorplan-
ning tool echoes that of other users
implementing scan. “We can’t afford
to have a single scan chain,” he says.
“Most are split, with maybe 16 scan
chains on a chip—16 lines through
a rectangular piece of silicon.” Next
designers rely on a proprietary floor-
planner for such designs.

Be sure to follow testability tools
as they evolve. As a pioneer of the
test synthesis technology, Synopsys
will get some bum raps, just as Xi-
linx has in the FPGA arena. For a
true picture, you have to look be-
yond all that—to an installed base
of 200 and the support of a dozen
ASIC vendors. Then evaluate and
benchmark the software yourself. B

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
number on the Reader Inquiry Card.
Cadence Design Systems

(MO BMB1238 .., cvovois i Circle 218
CrossCheck Technology

(408) 432-9200 ......vei: 2500 in Circle 219
ExperTest

(RIB)Y 8652000 .. .. v 1% unihe i Circde 220
IBM Technology Products

BUDZES-LIIY .. i Circle 221
LSI Logic

(0B} AZ38A00" . ..o\« metion b olea Circle 222
Mentor Graphics

(DUB)GBTF000 . .. . des s ot P Circle 223
Motorola

(BOON2A7=2346. i o s s Satih i Circle 224
Quad Design

(BOBYEBE-85h " | . Circle 225
Racal-Redac

(R01YB4E-C000 . ., oo ol o il 570500 Circle 226
Sunrise Test Systems

(A0B)T7IDBODD ... . bswasutnn Circle 227
Synopsys

(IR OBR=E000" 1. L e i Circle 228
TSSI

T R SRR (SRS PR Circle 229




The new HP 16550A
makes high-performance
logic analysis affordable.

In 1987, HP set the price/perfor-

mance standard for logic analyzers.

Now, HP breaks through with a
new price/performance standard.
Introducing the HP 16550A logic
analyzer module.

At 100 MHz state speed, the

HP 16550A is fast enough for any
processor you're likely to run into.
Its 500 MHz timing speed makes

measurements with 2 ns resolution.

And it offers 102 or 204 (with 2

At an even lower ce pe channel.

cards) state and timing channels
with 4K samples each to capture
the most elusive events.

Yet, all this performance costs
less per channel than any other
logic analyzer configuration in
the HP 16500 family.

And since the HP 16550A is part of
a modular system, you can create
exactly the system you need now.
Then add capability by adding a

1 GSa/s digitizing scope, 1 GHz high-
speed timing, pattern generation,
and the broadest list of micropro-
cessor and bus support available.

Comparison of HP Logic Analyzers

Configuration Max State (MHz)  Max Timing (MHz) Memory Depth  #of Channels  Price*
HP 165108 35 100 1K 80 $14K
HP 16550A 100 500 4K 102 $16.5K

*U.S. List Price includes HP16500 mainframe at §7.7K.
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© 1992 Hewlett-Packard Co. TMCOL201/CD
Find out how to get breakthrough
price/performance with the
HP 16550A logic analyzer. For
a brochure, call 1-800-452-4844,
and ask for Ext. 3045. For a
FAX data sheet, dial (208) 344-4809
from your FAX machine, access
section 4 (Test and Measurement
Instruments) and enter ID# 6503.

There is a better way.

K

HEWLETT
PACKARD

F1In Canada call 1-800-387-3867, Dept. 445.
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Cached DRAM.

It Screams!

Matching low-cost DRAM technology with
today’s high-speed CPUs can be a design engineer’s
nightmare. Until now. Introducing the 100MHz
4Mb Cached DRAM from Mitsubishi.

FIRST SYNCHRONOUS DRAM
Mitsubishi combined a fast, 4K x 4 SRAM
and a IM x 4 DRAM with a wide, 16 x 4 bit
internal bus and a synchronous clock design, all
into one tiny TSOP IC. The result is the industry’s
first synchronous DRAM with on-board cache.

100MHz OPERATION

The Cached DRAM’s large, 16 x 4 bit
internal data path can transfer a 16-line data block
in just one cycle, allowing the small on-chip cache
to perform like a much larger external cache. The
result is fast, 100MHz performance at a much lower
cost than separate cache configurations. Plus, the
Cached DRAM'’s fast copy-back scheme signifi-

cantly reduces the miss cycle penalty time.

COST-EFFICIENT, SMALL SIZE
The Cached DRAM die and package are
only 7% larger than those of a standard 1M x 4
DRAM. And, since they are manufactured with
the same process and on the same production line
as Mitsubishi’s standard 4Mb DRAMs, Cached
DRAM s are highly cost-efficient to manufacture.

LOW POWER OPERATION

With a clock that can be stopped to reduce
power consumption to as low as ImW, the Cached
DRAM is ideal for portable and highly integrated
applications where low power consumption,
compact size and fast operation are essential.

MITSUBISHI'S CACHED DRAM PERFORMANCE

Part Cache Hit Cache Miss Direct Array

Number Access/Cycle | Access/Cycle | Access/Cycle Package
M5M44409TP-10 10ns/10ns 70ns/280ns* 70ns/140ns | TSOP**
M5M44409TP-15 15ns/16ns 75ns/300ns* 75ns/150ns | TSOP**
M5M44409TP-20 20ns/20ns 80ns/320ns* | 80ns/160ns TSOP?

*Cache hit cycles can resume after one miss access time, while the
copy-back completes in the background.

**TSOP Type II. Also available in reverse pin-out TSOP.

Standard
4Mb DRAM.

Actual size.
4Mb Cached DRAM

is only 7% larger than a
standard 4Mb DRAM.

Not your
ordinary next-
generation DRAM,
Mitsubishi’s 4Mb
synchronous
Cached DRAM sets a totally new
standard for cost-effective, high
performance memory. For more
information and technical specifica- %
tions, please call (408) 730-5900,
ext. 2106 or 2226.

o= MITSUBISHI

ELECTRONIC DEVICE GROUP
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YOU CAN EITHER HAVE
A PROMISE OR A PRODUCT

Today, Digital is offering you the
same technology in Futurebus+
backplanes, subracksand card cage
assemblies that we use in our own
systems. Developers ofleadingedge
applications - those who are push-
ing the envelope of today’s inter-
connect and packaging technology
- now have easy and cost effective
access to Futurebus+ and all that it
offers.

Your product will benefit from
the extensive Futurebus+ research
and development activity of Digital
Equipment Corporation. Digital’s
products will conform to all the
1 BE B E
Futurebus+
mechanical
standard
specifications,
and ensure
correct and
reliable fit with
all Futurebus+
compliant modules.

Backplanes and subracks are
available in 4 to 14 slot widths, and

incorporate a unique honeycomb

design to allow for maximum air

Many product vendors have announced plans to e
develop products based on Futurebus+ strength of the card guide system.

; ; s The expertise we've developed is
Speﬂflcailons, assuring fhe" 0((ep'0n(e as open now also available to other design-
; ers. Our experts have developed an

Smndﬂrds. And fhafs good. extensive user's guide to help

designers implement the entire

Digital has already demonstrated working

standards set that goes into
Futurebus+ based design.

SyStemS thm pUT FU'UfebUS'f' Open For more information, please call

. . / a Digital technical representative
standards into practice. That’s betfer. Rty

Drop by our booth at the Buscon East trade show in Boston, September 15 - 17, to see aworking t i
system, talk to our experts and discover how  Digital has furned the promise of the future into
the products for today.

DIGITAL. THE OPEN ADVANTAGE.

©1992 DIGITAL EQUIPMENT OF CANADA LIMITED. THE DIGITAL LOGO IS A TRADEMARK OF DIGITAL EQUIPMENT CORPORATION.
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Silicon, tools and specs

join to drive
Futurebus+ growth

The first Futurebus+
systems are now
emerging, but
introductions are
lagging far behind
expectations. The
bandwagon is rolling,
however, and the
players are jumping on.

Warren Andrews, Senior Editor

The Futurebus+ specification—at
least the logical layer and the first
three profiles—has been complete
for almost a year. Yet systems based
on the approach are hard to find.
Even more scarce are Futurebus+
boards from conventional board-
level suppliers. But this picture is
likely to change as the necessary
pieces start falling into place.

First, National Semiconductor (Santa Clara, CA), Philips/Signetics
(Sunnyvale, CA) and Texas Instruments (TI—Dallas, TX) have improved
the performance of their transceiver chips and will be showing real protocol
controller silicon later this month. (Philips/Signetics has already introduced
one member of its controller family.) Second, system makers are beginning
to develop system hardware and software and have begun to look for
third-party vendors to supply I/O and other boards. Third, vendors who’ve
been struggling with Futurebus+ designs are starting to learn the value of
extensive computer modeling before building prototypes. The first genera-
tion of boards from these vendors should be out of the lab by year-end. And
finally, tools for testing and debugging are emerging that offer interfaces to
both general-purpose logic analyzers and protocol-specific devices.

In addition, two profiles—M for military and T for telecom—are in the
final stages of specification, with completed documents expected by the end
of the year. Both are dependent on high-availability technology, including
fault tolerance and live insertion. It’s expected that these profiles will have
a significant impact on the future demand for Futurebus+ systems.

But the area with perhaps the greatest potential, the desktop version
(Profile D), is still undergoing revision and probably won’t see daylight until
late in 1993. When it surfaces, it won’t be recognizable as one of the standard
Futurebus+ profiles. Instead, Profile D will look like a mezzanine card,
foregoing the classic BTL transceivers and full Futurebus+ interface.

Although much activity is expected to take place over the next several
months, there are likely to be some major shortfalls in the availability of
key components—starting with silicon—for complete Futurebus+ systems.
Features such as full cache coherency and packet mode, for example, may

COMPUTER DESIGN SEPTEMBER 1992

CCT is one of three
prime contractors
for the U.S. Navy's
Futurebus+ system.
Pictured are some
of the components
the company devel-
oped as part of its
contract, including
an i860-based pro-
cessing board
(upper right), a
68030 CPU (upper
left) and a Safenet
Il network control-
ler (bottom).
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well have to rely on proprietary
ASIC or discrete silicon solutions—
or they may simply have to wait for
the next generation of controllers,
perhaps a year off.

B First system is military

“One of the key elements needed for
Futurebus+ to become a reality is
some level of highly integrated pro-
tocol controller,” says Bruce Kimble,

Force Computers (Campbell, CA) as
a major subcontractor, has been
stalled for many reasons, one of
them being that Force has been un-
able to get its protocol controller sil-
icon ready. “We expect to receive first
silicon of the protocol controller no
later than September,” says Force’s
director of strategic marketing,
Wayne Fischer, “and it will probably
take about four or five months to

Raytheon, working
with BICC Vero, was
the first to incorporate
VME and Futurebus+ in
the same chassis. Pic-
tured is a Raytheon sys-
tem which was devel-
oped as part of the
Navy'’s NGCR (Next-
Generation Computing
Resources) program.
Raytheon was the first

product line manager for Future-
bus+ for Cable and Computer Tech-
nology (CCT—Anaheim, CA). Al-
though CCT is the first Futurebus+
maker to deliver a system with all
the features of Profile A—including
cache coherency—it’s been at the ex-
pense of significant board space and
a lot of discrete logic.

CCT delivered its first system,
complete with a 68030-based CPU
board, to the U.S. Navy earlier this
year. One of three proof-of-concept
projects, it was the first such system
with cache coherency to be demon-
strated to the Navy, and accepted.
The other two contracts were let to
Raytheon (Marlborough, MA) and
Litton (Pascagoula, MS) respec-
tively; only Raytheon has submitted
its system for approval.

The Litton project, which includes
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to deliver a partially
completed system for
evaluation in the
Navy'’s program.

wring out the chips and board.”
Force’s Futurebus+ CPU board is
based on the Intel 80486 processor.
The interface silicon is supposed
to be a joint development between
Force and Texas Instruments. Its
delivery has been delayed many
times, but now TI claims it’s ready.
It has reportedly been so thoroughly
simulated that first silicon is ex-
pected to work without problems.

B siow silicon

Despite the feverish activity by sem-
iconductor makers, Futurebus+ sili-
con has been slow to emerge. Sign-
etics was first out of the chute with
its FB2000 family of Futurebus+
chips. A protocol controller is now
available, with an arbitration device
and a datapath chip on the way. In
addition, the company offers a com-

plete family of BTL transceivers.

National Semiconductor, the in-
ventor of BTL, has also had a family
of BTL transceivers available for
some time, releasing its first perfor-
mance upgrade early this year. The
company will debut a protocol con-
troller this month. Similarly, TT has
been readying a controller, and like
National, the company plans to re-
veal it to the world this month.

This generation of protocol con-
troller chips, however, doesn’t have
all the bells and whistles the Fu-
turebus+ specification calls for, par-
ticularly for profiles A and F. The
Signetics and TI devices include
some of the enhancements of the full
Profile A specification, but lack the
critical cache-coherency circuitry.
The National device, jointly devel-
oped and marketed by National and
Newbridge Microsystems (Kanata,
Ontario), also lacks cache-coherency
circuitry. It’s been designed to sup-
port the Futurebus+ Profile B, al-
though it includes some hooks for
the A and F profiles as well.

Christopher Koehle, of National’s
Futurebus+ product marketing
group comments, “National’s con-
troller focuses on the B profile, pri-
marily an I/O profile, because we
believe that most of the activity in
the near future will revolve around
this profile.” National’s controller
supports only the compelled or
handshake transfer mode, as the
company awaits solidification of the
packet-mode specification.

Koehle also reports that many
new BTL designs still aren’t based
on the Futurebus+ specification. “In
some cases,” he says, “these are to-
tally proprietary systems, while in
other cases designers are looking to
get experience with the BTL tech-
nology and will probably switch over
to Futurebus+ once the interface sil-
icon is available.”

| System designs ramping up
Protocol controllers may be scarce,
but some Futurebus+ systems are
debuting. Apart from those con-
nected to the Navy’s Next-Genera-
tion Computing Resources (NGCR)
project, Oki Electric (Tokyo, Japan)
has announced a server based on
Futurebus+. Digital Equipment
Corporation (Maynard, MA) has
also said it’s releasing a server, as
well as an advanced workstation
based on its new Alpha microproces-
sor architecture.

Thus far, neither company has
shipped these systems in volume,
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National Semicon-
ductor’s Chris
Koehle believes in
the future of Fu-
turebus+. “We're
just starting to see
more BTL trans-
ceiver parts going
into Futurebus+
than proprietary
systems. And

| when the inter-

| face silicon
emerges, we ex-
pect to see a ma-
jor step up in ac-

| tivity.”

and it may be a few months before
they’re available on a broad com-
mercial basis. But, industry sources
report that Digital is actively seek-
ing sources for a Futurebus+-to-
VME bridge, as well as other Fu-
turebus+ modules.

Digital’s I/O marketing manager,
Stephen Justus, says that the com-
pany expects to start shipping Fu-
turebus+ systems based on its Alpha
processor before year-end, adding,
“We hope to have a full-scale proto-
type up and running later this
month [at Buscon].”

It’s potentially Digital that many
smaller Futurebus+ board makers
are setting their sights on. Con-
versely, Justus says Digital is count-
ing on third-party board makers to
supply many of the I/O functions
that will be required by the com-
pany’s Futurebus+ systems.

To date, however, there have been
precious few Futurebus+ boards to try
in systems. Digital recently sampled
two of the commercially available
boards inits Alpha-based systems; the
company was pleased to report that it
was able to get at least one of them up
and running with little or no difficulty.
The board that passed this test was
from CCT, the first reported instance
of boards from different vendors—
and designed for different systems—
operating in the same Futurebus+
backplane.

“The fact that early in the life of
the Futurebus+ specification, boards
from two different systems and two
different vendors were able to work
together,” says CCT’s Kimble,
“prophesies well for future develop-
ments. That Futurebus+ cards can
actually plug and play at this early
stage is encouraging. This may help
avoid the painful experience of VME
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vendors during the early years,
where nothing worked together.”
And while this is strong testimony
in favor of the board and system, the
result also bodes well for the speci-
fication itself, since neither board
was based on standard interface sil-
icon.

“Digital will be the market
maker,” says Kimble, “creating in the
short term most of the Futurebus+
slots with its Alpha-based Future-
bus+ workstation.” He adds that,
clearly, some kind of VME-to-Fu-
turebus+ bridge will be an early key
to success, since it will take time for
potential Futurebus+ vendors to
ramp up.

Digital’s Justus reports much activ-
ity among potential third-party board
makers; in fact, he’s counted 13 or so
different board designs currently un-
der way from almost as many manu-
facturers. Further, there’s been a lot
of interest in the company’s TRI-ADD
program, which helps designers get

up to speed on Digital-compatible
modules.

“For 1993,” says Justus, “we ex-
pect to see a substantial number of
products that can take advantage of
the high-performance server tech-
nology Digital will be offering.” He
anticipates that a wide array of dif-
ferent devices will become available
in high-speed communications and
networking areas such as HiPPI,
FDDI and Fiber Channel.

Following on the heels of conven-
tional workstation I/O, according to
Kimble, will be networking and tele-
communications I/O. Even before
the telecom profile is defined, there
will be a need for boards and sys-
tems that can serve as bridges and
routers capable of handling T1 and
T3 data rates. “It makes a lot of
sense,” Kimble continues, “for Fu-
turebus+ to be used in many of the
high-rate, serial-stream systems
where multiple data streams can be
included on a single card.”

0l Bridges to Futurebus+

It appears, then, that some of the
early Futurebus+ board offerings
will be bridges from other buses. A
number of companies are already
working on Futurebus+-to-VME
bridges, and Digital has reportedly
contracted a third party to develop
aVME/Futurebus+ bridge for its
Alpha-based Futurebus+ worksta-
tion. VME is the most logical choice
for a first bridge product because of
its performance and the wide avail-
ability of different I/O cards. These
bridges will fill the gap until a crit-
ical mass of Futurebus+ I/O func-
tions becomes available, or until
other solutions are developed.
Certainly, for medium- and low-

Futurebus+ back-
planes using the
Metral 2-mm con-
nector are now
available from a
number of
| sources. The ad-
vantage of the
modular connec-
tor is that it can
accept optical
modules as well
as electrical con-
nections for fiber-
optic communica-
tions schemes or
networks. (Picture
courtesy of
Schroff)




performance /O, the use of a full-
sized Profile A, B or F module would
be prohibitively expensive. The cost
of the transceivers, interface IC and
printed-circuit board alone—not to
mention the extra Futurebus+
slot—would dwarf the expense of
comparable basic I/O functions such
as are provided by Ethernet or SCSI.
Despite the availability of a broad
range of VME I/O boards, board de-
velopers feel strongly that some in-
terface to a workstation bus such as
SBus or Turbochannel will be
needed. Turbochannel
is the most obvious ini-
tial choice, since it’s a
Digital-developed
standard and Digital
will be an early leader
in Futurebus+ sys-
tems. Digital is looking
to double the speed of
Turbochannel, from
100 to 200 Mbits/s, to
handle the require-
ments of Futurebus+-
based workstations.
Although  many
third-party developers
believe a Turbochannel-
to-Futurebus+ bridge
will be a significant fac-
tor in the development
of Futurebus+—espe-
cially early in the
game—Digital’s Justus
was cautious about
commenting on any-
thing beyond the VME
bridge. He did indi-
cate, however, that the

Turbochannel ap-
proach was being eval-
uated.

Digital is highly vis-
ible in the Futurebus+
camp and the company’s approach is
focused, but the view of the technol-
ogy’s future that’s emerging is still
somewhat confused. “Usually we get
an early look at how system demand
will emerge,” says Michael Thom-
pson, technical manager at Schroff
(Warwick, RI). Schroff, along with
BICC Vero, Hybricon, Mupac, and a
few others, is among the leading
manufacturers of Futurebus+ back-
planes and card cages. Orders for
these items usually give a strong
indication of how future business
will ramp up. Based on this fact,
says Thompson, there’s just not
much going on now outside a few of
the larger companies.

“The big companies, such as Dig-
ital and many of the others cur-

rently designing Futurebus+ sys-
tems, tend to make their own back-
planes and card cages, so we really
don’t have a solid feeling for what’s
going on in the market,” he adds.
“While they may purchase a few
units from us for prototyping, we
really don’t have any hint of what
their production forecasts are.”
With what he can see, Thompson
views the Futurebus+ timetable as
moving right in line with what he
anticipated—which is a lot slower
than what was forecast by many

CCT is one of the early leaders in Futurebus+ technology, having fully
completed its system for the Navy and developed the first Futurebus+
board that worked right off the bat in a Digital Equipment Corporation
Alpha workstation. CCT’s team of engineers plans to bring out an en-
tire family of Futurebus+ boards over the next several months, begin-
ning with a VME-to-Futurebus+ bridge, local- and wide-area network-
ing products and telecommunications boards. Pictured is the
Futurebus+ engineering development team (left to right): Erasmo
Brenes, Tim Lipsky, Ivo Rusich, Jeffrey Chen, and John Eden.

analysts and Futurebus+ advocates.
“Futurebus+ is going to take a while
to reach any kind of volume,” he
says. “Just as it took a long time for
VME to mature, Futurebus+ isn’t
going to make it overnight. Future-
bus+ is difficult to design around,
and development times tend to be a
lot longer than VME. There’s a big
learning curve to get over, and a
huge mass of knowledge is needed to
design Futurebus+ boards. A lot of
people have to get educated, and that
education has to take time. Future-
bus+ is a lot more complicated than
VME, and that complexity is re-
flected in the design time.”

Still other delays have bogged
down potential developers. “With
Futurebus+,” says Force’s Fischer,

“it’s almost imperative to completely
model a board on a computer before
attempting to make a prototype.” By
contrast, more traditional design
approaches, such as those used in
VME, let you put together a proto-
type and debut the board in hard-
ware. “With Futurebus+,” continues
Fischer, “it’s not that easy. Some de-
signers have painfully discovered
that about the only way to fully de-
velop a Futurebus+ card is to model
and simulate it thoroughly before
touching a prototype.”

“In addition,” says
Ray Alderman, techni-
cal director of VITA
(VME/Futurebus+ In-
ternational Trade As-
sociation), “there have
been delays in getting
the standard printed
and circulated to de-
velopers, which have
resulted in designs
lagging expectations.
It took eight months
from the final ap-
proval of the specifica-
tion until it was in fi-
nal form, printed and
readily available.”

Still other delays in
getting Futurebus+
product out the door
have revolved around
the silicon. “Semicon-
ductor makers are go-
ing through revisions
to get Futurebus+
chips where they want
them with respect to
performance,” states
Digital’s Justus. He
points out that it’s
been difficult to figure
out what to include on
an interface chip and what cost-to-
functionality ratio is optimum. “Pro-
file B tends to be less expensive and
less complex to design,” he says,
leading to the expectation that the
fastest ramp-up will be for that pro-
file. Justus is echoed by National’s
Koehle, who comments that he sees
the largest opportunity in Profile B,
but he adds that “when the demand
shifts over to one of the more com-
plex profiles, National will have in-
terface silicon ready.”

I ™ for military

While developers are just getting
started on the existing profiles, the
Futurebus+ Committee is aggres-
sively working on additional profiles
that will swell the Futurebus+ flock.
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Chief among the emerging profiles
are M and T, the military and tele-
com profiles respectively.

“The M profile was delayed right off
the bat with some connector issues,”
says VITA’s Alderman. Originally, the
2-mm connector was planned for, and
manufacturers were ready to mili-
tarize it, but in the middle of the
process it was decided to opt for a
blade-and-fork connector pioneered
by Teradyne (Nashua, NH). This tech-
nology is used in a 396-pin connector
in the SEM-E form factor, as well as
in the 10-SU form factor with a 556-
pin connector version. While swap-
ping the connector isn’t significant by
itself, redefining the signal, power
and ground pins from the ini-
tial 2-mm Futurebus+ con-
nector to the revised blade-
and-fork approach has been
a time-consuming process,
slowing down other parts of
the profile.

“Another factor which
delayed both the M and T
profiles,” continues Alder-
man, “was that fault toler-
ance and live insertion be-
came such critical issues
that a special task group
had to be formed to address
them. The task group has
defined the scope of the ob-
jectives, which proved so
wide-ranging, complex and
lengthy that a totally sepa-
rate document had to be es-
tablished for fault-tolerant
characteristics.” Profiles M
and T will then be able to
point to sections of that new
document to provide re-
quiredperformanceparameters.

Alderman says that “these organi-
zational issues are now behind Pro-
file M, and the mechanical and elec-
trical definitions are sound. All that
remains is for the committee to put
the finishing touches on the protocol
and identify the pointers to the
fault-tolerance and live-insertion
document.” The group anticipates
that this will be done and the speci-
fication completed and sent out on
an IEEE sponsor ballot by year-end.

Even though the specification for
the military profile isn’t yet com-
pleted, at least two DOD contracts
in the works call for Futurebus+.
The first is a J-Stars project using
an Alpha-based implementation in a
conduction-cooled, SEM-E form fac-
tor. The other contract is for a 10-
SU-sized board with an R-3000-
based CPU.
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Both include the basic Future-
bus+ specification, but on different
mechanicals. The SEM-E form fac-
tor is typically for avionics use and
measures about 6 in. on a side, while
the 10-SU is 250 mm high and about
the size of a VME card. One feature
of the 10-SU system is that it pro-
vides for redundant Futurebuses for
fault-tolerant applications.

B T for telecom

“Profile T has experienced delays
similar to those of Profile M,” contin-
ues Alderman, “in that it is also de-
pendent on the fault-tolerant speci-
fication.” But since that specification
has been separated from the basic

Force Computer developed this 80486-based Futurebus+
CPU in its role as a subcontractor to Litton in the Navy's
NGCR program. Delays in getting the interface silicon
which it jointly developed with Texas Instruments have
resulted in the company falling behind its delivery
schedule. According to Force, the board will be up and
going later this year.

profile, progress is being made. The
mechanicals have been completed,
using a 2-mm, Metral-type connec-
tor similar to that of the existing
profiles. In addition, the pin-outs
have now been defined.

Two different form factors have
been defined, one calling for a 300 x
300-mm board, the other 300 mm
wide by 450 mm tall. “Because the
telecom industry is so heavily I/O-
intensive,” says Alderman, “it needs
the 450-mm-tall form factor to han-
dle the I/O lines.”

The logical layer of the T profile is
still undergoing some revision be-
cause of the special requirements of
the telecom industry. According to
Alderman, “When you have a parallel
bus controlling computer resources
that deal with the integration of some
of the newer, high-performance tech-
nologies such as Sonet, there are some

special problems.” The Metral con-
nector, for example, is modular and
capable of handling optical as well as
electrical connection modules. While
the mechanics of these connections
have all been worked out, some of
the implementations and interfaces
to high-speed serial inputs and out-
puts continue to raise questions.

In addition, much of the logical
layer depends on the definition and
interface level of the fault-toler-
ant/live-insertion specification. This
is because the telecom industry is
potentially the largest user of fault-
tolerant computer hardware and
software. “When the telephones go
down,” says Alderman, “people write
books about it.”

“In addition, the chal-
lenges to the telecom indus-
try are dramatic. Not only
does the new family of com-
puters have to handle the
traditional telecom chores,
but it must also deal with
brand new technology. On
one side, faster communica-
tions schemes such as Sonet
are needed to handle greatly
increased traffic. On the
other side, telecom hard-
ware and software have to
address data communica-
tions, video and even enter-
tainment as the role of com-
munications broadens.”

0l on the desktop

While the telecom and mili-
tary profiles push Future-
bus+ technology to new
levels of performance, espe-
cially in the area of fault tol-
erance, the desktop group is working
on the leading edge of technology in
yet another direction—smaller,
faster, cheaper, and lower power dis-
sipation.

At the electrical layer, members of
the committee are trying to define a
new transceiver technology based
not on BTL, but on a version of CTL
(CMOS transistor logic). This trans-
ceiver is meant to provide high-
speed, ultra-low-power transmis-
sion; the minimum transfer clock
speed is in the area of 250 MHz, with
a goal of about 500 MHz. The ulti-
mate object is to make the profile
compatible with portable, battery-
operated computers, as well as true
desktop and deskside units. As was
the case with BTL, all the physics of
the CTL interface have yet to be
worked out to accommodate trans-
mission line and other high-fre-
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quency effects.

Another subgroup within the Pro-
file D Committee is working or-
thogonally with the transceiver
group, defining mechanicals. This
involves very-high-performance
connectors which will be relatively
transparent to the transceiver.
“The connector has not yet been de-
fined,” Alderman says, “but the com-
mittee is currently accepting pro-
posals ranging from elastomeric
polymers to high-density, stackable
pin-and-socket connectors.”

While most committee members
agree that the form factor of Profile
D should be small and stackable, the
exact dimensions will probably de-
pend to some extent on the connec-
tor scheme selected. The objective is
to define a card that can be used as
a mezzanine card for Futurebus+
Profiles A, B, F, and others as the
specifications are completed; it must
also sit on a variety of different pro-
prietary motherboards.

According to Force’s Fischer, Pro-
file D will continue to pose real chal-

lenges to the specification writers.
Thus far, only the transfer rate of
100 to 250 Mtransfers/s and the bus
width of 64 bits have been agreed on.
But Fischer speculates that the
board will probably be close to 3 x 5
in., or the post-card size of SBus and
Turbochannel, with a height of only
15 mm, so extra Futurebus+ slots
won’t be needed when a board is
added to an A, B or F card. To
achieve the low power and high
speed, Fischer believes the electrical
characteristics of the bus will look
something like RAMbus, with low
voltage swings.

B The logical layer

Efforts to define the logical layer are
lagging even farther behind than
the physical layer. Most of the major
system companies, including Digi-
tal, Hewlett-Packard, IBM, Sun,
Unisys, and others, have been sit-
ting at the Profile D meetings and
have brought up a number of larger
philosophical issues. These range
from the fundamental transfer pro-
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tocol to more global issues such as
what the specification should or
shouldn’t include.

Even the source-synchronous pro-
tocol of Futurebus+, thought to be
sacred, appears to be under attack.
But the 896.1 specification provides
for a synchronous as well as a
source-synchronous protocol. Among
other things, the committee is
questioning whether a tightly cou-
pled resource such as a mezzanine
bus should be synchronous or asyn-
chronous. Or should it at least have
some synchronous capability?

Certainly we’re seeing shades of
SBus and Turbochannel reflected in
the discussion. It’s being asked, in fact,
whether the desktop profile is a follow-
on to either—or both—of those work-
station buses. And, to some extent,
participants are learning what would
have happened if either of those buses
had been designed by committee,
rather than by a single group within
a single company.

The process of defining the logical
layer is just beginning, and it’s al-
ready apparent that Profile D won’t
join Profiles M and T in going out for

| sponsor ballot by year-end. It’s been

forecast that the committee might
have the specification ready in 1993,

| but skeptics believe it will take lon-

ger for so many major systems
houses to agree on enough parame-

ters to make a specification.

Force’s Fischer, on the other
hand, believes committee members
will be able to keep to a more rigid
timetable. “Through our work on
other parts of the specification,” he
says, “we’ve learned how to handle
committee work, and how to estab-
lish realistic goals. Profile D will
come into line once realistic goals
are established.”

As chairman of the committee on
the Futurebus+-to-VMEbus bridge,
Fischer reports that the most recent
draft included many comments; most
problems, however, have already
been resolved. He hopes that the
specification can go out for sponsor
ballot later this month. (The bridge
specification will become part of the
VME 1014 specification rather than
the Futurebus+ specification.)

l optimism still high

Despite delays in completing parts of
the Futurebus+ specification, scarce
silicon and slower-than-expected
emergence of systems, most players
within the Futurebus+ camp remain
very optimistic. “We started with

transfer rates around 125 Mbytes/s,
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and are now approaching 160 and
still improving with each genera-
tion,” says CCT’s Kimble.

Kimble also thinks that other
bridges, including a Futurebus+-to-
Turbochannel product, will be sig-
nificant over the next several years.
And as Digital workstations begin
to break the ice for commercial Fu-
turebus+ systems, other companies
are expected to follow rapidly, offer-
ing a broad selection of high-perfor-
mance servers and parallel sys-
tems.

This marks the beginning of the
Futurebus+ revolution. Where it
goes will largely depend on how fast
manufacturers can ramp up to pro-
vide a critical mass of available
hardware—and, just as important,
software. At this critical juncture,
most of the initial pieces are in
place, but the infrastructure still
has a number of vulnerable spots.
Expectations have already ex-
ceeded reality. Board makers are
still treading very gently, reluctant
to expend significant resources on a
technology for which there is no sig-
nificant demand. And extensions to
VME and Multibus II continue to
push those standards closer to ini-
tial Futurebus+ performance lev-
els—and at a fraction of the price.l

For more information about the technol-
ogies, products or companies mentioned
in this article, call or circle the appro-
priate number.

Cable and Computer

Technology (CCT)

(714) 937-1341 . . " Circle 230
Digital Equipment Corporation

(800) 678-6736 . . . .. .. Circle 231
Force Computers

(408) 370-6300 . . . . . . Circle 232
Litton

(415) 591-8411 : v .o Cirdle 233
National Sem|conductor

(408) 721-8265 e .....Circle 234
Newbridge Microsystems

(613) 592-0714 b ....Circle 235
Philips/Signetics

(408) 991-2000 5 ... Circle 236
Raytheon

(508) 4403655 .. ... . ... .. Circle 237
Schroff

(401) 732-3770 5 . Circle 238
Teradyne

(603) 889-5156 : : Circle 239
Texas Instruments

(214) 995-6611 s ... Circle 240

VITA (VME/Futurebus+
International Trade Association)
(602) 951-8866 -t ... Circle 241
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Second in a series of Special Reports on Future Computing...

Neural Computing

COMPUTER DESIGN'S OCTOBER Issue will feature a Special Report on this

exciting facet of Future Computing, by editors Mike Donlin and Jeff Child.

The potential for neural net systems is
vast in such areas as non-guided robots,
image recognition, and control systems
which must respond to unpredictable
situations. Neural computing promises
to have a significant impact on the way
designers approach problems of guid-
ance, control, and especially, image and
pattern recognition, and processing.

Neural computing has been used to pre-
dict weather, horse races, and stock
market fluctuations. And while these
applications take an inordinate amount
of computer power to produce reason-
ably reliable results, the implications of
their success are staggering.

In this October Special Report on Fu-
ture Computing, Mike and Jeff will join
forces to probe the progress being made
in neural network research to identify

some of the applications that already exist, and review the
impact that neural computers may have on the next genera-
tion of microprocessor architectures. They will also look at
some of the software developments and hardware

Neural Network Market Forecast
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prototyping tools available to start applying this powerful
new approach to computing and embedded control.
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Like the April Future Comput-
ing Report on Fuzzy Logic,
this report on Neural Comput-
ing is expected to draw un-
precedented readership and
inquiry response.

For example, The Fuzzy Logic
report generated over 5,000
inquiries! Why? Because
COMPUTER DESIGN zeros
in on design directions, op-
tions, and choices with its ex-
clusive "Why-to" Editorial, tar-
geting 100,000 Engineers and
Engineering Managers, all
100% Design and Develop-
ment qualified !

If you are currently involved in
developing hardware or soft-
ware products for neural net-

works, don't miss this unique advertising opportunity. To
find out more, contact your COMPUTER DESIGN sales
representative or call Tim Tobeck, Associate Publisher/
National Sales Manager at (508) 392-2116.

and Design
Directions
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BSPECIAL REPORT:BUSES AND EMBEDDED COMPUTERS

Applications, not technology,
drive embedded computers

“Business as usual” is no longer the rallying cry of standard-bus technology at the
board level. The key is finding real solutions—not just throwing more advanced
technology at the problems. And major technical conferences like Buscon, the
Embedded Computer Conference and Exposition (ECC) and the Embedded
Systems Conference are helping engineers and engineering managers find the key.

Warren Andrews, Senior Editor

The next chapter in the history of
standard-bus, board-level comput-
ers is now being written, and it cov-
ers a lot more ground than the chap-
ter before. A number of factors are
contributing to the complexity of the
scenario; prominent among them

are changes in the embedded-com-
puter industry, the incredible
shrinking transistor, the availabil-
ity of high-performance CAD, com-
petitive market pressures, and a
general acceptance of software and
hardware standards.

Traditionally, board-level prod-
ucts end up in embedded applica-
tions ranging from high-perfor-
mance, system-level controllers to

imaging and CNC or machine con-
trol. The basic idea remains the
same: these computers are going
into an end product that’s not itself
a computer.

Board-level computers based on
standard buses are essentially a
subset of embedded computers. The
two groups aren’t synonymous, but
there’s a growing thread of com-
monality, based on the fact that both
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hardware and software standards
are becoming increasingly critical.
On one side, all embedded solutions,
from the simplest single chip to the
largest embedded supercomputer,
are groping for such standards. On
the other, standard-bus approaches,
architectures and companies are
reaching out to accommodate exist-
ing and emerging embedded appli-
cations by redefining how standards
are applied.

Making the situation even more
dynamic, traditional embedded

mance and reduce memory space.

But such highly customized ap-
proaches are rapidly falling out of
favor—even in the automotive in-
dustry. Standard chip and system
architectures are becoming the rule,
replacing custom designs. And stan-
dard operating systems are being
used widely, for everything from mi-
crocontrollers to DSP. Even stan-
dard high-level languages are
slowly replacing hand coding in crit-
ical applications, including automo-
tive and DSP.

Indicative of the trend toward

New SBC from Micro/Sys

nonstandard bus-embedded
computers is a new single-
board computer from Micro/Sys
(Glendale, CA). Best known for
its STD-based products,
Micro/Sys has abandoned the
standard-bus form factor in this
product for MS-Windows and
PC-architecture standards. It's
WindowCard/486 is a compact
SBC based on the Cyrix 486SL
that measures only 4.5x7.8in.
The system can accommodate
up to 8 Mbytes of system RAM
and a complement of semicon-
ductor disks specifically tar-
geted at Microsoft Windows

3.1. The flash memory that’s
included eliminates the need

files.

for mechanical disks when embedding Windows into larger systems. This flash
memory takes the form of a “read-mostly” disk that stores up to 20 Mbytes of
Windows, DOS and user executables, as well as data-link layers and other system
A separate battery-backed-up RAM disk is used to store other, more
frequently written-to files, such as .INI and swap files. The board is made for
mounting on a flat surface using a set of standoffs, although the company offers
an optional STD Bus card-edge connector.

computer systems are themselves
rapidly changing. Throughout the
1980s, embedded systems were the
domain of a design-from-scratch
mentality featuring in-house pro-
duction. The results, often spectacu-
lar in terms of price, size and perfor-
mance, incorporated highly
optimized hardware and software in
a custom-tailored form factor. The
solutions were also notable for the
development cost and time spent.
Typical of this approach are com-
puters used in automotive applica-
tions. Starting with the CPU, all com-
ponents of the automotive computer
are custom-designed. Even the soft-
ware is painstakingly coded in assem-
bly, and by hand, to optimize perfor-
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Also, new embedded computer ap-
plications are emerging almost
daily, sorely taxing available design
resources. Such custom techniques
cause design budgets to soar and
development times to stretch out.
Both can spell disaster in a highly
competitive market—but perhaps
most critical are time-to-market is-
sues. Computer-aided tools are
only part of the answer; the other
part is standards: standard operat-
ing systems, languages and com-
puter architectures.

| Applications skyrocket

Recently, there have been two im-
portant changes in the embedded
computer world. First, the number

and complexity of embedded com-
puter applications have both sky-
rocketed. Products exist today that
weren’'t dreamed of only a few years
ago. In medical instrumentation, for
example, there are CAT and PET
scanners, portable blood analyzers
and EKG machines, and IR imaging
machines and other diagnostic tools
that are a direct result of the avail-
ability of high-performance embed-
ded computers.

Nor is the medical industry the
only one calling for advanced em-
bedded computers. In the machine
tool industry, everything from the
smallest benchtop lathes and mill-
ing machines to building-sized form-
ing and casting machines is con-
trolled with embedded computers.
On the highways, traffic lights and
warning signs depend on such sys-
tems, while similar devices com-
pound fuels, brew beer and control
a variety of other processes.

Computers embedded in equip-
ment ranging from oil and coal gen-
erators to plating machines are con-
stantly monitoring our increasingly
threatened, fragile environment.
Still others are embedded in instru-
ments of exploration, from earth-
bound photometry devices to ther-
mal imaging systems orbiting the
planet. And the military depends on
computers embedded in aircraft,
missiles, tanks, and simulators to
increase precision and lower cost.

Computers aren’t just being em-
bedded into new products, either;
they're also finding their way into
everyday items, from familiar house-
hold appliances such as the washing
machine, refrigerator or oven to
games, TVs and other entertainment
devices. They're used as well in all
areas of telephone, data and video
communications, whether business
or consumer.

0 standards taking hold

The second important change has
been that there’s a growing trend
toward adopting software and hard-
ware standards to simplify design,
speed development time, better uti-
lize resources, reduce testing re-
quirements, and raise overall qual-
ity. Among the issues in this area:
standards are more a moving target
than in the past because de facto
market standards have become as
important, or more so, than
legislated standards. And recently,
standards are looking more at logi-
cal and architectural, rather than
physical, embodiments.
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For example, the IBM PC and its
compatibles follow a standard, but
the standard I/O bus—ISA or
EISA—has been supplemented by
embedded solutions that use nei-
ther; rather, they modify the basic
architecture of the PC itself. These
approaches include PC/104, STD
and a variety of single-board PCs.
Also, with the introduction of Intel’s
Peripheral Component Interconnec-
tion (PCI), ISA and EISA may
largely disappear—or at least be rel-
egated to systems with specific, non-
standard I/O requirements.

Similarly, the Sparc-based Sun
workstation, along with its compat-
ibles, is setting a de facto standard.

ing a new set of standards in their
area. Until now, these standards
have been fluid, but that appears to
be changing. With the release of the
PCI interface standard and the
emergence of PCI silicon, PC com-
puter-architecture chip sets will be
removed from—and so become
transparent to—the computer inter-
face. Similarly, Sun’s M bus isolates
processor, memory and cache archi-
tectures, whether on chip, module or
board, from the computer interface.
And with formal release this month
of SBus interface ICs—the Goldchip
and SLIC—standard SBus interface
silicon will be available that sup-
ports both 32 and 64 bits.

While there’s lit-

tle question that the
80X86 is a standard,

haps because of its experience with
personal computer clones. The com-
pany’s strategy, however, has been
very successful if measured by the
reception of the RISC 6000 family of
workstations. The success of this
line as a leading computer architec-
ture, though, depends on many fac-
tors—including its relationship with
Apple, Motorola, Microsoft, and
others.

Perhaps the most difficult trend
to forecast at this time is the rela-
tive potential of the MIPS Com-
puter (Sunnyvale, CA) architecture.
When it first came out it seemed
destined for market dominance,
garnering as it did the support of
Digital, Compagq, Silicon Graphics,
and 138 other companies looking for
a standard-computer architecture.

and that Sun has Billed as the Advanced Computing

Module stack

develop into architec-

While many manufacturers have chosen single-board solu-
tions, it’s not always possible when using them to include
all the features and I/0 that OEMs need. Responding to
this need, more than 20 manufacturers have formed a con-
sortium to back a miniature version of the ISA standard.
Both stackthrough and non-stackthrough modules are il-

lustrated.

There are now about a dozen manu-
facturers of Sun-compatible work-
stations, including a number of com-
panies that offer boards and
subsystems exclusively for embed-
ded applications.

Of course, these examples depend
on standard operating systems and
software—DOS in the case of the PC
and Unix (or SunOS/Solaris) in the
Sun environment. Without these
operating systems, and the body of
readily available, shrink-wrapped
software accompanying them, such
standards probably wouldn’t sur-
vive. Beyond software and OS com-
patibility, however, these de facto
standards depend on a common com-
puter architecture to provide hard-
ware compatibility. And that com-
mon architecture is supplied in
virtually all cases by complete chip
sets.

Just as board-level interface
chips—the MPC of Multibus II and
VIC/VAC chips for VME—solidified
standards at that level, computer-
architecture chip sets are establish-
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tural standards in
coming months.

Digital Equip-
ment Corporation
(Maynard, MA), with
fanfare fit for a bet-
the-company an-
nouncement, de-
clared its Alpha processor the begin-
ning of a new generation. While it
hasn’t attracted a following of thou-
sands yet, there are at least a dozen
companies with Alpha-based pro-
jects currently under development.

What may add to the popularity
of Alpha is the fact that it will debut
on the industry’s first Futurebus+
workstation later this year. And
with Alpha-based Futurebus+ cards
emerging from at least four manu-
facturers, Digital’s device could well
thrust Futurebus+ into the forefront
as a market—as well as an IEEE—
standard. If Alpha-specific Future-
bus+ interface silicon emerges, with
Alpha as a local bus, the chip will
become even more important—partic-
ularly in the military and telecom
areas.

Still avoiding the spotlight is IBM
(White Plains, NY), with its RISC
6000 chip set and, in conjunction
with Motorola (Tempe, AZ), its All-
American RISC offering in the
works. IBM has held its technology
close, keeping it proprietary, per-

A G B g?;:‘énnaoueu been at least par- Environment (ACE) consortium,

0.6" SPACER MODULE tially successful in this group of software and hard-

ol attracting a follow- ware vendors embraced the MIPS

05’ eyt ing for its Sparc ar- architecture as the basis of an en-

aig chitecture, there are tire family of products, from operat-
= at least two, and ing systems to workstations.

e possibly three, other But between then and now things

processors that could have gotten bogged down. Digital,

although it still professes its support
and makes MIPS-based worksta-
tions, has eclipsed its own MIPS ac-
tivity with its Alpha announce-
ments. Compaq has dropped MIPS
and its ACE activity in a corporate
reorganization. Silicon Graphics,
hoping to keep the technology alive,
has purchased MIPS Computer. But
while MIPS keeps cropping up in
products, no complete chip sets have
emerged, as was the case with Sparc
and the PC, and it’s doubtful that
Silicon Graphics has a large enough
following to support the architecture
single-handedly. It’s even question-
able whether Digital, with a far
larger installed base, can make its
Alpha a market standard.

l Board-level split

Although the emergence of com-
puter-architecture standards may
bode well for the standard-bus,
board-level community, it’s certainly
a double-edged sword. Currently,
the bus industry is solidly focused on
the medium-performance, medium-
price arena, with systems calling for
multiple boards, card cages, power
supplies, and other components. But
both existing and new applications
are moving quickly in two other
directions.

In one case, applications are calling
for smaller, more compact, less expen-
sive, and more power-stingy products.
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At the other end of the spectrum,
embedded applications require su-
percomputer power with ever faster
I/O. In both cases, end users are
demanding that standards be built
in for hardware and software.

At the low end of the performance
spectrum, the ubiquitous PC has
commandeered applications that
might otherwise have gone to other
bus architectures, such as VMEbus,
Multibus or STD. But special, in-
dustrially hardened versions of con-
ventional PCs are needed for many
of these applications, or else they've
gone to other form factors or buses,
because desktop PCs don’t work well
in harsh environments.

Other reasons for switching from
the traditional PC form factor,
which includes motherboard and
ISA or EISA adapter cards, vary de-
pending on the application, but size,
power dissipation and reliability
have often been cited as reasons. In
applications for more robust physi-
cal and computing environments,
standard bus architectures such as

Multibus II, VMEbus or STD Bus
are employed, with an embedded PC

on the host bus.

I The small-form-factor computer

More and more, however, applica-
tions are calling for embedded com-
puting power in a small form factor
customized for particular functions.
In the past, such solutions took the

At the low end of the
performance spectrum,
the ubiquitous PC has
commandeered appli-
cations that might
otherwise have gone
to other bus architec-
tures, such as VMEbus,
Multibus or STD.

form of custom designs, with engi-
neers working from scratch to de-
sign and lay out the embedded ma-
chine. While this approach may
ultimately lead to the most efficient
computer optimized for the applica-
tion, practical considerations make
other alternatives look attractive.
Standard off-the-shelf or semicus-
tom computer approaches based on
the PC architecture are now availa-
ble from a number of vendors in dif-
ferent form factors with a variety of
options. One of the leaders in provid-
ing such technology and disseminat-
ing it to other manufacturers and
users has been Ampro Computers
(Sunnyvale, CA). The company has
standardized a subset of ISA bus at-
tributes in a compact form factor and
rallied more than 20 manufacturers
to support the concept, now known
as PC/104. The group produces a va-
riety of CPU and I/O modules.
While bringing standard-PC
hardware and software to small-
form-factor embedded applications
may seem unnecessary in an age of

The Worlds F
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full-function chip sets, the benefits
of the PC approach are often over-
looked. In many applications, par-
ticularly those with relatively low
volumes, the cost of a custom-de-
signed computer can be prohibitive.
But even in large-volume applica-
tions, a standard board may be as
effective as an in-house design.

B Quality, cost and time-to-market

In the first place, specialty manufac-
turers of small computers can often
realize significant economies of
scale, because they sell to many dif-
ferent customers. Second, designs
are rigorously tested, guaranteeing
a level of reliability not easily
achieved with design-your-own ap-
proaches. Third, specialty houses of-
ten make deals with semiconductor
makers that guarantee a certain
“life of product” by buying end-of-
run quantities of critical chips. In
the volatile PC environment, this
can be an important factor, particu-
larly if subsystems must pass ex-
haustive qualification tests. Fourth,

design houses developing small,
embeddable computers are highly
specialized. They can often assem-
ble a general-purpose computer en-
gine in less space and at lower cost
than a less experienced designer
could accomplish with a fully custom
design. Fifth, add-on or mezzanine
modules such as PC/104 devices or
IndustryPacks are frequently avail-

Specialty manufac-
turers ... can often
assemble a general-
purpose computer
engine in less space
and at lower cost than
a less experienced
designer could accom-
plish with a fully
custom design.
il

able to perform a broad range of
functions. And for specialized func-
tions, custom-I/O mezzanine boards
can be designed either in-house or
by the vendor.

Finally, and perhaps most impor-
tant, makers of packaged computer
systems sell time-to-market. Dedi-
cated design time for an embedded
computer subsystem goes from a sig-
nificant interval to zero in this sce-
nario. And not only does design time
go to zero, but inspection, testing
and evaluation times for both incom-
ing components and completed sub-
systems are reduced almost to zero.

I no single solution

There are a number of standard PC
hardware offerings, but they don’t
quite fill every application niche. To
satisfy those uncovered applica-
tions, some companies offer quick-
turnaround capabilities ranging
from semicustom approaches to full-
custom designs. Semicustom ap-
proaches such as that of Ziatech
(San Luis Obispo, CA), called ASAP
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Underscoring an industry trend toward mezzanine boards is this DSP module (upper
photo) based on Texas Instruments’ 320C40; it's from Spectrum Signal Processing.
The board can be plugged into existing platforms, such as VME or PC carrier boards
offered by Spectrum, or it can work well with any single-board CPU. The DSP mod-
ule uses a standard pin-out developed by Texas Instruments for its C40 family of DSP
devices. Spectrum Signal Processing has also developed an analog-to-digital con-
verter mezzanine module (lower photo) that can be plugged into a broad variety of
hosts. Aside from providing systems with much flexibility, the module increases the
fidelity of the analog section because it’s isolated from the carrier.

(application-specific automation
processor), provide a standard ar-
chitecture and form factor onto
which a variety of standard and cus-
tom functions can be added. Using
board- and system-level CAD, the
company is able to turn fully func-
tional designs around in only weeks.

When more customization is re-
quired—for example, a different
form factor—there are several com-
panies capable of clever designs and,
in many cases, they can provide
complete library functions for CPUs,
computer subsections and I/O. S-
MOS Systems (San Jose, CA), for
example, does highly specialized
packaging and has state-of-the-art
printed-circuit and mounting tech-
niques that include everything from
flexible mounting materials to ultra-
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fine board geometries.

Still, there are many embedded
applications where a PC, in spite of
a variety of offerings and a growing
installed base, just won’t do. These
applications were originally design-
and-build-your-own as a rule. Some,
where standard boards such as
VME or Multibus were used, were
primarily proof-of-concept or proto-
typing tools; production went to in-
house design and manufacture.

| Two-step migration

Over the past few years, many of
these applications have migrated to
standard-bus architectures. This
has in part been the result of board
makers who've gotten their acts to-
gether to provide some level of plug-
and-play compatibility—and per-

haps also to remain flexible in a
fast-paced technology market.

But a bus-based solution requires
a card cage, two or more relatively
costly boards and, of course, all that
software—such as drivers and
RTOS—to make the boards work to-
gether as a system. This can result
in a costly, large and cumbersome
end product that often takes time to
get up and running. Also, the incred-
ible shrinking transistor has hit
again. With greater transistor
counts, functions that previously
needed an entire circuit board can
now comfortably reside on a single
chip.

As a result of such developments,
industrial-strength, board-level
technology is rapidly changing. Ap-
plications met by medium-perfor-
mance, standard-bus, multiple-
board technologies are migrating
toward single-board solutions
supplemented by mezzanine boards
to add flexibility and customized
I/0. While some of these applica-
tions are shifting over to PCs, many
need the higher performance level of
the Motorola 68000 family of RISC
processors or the networking and
multitasking capabilities of a Unix
platform.

The first move to single-board so-
lutions came when Sun Microsys-
tems Computer Corporation (Moun-
tain View, CA) announced it would
offer a board version of its Sparcsta-
tion for use as an embedded com-
puter. Sun already had a large fol-
lowing of users for its single-board
and board-set Sun 3 and 4 comput-
ers, which it offered as both 6U and
9U VME platforms for embedded
applications. Its new approach sim-
ply consisted of a Sparc-based
motherboard with a pair of connec-
tors for SBus modules.

B Follow the leader

Sun’s approach was so successful
that this past June it relinquished
all VM Ebus business—over $25 mil-
lion in sales at its peak. The com-
pany has converted, or will convert,
70 percent of its VME customers to
its Sparcengine/SBus platforms. It
plans to continue to serve the re-
maining VME traditionalists
through a technology exchange
agreement with Force Computers
(Campbell, CA), which will continue
to offer the latest Sparcstation tech-
nology on a VMEbus platform.
Force too was quick to see emerg-
ing opportunities, though; through
good planning, serendipity or delays
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of Sessions will be distributed to all registered attendees.

TUTORIAL SESSIONS Day-long and half-day tutorials will instruct new and experienced users
on the fundamentals and advanced aspects of VHDL.
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VHDL-based design methodology.
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BSPECIAL REPORT:BUSES AND EMBEDDED COMPUTERS

| Dover Electronics
s | has developed its
own miniature PC-
bus-based stan-
dard, for which it
provides a variety
of different mod-
ules, including a
| single-board com-
| puter. modem, fax
modem, network
interface, SCSI,
| data-acquisition
|| systems, memory,
and others. Pic-
tured is its ex-
tremely small
package (ESP)
evaluation system.

in getting its latest VME interface
completed, the company recently
announced a 6U Sparcengine 2
without a VMEbus interface. A ver-
sion with the full VMEDbus interface is
expected to be released later this
month. Both carry a pair of SBus
slots.

While the Sparcengine has taken
off as a single-board embedded com-
puter, there are still applications
looking for a more comprehensive
but flexible solution. The trend here,
it would appear, is away from com-
ponent-based solutions. Perform-
ance Technology (Rochester, NY) is
the first of the Sparc/SBus vendors
to provide a complete embedded sys-
tem with its SBus/System. Perform-
ance packed a Sparc-based mother-
board with most of the regular
features, such as Ethernet, SCSI-2
and serial ports in a box with a power
supply and up to eight SBus slots.

This box-level product is targeted
at real-time embedded applications,
although the company is currently
looking to port to Sun’s Solaris oper-
ating system. According to company
executives, the approach is getting
an encouraging reception, especially
from users of single-board solutions.
Once again, passing along mount-
ing, power supply and other hard-
ware aspects to the subsystem ven-
dor lets the application developer
concentrate on his or her own area
of expertise.

Further underscoring the shift to
single-board as opposed to bus-
based solutions, Motorola, the
world’s leading VMEbus manufac-
turer, introduced its latest single-
board computer (SBC) with the an-
nouncement that it would be
available with or without a VMEbus
interface. To provide I/O flexibility,
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the board, Motorola’s MVME162, in-
cludes sockets for up to six Industry-
Pack modules. GreenSpring Com-
puters (Menlo Park, CA), the creator
of the IndustryPack, also offers a bus-
less board with IndustryPacks for I/O
that’s based on the Motorola commu-
nications processor, the 68332.

And PEP Modular Computers
(Pittsburgh, PA), the leader in 3U
VMEDbus technology, has been a pio-
neer in offering busless 3U VME
boards. The offerings are part of the
company’s industrial-automation
platform, tying stand-alone SBCs
and card cages together with an in-
dustrial serial communications
scheme, Profibus.

l standard buses alive and well

Focusing on the migration to single-
chip and single-board design for em-
bedded systems makes it sound like
the conventional board business is
disappearing. That’s not the case at

Lo R | \!: >
o

all. Standard-bus, multiple-board
solutions abound and the market
will continue to grow, although not
necessarily in many of the same ap-
plications or using the same technol-
ogy as was previously the case.

Multiprocessing, for example, is
the undisputed domain of standard-
bus approaches. Digital, as men-
tioned earlier, seems to have a leg
up in the Futurebus+ arena with its
Alpha architecture. There are also
currently two other functioning Fu-
turebus+ boards available—a
68030-based board from Cable and
Computer Technology (Anaheim,
CA) and a MIPS R-3000 board from
Nanoteck (Idaho Falls, ID). Still an-
other CPU based on Intel’s 80486 is
under development at Force Com-
puters, with completion expected
late this year. But the Alpha archi-
tecture will be first to ship in volume
in a commercial system, and this will
undoubtedly lead—at least in the
near term—to a move to Futurebus+.

Too often, however, press for Fu-
turebus+ overshadows activity in
other areas, particularly VMEbus.
Many VMEbus manufacturers have
had to claw their way through tough
economic times over the past few
years, but there are some very
bright spots on the horizon. Revision
D of the specification, for example,
which includes the formal definition
of VME64 as well as SSBLT and
some much-needed revision to the
basic timing specification, is just
about ready for acceptance.

While there are some political
hurdles to clear—and it’s not totally
clear whether the revised specifica-
tion will be an IEEE or an ANSI
specification—the result will be a

Dover Electronics
offers a 386-based
single-board com-
puter in its ESP
format. The CPU
contains a 16-, 20-
or 25-MHz 80386
processor and a
PC chip set. The
device also pro-
vides a slot for an
optional 80387 co-
processor. Unlike
other small-form-
factor CPUs now
on the market, it's
equipped with a
connector for a
PCMCIA card
(shown) in the
rear, while still fill-
ing only one ESP
slot.
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revitalized VME with transfer-rate
capabilities in the 150 Mbyte/s
range. In addition, a separate sub-
committee within the VME group is
finalizing details of a relatively simple
live-insertion/hot-swap technique it
expects to unveil later this year.
Similar developments have been
taking place in the Multibus II
camp, where a die shrink on the
MPC and new transceivers let Mul-
tibus II manufacturers double the
transfer rate. Also, the

turebus+ offerings will be adopted
as standards-based hardware, when
in truth the approaches will be
largely proprietary. At least two con-
tracts have been let for Futurebus+
hardware, although there’s no com-
mercial off-the-shelf (COTS) hard-
ware yet available.

The military will undoubtedly use
more and more COTS equipment for
prototyping and noncritical applica-
tions, reserving full military-hard-

VMEbus manufacturers are looking
in the same direction. OEMs today
are less concerned about what’s in
the box, as long as performance and
reliability parameters are met, and
provided the product fits mechani-
cally, is priced right and does the job.

Over the next few years, we can
expect to see more traditional VME
board makers providing systems—
boards, backplane, rack, power sup-
ply, OS, and, in some cases, even
applications software.

Multibus II group was an
early proponent of hot
swap and live insertion,
and has developed a tech-
nique that was demon-
strated over a year ago.
The combination of hot-
swap capability and the
revised specification will
give what many in the in-
dustry refer to as the
“midlife” kickstart VME
needs to be viable through
the 1990s. The enhanced
VMEbus will take its
place in many communi-
cations-based applica-
tions, which are expected
to form one of the hot ap-
plication areas over the

Such a systems orien-
tation will apply to
both conventional bus-
based approaches with
multiple boards and
single-board versions
of VME, Multibus,
PCs, and other plat-
forms.

At the same time, the
traditional market for
VME and Multibus II
equipment—Ilarge-scale
multiprocessing—will
continue to prosper, but
not at the rate it’s expe-
rienced previously. The
applications that bene-
fit from a loosely cou-
pled multiprocessing ar-

next several years. Simi-
larly, Multibus II will ex-
perience a revitalization,
but it operates from a
much smaller base.

While the Futurebus+
Profile T Subcommittee is
working feverishly to complete the
telecom profile, it’s not likely to go
to sponsor balloting much before
year-end—if then. Final approval
isn’t expected until late spring or
early summer of 1993. And even
then, there are no silicon solutions
to address the protocol, with all its
required features.

Profile T hardware and software
probably won’t see daylight until
1994 or 1995, and even then it will
take time to ramp up production and
develop the critical mass of products
required to support a standard bus.
Meanwhile, the applications that
have been waiting for Futurebus+
can’t wait any longer, and VME will
be filling those slots. Futurebus+
hardware will be debuting through-
out the last half of the decade, but
VME will still remain the dominant
architecture.

A similar scene will be played out
in the military market, but because
military procurement is done on a
contract basis, it’s likely some Fu-
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Ampro Computers now offers a LittleBoard/486 single-board com-
puter in the same format it used in its LittleBoard/386. While the
SBC has a variety of commonly used features on-board, it also pro-
vides a PC/104 port for OEMs that might want to add options not
included on the base board.

ened gear for those applications call-
ing for it. While it’s expected the
military will continue in the direc-
tion of Futurebus+ for the balance of
the decade, VME will still be the bus
of choice.

0l solutions, not just boards

Despite all this activity for VME,
Multibus and other leading bus ar-
chitectures, fewer and fewer OEMs
are interested in assembling the
computer segment of their products
from scratch. Whether they're devel-
oping an automated teller machine
for a bank or a quality inspection
system for an assembly line, OEMs
are looking to vendors for complete
solutions, and no longer just a cou-
ple of boards they have to painstak-
ingly assemble and wrap software
around.

For this reason, some traditional
board-level manufacturers expect to
provide systems rather than just
boards. This is apparent in Perform-
ance’s Sparc/SBus system, but even

chitecture—particular
ly in simulation, spe-
cialized image and sig-
nal processing, and
specialized factory au-
tomation and control
applications—will con-
tinue to rely on traditional bus ar-
chitectures, even though they won’t
supply the growth needed to sustain
the business.

The 1990s will undoubtedly be a
decade of change. VMEbus and Mul-
tibus will continue to experience
growth, but not in traditional process
control and automation areas. In-
stead, the growth will take place in
other application areas, such as com-
munications. The once-exclusive do-
main of bus-based solutions will shift
to SBCs with mezzanine bus exten-
sions. Futurebus+ will begin its slow
but steady climb to dominance and
Scalable Coherent Interface (SCI) will
make its commercial debut.

As is the case with any advanced
computer technology, however,
these application areas will be
driven by the availability of inter-
face silicon. And the complexity of
the silicon seems to grow exponen-
tially as each new approach in-
creases transfer rates and promises
sophisticated features. [ ]



IMAGE & SIGNAL
PROCESSING, INC.

Image & Signal Processing, Inc. designs. impressive selection of hardware and software  problems inan environment of tight budgets
and produces a large family.of intelligentand  products to satisfy the chaging needs of the  andimpossible time constraints.
friendly” digital signal processing peripherals  engineering world. That's why-high-technology companies
intended for use in high performance systems. ISP‘s® veteran customer support-team: from around the world now use the products
“From complex FET array processorstosimple  understands the intricacies involved with: designed and manufactured by ISP®.
A/D converter boards, ISP®; delivers an  solving camplicated and highly technical

—— —

ISP’s® newest board, the

i gl : RANGER™ is designed for
b '} S imaging and data compression

l * i i applications with high real-time data
i dens | IR handling requirements. With ane to four
TIMS320C30 floating point digitalisignal
progessors, the RANGER™pravides up
- {0183 MELOPs and from 440 16

MBytes of fast DRAM. It:also provides

ISP® produces Multibus® % zero' overhead data transfers between

- compatible single board will processing nodes, as well as VME and
mini-array processors, o . VSBmasterand slave eapability. All

processors are interlinked inaddition to
sharingithe bus, Diagnostics, Utilities
filters, complex FFT's, correlation; G : Math Libraries’ and DSP/Signal

and convolution, ISP's® AP-6.can’ = t C ~ Progessing Algorithms are provided with
perform a 1024-point EE1iin 8.5 the RANGERE® SPOXT™ application

performing the sophisticated signal
processing required for digital™

msec. kor.a 1000-tap F R digital - libraries are alsoavailanie:
{g%,@g\e bandwidth is 20 KHz: i /
Multibus® 8 g1
prod}é(:ts e R )
provide S 8| v
performance, = E i Ki
functionality, = . i | éi :
relability, = = | Ty
andcost  E ‘ _ [SPE® PRI
effectiveness. = " qanveris a PC
=4 faapowertul,
Oﬁﬁgc;ive‘work

ion

]

WiteTanae of
appiications, ISP® offers,
seyeralsoftware producist
_ designed forthe POINTIMS
- series of MELGE array pro-

, 0esSOrs; operationaliseftware

- and developmentisaftvare tools.

RULHITTH

TR

i “f‘ . ‘, A 5
-FOR!A GOMPIETE GATALOG: 21374959533
Copyright ©1991:Image & Si 5860, Inc. AllTiontey sewemg}FE ANGER, POINT, DSP are trademarks of Image. &
Sigfial Processing 176, SROX ) !\L Multious®isa patented mm{ bus S




. () 195ns writc/195ns read CYCLE TIMES in SINGLECYCLE () VMEbus and VSB memory start and end
4MB, 8MB, 16MB, 32MB, 64MB in one VMEDbus/VSB slot addresses configured independently

ALSO AVAILABLE FOR THE VMEBUS ARE...

THE CI-VMEmory FEATURES: THE CI-VSB-EDC FEATURES:

. Low-cost high-power VME memory with 4, 8, or 16MB . Low-cost high-power dual-ported VMEbus/VSB EDC

. VME Revision C.1 compatibility (Error Detection and Correction) memory

. Lower and upper memory addressses independently . 4, 8, 16, 32 or 64MB in one VMEbus/VSB slot
selectable in 64K byte increments . VME Revision C.1 compatibility, VSB Revision C

. Byte Parity Error Detection with selectable trap on . Lower and upper memory addressses independently
Parity Error selectable on 256K byte boundaries

@ On-board Control Status Register @ Ssingle-Bit Error Detect and Correct, Double-Bit Detect

o' Chrislin Industries, Inc.

l 31312 Via Colinas, Suite #108, Westlake Village, CA 91362
TEL: (818) 991-2254 FAX: (818) 991-3490

CIRCLE NO. 67



bject-oriented methods
transform real-time
programming

Making the change to object-oriented approaches for soft-
ware development isn’t free. It takes time, training, tools,
and organization. But for those willing to invest, the pay-
off can be enormous—for small jobs as well as big ones.

It’s often said that software developers moving from a design approach using
procedural languages to object-oriented methods must undergo a fundamental
transformation in the way they think and work. But for developers of real-time and
embedded systems, that shift isn’t nearly as great as it is for other
programming disciplines. Real-time programmers are already
accustomed to thinking of their systems as “networks of
cooperating machines,” in the words of Garth Gullekson,
senior marketing manager for Bell Northern Research
(BNR—Ottawa, Canada).

The independence and intercommunication of distrib-
uted computing nodes on a network naturally en-
courages one to think of them as distinct objects.

Nodes have well-defined inputs and outputs; they

perform precisely defined operations on their

inputs; they can be arranged in hierar-
chies to form larger machines out of
smaller ones. Even in a single-proc-
essor multitasking system, different
tasks must be encapsulated.

Tom Williams, Senior Editor




BOBJECT-ORIENTED METHODS

Since the designer of an inter-
rupt-driven system can never know
how often or in which order the
tasks will be invoked, he or she must
see to it that they can run as inde-
pendent entities when called.

The trouble is, this intuitive ap-
proach to building real-time systems
lacks the formalism and discipline of
true object-oriented design. For ex-
ample, the interfaces between mod-
ules aren’t strictly defined, and this
makes it hard to build systems

to begin designs at a higher level of
abstraction, where you can effec-
tively examine trade-offs before you
commit to actually coding a proto-
type.

Object-oriented design also lets
you produce system design and ar-
chitecture tools that permit experts
who aren’t programmers to bring
their knowledge to the development
process. Much in the same way that
spreadsheets relieve people whose
primary expertise is in business

o
File Edit Operate Functions Windows

LIE B0 AlRle]

Object-oriented technology has promise for both large and small applications that
let non-programmer experts more effectively use computers to attack their prob-
lems. LabView by National Instruments lets you design your own custom virtual in-
struments with a graphical programming environment. The front panel is designed
by placing object-like knobs and displays on a screen. The “instrument” is then pro-
grammed by “wiring” together functional objects within program control structures
and then connecting them to symbols for the front-panel devices and physical I/O.

based on a hierarchy of small mod-
ules. As a result, code is seldom re-
usable without modification.

l Doing what comes naturally

Adoption of object-oriented design
and programming approaches can
help a real-time developer work in a
way that more naturally maps to the
inherent nature of the systems
being built, while providing the ad-
vantages that object-oriented design
bestows on all branches of program-
ming. These include the abilities to
deal more easily with complexity, to
create libraries of reusable code and
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from the burden of thinking in
Cobol, object-oriented design can let
experts more easily use computers
to accomplish their goals.

It’s still true, however, that devel-
opers must go through some signifi-
cant changes in the way they ap-
proach problems, and they must
have tools that help them work in
the areas of object-oriented design
and development. Recognizing that
objects are still pieces of code, object-
oriented design concentrates more
on what those pieces do rather than
on how they work internally.

What objects do is send messages

to other objects, which operate in
terms of “methods,” or well-defined
behaviors. The interfaces between
objects and object types are clearly
defined, so that your main task is to
select the proper objects and com-
bine them into larger objects that
aim toward the goal of the design.
Once larger objects are built and
tested, they can be added to the
stockpile or library of classes for
reuse in other applications.

Classes can best be described as
potential objects that become true
objects when they’re instantiated
with data for use in an application.
Individual objects, as well as sub-
classes and superclasses of objects
(and their members), can inherit be-
havior, even if they’re given addi-
tional characteristics. This elimi-
nates the need to write so much
repetitious code.

One major difference between
working in a structured language
such as C and using object-oriented
development techniques is that in C
you've got a relatively small set of
key words and a group of syntax
rules. The programmer’s skill con-
sists in being able to combine these
key words and syntax rules to build
all kinds of elaborate applications.
In object-oriented development,
you've got a large library of classes
that can be instantiated as objects
to do specific things. The program-
mer’s skill resides in browsing
through the class libraries, selecting
the right classes and creating out of
them the application—along with
new classes that can be added to the
library for reuse.

i Making the transition

The two most popular languages for
object-oriented programming are
C++ and Smalltalk, both of which
are available from a variety of ven-
dors for a wide range of computer
systems. But languages alone don’t
ensure success in object-oriented de-
velopment. In addition to getting
used to a new thought process,
you've got to have tools to help man-
age the process, to aid thinking in
the new mind-set and to access the
richness of functionality contained
in the class libraries.

For larger companies, the shift to
object-oriented development means
changes not only in organization but
also in the expectations of manage-
ment, ranging from the initial re-
turn on investment to ideas about
incentives and the way employees
are rewarded for their work.
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Anyone making this move must
accept the fact that the rewards of
an object-oriented approach, al-
though substantial, aren’t immedi-
ate. It takes time to get people ad-
justed, to put new tools in place, to
create novel forms of organization,
and to build up that stockpile of
reusable code everyone’s always
talking about. The first project isn’t
going to have a positive impact on
the bottom line.

“Many people tend to look at in-
corporating object-oriented methods
into their operation as basically a
tool purchase issue,” says BNR’s
Gullekson. Still worse, some think of
it as simply switching to an object-
oriented language.

Without an enforced discipline to
maintain an object-oriented ap-
proach (which isn’t provided by a
language such as C++), “all you've
done is change the size of the gun
you can shoot yourself in the foot
with,” says Richard Jensen, vice-
president of new business develop-
ment for Applied Microsystems
(Redmond, WA). “A procedural lan-
guage is designed to solve a problem
that was thought out procedurally,
so when you try to do an object de-
sign off that, it’s inconsistent with
the programmatic interfaces you
need to do the job correctly.”

H The proper mind-set

If object-oriented development is re-
ally gluing a bunch of things to-
gether to make something happen,
then it’s best to retain that mind-set,
so that any incongruencies you en-
counter aren’t solved by dropping
out of object orientation and writing
some procedural fix. Rather, such
problems are solved by creating a
new object, with the view that you’ll
be able to use it again sometime.

So just turning a C programmer
loose with C++ will inevitably lead to
procedural quick fixes, because C++
doesn’t demand an object-oriented
method. As Bill Hazard, manager of
teamwork technologies for Cadre
Technologies (Providence, RI), notes,
“Object-oriented languages are
much more dependent on tools to
make them really useful than struc-
tured languages like C.” People need
to learn to think in terms of objects
rather than procedures to make such
tools really useful.

Putting people through the “para-
digm shift” to get them thinking in
terms of objects and abstractions
can take about six months. Another
major requirement, then, is a strong
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commitment by management to a
long-term move to object-oriented
operation.

That commitment shouldn’t be
precipitous, however. Grady Booch,
director of object-oriented products
for Rational (Santa Clara, CA), says,
“The last thing you want to do is bet
your next project on the new lan-
guage and methodology, because
you’ll probably fail.”

Although Rational provides soft-
ware engineering facilities for im-
plementing design notation, process

Rational’s Grady Booch cautions that, in
real-time applications, the way people
analyze problems to build their abstrac-
tions (classes) can vary widely depend-
ing on the application domain. “I can’t
build a perfect abstraction that will
work across all domains,” he says. “So
companies over time evolve libraries
that are best fitted to the vertical appli-
cation domain they’'re playing in.”

and management of large projects,
as well as a suite of CASE tools for
object-oriented development, Booch
recommends that a company first
initiate a pilot project in which a
team takes some piece of an existing
system or a system under develop-
ment and builds an object-oriented
version of it. “You may ultimately
throw it away,” says Booch, “but the
experience of doing it will help in
that six-month period to get you into
the mind-set of thinking with ab-
straction.”

Interactive Development En-
vironments (IDE—San Francisco,
CA) also recommends a pilot project
to ease the transition to object-
oriented development. IDE will soon
release its C++ Development En-

vironment as a part of its Software
Through Pictures line of CASE prod-
ucts. The company will initially be
releasing the C++ product bundled
with its consultation service, part of
which is a Pilot Project Program.
Among the goals of this program “are
to make sure the customer’s expec-
tations are properly set at three lev-
els: the executive level, the technical
manager’s level and the user’s level,”
according to Ed Mueller, IDE’s direc-
tor of marketing.

IDE assigns one of its own em-
ployees as a consultant to work with
the customer through the entire
first project. “The customer has his
own people who understand the
project but may not know how to
model it,” Mueller says. The consult-
ing service makes that marriage be-
tween application expertise and an
understanding of how to define the
problem via objects.

B Restrictive, but flexible

Object-oriented design is in one
sense more restrictive than using a
procedural language—it works only
with objects and within class hierar-
chies. But at the same time it’s very
flexible, because the way classes and
class hierarchies are defined de-
pends on the user’s perspective on
his or her problem.

Rational’s Booch says, “The real-
ity of object-oriented technology is
that it’s very incremental and itera-
tive. I've never written a class right
the first time.” You have to define a
class and see if it really fits the
problem domain you're working in;
then you have to refine it. As an
example, Booch notes that if you're
building an airplane, you might de-
fine it in terms of objects such as
wings and engines. But if you're in
air traffic control, airplanes might
be perceived in terms of position,
velocity, passengers, and altitude.

The flexibility of object-oriented
approaches results from the fact
that you can define objects using
nouns found in a requirements spec-
ification. You create these objects
out of more general-purpose, exist-
ing objects, or, in rare cases, you
might write new classes from
scratch, all the while making sure
they follow all the rules of encapsu-
lation. It’s very important, then,
that application experts have con-
trol over how problems are broken
down and how class hierarchies are
built, because the true value of re-
usable class libraries comes because
they’re tailored to the specific appli-



Real-time object-oriented programming systems

Despite the much publicized benefits
of object-oriented technology (OOT), de-
velopers of real-time and embedded ap-
plications have been slow to adopt it.
Most experimentation has been with
C++, and then only as a “better C.” As
a result, there are widespread fears that
object-oriented programming suffers
from performance problems.

Meanwhile, OOT has taken the rest
of the software world by storm. Soft-
ware developers have found that ob-
jects model the problem domain much
more effectively than procedural soft-
ware. OOT lets you build systems from
reusable components. Encapsulation
and inheritance provide powerful tools
for building software analogs of real-
world objects. Productivity is dramati-
cally enhanced—some reports claim by
an order of magnitude—and code is
more reliable and maintainable. Gar-
bage collection eliminates memory man-
agement errors.

| Diving into OOT

Those few real-time developers who
have taken the plunge into OOT are
completely sold on these advantages.
The rest continue to sit skeptically on
the sidelines. So, what's going on here?

It's @ common misconception that
real-time systems must be “fast”; the
real requirement, in fact, is to be “fast
enough.” Raw speed doesn’t automati-
cally translate into better performance.
For large software systems, most perfor-
mance problems can be traced to the
complexity of the application. Unfor-
tunately, programmers aren’t very good
at predicting where such performance
bottlenecks will occur.

This is where OOT comes in. Develop-
ers using a high-productivity environ-
ment such as Smalltalk can build an ap-
plication quickly and collect
performance data early in the develop-
ment cycle. Because encapsulation re-
sults in strong, well-defined interfaces,
it's easy to change the OO application
to eliminate performance problems as
they’re identified. No guesswork is
needed to identify bottlenecks and no
time is lost optimizing code that doesn’t
lie on the critical path.

How much reworking will be
needed? This is difficult to predict, but

the old maxim that 90 percent of the
time is spent executing 10 percent of
the code suggests that only a small frac-
tion of the program will need to be
changed.

This strategy is often more effective
than programming in a language such
as C and relying on optimizing com-
pilers to deliver the required perfor-
mance boost. A bias toward sophisti-
cated optimizing compilers often
means delays in shipping leading-edge
products, since compilers are usually a
generation behind the current hard-
ware technology. Moreover, optimizing
compilers create side effects that make
performance measurement more diffi-
cult. The biggest performance gains
come from smart programmers, not
smart programs.

I What about garbage collection?
Critics of OOT claim that garbage collec-
tion leads to unpredictable execution
times and slow response. The proposed
solution is to write code that doesn’t
create garbage—the “real men manage
their own memory” approach. This
would be a fine strategy if it worked.
The trouble is that most interesting ap-
plications demand some dynamic stor-
age allocation, and large, complex sys-
tems require lots of it. Multiprocessor
systems in particular present real mem-
ory management challenges. There’s al-
most no chance to successfully handle
this without automated assistance.

0O systems such as Smalltalk use gen-
eration-scavenging collectors which are
very efficient. In typical interactive Small-
talk applications, measurements show
that garbage collection uses less than 3
percent of CPU cycles. By carefully ana-
lyzing the rate and type of new object
allocation—and so of garbage cre-
ation—real-time implementers have
been able to tune their systems to work
very successfully with these scavenging
collectors.

It's true that real-time applications
would be easier to implement if the gar-
bage collector was designed to have
predictable, bounded behavior. Current
systems don't support such real-time
features because they were designed
for workstations. This is an area of ac-
tive development, however, and we ex-

pect that real-time collectors will be
commercially available within the next
two years. This will radically change per-
ceptions within the real-time community.

B Real-time Smalltalk

Although OOT got off to a slow start in
the real-time arena, the situation is grad-
ually changing. This is best illustrated by
the growing number of embedded
Smalltalk applications. When Smalltalk
emerged from the laboratories of Xerox
PARC ten years ago and started the OO
revolution, it was a large, slow, single-
user, workstation-bound environment.
Today, with modern packaging technol-
ogy, Smalltalk applications can be
placed in ROM and can operate with as
little as 50 kbytes of DRAM.

Team programming environments let
multiuser Smalltalk teams develop com-
plex applications in a disciplined, ver-
sion-controlled and configuration-man-
aged environment. Remote interfaces,
integrated network support, embedded
Smalltalk requiring no external /O de-
vices, and multiprocessor Smalltalk
have all been demonstrated. Expert sys-
tem toolkits are becoming available
which provide the components needed
to build embedded knowledge-based
applications.

Examples of successful embedded
Smalltalk applications include:

* An integrated wafer fabrication facility
being developed by Texas Instruments,

e A radar receiver built by the Canadian
Defence Research Establishment,

¢ A network analyzer being marketed
by Hewlett-Packard,

¢ A network management system for
process control developed by Allen-
Bradley,

e The Tektronix TDS540 500-MHz oscil-
loscope, and

* An automatic test and evaluation sys-
tem for printed circuit boards devel-
oped by NCR.

Looking ahead, it seems clear that as
the technology continues to mature, the
productivity and quality advantages of
OOT will be increasingly attractive to
real-time developers.

Brian M. Barry, vice-president of R&D, Object Technology International, Ottawa, Ontario
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cation domain that a company is
working in—in almost the same way
as a set of proprietary, custom-de-
signed parts.

¥ Stumbling blocks to recycling

Creating truly reusable classes,
however, is only half the battle.
BNR’s Gullekson notes that “organi-
zationally and culturally, very few
organizations are set up for reuse.”
Two things have to happen for an
organization to effectively reuse its
code. First, there has to be a group
in the company that’s in charge of
the base components, admitting
them to the class libraries and mak-
ing people aware of their existence
and what they do. “Otherwise,” says
Gullekson, “you’ll have everybody
doing their own little project-specific
things, but nobody will be focusing
on a common set.”

The second requirement is cul-
tural. The reward and recognition
system in most companies is biased
toward people producing many lines
of code, rather than being based on
reusing code. A better metric for an
object-oriented operation is to ask
how much existing code was reused.
In the same way that logic designers
can fashion new ICs with existing
libraries of elements and not have to
worry about device physics, soft-
ware designers need to be rewarded
for their creativity in combining ob-
jects to build new things. “From a
software background, that’s a pretty
new concept,” says Gullekson.

0 Tools for large projects

The fundamental problem with
large projects, according to
Rational’s Booch, is complexity. “In
such cases managerial issues kick
in. In small systems, you don’t worry
about configuration management
and version control. At the big end,
you live and die by them.”

Booch says that the requirements
for success are notation, process and
tools. Notation, which usually repre-
sents a design methodology, pro-
vides a common language for man-
agement and engineering across the
different phases and levels of a proj-
ect. The process defines the steps
needed to create the product and
explains how to measure the prod-
ucts created. Finally, the tools must
support both the notation and the
process.

Rational, which offers a range of
software engineering tools, also has
an object-oriented analysis and de-
sign environment called Rational
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Rose. Rose uses an object-oriented
notation developed by Booch which
is seamlessly applicable to both the
analysis and design stages of devel-
opment—especially important given
the iterative nature of a designer’s
activity when moving back and forth
between analysis modeling and de-
sign implementation in the course of
refining the design.

Rose includes browsers, analysis
and design checkers, document gen-
erators, forward and reverse engi-
neering tools, animation tools, and
hooks to other tools, all of which
communicate via a common object-
oriented data repository. You work

“In small systems,
you don’t worry
about configuration
management and
version control. At the
big end, you live and
die by them.”

—Grady Booch, Rational
ini

with the system via an OSF Motif/X
Windows graphical user interface.

The browsers, working within the
data repository, are able to help you
search for appropriate classes and
components, not only within the
bounds of the current application,
but also across project boundaries.
Rational also supplies a design li-
brary of ready-made, extensible
components, called Booch com-
ponents, which can quickly be inte-
grated into Rose to serve as the basis
for developing domain-specific class
libraries. These component are
available in a C++ version now, with
an Ada version to follow.

Building up class libraries and ap-
plication components or even whole
applications that can be reused is
increasingly recognized as the way
to get productivity out of object-
oriented technology. A CASE tool
called ObjectMaker from Mark V
Systems (Encino, CA) lets you select
from some 20 design methods and
notations to produce objects and ap-
plications which can then be used to
automatically generate Ada or C
code. ObjectMaker also has a re-
verse engineering capability that
lets you analyze the structure of ex-
isting code so it can be assigned

graphic diagrams that describe its
functions.

In creating designs with Object-
Maker, you can browse in graphical
libraries, looking not only for classes
and objects called for in the design
but also for complete applications
that might be used in a current proj-
ect. An application that must be
modified in some way to meet the
needs of such a project can be tra-
versed in terms of the objects that
compose it using this software. You
can then identify those objects that
need to be modified to fit the appli-
cation to current needs.

“ObjectMaker, in the absence of
existing classes, gives you a general-
purpose design tool and the ability
to do code generation,” says Mark
V’s marketing manger, Mo
Bjornestad, “but the graphics can be
pre-existing and already linked to
completed code as well.” An Object-
Maker design will automatically
pull in the code associated with pre-
existing graphic objects and will
then let you generate code for those
objects that don’t exist yet.

l On the CASE

Cadre Technologies is now adding
object-oriented analysis and design
to its Teamwork line of CASE tools.
The analysis tool is used to construct
a representation of a real-time sys-
tem, generating system specifica-
tions that focus on objects and their
relationships. An intelligent editing
system consisting of six types of ed-
itors lets you graphically produce a
complete requirements document
that’s automatically checked for con-
sistency and accuracy.

An entity relationship diagram
editor models the information struc-
ture among objects and their attri-
butes. A state transition diagram
editor models the life cycle of each
object in the entity relationship dia-
gram. The models show the states in
the life cycle and the processes that
occur in each state. A data flow dia-
gram editor shows the processing for
each state, and an object communi-
cation model describes the commu-
nication between objects. A matrix
editor works with state matrices,
which are tabular representations of
state transition diagrams. The pro-
cess specification editor lets you en-
ter textual descriptions of how ob-
jects transform inputs into outputs.
And finally, the data dictionary en-
try editor lets you define the attrib-
ute types and definitions for objects
and the relationships, transitions,
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Cadre’s Oodle provides diagrams that let you view classes from four perspectives, in
terms of: 1) their inheritance relationships to other classes (inheritance diagram), 2)
client-server relationships between classes—that is, who invokes whom (depend-
ency diagram), 3) the external view of a single class, such as inputs, outputs and be-
havior (class diagram), and 4) the internal structure of a class (class structure chart).
The diagram shows how the various levels internest.

stores, and data flow that each ob-
ject represents.

Cadre’s object-oriented design
(OOD) tool, called Teamwork/OOD,
is the programming environment
that takes the system specifications
through to code. It uses Cadre’s ob-
ject-oriented design language envi-
ronment (Oodle), a form of notation
that supports the iterative, recur-
sive design that’s characteristic of
object-oriented methods. Oodle lets
you view classes in terms of their
external specifications (such as in-
puts, methods and outputs), their
position with regard to inheritance
from other classes and their depend-
ency (for example, client-server re-
lationships) on other classes. The
notation also lets you view the inter-
nal structure chart of a class, which
shows the flow of control and the
structure of the code.

The Teamwork/OOD tool includes
a C++ source builder that analyzes
design diagrams and produces C++
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code frames that can be compiled.
True to the iterative nature of ob-
ject-oriented design, the tool in-
cludes a C++ capture utility that lets
you edit the output of the source
builder and reinject information
back into the design. Such a dual-
function tool is necessary, according
to Cadre’s Hazard, “because you
need something that lets you navi-
gate around C++ code while you're
thinking about objects. In object-
oriented design, there’s a lot going
on behind your back, like overriding,
overloading, streams, and inheri-
tance, and you need a support infra-
structure behind you.”

B The Smalltalk alternative

Object-oriented design tools aren’t
limited to C++, however. There’s
growing support for Smalltalk, a
language that was conceived from
the ground up to be object-oriented.
As a result, Smalltalk successfully
enforces an object-oriented pro-

gramming methodology.

“Smalltalk really consists of a core
plus a lot of components you add,”
says Brian Barry, vice-president of
research and development for Object
Technology International (OTI—Ot-
tawa, Ontario). Object Technology
has adapted the Smalltalk V lan-
guage licensed from Digitalk (San
Diego, CA) for real-time applica-
tions.

OTI’s real-time product,
Envy/Smalltalk, consists of the
Smalltalk virtual machine, a kind of
interpreter and a number of objects
needed for the system to run. “Then
everything else in the environment
is added,” says Barry. OTI has added
objects to deal with problems spe-
cific to real-time (such as the abili-
ties to handle interrupts), to inter-
face to a real-time operating system
and to place a Smalltalk image in
ROM. In addition, there are mecha-
nisms to see that certain Smalltalk
operations such as garbage collec-
tion (the reclaiming of allocated
memory space) doesn’t take place
when user primitives are executing.
This ensures deterministic behavior
for real-time applications.

Envy/Smalltalk can be integrated
with OTI's second major product,
Envy/Developer, to form a multiuser
software engineering environment.
Envy/Developer is aimed at larger
projects and integrates version con-
trol and configuration management
with the Smalltalk programming
environment. It includes a tool
called Envy/Manager, which pro-
vides an intelligent view of classes
from the point of view of the appli-
cation. This configuration manage-
ment tool can keep track of different
development streams, platform de-
pendencies and software releases.
By knowing which platform it’s tar-
geted for, it can put together a con-
figuration from the proper modules
in the library. So you might write an
application and then set up different
configurations of that application
for different hardware or OS target
environments.

Envy/Developer works with what
OTT’s Barry calls modules; the soft-
ware knows which modules are part
of other modules and which belong
together for a given target applica-
tion. Barry says that modules form
the truly reusable components of the
system. “A class by itself really
doesn’t do anything for you,” he
says, “because you have to instan-
tiate a class and make it into an
object. It usually takes several clas-
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ses working together to do some-
thing interesting.”

The Envy/Developer tool, then,
helps design teams get beyond the
class browsing level so they can look
at functions as groups of classes.
“This,” says Barry, “is the thing that
then becomes reusable and modular,
because it actually provides ser-
vices—you kick it and you get an
answer back.”

“Kicking it and getting an answer
back” is one of the advantages of
operating at a higher level of ab-

tiger inherits all the attributes of
“cat,” but adds the distinguishing
properties of size and stripes.
Objects in the Room methodology
are called “actors”; they have be-
haviors (state machines) and com-
municate via defined protocols
called ports. Multiple actors can be
connected and contained within a
larger actor, which communicates
with the outside world via its own
ports and is also linked to the actors
within. The Room system, then, em-
bodies two of the major attributes of

MESSAGE

PORT

Room methodology

COMPONENT
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COMPONENT
ACTOR 2
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The real-time object-oriented modeling (Room) methodology, which is incorporated
in Bell Northern Research’s ObjectTime tool, conceives of objects as “actors” that
send messages to each other via communication protocols called ports. They act on
data via internal methods. Actors can be bound together and contained within
larger actors, whose methods are externally defined.

straction than source code. This
makes it easier to prototype object-
oriented applications at the archi-
tectural level and play “what-if”
games before committing to a de-
sign.

The ObjectTime object-oriented
CASE tool from Bell Northern Re-
search integrates the ability to dia-
gram system requirements in terms
of objects with the capability to exe-
cute the model at the architectural
level. ObjectTime uses a methodol-
ogy called Room (real-time object-
oriented modeling), which is consis-
tent over all levels of the design.

Room models a system in three
dimensions: structure, or the
graphical decomposition of the sys-
tem into encapsulated objects; be-
havior, graphically represented by
hierarchical state machines; and in-
heritance, which provides a basis for
abstraction and reuse. With inheri-
tance, objects can be derived from
other objects already defined by
merely specifying their distinguish-
ing characteristics. For example, a
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good object-oriented discipline: en-
capsulation and inheritance.

ObjectTime is written in Small-
talk 80, a version of Smalltalk from
Parc Place Systems (Mountain
View, CA). Using the tool’s simpli-
fied notation, you can define objects
and their internal state machines
and have the system compile the
graphical design content into Small-
talk 80; then you can run it on your
workstation.

The ability to define hierarchical
state machines means that you can
run the design at the level of ab-
straction you desire. You can then
further refine the design by defining
the state machines that make up
higher levels of abstraction. At the
lowest level of detail, you can specify
operation in C++ or ObjectTime’s
rapid prototyping language (RPL).
RPL will compile to Smalltalk, while
C++ output lets you reference other
C++ classes developed outside the
tool. But BNR’s Gullekson notes
that “programming languages are
used to express detail, not design. At

the language level, it would be too
much trouble to prototype a number
of design alternatives.”

Given the ability to model at a
very abstract level—or, indeed, at
any level—ObjectTime doesn’t lock
the development process into dis-
tinct phases as does the classic “wa-
terfall model” so beloved by CASE
theorists and so scorned by most
real developers. (Its components are
analysis, design, implementation,
testing, and maintenance.)

Rather, ObjectTime lets you move
freely back and forth between the
analysis stage, where you try to gain
comprehension of the problem
through modeling, design and im-
plementation. Design and imple-
mentation really use the same con-
cepts as analysis, but with more
emphasis on object decomposition.
Components that were modeled on
an abstract level in analysis are
fleshed out in later stages by having
their internal state machines de-
fined in detail. These components
are in turn reused in another round
of analysis to make sure the imple-
mentation is meeting requirements.
Eventually, the analysis model and
design implementation should con-
verge in the completed product.

l 00D in-the-small

The promise that object-oriented de-
velopment holds for managing the
complexity of large systems, provid-
ing for the reuse of code and letting
non-programming experts build sys-
tems based on their understanding
has already been realized in several
application areas on a small scale.
These small-scale—and often
graphically oriented—“application
builders” aren’t as semantically rich
in general as are programming lan-
guages. But they do let users within
a bounded application domain rap-
idly assemble, test and utilize appli-
cations in the terminology and meta-
phors of their own disciplines—such
as instrumentation, process control
or more generalized real-time con-
trol.

National Instruments (Austin,
TX), for example, is a pioneer in
using computers to control and coor-
dinate the use of multiple instru-
ments with personal computers, pri-
marily the Apple Macintosh.
National Instruments today offers a
family of products called LabView
for the Macintosh, the PC with MS-
Windows and Sun workstations.
LabView lets scientists and engi-
neers program entirely in terms of
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Real-time spreadsheet speeds R&D projects

Southvvest Re-

| search Institute
(SWRI) has patented
an active suspen-
sion system that
controls pumps
powering hydrop-
neumatic suspen-
sion struts used to
support vehicles. The development pro-
cess was greatly facilitated by using
RTware’s ControlCalc, a multitasking
spreadsheet that lets you quickly de-
sign, test and implement a variety of
control and acquisition schemes on Mi-
croware’s OS-9.

The computer chosen for the project
was a 16-MHz Motorola 68020 with
1.5 Mbytes of memory on-board, a
68881 FPU and a SCSI controller with 1
Mbyte of RAM. I/O was performed with
IndustryPacks. All this hardware was
placed in a VMEbus chassis mounted in
the vehicle.

| Spreadsheet helped simulation

With ControlCalc, the use of multiple
pages of the spreadsheet for both multi-
tasking and object design let parts of
the system be prepared and integrated
into the whole template when com-
pleted. The spreadsheet’s ability to pro-
vide memory I/O for simulation permit-
ted the software template to be tested
without requiring hardware.

The control algorithm was broken
into several parts, corresponding to
pages in the spreadsheet. The sections
included sensor input and filtering, con-
trol output and filtering, position con-
trol, pitch and roll control, skyhook
damper control, data acquisition, and
operator interface (for example, con-
stant adjustments and display of impor-
tant variables).

ControlCalc eased the design effort
by letting SWRI treat each page as a
black box, providing output to and tak-
ing input from other pages. If a section
of the template wasn't completed, the
page could be programmed to provide
fixed values, run through an array of val-
ues, or produce outputs as the result of
a simple function. As each page was
completed, it could then be incorpo-
rated into the overall template by simply
replacing the dummy page.

Since ControlCalc let us add func-
tions, either by coding and linking them

15: clalc

Graphic screens modeling plants, machines or other systems under control can be
attached to real-time programs created with RTware’s ControlCalc. Shown on this
screen is a spreadsheet-like program that underlies a graphical user interface (GUI).
On the GUI, animated objects are mapped to cells in the spreadsheet containing
output values. Each page of the spreadsheet represents a task which is assigned a
priority and can be invoked by interrupts. Programmers can think of pages as re-

usable objects.

to ControlCalc libraries or by coding
them as software interrupts, we were
able to add a timer call to time each
page. Our algorithm calculated almost
everything as floating-point numbers.
We measured approximately 20,000
Flops per algorithm cycle. Calculating
the time for the various operations, as
well as the housekeeping performed by
the spreadsheet, gave us a theoretical
throughput of 34 ms, which was in fact
what we measured.

E Improving performance

Two approaches were considered to im-
prove performance, should future con-
trol systems require faster loop times.
The first was simply to upgrade the
hardware. Doubling the PU/FPU speed
would nearly double performance. The
second used built-in capabilities of Con-
trolCalc. By scaling all of the input oper-
ations into the integer range and then
converting them back upon output, all
of the math could be performed by the

integer math unit. This was calculated
to provide a performance of approxi-
mately 7 to 9 ms per control loop. This
technique is currently being reviewed
for testing.

ControlCalc considers each cell to
have a data type that is wholly depen-
dent on the type of calculation being
performed. This affords the developer a
simple way to change from floating-
point to integer math—or to ignore the
details of variable type altogether. This
capability facilitates the testing of ideas,
making users more productive.

By hooking the spreadsheet to a
graphical interface, we're able to design
screens that clearly show our test cell
operators what’s going on with each as-
pect of the test or data being gathered.
ControlCalc supports a wide variety of
gadgets that can insulate an operator
from the test template. Graphics, along
with the ability to page templates to-
gether, offers a flexible approach to test-
ing, data acquisition and control.

Josef Zeevi, research engineer, Southwest Research Institute, San Antonio, TX
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BOBJECT-ORIENTED METHODS

graphic objects, building software
modules called virtual instruments
(VIs). Virtual instruments can, in
turn, be represented as icons and
used as building blocks for more
complex VlIs.

To build a VI, you first define a
front panel by selecting typical
front-panel items from a menu. A
strip chart, CRT display, slider
switches, knobs, and indicator lights
correspond to classes in the object-

Objects: 25

Pages Edit

senting the input terms and the out-
put of the equation, write the equa-
tion inside the node, and wire it up.

Also included in the LabView
graphical programming environ-
ment are programming structures
such as sequence structures that let
you define groups of operations that
must happen in a specific order.
Loops are available too, letting you
enclose a set of objects within a
graphic loop. You then assign a time

gellix - mike

Print Debug Config XHeference Font

Engineers can visually program programmable logic controllers (PLCs) using Gello by
Event Technologies. You assemble objects representing familiar things such as contacts,
relays, coils, and logic gates on the screen. A screen of such objects can define a given
function. The function can then be represented as a single object icon and saved as a
separate reusable object. Programs created with the Gellix editor on a PC or worksta-
tion are downloaded and run on the Gello engine in the target environment.

oriented sense. They become objects
when you instantiate them by plac-
ing them on the front panel and
giving them values such as scale,
color, a range (for example, 0-200 V),
or a size.

The second step in programming
a VI is performed in the diagram
window by wiring together icons
representing function and control
objects. You literally “wire” them to-
gether using a cursor that looks like
a little spool of wire. The diagram
window contains symbols represent-
ing connections to the objects in the
front panel.

Functions can be as simple as a
numeric constant or as complex as a
finite impulse response filter. Do you
need to use some equation not con-
tained in the menu? Just pop up the
formula node, attach symbols repre-
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constant so the loop—data sam-
pling, for example—repeats every so
many milliseconds. The data flow
along the “wires” that connect ob-
jects determines the sequence of op-
eration within a structure. For each
object supplied with LabView,
there’s a help window that displays
the object’s inputs and outputs and
describes its function.

“Engineers and scientists could
really care less about how we imple-
mented LabView,” says Jack Barber,
product marketing manager for
National Instruments. “All they re-
ally know is it seems to match the
way they think about their prob-
lems. LabView addresses people
who are looking for an alternative to
C and Basic.”

LabView can be used to create VIs
entirely within the computer by

means of a family of plug-in data
acquisition boards which are also
treated as objects by the program-
ming environment. The software
can also be used to control multiple
physical instruments over a GPIB or
VXI bus. In such cases, LabView
takes advantage of the high signal
bandwidth and processing power in-
ternal to the instruments and turns
its own power on the task of analyz-
ing the data they measure.

In addition, LabView can output
via the add-on boards and so can be
used in some control applications
where high speed isn’t a requirement.
Graphic images of physical plants can
be imported and linked to VIs as well.
Recently NASA engineers used an an-
imated image of the space shuttle
Columbia in LabView, which was in
turn connected to the shuttle’s inter-
nal sensors to track down a hydrogen
leak that had delayed the launch.
“They used it because they were able
to put a system together so quickly,”
says Barber.

B PLGs like Gello

Quickly putting control systems to-
gether is the forte of Gello by Event
Technologies (ETI—Indianapolis,
IN). Gello (Graphically Enhanced
Ladder LOgic) is specifically aimed
at simplifying the task of program-
ming programmable logic control-
lers (PLCs). PLCs are typically pro-
grammed with ladder logic, which is
based on techniques for wiring elec-
tromechanical relays. Basic objects
in Gello represent relays and con-
tacts, counters, timers, inverters,
and AND and OR gates. In addition,
there are analog inputs and bit op-
erations, to name a few.

Gello consists of two parts. The
Gellix editor runs on a PC under
MS-Windows or on a Unix worksta-
tion under X Windows. The Gello
engine can run on a variety of target
processors, including the 80X86 and
680X0, and is being shipped with a
number of single-board computers
from companies including ProLog
(Monterey, CA) and Heurikon
(Madison, WI). The Gello engine ac-
tually contains the basic set of ob-
jects supplied with the system. The
programs written with the Gellix
editor define the parameters and the
data flow between the objects. In a
sense, the programs instantiate
what are more properly called clas-
ses within the engine into the actual
programming objects.

The Gellix editor lets you select
rectangular objects from a menu
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The need for application-specific software tools

Over the years,

personal computers
have redefined the
way people ap-
proach and solve
their problems. The
power and perfor-
mance of comput-
ers make them
much more efficient tools for solving
problems than the old way of tackling
them by hand. Application software is
key to problem-solving, however. If the
available software is too primitive or too
far removed from the user’s application
area, computerization can create bot-
tlenecks and reduce productivity.

& Programming with pictures
Everyday experience reveals that people
are visually oriented; they often draw
pictures or diagrams to communicate
ideas and concepts to others. It's no sur-
prise, then, that graphical application
software is easier to learn and more ac-
cessible to many non-computer experts.
Graphical software lets those who other-
wise don‘t have the time, education or
skill to learn programming using conven-
tional text languages develop their own
programming systems. Giving non-pro-
grammers the ability to program is espe-
cially important today, since the need
for software is fast outstripping the ca-
pacity of the relatively few programmers
available.

The advantages of graphical applica-
tion software go far beyond the elimina-
tion of syntactical knowledge required
to program in a conventional language.
Text-based programming is an inher-
ently linear process and forces humans
to think and express their ideas in terms
constrained by the architecture of a
computer. With graphical software the
users conceptualize applications in their
own terms. Users can easily examine a
graphical depiction for relevant features

and complex relationships that would
be hidden in the code of a text-based
program.

The challenge to the software devel-
oper is to do more than simply paste a
graphical user interface on top of a soft-
ware system. He or she must actually
produce a high-level software layer that
insulates the end user from the pro-
gramming details of the underlying com-
puter architecture. The developer must
find a computational model, a program-
ming metaphor and building blocks that
match the user and the application
area. If this is done correctly, the user in-
teracts with the computer, not as a bit-
crunching machine, but as a more intu-
itive tool for solving the application
problem.

First, the software developer should
consider the end users: how do they
think about their problems, how do
they conceptualize their solutions and
what tools do they use to implement so-
lutions? By supplying familiar tools and
terminology, the software package
serves as a productivity enhancement
rather than a hindrance to the applica-
tion development.

l Tools of the trade

Probably the most famous and widely
used application-specific tool is the
spreadsheet. The average businessper-
son isn‘t a computer programmer, but
still needs to use the computer for its
computational power. Before the
spreadsheet, the businessperson hired a
professional programmer who used
Cobol to write cumbersome text-based
programs. The spreadsheet delivered an
application-specific tool that matched
the way the businessperson thought
about and conceptualized the applica-
tion—in rows and columns of numbers.
Another well-known application-spe-
cific tool is LabView from National In-
struments, which is used to automate in-

strumentation applications. Although
engineers and scientists are very techni-
cally minded, they aren’t necessarily
computer scientists; application-specific
tools that remove the tedious program-
ming details are welcome to them. Real-
izing that test and measurement pro-
grams are like instruments, except that
the user interacts with a terminal rather
than a front panel, National Instru-
ments devised the virtual instrument
(V1) concept.

By mimicking the proven interface
provided by hardware instrumentation,
the front panels of Vs create a familiar
environment giving the user intuitive
control of the software system. LabView
also offers an innovative block diagram
programming methodology—a natural
design notation for engineers who think
about and solve their problems with
flow charts and block diagrams. Finally,
LabView's modular approach, in which
the user connects VIs together to build
more sophisticated systems, matches
the way technicians connect laboratory
or industrial equipment.

H The payoff

Are high-level, domain-specific program-
ming environments effective? Judging
from the popularity of existing applica-
tion-specific products such as LabView,
the answer is yes. Such products have
gathered enthusiastic and loyal follow-
ings. Users have reported that not only
can they solve their problems more rap-
idly, but that programming can actually
be fun.

While implementing application-spe-
cific software tools calls for a significant
investment to research the needs of end
users, the result can be tools that dra-
matically increase the productivity of
end users while also reducing their frus-
tration. Such products can be very suc-
cessful, as well as redefining how users
approach and solve their problems.

Jack Barber, LabView product marketing manager, National Instruments, Austin, TX

and place them on a screen grid.
Each object has a name, an icon, up
to three inputs, an output that can
be either analog or binary, and up to
two variable options. When you click
the mouse on one of the variable
options, a window opens requesting
the definition of the variable. Ob-
jects are connected by drawing lines
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between them on the page.

The hierarchical nature of Gello
lies in the fact that a page that con-
tains objects can itself be collapsed
into an object icon, which can in turn
be used on the next higher page in
the design hierarchy. The user can
move down through the design,
opening objects to view the other

objects that make them up. Pages
can be saved in a library for reuse in
other designs.

For those who need to create new
objects at the Gello engine level,
Event Technologies provides a de-
veloper’s kit. Creating a new object
means developing a function that
will then be linked into the Gello
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engine and associated with an icon
(created by a paint program) in the
Gellix editor.

“We’re an object-oriented lan-
guage,” says ETI’s vice-president of
marketing, William Lydon, “but
we’re bounded because we're for in-
dustrial and process control applica-
tions.” As PLCs are increasingly pro-
grammed via front-end computers
for more complex operations, there’s
a need to bring the long-established
knowledge of the process engineers
along. “A guy who understands
pneumatic and electrical diagram-
ming that he’s been using for 70
years can take his mouse, draw on a
screen like a piece of paper,
download it, and he’s created an ap-
plication,” says Lydon.

B Flexibility vs specialization

While object-oriented environments
for real time gain competitive ad-
vantage by intentionally targeting
the boundaries of an application do-
main, the lure of remaining flexible
is also enticing. The spreadsheet is
a general-purpose metaphor from
the business domain that’s now be-
ing used in the real-time control do-
main as a kind of canvas upon which
designers can paint their process-
control applications. RTware (Dur-
ham, NC) has applied the spread-
sheet model to real-time
programming with a product called
ControlCalc.

“In a fairly simple sense, all
spreadsheets are object-oriented,”
says Laurent Meilleur, vice-presi-
dent for sales and marketing for
RTware, “in as much as each cell and
each sheet contains its own data and
its own definition of equations.”
There are different classes of cells,
including types such as expression,
macro, display, and setpoint cells,
even ladder logic diagrams. But
Meilleur admits, “You’re not able to
add new objects or create higher
classes of objects. But in its opera-
tion, it’s object-oriented.”

Pages created for one application
can be saved in libraries and reused
for others. During design prototyping,
you can set up dummy pages to supply
data that will be generated later by
the finished application, or you can
map I/O cells to data files rather than
the final hardware ports.

ControlCalc is organized like a
spreadsheet, with cells that contain
expressions, data, text, or references
to other cells or screen display ob-
jects. Each page, which can have up
to 256 cells, is considered a task in
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a real-time application, and so each
page is assigned a priority. Con-
trolCalc runs by scanning each page
from the upper left to bottom right
and executing those cells that con-
tain expressions. Interrupts that in-
voke a higher-priority task (or page)
suspend scanning of the interrupted
page until the page invoked by the
interrupt has executed.
ControlCalc runs under the
0S/9000 real-time operating system
from Microware (Des Moines, IA). It
also incorporates a graphic mapping
window that lets you map the values
in a cell to graphic objects on the
screen, such as gauges, dials and
strip charts. As with LabView, you
can create your own models of plants
or other objects under control, and
you can tie limited animations to
changing values within cells.
“Gluing a bunch of things to-
gether in a set of sequences to make
something work” is Applied’s Jen-
sen’s somewhat irreverent sum-
mary of what object-oriented tech-
nology is all about. Of course, it
requires formal definition and stan-
dards—and, of course, not all sys-
tems calling themselves object-
oriented conform to the formal
definition of that term. L]
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bject-oriented software de-

velopment is a response to a
need—a need for less confusion,
for less repetitious work—and is a
natural outgrowth of the human
mind’s tendency to think in visual
metaphors. That’s why there is
such emphasis on graphical rep-
resentation in the field.

But object-oriented technology
also has implications for the fu-
ture role of the programmer. Peo-
ple who write, compile and debug
code have been intimately in-
volved in the engineering of all
manner of specialized products.
Studies of software engineering
have shown that application ex-
pertise is more important to the
success of a project than program-
ming expertise. The job of the pro-
grammer, as we move ever more
deeply into object-oriented tech-
nology, will be to create application-
specific tools that nonprogrammer
engineers and scientists can use to
solve their problems.

This is not to suggest that “true”
computer programmers will be-
come a dying breed. But the em-
phasis of their job activity will
shift. The dialogue between the
expert who understands his or her
application needs and the pro-
grammer who must translate
those needs into code will dimin-
ish. Instead, programmers will
identify the architectural needs of
application domains and supply
tools in the form of class libraries
and tool environments.

Of course, the need to get down
deep into the code will never really
go away. Especially in real-time
applications, there’s always some-
thing that needs tweaking or that
doesn't fit quite right and requires
a kind of digital Mr. Goodwrench
to come in and fix it. %

>
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Borrowing from earlier
design helps speed
Microflash to market

The Holometrix team from left to right: Tony O’Leary, product development engineer; Helen
Shaw, sales engineer; Zbyszek Brzezinski, senior software engineer; Joe Chervenak, senior scien-
tist; John Morin, product development engineer; David Haines, director of sales and marketing. In
the center of the photo is the Thermaflash 2200. Borrowing several design ideas from the Ther-
maflash, Holometrix designers were able to bring their lower-cost Microflash product to market in
just over six months.

I here’s a growing awareness that the development and exploitation of new mate-
rials are critical to maintaining competitiveness. As a result, the demand for instru-
ments which measure the physical properties of such materials continues to grow. With
this in mind, in 1989 Holometrix (Bedford, MA) developed the Thermaflash 2200, an
instrument that measures the thermal properties of materials at temperatures of up
to 2000°C.

The company sold several systems at a price of over $150,000, but feedback from
potential customers revealed that a lower-cost instrument would have a much broader
appeal. “We’ve had customers in the electronics industry who've been looking for a
low-temperature unit,” says Helen Shaw, sales engineer at Holometrix, “but they’re not
prepared to pay over $100,000 for a capability they don’t need.”

Hoping to capitalize on this demand, Holometrix began thinking about a benchtop
thermal analysis system, with the base system priced under $40,000. The company
envisioned a system that, like Thermaflash, could measure the diffusivity, specific heat
and conductivity of materials, but one that operated without the high-temperature
capability. Designers were given six months to do the basic design of the follow-on

Jeffrey Child, Associate Editor
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Microflash: how it works

terials at room temperature. Designers at Holometrix borrowed many
elements from their earlier, more expensive Thermaflash 2200, a system

sonal computer.

rial to be tested is placed in the sample holder. The sample’s thickness,
mass and volume are entered into the PC, along with the test tempera-
tures. The program is run, and when the test temperature is reached,

sample and this data results in a curve. The points of the curve are then
sically goes through a curve-fitting process and picks out the theoretical

ity of the sample.

To determine specific heat of the sample, the absolute temperature
rise of the sample is analyzed. This works on the principle of comparing

cific heat. The reference material must be similar to the test material—
for example, alumina is a good reference material for ceramic materials

sample is calculated. The mass of both samples and the specific heat of
the reference material are all known values. By comparing the tempera-
ture rises of the two samples, the specific heat of the test sample is
easily calculated.

ment runs by itself. At room temperature, a single test takes only a few
seconds.

The Microflash system was designed to meet the need for a low-cost la-
ser flash instrument that measures the diffusivity and specific heat of ma-

that measures material properties at extremely high temperatures, to cre-
ate Microflash, a benchtop instrument that incorporates an external per-

To operate Microflash, a dime-sized, disk-shaped sample of the mate-

the laser fires a single pulse which strikes one side of the sample. The in-
frared detector monitors the temperature rise of the back surface of the

matched to a set of theoretical curves stored in the PC. The software ba-

curve that is appropriate. The shape of that curve determines the diffusiv-

the temperature rise of the test material to a material with a known spe-

and molybdenum for metals. Assuming that the test and reference sam-
ples absorb roughly the same amount of energy, the specific heat of the

Once the sample is set up and the test parameters entered, the instru-

Microflash system
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product, called Microflash, knowing
that special options would be added
later to serve more specialized cus-
tomer needs.

l Scaling down

The basic design philosophy for Mi-
croflash was to create a scaled-
down, lower-cost version of the
Thermaflash 2200. While the Ther-
maflash could do measurements
over a wide range of temperatures,
the Microflash was optimized specif-
ically for moderate and room
temperatures. Cutting out the high-
temperature capability meant de-
signers could eliminate a lot of the
expensive components used in the
earlier system and optimize the ar-
chitecture for room-temperature
measurement.

For Thermaflash’s high-tempera-
ture measurements, the testing
sample needed to be held in a fur-
nace. But since the Microflash
would work at room temperatures,
the equipment’s infrared (IR) detec-
tor could be closer to the sample.
“We were trying to optimize the ge-
ometry of the system to collect a lot
more light at a higher signal-to-
noise ratio,” says Joe Chervenak,
senior scientist. “We wanted to opti-
mize the detector, because at room
temperature, the IR wavelengths of
the signal picked up off the back of
the sample are longer.” As a result,
the indium-antimonide IR detector
used in the previous design was re-
placed by a mercury-cadmium-tel-
luride IR detector.

Perhaps the most visible change
in the Microflash design was the
replacement of an embedded com-
puter with a personal computer.
While the Thermaflash system was
housed in one large enclosure, the
Microflash system consists of a ded-
icated PC with the other compo-
nents—laser, sample holder, IR de-
tector, amplifier—outside on the
bench. Lower cost of the PC versus
an embedded system is the main
reason. “The cost of the computer is
negligible in the cost of the system—
1 percent or 2 percent at most,” says
John Morin, product development
engineer. “We were using 286-based
PCs at first, but we’re talking about
using 386-based PCs now, just be-
cause they’re so cheap.”

0l Buying instead of building

Most of the data-acquisition and
control operations of the Microflash
system are handled by a single
board. Given the resources, staff



Tough, rugged boards
that handle shock,
vibration, heat, cold and
the budget squeeze

MATRIX Rugged VMEbus
boards provide commercial-off-
the-shelf (COTS) solutions at a
fraction of the cost of full MIL-
STD products. Test results veri-
fied operation from -40° to +85°C,
50 g’s of shock at 11 ms, and
continuous operation during

5 g’s of vibration. Rugged 32-
bit processor boards, memory
boards, and signal 1/O boards
give you the flexibility and
price advantage to win.

Selected for the Navy’s High
Speed Fleet Broadcast program,
the Rugged MR-CPU330 board

MATRIX

l" CORPORATION

See us at Buscon Booth #419
CIRCLE NO. 76

supports the Ada environment.
You can choose from several
host platforms, cross-compile
to the target CPU, and begin
immediate development using
standard industrial products,
which are fully compatible with

s our Rugged boards.

Call today to find out how
MATRIX Rugged boards, shock
and vibration isolated enclo-
sures, and extended tempera-
ture products can control your
harsh environment.

Phone: (800) 848-2330
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and available time, designing a cus-
tom board was out of the question.
So, Morin went searching for an off-
the-shelf card that would meet the
appropriate speed, resolution and
cost requirements. The Ther-
maflash system used a 16-bit, 100-
kHz data-acquisition card from
Data Translation (Marlborough,
MA) and a separate card for digital
1/0. For the Microflash, Morin de-
cided a 12-bit, 100-kHz card would
be sufficient. After considering cards
from Keithly-Metrabyte and
National Instruments, he settled on
the DT2812A, a 12-bit, 100-kHz
card also from Data Translation.
With OEM discounts, the board is
priced at $715. “The cost was prob-
ably the deciding factor,” says
Morin. “It would be very difficult to
justify much of an effort to design
something custom while there are
standard products available at the
same cost.” The fact that the
DT2812A had 16 digital I/O chan-
nels was also a plus, eliminating the
need for a separate digital I/O card.
Another major system component
of the Microflash system is the am-

plifier, designed and built by an out-
side contractor to Holometrix’s spec-
ifications. Using output signals from
the IR detector, the amplifier reads
the background temperature before
the laser is fired. It then zeros that
value, so that when the laser’s fired,
you get a signal that’s referenced to
the background signal. An analog
subsystem, the amplifier is made up
of a sample-and-hold and several op
amps. Because the sensitivity of the
IR detector changes with back-
ground temperature, the amplifier
has three preamps, each for differ-
ent beam ranges. The gain of each is
set digitally.

While the amplifier design didn’t
change from the earlier machine,
the means of controlling it did. The
Thermaflash system had a separate
card with 48 digital I/O channels.
Besides setting the amplifier gain,
this card was used to switch all the
controls for the furnace, such as the
vacuum system, the input sensors
for water shutoff and the aperture.
For Microflash, which has no fur-
nace, there’s enough digital I/O right
on the DT2812A data-acquisition

card. The device uses the 8-bit out-
puts on the data-acquisition card to
set the amplifier gain.

Once the gain is set, the DT2812A
card sets up and executes a DMA
transfer. The laser then fires. The
scanning frequency on the DT2812A
is set based on the amount of time
you want to scan the back of the
sample. The card acquires 4000
points of data, which determines the
frequency and the total scan time.

A sensor triggers an interrupt
when it detects that the laser has
fired. The laser’s charging and firing
is controlled by the PC via a parallel
port connected to the laser power
supply.

Aside from monitoring and con-
trolling the amplifier and laser, the
DT2812A has a number of other
data-acquisition and control respon-
sibilities. For example, the temper-
ature is read through one of the
analog-to-digital channels on the
data-acquisition card.

0 software design

The original plan for the Microflash
system called for a Microsoft Win-
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RISC "92 was devoted exclusively to RISC microprocessors (in
particular, the Sparc, 29000, 88000, R3000/4000 families and derivatives)
and microcontrollers, RISC architectures and software (compilers,

debuggers, etc.).

The PROCEEDINGS are now available. It contains a wealth of
in-depth, applications-oriented information, from more than 60 sessions,
for designers of next-generation hardware and software. Cost $150

The Analog & Mixed Signal Design Conference
presented tutorials on topics such as Spice, A-D/D-A converter technology,
analog effects in fast digital circuits, as well as lectures on specific
applications of mixed-signal technology, CAE/CAD tools for analog and
mixed-signal design, ASICs and dealing with ASIC vendors.

The PROCEEDINGS contain more than 60 sessions of timely,
immediately useful information. Cost $150



dows-based software implementa-
tion. But given the time-to-market
pressure, the team decided that a
Windows-based software design
would take too long to complete.
Furthermore, the overall design phi-
losophy was to reuse whatever could
be used from the Thermaflash. It
was decided, therefore, to write the
software under DOS and leave Win-
dows as a future upgrade. “We’ll def-
initely look at doing that [a Windows
implementation] at a later date,”
says Zbyszek Brzezinski, senior
software engineer. “There’s a per-
ception these days that software is
no good unless there’s a mouse. We
would have written the original pro-
gram under Windows if Windows
Version 3.0 had been available at
that time [1989], but it wasn’t.”

To save time, Brzezinski used as
many routines from the old design
as possible. The user interface was
redesigned to focus on room-temper-
ature measurements. All the pro-
gramming was done in C, except for
a few key time-critical routines,
which were done in assembler. Aside
from Microsoft’s 6.0 C compiler,

which was used to compile the code,
the team used only its own custom-
made graphics and analysis tools.

While the original software re-
quired a lot of development work
just to make it function, modifying
it for the Microflash product was a
relatively straightforward task. One
reason for this was that the original
software had a layered structure. As
a result, hardware changes could
easily be made that affected only a
single layer of software, not the
whole program.

The code is divided into four lay-
ers: port, equipment, user interface,
and the main program. The port
level handles all the I/O communi-
cation to the board in the computer.
This includes a DMA transfer rou-
tine which was written in assem-
bler. Next, the equipment level con-
trols the various devices in the
system from a high level. Other
parts of the program send simple
commands to the equipment level to
operate the IR detector, the laser
and other devices. The equipment
level calls the port level to handle
the specifics of the I/O operation.

This strategy let the design team
make changes to the software with-
out rewriting too much code. “If you
fire the laser, you don’t care whether
its done through the serial output or
parallel output,” says Brzezinski.
“That’s the port level’s job to decide.”
While the equipment level played
more of a role in the old system, with
its larger mix of hardware devices,
it made sense to leave it in the new
design. Finally, the highest level
was the user interface level, which
dealt with all the inputs from and
outputs to the user.

According to Brzezinski, the deci-
sion to use the DT2812A board
didn’t have much impact on the soft-
ware design. The fact that it was a
Data Translation board helped be-
cause this meant fewer changes to
the code. While the DT2812A board
package includes a library of rou-
tines, Brzezinski didn’t use any of
them. “We used a lot of code from the
old system,” Brzezinski explains. “If
I didn’t have the software written
already, I probably would have used
the Data Translation library.”

|
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Your application is
first in line with the MVC 16-
line Async Commux. It’s got
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spare, thanks to a 16 MIPS
RISC, so system power goes
to your users —not I/0.

Character processing
and buffering is managed
on-board by our RISC, so
driver calls and host over-
head are kept to 2 minimum. >
All 16 lines can operate at
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BPRODUCT FOCUS: 16-BIT MICROCONTROLLERS

INTEGRATED CIRCUITS

16-bit MCUs
advance along
many paths

Jeffrey Child, Associate Editor

rying to stake out territory
I between less expensive 8-bit
and more powerful 32-bit parts,
16-bit microcontrollers have evolved
along traditional paths as well as in
some interesting new directions. Mi-
crocontroller makers continue to add
RAM and ROM, while squeezing
more timers, interrupts, I/O ports,
and other peripherals onto the die.
At the same time, less traditional
moves—from integration of RISC
and DSP hardware to inclusion of
smart peripherals to incorporation of
special power-saving features—are
having an impact.

B First high-volume win

Designed jointly with the Ford Motor
Company in 1982, the 9096 from
Intel (Chandler, AZ) was the first
16-bit microcontroller to gain a high-
volume design win. Intel, which
dominated the 8-bit world at the
time, wanted to base this 16-bit fam-
ily on its 8-bit 8051 architecture.
Unfortunately, the 8051 lacked the
headroom needed for the targeted
automotive application.

Intel’s most recent addition to its
16-bit family is the 87C196KD. An
upgrade of the 87C196KC, the new
microcontroller offers 32 kbytes of
ROM and 1 kbyte of RAM. The added
memory will facilitate the use of high-
level languages such as C. The KD is
available in a 20-MHz version—a 25-

percent speed increase over the KC. |

The part’s other features include a
high-speed I/O subsystem, a full-du-
plex serial port, pulse width modu-

Designers of a
portable bar-code
scanner at Spectra-
Physics migrated
from an 8-bit to a
16-bit microcon-
troller to get
better performance
and more features.
Located on a

small PCB inside the
handle, a Motorola
68HC16 processes
algorithms 4 to 6
times faster than a
previous 8-bit MCU
design.

lated outputs, two 16-bit hardware
timers, and a 16-bit watchdog timer.
Because the peripherals on the KD
are the same as on the KC, you can
use the KD as a plug-in replacement
for the earlier part.

According to Steve McIntyre, ap-
plications manager of Intel’s embed-
ded microcomputer division, one of
the strengths of the 80C196 archi-
tecture is its register-based nature,
which alleviates bottlenecks in the
accumulator and provides faster
context switching. “Because the
80C196 has a register-based archi-
tecture, it can perform any instruc-
tion on any of its three registers at
any time,” says McIntyre. The
80C196 differs from other chips
such as the 8051 and Motorola’s
68HC11 and 68HC16, which can’t
run directly out of their registers
without the overhead of switching
techniques.

A late entrant in the 16-bit race,
Motorola (Austin, TX) announced
the 68HC16, its first 16-bit micro-
controller offering, two years ago.
While Motorola wanted to maintain
code compatibility with its 8-bit
68HC11 family, it also needed to le-
verage the technology advances
achieved with the 68300 series, its
highly integrated 32-bit microcon-
troller family. The solution was to
use an intermodule bus (IMB) with
the 68HC16. The IMB lets the chip
access the sophisticated peripheral
modules developed for the 68300
family, as well as the 68HC11’s sim-
pler modules.

While traditional development of
microcontrollers usually involves
straightforward improvements in
CPU frequency and higher integra-
tion, Motorola found alternative
ways to boost overall performance.
“There’s a second level of integration
going on here,” says Pat Heath, tech-
nical marketing manager for ad-
vanced microcontrollers at
Motorola. “The first generation in-
volves putting serial ports, timers
and such on-chip. Now we'’re seeing
the integration of things such as
RISC and DSP hardware onto the
MCU.” The point of such techniques
is to offload the chip’s CPU core as
much as possible. Exemplifying such
techniques is Motorola’s addition of
instructions to the 68 HC16 architec-
ture specifically for DSP. These in-
structions control special hardware
on the chip suited for running DSP
algorithms.

Another state-of-the-art feature
included on the 68HC16-Y1 version
is a time processor unit (TPU). “The
TPU has a RISC engine that can
perform very complex timing func-
tions without intervention of the
CPU,” says Arie Brish, marketing
manager for advanced microcon-
trollers at Motorola. Only after it
accomplishes the whole function
does the unit interrupt the CPU. In
contrast, traditional 8-bit timers in-
terrupt the CPU on every clock edge.
With a TPU, “you can perform a very
complex instruction, such as acceler-
ating a motor, for example,“ says
Brish. “The TPU generates all the
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Peripherals

Price

Advanced Micro Devices 901 Thompson PI, PO Box 3453, Sunnyvale, CA 94088 (408) 732-2400

Comments

Circle 301

80C186 —_ - — 10,12.5, — 3/2 yes — — fully static CMOS
16, 20
80C188 — — — 10,125,  — 32 yes — — same as above
16, 20
Hitachi America 2000 Sierra Point Pkwy, Brisbane, CA 94005-1819 (415) 589-8300 Circle 302
H8/510 — — — 6,8, 10 18/5 4/yes yes 4 channels,10-bit ADC, $11.85 16 Mbyte addrs
2 UARTs, 60 1/0s, wait- space, 8 16-bit regis-
state cntl, RAM refresh ters, orthogonal instr
set
H8/520 512 16k — 6,8,10 18/9 4/yes yes 8 channels, 10-bit ADC, $22.25 same as above
2 UARTSs, 54 1/0s,
wait-state cntl
H8/532 1k 32k — 6,8,10 19/3 8/yes yes 8 channels, 10-bit ADC, $25.80 same as above
1 UART, 65 1/0s, wait-state cntl
H8/534 2k 32k — 6,8,10 23/7 8/yes yes 8 channels, 10-bit ADC, $29.60 same a
2 UARTs, 65 1/0s, wait-state cntl
Intel 5000 W Chandler Blvd, Chandler, AZ 85226 (602) 554-8080 Circle 303
8XC196KB/ 232 8k — 10,1216 28 2/— yes 1 serial port, $22.05
8XC196KB16 8 analog inputs, (2,000s)
48 1/0s, 10-bit ADC
8X9XBH 232 8k -— 12 30 2/— no 1 serial port, 8 analog $5.90
inputs, 48 1/0s, (2,000s)
10-bit ADC
8XC194/ 232 8k —_ 16 28 2/— yes 1 serial port, $8.45
8XC198 4 analog inputs, (2,000s)
48 1/0s, 10-bit ADC
8X98 232 8k — 12 20 2/— no 1 serial port, 4 analog $5.00
inputs, 48 1/0s, (2,000s)
10-bit A/D avail.
8XC196KC 488 16k — 16 28 2/— yes 1 serial port, 8 analog $23.15
inputs, 48 1/0s (2,000s)
8X9IXJF 232 16k — 12 20 2/— no 1 serial port, 8 analog $7.90
inputs, 48 1/0s (2,000s)
8XC196K0/ 1k 32k — 16/20 28 2/— yes 1serial port, 8 analog PLCC-OTP
8XC196K020 inputs, 48 1/0s, 16 MHZ
8- or 10-bit ADC $32.95 each
per 2K
8XC196KR 488 16k — 16 39 2/— yes 2 serial ports, 8 analog $25.95
. inputs, 56 1/0s, 8- or (2,000s)
10- bit ADC
8XC196MC 488 16k — 16 16 2/— yes 1 serial port, 13 analog $15.25 -
inputs, 53 1/0s, 8- or $26.50
10-bit ADCs (2,000s)

128 SEPTEMBER 1992 COMPUTER DESIGN



Until now,
there was just
one thing missing

from CPU32
development
solutions.

NO POSTAGE
NECESSARY
IF MAILE D

FIRST-CLASS MAIL PERMIT NO. 140 REDMOND, WA

V

NI
A

Applied Microsystems Corporation

5020 148th Ave. N.E.
PO BOX 97002
REDMOND WA 98073-9983

Z
< S
o Z
O 4
7
=
<o)
w




The solution.

Introducing our newest
development systems for the
68330, 68340 and 68F333 micro-
controllers: emulators, CodeTAPs
debuggers, simulators, language
tools, and support services. Now
you have a range of tools to match
your needs throughout the devel-
opment cycle. Only from Applied.

Smarter than your average tools.

Because these new 32-bit
controllers are far more complex
than their predecessors, you need
a smarter solution. One that saves
you weeks of development time.

For example, since you can
reconfigure CPU pins, you have to
be able to track the changes. Ours
is the only system that can deter-
mine the correct function of each
pin, transparently, and in
real-time.

And our new intelli-
gent trace disas-
sembler provides
the only accurate
picture of register
values correlated
with instructions. It also
gives you detailed timing

data for performance analysis.
Applied’s system solves one
of your most critical productivity
issues. Instead of mismatched
tools that don't speak the same
language, you can now work

| with integrated tools that share a
common user interface.

A real solution costs less
than you think.

Just because our CPU32
development tools are the
best in their class doesn'’t

mean you have to pay more

i
\I""I

Applied

Microsystems
Corporation

| Where itall comes together.

for top performance. You'll be
pleasantly surprised at how afford-
able these tools are.

Want to learn more?

We'll send you free product
information and our latest
Application Note on working
with the complexities of the
CPU32 controllers.

Just call Applied at 1-800-
343-3659 (in WA, 206-882-2000)
or return the card below.

And ask for your solution.

©1992 Applied Microsystems Corporation. All rights reserved. Other names indicated by ™ and ®are registered trademarks of their respective holders. In the U.S. and Canada, call 1-800-343-3659 (in WA, call 206-882

Applied Microsystems Corporation, Ltd., AMC House, South Street, Wendover, Aylesbury, Bucks, HP22 6EF, England. In Germany, call 49-6182-92030. Fax 49-6182-920315. Or contact Applied Microsystems
GmbH, Dammstrasse 6, W-6453 Seligenstadt, Germany. In Japan, call 03-3493-0770. Fax 03-3493-7270. Or contact Applied Microsystems Japan, Ltd., Nihon Seimei Nishi-Gotanda Bldg., 7-24-5 Nishi-Gotanda,

Shinagawa-Ku, Tokyo T141, Japan

Send for FREE technical information.

Or call us at 1-800-343-3659 (In WA, 206-882-2000)

[ Please send me product information about Applied’s new development solutions
for the following microcontrollers:

microcontroller family.

Phone number

(68330 68340

'd Please call me to arrange a demonstration.

Title

Name

Company__

Address
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CDY92

___ State

(J 68F333
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Mitsubishi Electronics America 1050 E Arques Ave, Sunnyvale, CA 94086 (408)730-5900 Circle 304
M37730 1k - e 8,16,25 193 13/— yes 23 1/0s — 2 channel pulse
ouput mode
M37732 2k e - 8,16,25 19/3 17/— yes 37 1/0s, 8-bit - same as above
8-channel ADC
M37702 512to  16kto — 8,16,25  19/3 17— yes 68 1/0s, 1 UART, — 3-V operation, 16
2k 32k 1 synch 8-bit Mbytes addrs space
8-channel ADC
M37703 512 16kto — 816,25 —/3 14/— yes 53 1/0s, 1 UART, — block move,
32 1 synch 8-bit exchange instructions
8-channel ADC
M37720 512 — — 8or 16 23/2 17— yes 53 1/0s, 1 UART, — DRAM controller,

1 synch 8-bit
8-channel ADC

4-bit real-time output

Motorola Advanced Microcont. Div. 6501 William Cannon Dr West, Austin,TX 78735 (512) 891-2000 Circle 305
MC68HC16Z1 1k - — 84 253/7 1/— yes 2 serial channels $15.87 timer processor
unit (TPU) offloads
core CPU, DSP
instructions
MC68HC16Y1 2k 48k — 84 253/7 21— yes 3 serial channels $27.90 same as above
NEC Electronics 401 Ellis St, PO Box 7241, Mountain View, CA 94039-7241 (415) 965-6000 Circle 306
78322/324 640to  16kto — 16 13/8 2/yes yes 8-channel 10-bit ADC, $11.40 on-chip band rate
1k 32k watchdog timer, UART, (10,000s) generator; DMA-like
synch I/F, 39 /0s macro service
78352 640 32k — 32 13/5 3lyes yes 2-channel PWM, $13.50 DMA-like macro
watchdog timer, (10,000s) service; MAC
44 1/0s, 6 inputs instructions; fast
context switching
78356 2k 48k — 32 19/6 5/yes yes 2 8-channel UARTSs, $16.00 same as above
10-bit ADC, 2- (10,000s)
channel 8-bit DAC,
2-channel 8/10/12-bit
PWM, watchdog timer,
UART, 69 1/0s, 8 inputs
National Semiconductor 1111 West Bordin Rd, Arlington,TX 76017 (800) 272-9959 Circle 307
HPC46100 1k — — 40 8 71— no 8-channel 8-bit ADC, $14 DSP capability, MAC
31 1/0s, full-duplex (10,000s) unit, watchdog timer,
UART 1616 mult, 32X16
divide
HPC464064 512 16k — 20,30 8 8/— yes 4 full-duplex UARTS, $10-$13.30 16X16 mult, 32X16
52 1/0s, serial 1/0 (10,000s)  div; idle & halt modes
HPC46400E 256 e — 20 8 4)— no 4 full -duplex UARTS, $19 2 full-duplex HDLC
36 1/0s (10,000s) channels for X.25,
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SGS-Thomson Microelectronics 100 E Bell Rd, Phoenix, AZ 85022 (602) 867-6100 Circle 308
ST107166 8k == 256k 20 32/16 3/8 yes 2 UARTs, 10-bit ADC $53.00 4-stage pipeline, 10
(flash) w/ 9.75 us settling, 76 Mips, performs
1/0s, watchdog timer 1616 multiply
in 500 ns
ST10166 8k 256k —_ 20 32/16 3/8 yes same as above $25.00 same as above
ST9040 3.8k 128k 4k 12 13/9 2/6 yes 8-bit ADC $14.00
Siemens Components 2191 Laurelwood Rd, Santa Clara, CA 95054 (800) 456-9229 Circle 309
SAB 80C166 8k — — 16 16 6/yes yes 2 UARTs, 10-channel $32.00 typical instruction
10-bit ADC, 16 capture/ executes in 100 ns
compares, 76 1/0s at 20 MHz
SAB 830166 8k 262k —_ 16 16 6/yes yes same as above $35.00 same as above
SAB 88C166 8k — 262k 16 16 6/yes yes same as above $95.00 same as above, bank
(flash) segmented flash
SAB C167 16k 65k e 20 48 6/yes yes 1 synch/asynch $30.00 16 Mbyte addrs
serial port, 110 1/0s, ($10,000s)  space, 5 chip
16-channel 10-bit ADC selects, instr exten-
sion for HLLs
Zilog 210 E Hacienda Ave, Campbell, CA 95008 (408) 370-8000 Circle 310
Z86C95 2Kk - — 24 6/4 3— yes UART, ADC, DAC, $10.00 2.7-V version
PWM, mux/demux ADC (10,000s) available
289120 2k 20k — 10 9/3 4/— yes ADC, PWM, watchdog $11.25 T1 DSP translator
timer, 8X16 mailbox, (10,000s) available
47 1/0s
789C00 — 4k — 10 3 —/— yes 16-bit 1/0 port, $8.20 TI DSP translator
16-bit programming (10,000s) avail, single-cycle
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reasons to add an intermodule bus (IMB) to its 68HC16 microcontroller architecture.

The IMB lets the chip access the sophisticated peripheral modules developed for the ‘
32-bit 68300 family, as w2ll as the 8-bit 68HC11’s simpler modules. As a result, you

can expect a smooth migration path across a wide range of performance levels. \

waveforms needed without inter-
rupting the CPU.”

l Moving up from eight bits

Typically you decide to use a 16-bit
microcontroller to upgrade a design
that’s currently based on an 8-bit
device. To accomplish this, engineers
at Spectra-Physics Scanning Sys-
tems (Eugene, OR), a company that
makes bar-code scanners for super-
markets, chose a Motorola 68HC16
for its next-generation line of porta-
ble bar-code scanners.

Brad Reddersen, the company’s
R&D manager for portable prod-
ucts, describes why there was a
need to migrate: “We wanted to
speed up the coding. In a bar-code
scanner, you capture input data
and record the time that it comes
in. It’s a fairly time-intensive soft-
ware operation: looking at the in-
coming data on the fly and deciding
not only which bar-code symbology
it is but also interpreting what the
data says. Moving from the 8-bit

part to the 16-bit part, we probably
saw a 4x to 6x improvement in
throughput of our algorithm.”

Another of Spectra-Physics’ de-
sign goals was to interface its bar-
code scanner with different types of
data terminals. This calls for many
different interface protocols—for ex-
ample, to the RS-232 and the RS-
485. Many such protocols have
incompatible baud rates. “Tradi-
tional MCUs limit you to rates that
can be derived from whatever the
clock frequency is,” says Phil She-
pard, digital systems engineer at
Spectra-Physics. “One of the nice
things about the 68HC16 is that it
uses a voltage-control oscillator in-
ternally to drive any number of clock
frequencies.”

The 68HC16 did, however, have
one drawback. “One thing that Mo-
torola didn’t do as well as we would
have liked is [handle] power con-
sumption of the [68]HC16,” says
Shepard. “We operate in a portable |

environment. A lot of the portable i

data terminals operate off a battery.
That was one of the trade-offs in
moving up to a 16-bit family, either
in the overall power consumption or
in ways to manage it down during
parts of the operating cycle.”

l Power plays

Ike Saeed, marketing manager for
MCU products at Mitsubishi Elec-
tronics America (Sunnyvale, CA),
sees integration and 3-V operation
as the two important trends for 16-
bit microcontrollers. “In our 16-bit
family we offer parts that operate
from 2.7 V at clock speeds up to 8
MHz,” says Saeed. “The resulting
power dissipation isjust 4 mA. We'’re
finding a great deal of interest in
low-power versions for applications
such as cellular telephones and other
handheld products.”

The standard M37702-series chip,
Mitsubishi’s 16-bit microcontroller
architecture, has up to 32 kbytes of
on-chip ROM or EPROM, and 2
kbytes of SRAM. A standard device
also has up to eight 16-bit timers,
and each timer has a variety of
modes. The device also has two full-
duplex UART channels with a
watchdog timer.

For its part, Siemens (Santa

| Clara, CA) has expanded its 16-bit

SAB 80C166 microcontroller family

| by adding an enhanced part, the

SAB-C167. The new part features an
impressive interrupt sample rate of
50 ns, the fastest in the industry.
Built for automotive engine control,
the part offers a 50-ns counter reso-
lution and a 100-ns instruction exe-
cution time at 40 MHz. The C167’s
expanded feature set includes a 78-
kHz pulse width modulation unit,
with four independent channels and
a 32-channel capture/compare unit.

There are some microcontrollers
that are difficult to classify as being
either 8-bit or 16-bit. For example,
the H8/500 series of 8/16-bit micro-
controllers from Hitachi America
(Brisbane, CA) has a 16-bit core
with an external datapath that’s
eight bits wide. Benchmark tests
suggest its performance is 60 per-
cent better than that of popular 16-
bit microcontrollers. With that level
of performance, the H8/500 series
perhaps reflects the potential of 16-
bit microcontrollers to capture
territory from more powerful 32-bit
devices. ES
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Now You Can Choose
Your Own Display!
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Vigra’'s new
display boards

open up a whole new world
of choices to SBus users!

Now you can exactly match your display Vigra has developed custom frame buffers for some
needs to your system — with choices such as very demanding applications.
multiple head displays, large screen projection All of Vigra's display boards come ready to
or overhead displays, or space-saving, small- work. Included device drivers assure compatibility
footprint displays. with Sun's window environments, including
Vigra's display boards provide program- SunView®, XView® and OpenWindows®
mable pixel resolutions that range from So if you need a bigger (or smaller) outlook
640x480 to 1280x1024. Our SBus frame for your SBus system, just give Vigra a call today.
buffers are an ideal match for a wide range of There is a solution.
monitors, LCD panels and electroluminescent
displays.

Rl
If we don't have a standard frame buffer
to suit your requirements, just give us a call. l

4901 Morena Blvd., Bldg. 502
San Diego, CA 92117
(619) 483-1197 FAX: 619-483-7531

¥ SunView. XView. and OpenWindows are registered trademarks of Sun Microsystems. Inc
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Technology and Market Update for SBus Users and OEMs

Embeddetd SBus gets systems orientation

mbedded SBus solutions have

ridden on the coattails of the

Sparcstation from Sun Micro-
systems Computer Corporation (Moun-
tain View, CA). While some OEM sys-
tems use a full-fledged workstation
embedded in an application, it’s more
likely that a single-board version of the
workstation will be used. Sun, for exam-
ple, has offered a single-board version
of its Sparcstation (called Sparcengine)
ever since the workstation was intro-
duced. And the company has updated
releases of the Sparcengine with each
new Sparcstation offering.

More function, better package
But some OEMs are looking for more
functionality and a more convenient
package to embed into their real-time
systems. Responding on the one hand to
OEMs prone to VME or Multibus II
solutions but looking to reduce costs, and
on the other to manufacturers wanting
more complete solutions than those of-
fered by single-board computer makers,
Performance Technology (Rochester,
NY) is providing a system-level, Sparc-
based computer designed primarily for
real-time embedded solutions.

Sun claims it will convert 70 percent
of its existing VME single-board cus-
tomer base to single-board SBus prod-
ucts, while 30 percent will elect to stay
with traditional VMEbus-based ap-
proaches. This second group of custom-
ers will be served by other vendors.
Force Computers (Campbell, CA),
through a technology exchange with
Sun, offers a Sun 1E board—equivalent
to a Sparcstation 1—as well as a Sparc-
station 2 equivalent, the 2S, without a
VME interface. A version with VME
interface will be available this fall.
Themis Computer (Pleasanton, CA) also
offers a Sparcstation 2-equivalent board
with a VMEDbus interface.

While these Sparc-based ap-

|
|
|

| moved lightning-fast through the IEEE ob-

Performance Tech-
nology’s SBus/System
provides a complete
Sparc-based computer
packaged as a system de-
signed for embedded
real-time applications.
The system comes with
Ethernet, SCSI-2 and se-
rial ports, and is available
with either four or eight
SBus slots and a number
of DRAM and mass mem-
ory options.

proaches—and some new ones that will
surface later this year—continue to gain
both PC and VME/Multibus II embed-
ded computer business, some OEMs
want more. The existing VME solutions
(the 1E and 2E from Force and Themis)
consist of VME boards with slots for
only a pair of SBus cards. And because
of the height of the SBus connector,
these solutions occupy two slots in a
VMEDbus card cage.

The busless solutions from Sun and

Force, Sun’s 2E and Force’s 2S respec-
tively, also have only two SBus slots
each, while Sun’s latest entry, the Sparc-
engine 10, provides three slots. In addi-
tion, OEMs using single-board ap-
proaches must handle mechanical
mounting, power-supply placement and
other factors that could have an impact
on functionality and reliability.

In comparison, Performance’s pack-
age offers a full-function, Sparc-based

continued on page 136

SBus spec heads for sponsor hallot

he SBus specification, now of- |

ficially dubbed P1496.1, is on

its way to a sponsor ballot, ac-
cording to Wayne Fischer, P1496 Com-
mittee chairman and strategic marketing
manager for Force Computers (Campbell,
CA). While zipping rapidly through the
specification process, the standard hasn’t ‘

contributed to the rapid progress made
on the standard. In addition, a large con-
tingent of third-party manufacturers—
not to mention Sun, with tens of thou-
sands of workstations in the
marketplace—has already committed to
the specification by building modules
and systems.

But it’s these same vendors who’ve
caused delays in getting the specification
finalized. Some designers of SBus hard-
ware have taken liberties with the origi-
nal SBus specification. Their companies
have tried to bend the specification to

continued on page 136

stacle course. Initially Fischer believed the
specification would be finalized before ‘
year-end; now it appears that March 1993
would be more realistic.

The mature state of SBus technology ‘
and its well-defined specification have
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Embedded SBus |

continued from page 135 \
computer complete with Ethernet, a |
SCSI-2 FAST port and a pair of serial 1/O ‘
ports. The motherboard comes packaged
with a power supply in a rack-mountable
rugged enclosure. Performance’s box ‘
also includes sites for up to eight SBus
option cards. ‘

“We're finding a lot of interest from
users that have been struggling with |
packaging and power-supply issues in
embedded applications,” says Don Tur-
rell, SBus product manager for Perform-
ance. “In some cases, these users are
looking to get out from under the cost
and size constraints of a VMEbus card
cage and backplane. In the VME envi-
ronment, not only can the card cage and
mounting take up additional space, but
OEMs are often forced to purchase rela-
tively expensive VME cards for simple
I/O functions.”

The availability of up to eight SBus
slots gives Performance’s system an ad-
vantage over competing boards, espe-
cially in systems that call for SBus op-
tion modules occupying two slots. ‘
Because of the small form factor of
SBus, many functions, such as high-
speed communications, call for two slots
to provide enough PCB area as well as ‘
supplying needed power.

|

OEMs want as complete a package as |
possible, so Performance offers a num-
ber of options that let them tailor a pack-
age to fit their needs. The shell is a
rugged modular aluminum enclosure, |
which comes in standard form as a desk-
top unit with optional wings for 19-in.
rack mounting. The system is equipped ‘
with an integral 50/60-Hz power source
which includes a pair of dc fans.

“While our original intention was to
supply a completely packaged unit,”
says Turrell, “we’ve had an increasing
number of requests for board-only-based |
systems for users who want the flexibil-
ity of the additional SBus slots, but want ‘
to use their own enclosure. Performance
plans to make a board-only version ‘
available soon.”

Other options include a customizable ‘
polycarbonate front panel. The PT-
SYS500X (with the X being either a 4 or

Option selection
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an 8 for the number of SBus slots), offers
DRAM options from 2 to 64 Mbytes.
Memory expansion is through field-in-
stallable memory modules available from
Performance. The system is provided
without floppy or hard disks, but a num-
ber of disk option kits are available.
Performance’s system is designed for
real-time embedded systems, and as
such it offers the Lynx real-time operat-
ing system as an option. The Lynx port
on the SBus/System, as Performance
dubs its package, is a derivative of the
LynxOS Sparcstation port built in con-
junction with Sun Microsystems. “While
we developed this product primarily as a
real-time embedded engine,” says Tur-
rell, “we’ve already had some requests

Sponsor hallot

continued from page 135

their benefit during the working-group
balloting. The same issues may resurface
during the sponsor balloting.

“Because of the large number of com-
ments in the working group ballots,”
says Fischer, “the process of getting
working-group approval took about five
weeks longer than we planned. But the
specification has come out a lot stronger
because of the attention paid to each
comment. And because we addressed
each comment in the working-group bal-
lot, I expect relatively quick passage
through the sponsor ballot.”

The fact that there’s been some abuse
of the specification in the past points to
the need for its solidification, comments
Ray Alderman, technical director of
VME/Futurebus+ International Trade
Association (VITA—Scottsdale, AZ).
Although the specification isn’t yet for-
malized, Alderman says that copies of
the preliminary document are available
through VITA, so developers don’t have
to worry about designing to the wrong
specification. “I don’t think there will be
any substantive changes to the specifica-
tion as a result of the sponsor ballot,”
adds Fischer.

Sponsor ballot
The sponsor ballot is the final hurdle in
the IEEE standard approval process. The
specification is sent to a group of mem-
bers selected in advance because of spe-

for a regular SunOS/Solaris Unix-type
operating system.”

The introduction by Performance—a
leader in the VMEbus community—of a
stand-alone, Sparc-based embedded
computer system underscores the trend
toward smaller, less expensive single-
board solutions with mezzanine-board
options. The fact that demand is for more
complete systems, including package,
power supply and even OS software,
indicates that OEMs are beginning to
look at an embedded computer as a sin-
gle system component, and not necessar-
ily as a differentiating factor in the final
solution. @

cial knowledge or interest in the area.
These individuals review the document,
checking it for technology and language.
While sponsor balloting is supposed to
take 30 days, it usually takes about twice
that long. Any negative comments must
be resolved before the document passes
sponsor balloting. If, in the course of this
resolution, the document is modified, it
must then be approved once again by the
entire sponsoring body.

Based on the condition of the SBus
specification, few negative comments
are expected. But there may be some
sponsor members with an ax to grind,
and this could hold the document up in
the sponsor approval process for another
30 to 60 days.

“The working group took a middle
ground in finalizing the specification,”
says Fischer. “It’s impossible to guaran-
tee that every SBus module—or, for that
matter, every SBus host—will be 100-
percent compatible with the specifica-
tion, but the group put together an SBus
standard it felt was right.”

While there may still be a few bumps
in the road, most SBus developers—in-
cluding Sun—are eager to have the stand-
ardization process complete. It will solve
any current or future problems with host
and board compatibility, and it assures
manufacturers of a consistent specifica-
tion for at least the next several years. If
nothing more, the IEEE sanction guaran-
tees developers that the specification—
good or bad—will not change at the whim
of any individual or company. @




The status of P1496

Bob Snively, Sun Microsystems Computer
Corporation, Mountain View, CA

ince Sun Microsystems publicly

introduced SBus in 1989, there’s

been a continuing effort to make
it an open, standard interface. An SBus
Committee was established in 1991 to
initiate the transfer of architectural con-
trol of SBus to the public. The committee
quickly decided that the best way to ad-
vance its goal was to transfer its activi-
ties to the IEEE. The P1496 Study
Group, chaired by Wayne Fischer of
Force Computers, was subsequently set
up in July of 1991 by the Bus Architec-
ture Standards Committee of the Techni-
cal Committee on Microprocessors and
Microcomputers of the IEEE Computer
Society. Over 180 individuals represent-
ing many companies have participated in
P1496 Working Group activities.

The P1496 Working Group used SBus
Specification B.0, published in Decem-
ber of 1990, as its base document. The
SBus B.0 document was the most widely
used reference for SBus until the publi-
cation of the P1496 draft standard, re-
vision 2.0, in July of 1992. Now that
the P1496 document is nearing the sta-
tus of a standard, it’s important to un-
derstand how it differs from the SBus
B.0 document.

The P1496 document will not seem
familiar to users of the SBus B.0 speci-
fication, since the former had to be com-
pletely rewritten to conform to the re-
quirements of an IEEE standard.
Redundancies were eliminated and ref-
erences to proprietary information and
nonstandard implementations were re-
moved. Considering the logical func-
tions of SBus controller, master and

into the P1496 document. Most of the
changes were associated with conflict-
ing, unclear or incorrect statements in
the original SBus B.0 document. A few
were linked to improvements that had
been requested by the Public SBus Com-
mittee.

Other changes to the P1496 document
include items in the following areas:

ATOMIC OPERATIONS: After much

| discussion, atomic operations were re-

slave separately simplified the structure |

of the document. Open boot information
previously contained in the SBus B.0
document was removed, since it will be
included in IEEE P1275, the proposed
standard for boot firmware.

In spite of the complete rewrite of the
document, however, very few technical
changes were required to turn SBus B.0

moved from P1496. The SBus B.0 defi-
nition of atomic operations couldn’t be
implemented, especially when SBus was
used as an I/O bus bridged from a host
memory bus. In addition, inconsistent
interpretations of the original definition
had created incompatible implementa-
tions among those few devices that had
attempted to include the functions.

64-BIT EXTENDED TRANSFER OPERA-
TIONS: This capability was moved from
an appendix of the SBus B.0 document
into the normal description of SBus. The
extended lock protocol was clarified and
modified to allow locking a shared SBus
slave resource to a particular SBus
master.

RERUN: The rerun function was re-
named “retry” to correctly define its ac-
tual behavior. The definition of retry was
extended and modified so that it behaves
correctly in the presence of errors and
lets SBus cycles be divided into two parts,
one to initiate the SBus transfer and the
second to complete the operation.

PARITY: The description of parity
checking was completed, so that individ-
ual SBus master/slave pairs could check
parity even if the remainder of the sys-
tem didn’t do so.

RESET: A 100-ms wait period was rec-
ommended after completion of a reset to
allow SBus cards sufficient time to ini-
tialize themselves. Since this was not
made a requirement, it’s still good prac-
tice to implement an SBus card so that
it’s ready for operation immediately after
a reset is completed.

ELECTRONIC REQUIREMENTS: The
drive and termination requirements were
more completely explained so that com-
pliance with the standard could be veri-
fied. Capacitive loading tolerance for the
clock signal was tightened to decrease the
influence of loading on clock skew timing.

TIMING: The method for measuring
timing was defined more strictly to allow
compliance verification. The total skew
budget was apportioned more realisti-
cally. The new skew budget requires
clock skew timing specification to be
tightened and clock-to-signal timing to
be decreased. These modifications allow
reliable operation of all SBus cards in
any SBus system.

MECHANICAL DRAWINGS: These were
modified to correct errors and to resolve
inconsistencies. The component height
definition for connectors was clarified.
Future work of the Electronics Industry
Association will standardize the present
SBus connector.

The P1496 Working Group reviewed
all these changes very carefully to be
sure that the original intent of the SBus
B.0 specification was retained. Now that
sponsor balloting is beginning, the work-
ing group is expecting the IEEE review
to identify any other corrections required
in the proposed standard. The P1496
Working Group is confident that the new
standard will be an important aid to the
expanding SBus marketplace. @
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SBus gets tester/analyzer support

Ithough SBus has gained

much momentum as a result of

the support of Sun Microsys-
tems Computer Corporation (Mountain
View, CA) and its installed base of Sun

ELMA’s enclosures, backplanes, and ac-
cessories are designed to meet and surpass
the highest standards of precision and de-
pendability.

ELMA’s own modular approach satisfies a
wide range of applications with off-the-shelf
components, and eliminates expensive time-
consuming custom work. ELMA meets your
requirements with portable tower, desktop,
rackmount, and custom built systems that
are wired, tested, and ready to run.

We offer turn-key solutions for a wide variety
of buses, including VME, VXI, SUN, Multi-
bus Il, PC/AT, Futurbus+, and many more.
In addition, our selection of accessories,
from cabinets to cooling systems, is truly
unparalleled.

What'’s more ELMA offers both custom and
standard products for every bus standard.

workstations, the infrastructure needed
to make the technology a truly universal
standard is just emerging. That infra-
structure includes, in addition to a well-
documented, stable standard, a critical

At ELMA, our technicians are experts at
creating unique systems to meet even the
most demanding customer needs.

ELMA offers superior service and a selection
that is second to none. The quality of all our
components are subject to some of the
most rigorous tests around the world, solely
to provide you with the highest quality
systems. The dependability of our compo-
nents is unquestionable. In conclusion,
whether your interests are from simple com-
ponents to intricate customized system ap-
plications, taking all your enclosure and
backplane needs to ELMA is Just Plane
Smart.

ELM e Fremont, CA 94538
Tel: (510) 656-3400

Fax: (510) 656-3783

'_ 44350 Grimmer Blvd.
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mass of active module developers, read-
ily available software support and tools
for testing and debugging the bus.

The official standardization of the bus
by IEEE should provide the needed sta-
bility, and will also guarantee that the
specification is well-documented. Sun
claims that well over 100 third-party
vendors are developing and manufactur-
ing SBus modules. And at least one SBus
analyzer has been announced.

Now, a smart SBus extender board is
being made available that lets you easily
access all 82 SBus signals from a set of
in-line, logic analyzer-compatible test
points. The extender, from Ultraview

Ultraview’s SBus extender card is the first such
device to arrange the pins of all 82 SBus signals
in logical order (rather than in pin-out order) to
permit organized connection to a logic analyzer.
In addition, the card provides circuitry to con-
stantly measure power dissipation of the card un-
der test.

(Freemont, CA), is called the SBext-82;
it lets the board under test be placed in a
vertical orientation, giving you easy ac-
cess to both sides and leaving all com-
ponents on the board in full view.

In addition, the SBext-82 has a 33-mQ
shunt that’s combined with an on-board
differential amplifier circuit to contin-
ually measure the 5-V current consump-
tion of the board plugged into the ex-
tender. Connection for meter probes lets
you directly read a voltage that’s propor-
tional to the current drawn by the board
under test. In addition, a set of LEDs
constantly monitors the 5-V supply for
the tested device. Any deviation below
the 4.75-V low-voltage limit, or current
in excess of the specified 2 A, will be
signaled by the LEDs. @



X [xthos

VME Solutions for Advanced DSP

Introducmg the IXD7232 ..

ISOMFLOPS of DSP Power!

~ * Power by Design;
‘Two IEEE 32-bit floating point ADSP210205
combine to make the IXD7232 the most
powerful 6U DSP board available.

e High Data Throughput

Each DSP has its own independent data paths
allowing sustained data transfer rates of
100MBytes/sec with peaks of 200MBytes/sec.

e 1/O Flexibility:
Each IXD7232 holds two IXI I/O mezzanines
within a single-slot 6U. A wide variety of IXI
options, Analog and/or Digital, are available.

* Reconfigurable Global Memory.
SRAM (0ws) and DRAM (1-2ws) mezzanines

allow global memory to be optimized for a
wide variety of algorithms and applications.

* Versatile Parallel Pipelining:

In addition to global mentory, DSPs can pass
dara via FIFOs (Ows); full bandwidth pipelining
between boards is acheived via the IXI ports.

» Comprehensive Software Support:
Development tools include Assembler, Linker,
Librarian, Simulator, C Compiler, RunTime

Library, Debugger, Debug Monitor and ICE.
Call us at (301)572-6700 for more information.

Ixthos, Inc. ® 12210 Plum Orchard Drive ¢ Silver Spring, MD 20904-7801 * (301) 572-6700

— — See us at Buscon Booth #921 CIRCLE NO. 82



SBus Shorts

Prices down, capabilities up

Bus is reaching the level of matu-

rity where prices are starting

to drop and second-generation or
enhanced products are emerging. This is
the case at Aurora Technologies
(Waltham, MA), which has dropped the
price of its 8- and 16-port intelligent line
serial cards by 33 and 25 percent respec-
tively. At the same time, the company
announced software and hardware en-
hancements to two of its other I/O prod-
ucts: a Centronics-compatible parallel
port device (Model 10S) and a multiport
device, Model 210S.

Sun affirms support

n an issue of Sun’s SBulletin, the |
company indicated it was curtailing

its support of third-party SBus op-
tion-card developers. In a later issue of
the same publication, however, the com-
pany affirmed that it would continue to
support these developers, but with a re-
focused effort toward software require-
ments. The company said it “will con-

SBus Showc

S e
, S-bus, VME, NUbus, VAX-BI

B Second Timing Accuracy to UTC

B UNIX, VMS, DOS, Mac, SUN OS, M68k, 80X86

B Generates IRIG B Time Code

W Synchronizes to IRIG A & B, XR3, NASA 36, 2137

B Zero Latency High Speed Bus Interface

B GPStar"VME Version Provides a Precision 1, 5, 10 MHz

Frequency Reference

W Also, complete line of Time Code Processors

Precision Time Divisi
Phone (800) 374-4783 (714) 758-0400 or Fax (714) 758-TIME
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140 SEPTEMBER 1992 COMPUTER DESIGN

tinue to provide phone, fax and E-mail
support on demand for hardware, firm-
ware and software queries from the SBus
developer community. Because of the
focus on the Solaris 2.0 software transi-
tion, we will probably respond less
quickly to your requests than we have in
the past.” But Sun added that it would
acknowledge messages and respond to
them as quickly as the workload al-
lowed.

Sparc chip set
for compatible workstations

ypress Semiconductor (San Jose,

CA) unveiled a set of peripheral

chips plus a licensable mother-
board design for would-be Sparc-com-
patible system makers that will lead to a
new, more powerful generation of work-
station products. Cypress believes its
chip set will let Sun-compatible worksta-
tion manufacturers significantly reduce
costs and time-to-market, letting them
focus their efforts on specific value-
added features. The chip set includes a
graphics controller, a complete M bus-

to-SBus interface, a 2-chip main mem-
ory controller, and a pair of I/O chips that
let Sparc-compatible makers use low-
cost controllers made for 386SX bus
products. In addition, Cypress provides
all the technical data necessary to build
8-layer motherboards that exactly fit the
standard Sparc workstation enclosure.

Sparc architecture

’ extended to 64 bits
collaborative effort of more than
a dozen companies working

A within the Sparc International

organization has developed Version 9 of
the Sparc architecture, extending it to 64
bits and adding several new instruc-
tions. Full details of the specification
will be made available by the group next
month. The previous version, Version 8§,
was the basis for the SuperSparc and
HyperSparc families of chips; it was
developed by Sun with the aid of several
semiconductor companies. After com-
pletion of that version, the responsibility
for the architecture was turned over to
Sparc International.

LAl Ol AATIUC LA U T4

(o mput images

your choice with easy-to-use graphical application software. Centronics-

compatsble bidirectional interface also drives printers, ’

SO0 tlo3i Aelzigizes
SCSI Host 7

5 MB/scc adlitional data throughpt. When adding expensive disks, add
Plug & play installation.

i

1o get full

Antares Microsystems, Inc.
160B Albright Way

Los Gatos, CA 95030

Voice: (408)370-SBUS
Fax: (408)370-7649
antares@cup.portal.com

MICROJ SYSTEMS
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The Ultimate

SBus Extender

All 82 SBus test points in Logical order
for fast logic analyzer hookup.

Voltmeter output jacks indicate current
consumed by board-under-test, and
LEDs warn if | >2A or V< 4.75.

ULTRAVIEW//////-

C) -

475 Yampa Way, Fremont CA 94539
Phone 510-657-9501 Fax 510-657-0927
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At Electronic Imaging International,

Remote Miitary

Electronic
Pre-press

Multimedia

Electronic imaging International
Hynes Convention'Center
Boston, Massachusetts
Sept. 29 - Oct. 2, 1992

Savor each Slice of the El Marketplace

Be at the Electronic Imaging International Show Imaging Standards Poster Board Session
and Conference, where the industry delivers imaging

products and technologies to the world Poster sessions offer you an interactive

opportunity to consider issues of varying opinion and
: : ; focus, as presenters post their papers for attendee
Electronic Imaging Delivers discussion. This year, the Poster session scope

See a wide array of the available products and includes JPEG, MPEG, and JBIG proposed standards.
technologies, and attend a concurrent conference
based on six key vertical market segments with issues  E|| Delivers the Technologies and their Appﬁcaﬁons
relating to OEMs and System Integrators.

The six vertical market areas for the
EI International 1992 Conference program are:

Send in the coupon below for information about
the whole pie at Electronic Imaging International.

eMedical/BioScience eMachine Vision

eElectronic Pre-press eMilitary Systems Send me more information on l LECT R()\I( |

eRemote Sensing eMultimedia Electronic Imaging International '92: ‘F\/IA()ING
[]Exhibiting [_] Attending [_] Conference M

Leading Animator gives Keynote Address

Name Title

I
I
I
I
I
1
1
I
I
I
)
This year‘s Electronic Imaging International :
keynote address will be given by Greg Griffith, i Company

I

I

)

}

)

1

1

I

1

I

I

I

I

Computer Generated Imagery (CGI) Department,

: C Address
Walt Disney Studios, Glendale, CA.
Mr. Griffith is a member of the team that created City State Zip
the ballroom sequence and other effects for Beauty Phone Fax

and the Beast, the first animated film to be nominated

for an Academy Award in the Best Picture category. Produced by Miller Freeman, Inc. ¢ 13760 Noel Rd., Suite 500  Dallas, TX 75240

For information on EIll call 800/873-3976 or Fax coupon to (214) 419-7875
©1992 Miller Freeman, Inc.
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EINEW PRODUCT DEVELOPMENTS

INTEGRATED CIRCUITS

Banding controller cuts printer memory demand

coprocessor for its
1960, the 82961KD
graphics processor, that
handles 600-dpi laser
printers and provides

Intel has introduced a

MEMORY DISPLAY LIST

\

How banding works

BANDED PAGE IMAGE

Banding is a technique for
reducing laser printer mem-
ory requirements by

BAND segmenting a page into nar-

hard-wired graphics pro-

BAND 1:BLT “a"

BAND 2: SL*B"

d

cessing functions that

BAND 4:SLf*

keep up, in real time,

BAND 3: BLT X"

row bands, which are pro-
cessed sequentially. At left,
1 in page description lan-
guage (PDL), is a memory

with anything a desktop
publishing program can
throw at it.

The architecture em-
bodied in the 82961KD
was developed by Peer-
less (Redondo Beach,
CA) and licensed to Intel.
The 82961KD incor-
porates a programmable
system controller that in-
tegrates memory and I/O
logic. Also included are a
DRAM controller, an in-
terface to font or other
enhancement cartridges
and a video-engine inter-
face.

The secret of the new
coprocessor is banding.
With four times the

be memory hogs if they used the
same page-at-a-time processing and
buffering techniques as today’s
desktop units. A 300-dpi printer, for

PostScript page.

Banding is a technique in which
the printer’s processor deals with
the image sequentially in horizontal
segments, or bands. This reduces
memory requirements to an amount
sufficient to support only a few
bands at a time.

The first printer to use the
82961KD, the CCL 600 from Cal-
Comp (Anaheim, CA), requires only
two Mbytes of memory to print 11-
x-17-in., 600-dpi pages on its Canon

printer uses a Peerless Model KD-16
controller that’s based on the combi-
nation of an 1960 and an 82961KD.
Selling for less than $5,000, the Cal-
Comp printer is priced considerably
below competitive 600-dpi printers,
and even below some 300-dpi models.

The 1960 functions as a controller
in the device. In addition to general

example, requires 8 to 10 Mbytes of
memory to buffer an 11-6-17-in. |

BX print engine. The CalComp |

\

number of pixels per unit area as a |
300-dpi printer, 600-dpi units would |

display list mapping the dif-
ferent graphic elements to
appear on the page (right).
Bitblts (marked BLT) desig-
nate rectangular pixel ar-

rays used mostly for small
fonts; scan-lines (SL) desig-
nate polygonal arrays used
mostly for larger fonts. The
PDL doesn’t have to take
the graphic elements in or-
der. The graphics processor
sorts out the elements to
drive the print engine.
Using banding, a printer
needs memory for only
three bands at a time—to

print the last band, process
g the current band and read
in the next band.

housekeeping, it interprets page de- |
scription language (PDL) files sent

' from the host to build display lists of ‘

graphics instructions for each page. |
A graphics execution unit (GEU)
in the 82961KD processes the dis- |
play list, a band at a time, sending
the resulting raster lines to the |
printing drum in real time. The
GEU accelerates line drawing, font ‘
rendering, polygon fills, shading,
and halftones. |
Much of the processing in the ‘
82961KD takes place in parallel. Bit
boundary block transfer (bitblt) op- |
erations, for example, are split into
separate tasks: calculating and ap- |
plying masks, moving bit fields and
aligning source and destination ad-
dresses. These tasks are then per-
formed in parallel, resulting in per-
formance four times faster than
current graphics accelerators.
Peerless provides several tech-
niques to keep the 1960 and the
82961KD running efficiently in par-
allel. The controller maintains mul-
tiple display list buffers, for exam-
ple, letting the CPU start on the
next page while the GEU is still
operating on a current page. This

also lets the CPU work with differ-
ent levels of graphical complexity
without slowing the print operation.
Available now, the 82961KD is

priced at $51.70 in lots of 1,000.
—Don Tuite

82961KD graphics processor
at a glance

¢ Needs only 2 Mbytes of mem-
ory to print 600 dpi

e Integrates printer memory and
/O logic

e Hard-wired parallel architecture
works simultaneously on differ-
ent parts of graphics operations

Intel Corporation

2200 Mission College Blvd
PO Box 58119

Santa Clara, CA 95052-8119
(800) 548-4725

Circle 351

Peerless

2629 Manhattan Beach Blvd
Redondo Beach, CA 90278
(213) 536-0980

Circle 352
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Think Packaging,

Think Mitsubishi Gate Arrays.

PACKAGE EDGE Whether it’s your next gate array design, or your first, you've got to think about
packaging. Your very next thought should be: Mitsubishi Gate Arrays.

We offer the packaging solutions for fast, compact and gate-intensive systems.

For example, our exclusive p Pitch TAB™ packaging, with its ultra-fine 0.25mm
lead pitch, gives you pin-counts as high as 576.

Mitsubishi also offers power-cooling packages for higher reliability in fast, gate-
intensive arrays. Available in both @ Pitch TAB and QFP, power packaging features an
aluminum heat spreader that transfers heat from the die across the
entire package. The result is a much cooler die and higher reliability.
We also give you over 100 packaging options, including plastic and
winnear  ceramic QFPs and PGAs.

L2 SPREAD::;T Mitsubishi’s 0.8pm arrays give you the highest gate count (400,000 gates) and
lowest power dissipation (2.4uW/MHz/gate) you can get.

We also offer design kits for the industry’s most popular workstations, from logic synthesis, to simula-
tion, to automatic test pattern generation (ATPG). So you can design on your own workstation or ours.

We're one of the world’s top 10 semiconductor suppliers, and we've been in the ASIC business for
over 15 years. As a result, you can depend on local design support and the global resources of a stable,
well-capitalized company.

When you think gate arrays, think packaging. Then think Mitsubishi. You'll be glad you did.

Phone (408) 730-5900, ext. 2106.

2= MITSUBISHI

ELECTRONIC DEVICE GROUP

NORMAL

DIE
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s a design engineer, higher speeds and greater

complexity of electronics systems are making your

job more challenging. And with clock speeds

climbing to SOMHz and beyond, analog
characteristics are becoming major considerations for
digital design.

According to Technology Research Group, 40% of all
ASICs will be mixed analog and digital by 1994. With
this kind of demand, today’s designer must be informed
and prepared. Finally, there’s a source of objective and
up-to-date information on mixed signal design-The
Analog and Mixed-Signal Design Conference. This technical
conference, sponsored by Computer Design Magazine,
features over 50 lectures and workshops 100% dedicated
to your needs. Nowhere else will you find so much
information, technology and expertise under one roof.

HIGH QUALITY WORKSHOPS —sapeexam

Respected engineers will offer

high-quality information that

you can immediately use to

complete your design projects

more quickly, creatively, and

elegantly. You'll learn about analog and mixed-signal

simulators, different design techniques, analog

implications of high-speed systems, and much more in

workshops such as:

* Analog Effects in High-Speed Design

* Mixed Analog/Digital Design Modeling,
Simulation, and Test

* Selecting the Optimum Analog Devices

* Digitizing Analog Functions

* Solving Convergence Problems in SPICE

* Configuring Mixed-Signal with ASICs

And much, much more.

PRACTICAL HANDS-ON INSTRUCTION

WHO SHOULD ATTEND?

The Analog & Mixed-Signal Design Conference is dedicated
5] to the unique needs of mixed-signal
design. If you're a digital designer
addressing the problems of high-
speed designs, a digital designer
involved with analog, or an
engmeermg manager making decisions about CAE/CAD
tools you must attend this conference.

QUESTION AUTHORITY

The Analog & Mixed-Signal Design

Conference Vendor Products Exhibition ‘

features booths crammed with the latest in Y- .

analog and mixed-signal design tools. As ‘ :
1

questions arise during the workshops, you
can go directly to the vendor authorities
on the exhibit floor for answers. They will | SR
be on hand to let you try out and compare '/\. "<
products, give you a clear grasp of the .wk
practical tools available, and tell you where to look for
new avenues of information exchange.

As an attendee at the Analog & Mixed-Signal Design
Conference you'll learn how to improve your design skills,
how to increase productivity, and where to turn in order
to ensure design success. All in three days under one roof.

Join your colleagues this October in Burlingame. The
Analog & Mixed-Signal Design Conference promises to be
one of the most significant industry events of the year!

ANMOG § MIXED SIGNAl

For more information call

Tom Loftus at (415) 905-2354
or Fax (415) 905-2220. it
Sponsored by Miller Freeman Inc. 1005

PO. Box 7843 To00TONOTTOTT G001
DESIGN CORFERENCE

San Francisco, CA 94120-7843

R R i N ot T T T N T e e 3
to press releases from | . . . |
P 25 A ell me more about the Analog & Mixed-Signal Design Conference. 1
vendors under the T o ; qag
; oy I I'm interested in: (A Attending (A Exhibiting |
guise of objective | I
discussions or | NAME TITLE i
exposed to academm s |
papers that had little I |
bearing on your design : STREET :
problems. The Analog & ) |
v Mixed-Signal Design 4B S it |
Conference is different. You'll : PHONE FAX :
ﬁnd m-dgpth, prac‘tlcal and real-world | MailorFaxto OCTOBER 2830, 1992 I
information from mdustry experts who I Analog & Mixed-Signal Design Conference Hyatt Regency |
have been there. They’ll give you {  P.O.Box7843, San Francisco, CA 94120-7843 San Francisco Airport |
knowledge you can bring to the I Phone (415) 905-2354 / Fax (415) 905-2220 Burlingame, California I
workstation tomorrow! L o i e o s st S g S e B s o i e
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INEW PRODUCT DEVELOPMENTS

SOFTWARE & DEVELOPMENT TOOLS

The 3001 GPX logic analyzer (below) address

:...._r,,,,
es the needs of both hardware and

software engineers with high-speed analysis of state and timing, disassembly, real-time
performance analysis, and ROM emulation on the target system.

High-speed state and timing
analysis at a midrange price

ith tools that make it
attractive to both software
and hardware engineers,

the 3001 GPX general-purpose logic
analyzer from Tektronix integrates
1-GHz timing analysis capabilities
across 16 channels, or 200-MHz
transitional timing over 80 chan-
nels. It’s also capable of 80-MHz
state analysis on all 80 channels.
And it does this for less than $9,000.

Simultaneous 80-MHz state and
100-MHz timing measurements can
be made through the same probe by
assigning either or both time bases
to any channel or group of channels.
The analyzer’s trigger state ma-
chine can tell it when to store data
and what time base to use. You
could, for example, monitor the mi-
croprocessor in state mode to look
for a given event. When the machine
detects the event, it can switch to
store data at the higher-speed tim-
ing for greater resolution.

The GPX has 27 preprogrammed
trigger conditions, so new users can
get a quick start and use existing
triggers to build their own later.

Trigger conditions include “trigger |

on word within range,” “measure

pulse width” and “trigger on Nth
occurrence of word.”

The probing system is optimized
for 1-GHz operation, with signal
conditioning and only 5-pF capaci-
tive loading at the tip. Signal leads
can be used individually or grouped
into convenient podlets. Groups of
podlets, in turn, snap onto the probe
body. Several probe bodies can also
be easily snapped together, letting
the instrument-monitor up to four
MiCroprocessors.

The GPX supports popular micro-
processors and microcontrollers
from Intel and Motorola, including
the Intel 8031/8051 through the
80486, the Motorola 680X0 family
and 68302/331/332 microcon-
trollers, as well as DSP chips from
Motorola and Texas Instruments.

0 Target: software engineers

The GPX includes several tools tar-
geted at the needs of software engi-
neers. Disassembly software can
display the program at five levels of
abstraction: subroutine, control
flow, software, hardware, and state.
It’'s possible to download the sym-
bolic information generated by a
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| taneously to monitor four proces-

| type development tool. The abilities

compiler and designate program
routines by name. This lets you cor-
relate what you're seeing on the an-
alyzer with a high-level source list-
ing (in a language such as C or
Pascal) that may be present in a
debugger running on a workstation.
Real-time performance analysis
(PA) gives you a graphical overview
of where the system is spending its
time. The GPX’s performance analy-
sis is real-time in that data is ac-
quired continuously and processed
in the background. Ranges of inter-
est such as memory addresses or
program subroutines can be set up
by name and monitored. Up to 12
channels can be set up for one PA.
Up to four PAs can be run simul-

sors, or four PAs can monitor a proc-
essor covering 48 real-time ranges.
The GPX uses a ROM emulator to
control the target microprocessor,
download code and set breakpoints.
Target-resident code can also be
patched from the keyboard via the
emulator, which is called the proto-

to download and patch target code
and even to write test routines from
the logic analyzer are features
which can replace some functions
that normally require an emulator.

The 3001 GPX logic analyzer,
priced at $8,995 as a stand-alone, is
available with an optional 40-Mbyte
hard disk. — Tom Wiilliams

3001 GPX at a glance

® 1-GHz, 16-channel timing
analysis

+ ® 200-MHz timing over
80 channels

* 80-MHz state analysis over
80 channels

* Simultaneous state and
timing measurements

e Supports 8031/51, 80X86,
680X0, and 68302/331/332

e Real-time performance analysis

e ROM emulatiQn

Tektronix

Test and Measurement Group
PO Box 1520

Pittsfield, MA 01202

(800) 426-2200
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Rugged-MIL VMEbus: Setting New Standards

= Small in Size -
Great in Performance
or’s 3U boards offer more CPU

power and functionality on less than
half of a 6U board.

# Low Power CMOS

The 100% CMOS design guarantees
lowest power consumption:

e.g. our 68030 CPU board requires
only +5V, 0.85 A at 32 MHz!

m -55°to +105°C

The cold CMOS design combined
with conduction cooling assures
operation at the extreme of +105° C.

= 100 G Shock

or’s stiffened 3U boards are almost
completely shock and vibration
proof. Jumpers and sockets have
been replaced.

m Highest MTBF

or's ruggedized boards have set
marks in VME: e.g. our 68030 CPU
boards has an MTBF of 740,000
hours! (MIL-HDBK-217, 20° C).

u Broad Product Range
68040 CPU, 68030 CPU, dual 68302
communication contr., graphics,
MIL-STD-1553B, ARINC-429, SCSI,
ethernet, flash-disk, synchro- |
resolver, digital I/0, analog /0, ...
F &l VRTX-32, PSOS*, OS-9,ADA, C, ...
o |- - N OF e P (D u 4 Styles — Low Cost
‘ N S HEI &S| 2 Four software-compatible styles \

from economy to MIL-883/B cover all
environmental needs af best prices.

i T e el i ' u Controlled Quality
| : R | g SR R or’s quality assurance complies with
S e AQAP-4 and MIL-1-45208.

Industrial Computers g
Sieglindenstr. 1914, D-8900 Augsburg 1 !
Tel +49 821 5034-0, Fax 5034-119 i

In the US contact: DYNATEM i
15795 Rockfield Boulevard, CA 92718, I
Irvine, Tel (714) 855-3235, Fax 770-3481

#H

 Rugged Laptop, - . *
Waterproof, .. =
NEMP protected

Conduction Cooled Housing
3 with optional Liquid Cooling
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ENEW PRODUCT DEVELOPMENTS

ASICs & ASIC DESIGN TOOLS

abricated using Signetics’
QUBiIiC BiCMOS process
and the BINMOS-CBA archi-
tectural design of start-up SiArc,
Signetics’ new Hi-IQ cell-based
array family conforms to neither the
typical sea-of-gates architecture nor
the embedded array concept.
BiNMOS achieves sig-
nificantly higher perfor-
mance than CMOS with-
out the inherent high
cost of BiICMOS. With
small MOS compute cells
and larger MOS and
bipolar drive cells, the
Hi-1IQ arrays support 80-
MHz system speeds. For
typical logic functions,
they offer density im-
provements of up to 65
percent over CMOS sea-
of-gate arrays, and for
SRAM, they approach
standard-cell densities,
according to Signetics.

B Flexible technology
“Designers are asking for

New cell-based arrays better
CMOS sea-of-gates densities

cells. BINMOS replaces these with
bipolar NPN transistors.

The Hi-IQ array core is configured
as a channelless array of compute
and drive cells. Each compute cell
consists of eight CMOS transistors
of varying sizes. The drive cell con-
sists of a single NPN pull-up tran-

flexible technology that
delivers faster turn-
around with improved
performance to keep up
with an ever-changing
market,” says Ray Beck-

The Hi-IQ array features a new architecture called
BiNMOS-CBA, which uses both CMOS and BiCMOS to
implement logic and SRAM:s efficiently at high speeds
and low power. The device’s core is configured as a
channelless array of small MOS compute cells and
larger MOS and bipolar drive cells.

er, Signetics’ custom
products marketing
manager. “By blending a new archi-
tecture with advances in our BiC-
MOS process technology, these ar-
rays will change the way designers
create complex systems on a chip.”
With a 0.7-um (L-effective) channel
length and a bipolar transistor cutoff
frequency of 13 GHz, Hi-IQ arrays
come in five sizes, from 40,500 gates
to 262,205 gates (of which up to
104,882 are usable); they offer up to
120 kbits of configurable SRAM, and
as many as 284 signal I/Os, with a
configurable output drive of up to 48
mA.

The BiNMOS circuit configura-
tion addresses a critical perfor-
mance limitation of large digital
subsystem designs implemented in
CMOS gate arrays—the poor pull-
up capability of p-channel (PMOS)
transistors at the output of macro-

sistor to improve drive, a pair of
large NMOS pull-down transistors
and a small PMOS level-restoring
transistor to provide high speed for
all fanouts. The compute and drive
cells are arrayed so that two adja-
cent drive cells can use additional
large NMOS pull-down transistors

| to optimize performance and area.

The array architecture is designed
to share drive resources among mul-
tiple compute cells.

One compute cell in a Hi-IQ array
can implement a single bit of a sin-
gle-ported SRAM. With the SiArc
SRAM Compiler, you can generate
SRAMs of arbitrary size that can be
placed anywhere within the array
core. The first set of output files
generated by the Compiler contains
a schematic symbol; a Verilog simu-
lation model with timing informa-

tion; a data sheet including timing,
area and power estimates; and func-
tional test vectors. The second set of
output files contains physical layout
models that can be used by place-

| and-route tools and the physical di-

mensions of the compiled SRAMs.

I Macro library

SiArc has developed a library con-
taining 350 macros that feature
multiple drive strengths, low-skew
clock drivers and high-drive I/Os.
SiArc’s CBA design system has been
integrated with third-party tools to
support the Hi-IQ arrays. Front-end
tools include Synopsys synthesis,
Verilog, SiArc libraries (with EDIF
descriptions for macro symbols), and
SRAM Compiler. Back-end tools in-
clude Cadence’s Gate Ensemble

| place-and-route tools.

Packages available for the Hi-1Q
arrays are a 100-pin PQFP and a
300-pin PGA. Prices range from $10
to $300, depending on gate quanti-
ties and packaging. Nonrecurring
engineering expenses depend on in-
dividual design. — Barbara Tuck

Hi-IQ at a glance

e Supports 80-MHz system speeds

e Compiled SRAMs match
density of standard-cell SRAMs

e Library of 350 macros created
from small MOS compute cells
and larger MOS and bipolar
drive cells

® Five array sizes range from
40,500 to 262,205 gates

e Fast prototype and production
delivery with metal-mask-
programmable technology

Philips/Signetics

811 E Arques Ave, PO Box 3409
Sunnyvale, CA 94088-3409
(408) 737-1110

Circle 354

SiArc

477 Potrero Ave
Sunnyvale, CA 94086
(408) 737-1110
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sing a pair of Intel’s latest 50-
u MHz i860XP processors, gal-
of memory, CSPI has added a VME-
bus SuperCard to its vector proces-
sor family that boasts performance
of up to 200 MFlops. The company
claims the SC-3XL/VME is the first
VME card to incorporate Intel’s lat-
est vector processor.

CSPI also says it now has the
highest performance, single-proces-
sor-architecture 6U
VME board. The 6U
VMEbus board is availa-
ble with one or two proc-
essors and a comple-
ment of any where from 8
to 64 Mbytes of DRAM
memory supplied on a
daughtercard. For easy
upgrades, all memory re-
sides on the daughter-
card, and it fits within a
single VME slot.

The motherboard in-
corporates a host of
ASICs, one of which is a
GaAs memory controller
zipping along at 50 MHz.
This controller lets the

lium-arsenide ASICs and lots |

Vector processor family
gets 200-MFlops member

Toolsmiths’ set of Unix-compatible
libraries and servers.

The pair of i860XPs is designed to
| operate on the board as if the two
' parts were a single processor. That’s
‘ why the company claims the highest

performance of any single-proces-
| sor-architecture board—although
| there are boards with more process-
| ing horsepower in both the array
- processor and DSP environments.
| CSPI claims its board is the only

memory operate at 200
Mbytes/s. The board also
supports cache coher-
ency with bus snooping
and has a provision for
parity. “The snooping
and cache coherency,”
says CSPI marketing di-

rector Geof Cohler, “are

CSPI's SC-3XL/VME is the first 6U VMEbus card to incor-
porate a pair of Intel’s latest i860XP processor chips.
The chips provide 200 MFlops of processing; when
combined with a GaAs ASIC, they support bus snoop-
ing, cache coherency and parity. In addition, the board
includes VME64, VSB and CSPI's own I/O channel. The
SC-3XL/VME holds up to 64 Mbytes of memory on a
separate daughtercard (pictured), yet it uses only a
single VME slot.

designed more to keep

the cache coherent with other pro-
cessing boards, and not so much to
keep the two processors on the sin-
gle board operating together.”

The SC-3XL/VME, like its precur-
sors in the CSPI family, will be pri-
marily used in multiprocessing sys-
tems. There, the abilities to snoop
the bus and to handle cache coher-
ency are critical.

product with Multiprocessor
Toolsmiths (Nepean, Ontario),
which offers its Integration Toolkit
software for developers of multi-

tems. This software environment in-
cludes both a real-time OS and

gl s

CSPI has worked closely on the |

tasking and multiprocessing sys- |

VME board currently using Intel’s
| XP processor. There are several
| differences between the XP and XR

versions of the processor, aside from

the 40- vs 50-MHz clock speed. The
major differences are larger caches

(2x) and hooks for bus snooping and

parity. While parity hasn’t been a
' major issue in many past VME sys-
tems, it will be of increasing impor-
tance as system memory continues
to grow. That’'s why the company
| designed the capability into the

GaAs memory-controller ASIC.

¥ Heavy-duty I/0

To enhance I/O control and eliminate
| possible bottlenecks, the board sup-

| ports three independent I/O chan-
| nels, all with DMA and all based on
| interface ASICs developed by CSPI.
| The board supports VME64, with a
| 72-Mbyte/s transfer rate; it includes
a VME subsystem bus, with a 40-
! Mbyte/s transfer rate; and it has the
| capability, through an optional
| daughtercard, to utilize CSPI's own
| CSPIO interface. (CSPIO is a 64-bit
| interface standard designed to run
| at 200 Mbytes/s.) CSPI has worked
i with third parties to develop special
daughterboards to take advantage
| of this speed to get raw data into the
| system quickly.
| Handling all these options taxes
the power budget allotted to VME.
Fully equipped with maximum
memory and both processors, the
board eats up almost the full slot
capacity of 45 W. Testing so far sug-
gests it will require a little less than
the full amount, however—perhaps
more like 41 or 42 W.

The board is the logical successor
to earlier CSPI cards—the SC-1, SC-
2 and SC-2XIL/VME—and is fully
| software-compatible with the com-

pany’s other products. In addition,
' CSPI provides software support for
| platforms from Silicon Graphics,
| Sun Microsystems and others. The
| company believes that the new
| board will be useful for applications
‘ in sonar, radar, simulation, and im-

age and seismic processing.
| The SuperCard SC-3 and SC-

3XL/VME will be available this
‘ quarter, with prices starting at
; $12,000. — Warren Andrews

SC-3XL/VME at a glance

¢ Dual i860XPs operate at 50 MHz

® 200-MFlops performance
e Up to 64 Mbytes of DRAM

e Cache coherency and bus
snooping

e Parity option available

¢ Three high-performance I/O ports
¢ Implements VME64

CSPI

‘ 40 Linnell Cir
Billerica, MA 01821

| | (617) 272-6020
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NEw AT WESCON/92

5 SHOws UNDER
ONE ROOF

More Products, More
Opportunities to Increase Your
Technical Knowledge, More
Answers to Your Design Questions

INTRODUCING

a EC WORLD, the world’s largest electronic component
E C W_%_ RL D”‘” event focusing on resistors, relays, capacitors, switches,
= cable, connectors, enclosures, and associated devices for

the design engineer

WESCON'S ELECTRONIC COMPONENT SHOW

e s ITM, an expanded world class event for test and measure-
“ITM 3 ment, featuring ATE, test and measurement equipment,
wsscn' INTERNATIONAL TEST instrumentation, data acquisition systems, calibration
T hardware, IEEE 1/0 devices, and similar products

OR SHOW

B e IC EXPO, the show for manufacturers of ICs, Semi-
I c 5/2\ UJLU) conductors, ASICs, ROMs, RAMs and similar products

L F TRl w COMPU-TOOLS, a computer show for engineers, encom-
TOO I_S passing hardware and software, EDA tools, workstations,
G PCs, boards, LANs, CAD/CAM and related products

WESCON'S
PRODUCTIO

EPEX, the electronic production expo for worldwide contract
manufacturers, surface mount, PCB suppliers, design houses,
and products which service this market

You can attend exhibits and technical
sessions at any Wescon/92 show with just
one admission ticket.

For Complimentary

Registration
Call 1-800-877-2668

' Wescon

THE BUSINESS OF CHANGE

November 17-19, 1992
Anaheim Convention Center, Anaheim, CA
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Transtorm Your Wor

Exposition & Symposium

...featuring the latest Digital Signal
Processing applications and technology
San Jose Convention Center, October 14 - 16, 1992

The future of Digital Signal Processing is
here. Improved technology has combined with
decreasing manufacturing costs to produce
a remarkably high rate of growth: DSP ship-
ments grew a healthy 35% in 1991 versus 9%
for integrated circuits.

Until now a current or prospective user
could not turn to one source to learn more
about DSP, its applications, and its benefits.
Now there is DSPX: Exposition & Symposium
...featuring the latest Digital Signal Processing
applications and technology.

DSPX focuses on the needs of the commercial
market. It offers an applications- oriented

approach to DSP, providing both an introduc-

-

| E \§ E Exposition & Symposium

...featuring the latest Digital Signal
I Processing applications and technology

[] Yes, I want to learn more about DSPX:
| Exposition & Symposium...featuring the

latest Digital Signal Processing
| applications and technology

[0 Please send me information on attending
| the One-Day Introductory Course

i O Please send me information on attending
the Three-Day Conference Program

O Please send me information on exhibiting

tion for those not familiar with the technology
and detailed tutorials for those exploring
new avenues of implementing DSP.

DSPX promises to bring together top vendors
of DSP devices, boards, software, and systems
with current and prospective end-users in the
computer, communications, automotive, con-
sumer, medical, industrial, military, and
aerospace industries.

It’s no longer a question of whether DSP will
be part of your product. It’s only a question
of when.

> et

w Exhibition

Managed and produced by
Companies

Name:

Title:

Company:

Address:

City

State: Zip:

Telephone

XDS

For more information, call: (203) 964-8287, or
Fax to: (203) 964-0176 or Mail to: DSPX, P.O. Box 3833,
999 Summer Street, Stamford, CT 06905-0833
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Scalable 486-based STD32 CPU

formance STD32 CPU board

from Ziatech, is the first to im-
plement the Intel 80486 architec-
ture as well as take advantage of all
the extensions of the STD32 bus.
The board is designed to operate as
the CPU in single-processor sys-
tems or as a master in multiproces-
sor systems.

Key to the board’s scalability is a
replaceable CPU module that ac-
commodates several options, rang-
ing from the low-cost 486SX up to
the 66-MHz 486DX2. The module
will also be compatible with Intel’s
next-generation processor. The ZT

T he ZT 8911, the latest high-per- |

8911 includes a standard 8-kbyte ‘

CPU cache and an optional second-
level cache of 64 or 128 kbytes.

The board’s memory architecture
supports from 4 to 128 Mbytes of
DRAM in four SIMM sockets. The

memory is organized at a width of |

128 bits for optimum cache fills and
maximum performance. The ZT
8911 also offers most of the features
called for in an STD32 CPU, includ-
ing a printer port, two serial ports,
a real-time, battery-backed-up
clock, a pair of interrupt controllers,
two high-performance DMA control-
lers, a speaker interface, extra coun-
ter/timers, a 24-point digital I/O in-
terface, flash memory for a BIOS/file
system, watchdog timers, a push-
button reset, and an ac/dc power-fail
detect circuit.

0 All the power of STD32

And, of course, the board takes ad-
vantage of the full STD32 interface,
including the full bandwidth trans-
fer capability of 32 Mbytes/s. Like all
STD32 implementations, the device
is compatible with existing STD80
systems and is built to rugged stan-
dards. The on-board flash EPROM
provides solid-state disk space and
boot support for MS-DOS and other
operating systems, plus the ability
to modify boot behavior. The ZT 8911
is supported by Ziatech’s industrial

Ziatech ushers in the age of full STD32
Extended Architecture (EA) support with a
scalable 486 CPU board. The piggybacked
board uses only a single STD slot, yet packs
a host of added features and allows for a
number of optional processors.

and the first user slot, and imple-
ments the full STD32 feature set,
including bus arbitration, multiple
high-speed DMA channels and slot-
specific interrupts. A special 32-
kbyte RAM space supplies the com-
mon memory for interprocessor
communication in a Star System.
The ZT 8911 takes up just a single

\ STD user slot. The board is availa-

BIOS, but it also supports other op- |

erating systems such as Microsoft
Windows, 0S/2, QNX, and Unix.

In multiprocessing environments
such as Ziatech’s STD32 Star Sys-
tem, the ZT 8911 operates as both
the arbitration card and the perma-
nent master. It occupies both slot X

ble now, and prices start at $3,500,
but they will vary depending on
CPU and memory options.

— Warren Andrews

ZT 8911 at a glance

e 486-based, scalable for present
and future processor options

¢ 8-kbyte cache with 64- or 128-
kbyte second-level option

* 4 to 128 Mbytes of DRAM

e STD32 compatible, with full
support for STD80 peripherals

* 32-Mbyte/s transfer rate

Ziatech Corp

3433 Roberto Ct

San Luis Obispo, CA 93401
(805) 541-0488
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@& EAGLE 2.6~

PCB SOFTWARE

i R

EAGLE is a powerful PC based software
package for designing PC board layouts
and circuit schematics. The most successful
PCB software on the European market is
now here in the U.S.

8,000 Sold Worldwide

EAGLE runs on any AT compatible com-
puter with EGA or above monitor. If pre-
sent, the Schematic and Autorouter mod-
ules are fully integrated into the Layout
Editor. Output: dot and laser printers, plot-
ters, Gerber photoplotters, PostScript, drill
machines. All libraries and peripheral
drivers are included.

Great Features

General: drawing area 64 x 64 inch e res-
olution 1 mil ¢ any width and diameter
adjustable in 1-mil steps ® up to 255 draw-
ing layers e unlimited UNDO/REDO func-
tion * continuous zoom ® auto panning
command files e ASCII list output ® auto-
matic name generation e simple library
editing e the same user interface in each
operating mode ® easy to learn and to use

Layout Editor: any width or diameter for
tracks, pads, or drill holes e full SMD and
multilayer support ¢ Design Rule Check
rubberbanding and ratsnest.

Schematic Module: up to 99 sheets per
schematic ® user definable drawing frames
e automatic board generation e automatic
generation of supply signals e Electrical
Rule Check

Autorouter Module: Ripup/Retry for
100% routing strategy ® up to 16 signal lay-
ers (14 supply layers) ® board size only
limited by RAM/harddisk space e user defi-
nable strategy (by cost factors) ® any place-
ment grid ¢ routing grid down to 4 mil
change between manual and automatic
routing at any time

Great Value

An independent survey of 1,400 engineers
evaluated EAGLE for price and perform-
ance. The average price they would pay for
the complete EAGLE 2.6 package is $3,300.
We want you to find out for yourself. Call
for our 100% functional demo. It has all
3 Modules and comes with the original

manual. The save function is disabled.
Great Price
EAGLE Demo $ 12
EAGLE Layout Editor $ 399
Schematic Module $ 399
Autorouter Module $ 399

To Order Call 1-800-858-8355

CadSoft Computer, Inc.
801 S. Federal Highway
Delray Beach, FL 33483
Fax (407) 274-8218

SEE US AT WESCON '92, BOOTH #3531
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ninth member to Intel’s 1960
family of RISC microproces-
sors. Following the iI960CA, the chip
is the second in the company’s
1960CX series. Early press reports
have lumped the 19960CF with other
superscalar processors such as the
TI SuperSparc, Cypress Pinnacle
and Digital Alpha chip, but it clearly
belongs in a separate category. Un-
like other RISC chips targeting
desktop computers, the CF is meant
for embedded applications with a
computer requirement but more
stringent cost considerations. These
embedded applications include net-
working systems, page printers,
mass storage, scanners, and tele-
phony systems.
A key distinction of the 1I960CF is
the robustness of its on-chip mem-
ory subsystem. In keeping with

T he release of the i1960CF adds a

Intel’s ongoing strategy for the 1960
architecture, one of the CF’s goals is
the decoupling of compute and sys-
tem costs. To achieve this, the CF
features a 128-bit internal memory
subsystem. The load/store internal
buses and the path between caches
are all 128 bits wide. As a result, you
don’t have to feed data into the chip
from an external cache using expen-
sive, fast, static RAM. Ordinary
DRAM can be used instead, lower-
ing overall system cost.

An enhanced version of its iI960CA
predecessor, the 1960CF achieves
higher performance with a new 1-
kbyte instruction cache on-chip; the
cache is four times the size of the
1960CA’s. According to Intel, alpha-
site customers have credited this
added cache with providing more

than a 20 percent increase in data |

handling efficiency.

New superscalar chip joins 1960 family

The processor’s superscalar RISC
core executes multiple instructions
per clock cycle. Other features of the
1960CF include an on-chip register
cache, a 1-kbyte on-chip data RAM,
four DMA channels, a 32-bit multi-
plexed burst bus, and a high-speed
interrupt controller.

Because the part is both code- and
socket-compatible with the CA ver-
sion, designers currently using the
CA can replace it with the CF and
achieve a performance boost with-
out any design changes. Further-
more, tools designed for the iI960CA
are compatible with the new chip.

0 RISC, but not RISC

Another interesting aspect of the CF
is that, although it has the pipelin-
ing and performance typical of a
RISC chip, its instruction set archi-
tecture is fairly complex. Although

Precision Time
Plug-ins
M TRUETIME

VME - Multibus - PC - Macll - NEC

F L Uik

AN D

‘Test results:
&

Just complete Fluke's 30-minute
demo and we'll give you a free
Fluke 12 DMM when you buy a logic

PHILIPS

TEHVE T &M, ALLTANGCE

90% of those who try
a Philips Logic Analyzer
from Fluke buy one.

100% get a free DMM.

e Superior pp support, like i486;
i386DX; 1960CA, 80C186EB,
80286, 68040, 68030, 68HC 11,

TIME CODE

Time in various formats

is furnished to the host
computer over its particular
bus. Time resolution to 1
microsecond is available.

SYNCRONIZED CLOCKS
Available in a number of
sizes and configurations,
these boards provide 1
millisecond time synchroni-
zation referenced to UTC.

3243 Santa Rosa Avenue ® Santa Rosa, CA 95407
(707) 528-1230 ® FAX 707-527-6640  TELEX 176687

rvelime
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analyzer—whether it's ours or the
competition’s. ( Contact us for
complete details.)

See the PM 3580 Logic Analyzer's

features first hand:

e Only 30 minutes to set-up and
learn.

* Revolutionary architecture that
gives you true dual state and
timing, simultaneously on every

pin, with just one connection. No

more dual probing or reconfig-
uration

MCS-96, AM29030, 320Cxx
* Prices about half of comparable
analyzers-$4,495-$11,450

For literature, our video or a
demonstration, call
1-800-44-FLUKE

his reserved. Ad No. 00179

FAST ANSWERS

FLUKE.
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this strategy strays from the RISC
philosophy, it permits sophisticated
instructions that can boost overall
efficiency when running algorithms
from the cache, according to Intel.

“A lot of people think that when
they go from a CISC architecture to
a RISC architecture, they’ll have to
expand their code quite a bit,” re-
marks Alan Steinberg, director of
strategic marketing for Intel’s 1960
line. “With the 1960 architecture,
that doesn’t happen as much. We get
more use out of smaller cache sizes
because our instructions are a lot
more efficient.”

The 1960CF processor is sampling
now, with production volumes ex-
pected by the fourth quarter of 1992.
It’s available in ceramic 168-lead pin
grid array (PGA) or 196-lead PQFP
formats. Prices range from $105.80
each in quantities of 10,000 for the
16-MHz PQFP to $165.30 each in
quantities of 10,000 for the 33-MHz
PGA chip. — Jeff Child

i960CF microprocessor
at a glance

e Superscalar RISC core

e 4-kbyte two-way set-associative
instruction cache

¢ 1-kbyte direct-mapped data
cache

¢ 1-kbyte on-chip data RAM

® Four DMA channels and a flexi-
ble on-chip interrupt controller

e Code- and socket-compatible
with iI960CA

e \Works with ordinary DRAM

Intel

5000 W Chandler Blvd
Chandler, AZ 85226
(602) 554-8080

Finding the fiest operating System
for your REAL-TIME application is a
matter of Simple anitimetic;

Call 1-800-YES-PDOS

CORPORATION

“Independent benchmark test results available upon request

Circle 357
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ith the ever increasing proliferation of
mixed-signal devices, semiconductor
manufacturers are giving increased
consideration to the issue of testing.
Because mixed-signal devices must
handle voltages and currents, as well as 1s and 0s,
the procedure for testing is more complicated and
time-consuming than it is for straight digital de-
vices, even VLSI parts. But emerging markets such
as cellular telephones, image compression and desk-
top video, with their peculiar algorithms and fre-
quency requirements, are giving birth to mixed-sig-
nal ICs which may stress the capabilities of the most
advanced mixed-signal testers.

To be sure, automatic test system manufacturers
such as Teradyne (Boston, MA) and LTX (Westwood,
MA) have evolved modular equipment that can be
configured for a variety of analog and mixed-signal
part types. “We test anything from dc and precision
through 4-GHz RF,” says Randy Kramer, Teradyne’s
manager of applications engineering. “We also test
power components and low-current devices—things
that produce current in the femtoamp range.”

But even if the parametrics of the device fit well
within the capabilities of the tester, providing a de-
finitive production screening test for a complex device
that doesn’t take hours will remain a challenge. An
18- or 20-bit audio A-D converter, for example, gener-
ates 262,144 (2'%) samples over its full range. “That’s
a ton of samples,” suggests Kramer, and they'd take
an “outrageous amount of time” to collect.

As with audio converters, many mixed-signal de-
vices require a trade-off between the thoroughness of
a test suite and the time it takes to complete it. An
overly elaborate production test suite can delay ship-
ment and raise costs, but an incomplete test runs the
risk of sending a faulty device into the field.

Deciding what to test for and how to conduct the
testsis still something largely left up to test engineers
after the part has been built. Unlike digital IC design,
which is increasingly supported by design-for-test
tools and built-in self-test (BIST) logic cells, DFT for
analog and mixed-signal is still very much in its
infancy. Just emerging now are the first tools bringing

Mixed-signal test:
balancing hardware
and algorithms

models of IC test systems into the simulation envi-
ronment, but the success of these tools will depend on
more than just fuller model libraries. An understand-
ing of the strategy used to verify the functionality of
a particular part on the production line will also be
required. Many of these analog and mixed-signal test
issues are bound to get attention when the Inter-
national Test Conference (ITC) convenes in Baltimore
later this month (September 20-24).

l Computer peripherals lead demand

Most ATE manufacturers identify computer periph-
erals—disk drive controllers and read channel ICs,
fax/modem chips and network transceivers—as the
predominant part types mixed-signal IC vendors
want to test. The small size and light weight de-
manded by the notebook computer market is putting
strong demands on IC vendors for high levels of
integration—what Mike McCaffrey, LTX’s marketing
manager for communication and computer peripheral
test systems, calls “circuit consolidation.” But these
demands put additional stress on test systems.

New read channel ICs, for example, what McCaf-
frey calls “disk drive combo chips,” include RF filters,
pulse peak detectors, data separators, and en-
coder/decoders (such as the Endec). The data separa-
tor converts the FM waveform into two serial pulse
streams (one for the clock, the other for data), while
the Endec decodes a particular data compression
scheme, such as Huffman coding or, more typically,
run length limited encoding.

The question is: How does one test such a device?
The traditional test paradigm requires the tester to
provide a clean stimulus and then a measurement of
how the device-under-test (DUT) responds. In princi-
ple, you inject some carefully chosen analog
waveforms and see whether the read channel pro-
duces the correct data stream.

0l Complications created

But the new combo chips create several complica-
tions, as well as imposing a new set of specifications
which must be verified. For example, McCaffrey says
that the tester must gauge the jitter on the read data
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+3V RS-232 REGEIVERS

STAY ACTIVE IN SHUTDOWN

Complete AT Port Uses Only 8u.A to Monitor Ring Indicator

Maxim's new MAX560/MAX561 are the first devices to implement the new EIA/TIA-562 standard that guarantees

operation with output voltages as low as £3.7V.

The MAX560/MAX561 consume 1/3 the power of +5V RS-232 and

operate from a 3.3V power supply. As stated in its forward, EIA/TIA-562 ‘allows for electrical interoperation with
equipment designed to conform to EIA/TIA-232D interfaces." These space-saving transceivers are available in the new
shrink small outline (SSOP) surface-mount package that uses 60% less area than a small outline package.

2 Receivers Active in
Shutdown Mode - MAX560

116kbits/sec Data Rate —
Lap Link Compatible

Guaranteed Interoperability
with RS-232

Guaranteed Operation Down to 3.0V
1uF External Capacitors

¢

USE ONLY 8uA TO MONITOR RING INDICATOR

402 { .
INCHES

Ultra-compact shrink small outline package (SSOP) is 60% smaller than 28-pin wide SO

‘Choose the +3.3V or +5V Transceiver For Your Design

3V EIA/TIA-562 +5V RS-232
_ MAX560 MAX561 ~ MAX223 ‘
Drivers/Receivers 4/5 4/5 4/5
| duiescent Current, typ i 5mA 5mA 7mA )
‘ Sihu&ﬁov;n Current, typ 7 X ' 8;1A THA 8uA j
Data Rate, typ 116kbits/sec 116kbits/sec 116kbits/sec
| Output Driver Voltage, min | 3.7V 3.7V | sV
| RxActiveinShutdown | 2 0 A 2
' Eec&&einpiﬁ Tgrééhéid, ﬁ}axi i 1 bi:;\/ R, R T +3V ; AETERE ;3\7
" Receiver Input Voltage, max 405V : 25V +25V
' Instantaneous Silew:Rate <30V/us <30V/ps <30V/us
| 28-Pin SSOP ) ' v ' v v
Eriqg* =% 7$4.271‘ $4,21f $3.99*

*1000-up recommended resale

FREE Interface Design Guide — Sent Within 24 Hrs!

Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-998-8800
For a Design Guide or Free Sample

Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408) 737-7600, FAX 737-7194.

Wi/ X1/Vi

Master Card® and Visa® are accepted for Evaluation Kits or small quantity orders.

Distributed by Arrow, Bell/Graham, EImo, Hall-Mark, Nu Horizons and Pioneer. Authorized Maxim Representatives: AL, M2i Montgomery Marketing, Inc.; AZ, Techni Source
Inc.; CA, Mesa, Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, NRG Limited; DE, TAl Corporation; FL, Sales Engineering Concepts; GA, M2i Montgomery
Marketing, Inc.; ID, E.S./Chase; IL, Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD,
Micro-Comp, Inc.; MA, Comp Rep Associates; MN, Mel Foster Technical Sales, Inc.; MS, M2i Montgomery Marketing, Inc.; MO, Delltron; MT, E.S /Chase; NE, Delltron; NV (Reno,
Tahoe area only) Pro Associates, Inc.; NH, Comp Rep Associates; NJ, Emtec Sales, Inc., TAl Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M2i
Montgomery Marketing, Inc.; OH, Lyons Corporation; OK, BP Sales; OR, E.S./Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TAl Corporation; SC, M2i
Montgomery Marketing, Inc.; TN, M2i Montgomery Marketing, Inc.; TX, BP Sales; UT, Utah Component Sales, Inc.; VA, Micro-Comp, Inc.; WA, E.S. Chase. Distributed in
Canada by Arrow and Future. Authorized Maxim Representative in Canada: Tech Trek.

Maxim is a registered trademark of Maxim Integrated Products. © 1992 Maxim Integrated Products
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MIXED-SIGNAL DESIGN ,

I/O—that is, the amount of spontaneous phase shift
in the serial data pattern emerging from the combo
chip. LTX uses a time analyzer instrument specifi-
cally designed for jitter measurements; it will resolve
a time interval as small as 5 ps. For the test to be
valid, however, the test system must ensure the in-
tegrity of the signal going in, as well as the integrity
or cleanliness of the measurement.

Among the test problem McCaffrey identifies are
the transmission line effects produced by the combi-
nation of very high speed and small-outline packag-
ing. While testers have evolved a complete
stimulus/response measurement system for every pin
of the DUT—what is referred to as a tester-per-pin
architecture—variable interconnect lengths from IC
lead to test probe can result in large impedance
differences among the probes. This means that probe
pins will show widely varying responses to high-speed
stimuli. Even a 24-Mbit/s data rate can produce ring-
ing (spurious signal reflections) if the impedance
between the IC leads and the probe card isn’t carefully
controlled. Specialized test heads, such as the HiPer
Card extension to the LTX Synchromaster Series
testers, minimize the impedance mismatch between
the probe card and the DUT by controlling the inter-
connect length between probe pins and IC leads. Since
the pin drivers must handle a 15-pF load, there’s a
need for high drive capability within a small space,
sometimes requiring the test head to be supported
with liquid cooling.

Another problem is the shift from 5-V to 3-V
devices. While read channel ICs are frequently
derated for low-voltage operation, disk drive de-
signers will still look for 24- or 30-Mbit/s data
transfer rates. “We test at speed,” says McCaffrey,
“even at low voltage.” The combination of high
speed and low voltage will increase what McCaffrey
calls the “noise margin” for the part. The ratio
between the data signal and the noise level of the
IC becomes smaller, making it increasingly difficult
to distinguish data and noise, both in the disk drive
and the test environment.

Teradyne’s Kramer makes a distinction between
functional testing, in which the device is treated as a
system in its environment, and component testing, in
which the device is treated as an isolated element
with a series of ac and dc specifications attached to
it. The CCITT standards, for example, specify a num-
ber of necessary tests, largely component tests for
verifying the operation of telecommunication parts.
Teradyne’s recommendations, suggests Kramer, typ-
ically attempt to strike a balance between functional
and component testing.

B New test strategies

Kramer sees current demands for mixed-signal test
systems being driven by the needs of disk drive,
telecommunications and smart-power IC manufac-
turers. There are also increasing needs among man-
ufacturers of radio frequency and cellular telephone
components. While Teradyne’s A500 series machines
will test “every frequency from audio to RF,” Kramer

believes that new part types will require new algo-
rithms to resolve the paradox between the quality of
the test and its throughput in production.

One example is mathematical oversampling, in
which detailed information on a data converter is
derived from a relatively small number of captured
data samples. While the technique requires careful
control of the frequency of the stimulus, information
about the linearity of, say, an 8-bit data converter,
which produces 256 output codes, can be mathemati-
cally interpolated from fewer than 32 samples.

Another example is the chirp-Z transform, an
algorithm for converting sampled data from the
time domain to the frequency domain that works
much faster than either the fast Fourier transform
or the discrete Fourier transform. Frequency-do-
main measurements are required to understand the
noise, phase shifts and jitter produced by disk drive
ICs, high-speed palette D-A converters and ISDN
templates.

Another test system vendor, Schlumberger (San
Jose, CA), believes that while the predominant mixed-
signal test systems are primarily analog testers with
some sort of digital capability, it may be useful to
harness a digital tester for certain types of mixed-sig-
nal parts. Telecommunications chips, for example,
especially those which perform a DSP function, have
more of a “digital heart,” argues Schlumberger mar-
keting manager Nadim Ahmad

l Analog emulation devices

These are the kinds of devices that VL.SI Research
describes as “digitized analog”—and that I've referred
to as analog emulation. They're typically devices that
use digital techniques to perform an analog function.
Ahmad calls them ISPs (for integrated signal process-
ing), and he believes their use will grow by 23 to 25
percent per year. Like modems, faxes, cellular tele-
phone ICs, and feature phones, ISPs need to be exer-
cised digitally—with 1s and Os.

Ahmad agrees with the analog test set manufac-
turers that such devices must be able to depict noise
thresholds and jitter, but that it’s also important to
synchronize analog and digital test elements. One
way of accomplishing this, he suggests, is to build
thorough mixed-signal simulations and use them to
inform the test routine.

Currently, there’s no complete automatic test gen-
eration package for analog and mixed-signal ASICs,
but there are very promising developments. Most
prominent is the Dantes testability analyzer intro-
duced recently by Cadence Design Systems (San Jose,
CA). Dantes offers the ability to simulate mixed-sig-
nal test procedures—in a sense, to develop production
tests in the design environment. The analyzer, used
in combination with the Schlumberger ITS 9000-MX,
makes mapping a mixed-signal IC simulation into a
usable test procedure much easier.

Stephan Ohr is president of Indian Forest Research, and
editor of the monthly newsletter, Mixed Signals.
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GET FOUR P SUPERVISORY
FUNCTIONS IN ONE IC - FOR 88¢

Manual Reset, Power-Fail, Reset Low and Reset High,
Now at Discrete Component Prices!

If driving the cost out of uP-based systems is forcing you to design with less reliable discrete
component solutions, we'd like to introduce you to the MAX703-MAX708. These new multi-function
supervisors require no external capacitors and offer you guaranteed performance in a single
package. They are ideal for large volume applications and are available at factory direct prices.

- : ¥
¢ +3V & +3.3V Versions Available SAVE $$, BOARD SPACE AND SIMPLIFY DESIGN
‘ Gllal'alltBEd Reset at Vcc = 1V VOLTAGE MONITOR
- - . TL7705
4 Reduces Design Time and Footprint
. 753 4
4 No External Capacitor do23 " R
= L L 707
4 Extra Power-Fail Comparator comparator. I} .
4 200uA Operating Supply Current LM . -
4 140ms min Reset Delay
4 8-Pin SOIC or DIP Package The MAX707 eliminates a TL7705, LM311, 0. 1uF capacitor,
resistor and tantalum surface-mount capacitor saving design
¢ Guaranteed Over Temperature time and space while providing guaranteed performance.
Maxim’s Low-Cost P Supervisors Replace Several Components
Reset Extra Battery : + Volume
Threshold ngaer;:.—;n Comparator Backup WaTticr:::rog Actl;veesglgh Price
(V) (Power Fail) Switchover (%)
MAX703 4.65 v v v 1.38
MAX704 4.40 v v v 1.38
MAX705 4.65 v v % 1.02
MAX706 4.40/3.08/2.93/2.63 v v v 1.02
MAX707 4.65 v v v 0.88
MAX708 4.40/3.08/2.93/2.63 v v v 0.88

“"Available after October, 1992
25,000 pc, Factory direct. Excludes Freight and Duty

P SUPERVISORY ADA-2SY)- @ FREE 1P Supervisory Design Guide — Sent Within 24 Hrs!

Supervisory ICs Protect Ps Against

Includes: Data Sheets and Cards for Free Samples

CALL TOLL FREE 1-800-998-8800
For a Design Guide or Free Sample

Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408) 737-7600, FAX 737-7194

V11 X1 /VI1

Master Card” and Visa"~ are accepted for Evaluation Kits or small quantity orders.

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons and Pioneer. Authorized Maxim Representatives: AL, M2i Montgomery Marketing, Inc.; AZ, Techni Source
Inc., CA, Mesa, Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, NRG Limited; DE, TAI Corporation; FL, Sales Engineering Concepts; GA, M2i Montgomery
Marketing, Inc.; ID, E S /Chase; IL, Heartland Technical Marketing Inc ; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD,
Micro-Comp, Inc_; MA, Comp Rep Associates; MN, Mel Foster Technical Sales, Inc.; MS, M2i Montgomery Marketing, Inc.; MO, Delitron; MT, E.S./Chase; NE, Delltron; NV (Reno,
Tahoe area only) Pro Associates, Inc.; NH, Comp Rep Associates; NJ, Emtec Sales, Inc., TAI Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M2i
Montgomery Marketing, Inc.; OH, Lyons Corporation; OK, BP Sales; OR, E.S./Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TAlI Corporation; SC, M2i
Montgomery Marketing, Inc.; TN, M2i Montgomery Marketing, Inc.; TX, BP Sales; UT, Utah Component Sales, Inc.; VA, Micro-Comp, Inc.; WA, E.S. Chase. Distributed in
Canada by Arrow and Future. Authorized Maxim Representative in Canada: Tech Trek.

Maxim is a registered trademark of Maxim Integrated Products. © 1992 Maxim Integrated Products
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Spend three days
at the ’92
Embedded Systems

Conference.

Spend the year

using what you learned.

elpful. Inspiring. Top Notch.

Excellent. These are just some

of the words our past attendees
use to describe the Embedded Systems
Conference faculty. In just three days
you'll find answers to the toughest
questions you face presented by leaders in
the embedded development community.
Faculty who know your job is becoming
more complex; who work everyday on
real workable solutions to the toughest
problems you face. People like Larry
Constantine, Steve Mellor, Paul Ward,
Derek Hatley, Imtiaz Pirbhai,
P.]J. Plauger, and Michael Slater.

Build Your Own Program.

Customize your own program by
choosing from over 75 lectures and
workshops that cover a wide range of
issues in embedded development. You'll
get top notch advice on real-time
programming, CASE and object-oriented
methodologies, embedded project
management, programming languages,
debugging and algorithms and much

more.

THE FOURTH
ANNUAL EMBEDDED SYSTEMS
CONFERENCE

SEPTEMBER 21-24, 1992

SANTA CLARA CONVENTION CENTER
SANTA CLARA, CALIFORNIA

Attendees can choose from over 75
technical sessions led by the leaders in

embedded r/(‘m'/n/?m:‘w

Try Out The Latest
Technology At The
Embedded Systems
Development Products
Exhibition.

The Embedded Systems
Conference will also be the
site of the largest most highly
t;lrgcrcd exhibition of
embedded development
products and services.
Nowhere else will you find all
the latest tools and utilities on
display at one time.

The Santa Clara Convention Center is
conveniently located in the heart of
Silicon Valley

You'll Come Away With
New Ideas That
Translate Directly Into
Increased Productivity.

Most importantly, the
Embedded Systems Conference
is a peer environment that
fosters dynamic exchange of
vital information, ideas, and
insights. You'll find professional
excellence throughout the
conference; in the lectures and
workshops, on the floor of the

Over 120 exhibitors will be showcasing
('1//””.({ (’/{.ql' /”H/‘ (”7// l//]/l/l(’f.

exposition, in the tutorials,
and in informal receptions
and hospitality events. And
you'll get it all in three days.

Phone us, fax us or mail
us today for more
information.

TEL: (415) 905-2354

FAX: (415) 905-2220

T i i e e e e e e R e e e e = |
I 1
| O3 YES! Please send me more information about the Embedded Systems Conference. !
Y oNane L TE. Wt CET ___Title -
] [}
I Company . . -
i Address a0 A W e el L R i

|
B o T R TR | State Tip !
] 1
Jeul o SR TN PP O FAX ( =) -
] I
: Send info on: 71 attending ™ exhibiting  Please also send info to: :
I I
: CDES Mail or FAX to Embedded Systems Conference Miller Freeman Inc. :
: P.0. Box 7843, San Francisco, CA 94120-7843 — TEL (415) 905-2354; FAX (415) 905-2220 :
i L L B S DT J
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The eggs siill come first.

EDITORIA

STAFF WRITTEN
TECHNOLOGY

~ SNSTEMS PRODUCTS :

ast year we proudly ran the ad

shown below. And again in '92, the
eggs still come first — delivering value to
our readers and advertisers that begins
with editorial, circulation and readership.

The facts & figures in the first quarter of
'92 illustrate our editorial commitment;
we increased our editorial pages while

most other publications decreased theirs.

More “why-to” editorial — strong,
technology oriented editorial. Fully 66%
of our editorial is technology driven.
More on design choices, options and
directions. Staff written, multi-vendor,
multi-product essential editorial!
Essential, to our 71% Engineering
Management circulation.
“Why-to"editorial is exactly
what's needed by Design &

CIRCULATIgy

ENGINEERING
MANAGEMENT

ENGINEERING

Development Engineering Managers
making the tough decisions on design
tradeoffs and directions.

High Readership — “Why-to” editorial is
why Computer Design wins readership
among such important audiences as those
senior technical trendsetters attending
meetings such as the Invitational
Computer Conferences. Among attendees

We believe
the eggs come first.

“\ GROWTH 0
‘ Y ‘%‘ﬁ\%“l\\m‘%‘ ;

Ad pages source: MMS/Rome

READERSHp

AR RGP CD
R R EE T

registering at all 1989 ICC conferences,
Computer Design was first. And again

in 1991, these attendees rated Computer
Design #1.

“Why-to” editorial, the right circulation,
and high readership means more ad
pages.

The chart below shows Computer
Design’s continued growth in ad pages for
the 1st quarter of 1992. What it doesn't
show is our continued editorial
commitment; an increase of 40% in
editorial pages in the same time period.
More than any other book in the market!

Ad pages are simply the score card.

So, the next time someone asks why
Computer Design continues to do so well,
remember —

the eggs come first.

=
< 5

=

P i y

COMPUTER

PENNWELL PUBLISHING COMPANYe ONE TECHNOLOGY PARK DRIVE , WESTFORD, MA , 01886 * (508) 692-0700
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SYSTEM
SHOWCASE —

Reach over 100,000
qualified engineers and
eqﬂ:neermg managers

wit
SYSTEM SHOWCASE
advertising.

Rates start at $940

For more information
call Sue Shorrock at
800-225-0556 or
508-392-2185
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M

68HC16
68332

PC-based In-Circuit Emulator

B Supports 68HC16Z1, 68331, 68332, 68340 with more members of
the HC16 and 300 families to follow.

B User interface under Microsoft Windows.

@ Memory contents available in real-time (shadow RAM).

@ Up to 17 MHz real time emulation.

B Full control of TONT at breaks and single step.

W High-level C support. In-ine assembler and disassembler.

W 10-day free trials available to qualified customers.

51 E. Campbell Avenue
NOHAU Lo
FAX (408) 378-7869

CORPORATION (408) 866-1820
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SHOWUC CASE

357 MHz 14-Pin
Clock Oscillator

Connor-Winfield Corp.
announces literature on a
new line of high frequency
ECL Logic clock oscilla-
tors. The ECLB Series
oscillator covers the high frequency range of 8 MHz-360
MHz. AVAILABLE NOW IN A 14-PIN DIP. Literature
for a double DIP version with frequencies to 500 MHz is
also available. Frequencies to 90 MHz are now available
with Voltage Control function (model EV53 series).
Contact Barney Ill for details.

Additional specifications listed below:
Model : BCLB
Package : 14-pin DIP
Frequency: 8 MHz to 360 MHz
Supply @ -5.2 or-4.5 Vdc

Connor-Winfield Corporation
1865 Selmarten Road
Aurora, IL 60505

PH: (708) 851-4722 FAX: (708) 851-5040
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TIMING DIAGRAMS

Design them faster and more
accurately than ever before!

5 Read Cycle ——

| T — M T
dV/dr® Timing Diagram Accelerator enables you
to draw, modify, analyze and document your
timing diagrams quickly and easily. See in
seconds how dV/dt can save you countless devel-
opment hours and dramatically increase your
productivity. Call 619-292-1900 for a free DOS
or MAC demo copy of dV/dr today.

engineerium

us prod velopur
7968-104 Arjons Dr. » San Dicgo. CA 92126
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¥ FEATURE
COMPARABLE

MVME 147

PERFORMANCE
UPGRADE

| 68040-Based, Real-Time,
Multiprocessing SBC

1/O Features:
- Ethernet™
- SCSI N
+ 8 Channels of SIO
Dual-Ported Memory
+ 2,4 or 8MB of DRAM
(2-way interleaved, w/ burst)
+ Up to IMB of b-b SRAM
+ Up to 4MB of EPROM
The V49 also features the VIC068
VLSI VMEbus interface and a RTC

A 68030 version of this SBC is also available

y GEFERAL MICERD SYSTEMS
} 8358 Maple Place
* Rancho Cucamonga, CA 91730 USA

(714) 980-4863 - FAX 987-4863

CIRCLE NO. 170

Multibus I1

Parallel System
Bus Analyzer

PSBA-100 A productivity
enhancement tool for the system
integrator, field service engineer,
software, and hardware engineer.

¢ Stand-alone, single board computer

* 6U form factor, installs in a single slot

¢ Built-in, terminal-based user interface

* Supports all four address spaces

¢ Data capture based on Multibus IT protocol

* Fully programmable filter logic uses
templates based on Multibus II protocol

* Filter logic supports 16 trigger levels

Multibus 11 1s & trademark of Intel Cory

r7»rc

PRC Inc information
1410 Wall Street and free Demo
Bellevue, NE 68005  Disk, Call .

For more

(402) 293-3900
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Instant
Microcontroller

W

Instant C Programming

Don't use amicroprocessor, use a SmartBlock™
microcontroller module to build your custom
controller. Our $195 interactive Dynamic C™
development system makes programming easy.
3.5 x 2.5 inch module includes microprocessor,
memory, time/date clock, eeprom, watchdog,
serial ports and more. As low as $59 in quantity.
The efficiency of a custom design without the
headaches.

Z-World Engineering
1724 Picasso Ave., Davis, CA 95616 USA
Tel: (916) 757-3737
Regular Fax: (916) 753-5141
Automatic Fax: (916)-753-0618
(Call from your fax, request data sheet #14.)
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QUICK-TURN
PC BOARDS
INSTANT QUOTES

1-800-234-1556

(After Hours (602) 377-7319)

Single/Double Sided/Multi-Layer
Gerber Input/Floppy or Modem

MIL
Approved
U.L. Listed

AVANTI CIRCUITS, INC.

17650 North 25th Avenue
Phoenix, Arizona 85023

A

(602) 863-7729 & 234-1556
Fax (602) 375-1909
BBS /Modem (602) 234-1737
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REMOVE HARDWARE

O0—=x LOCKS =—0

Protect your investment!

Don't wait for your lock to get lost,
stolen or fail and render your pro-
gram useless.

Our SAFEKEY'’S are guaranteed to
unlock the following:

PADS 2000 MAXROUTE TOPAS
PADS PCB MICROSTATION RIO
SMARTCAM 3D STUDIO & MORE
From $399 plus S&H
(609) 390-2799

mmm 24 HR. FAX HOTLINE
i (609) 390-3750 @

IMAGINE THAT

1 Evergreen Dr., Seaville, NJ 08230
TM-Trademarks property of respective owners.
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SYSTEM SHOWC CASE

EPROM PROGRAMMER

5750 8 ZIFs

REAL-TIME
NETWORK

The SCRAM-
Net™ Network
combines the
real-time speed of
replicated shared

T T memory with the IT CAN BE THIS EASY!
flexibility of a fiber optic LAN to get micro- . ; p
second response from multi-vendor comput- Gitau e oaive: bot e *Quick pulse pgms. eight 1 Mbit EPROMs in 40 sec.
it offars, disfinet sdvant ical work can make creating a netlist from «Stand-alone or PC-driven +1 Megabit of DRAM
ers. It ofters distinct advantages, in critica your schematic as easy as pressing *RS-232, parallel in & out ports +Made in U.S.A
simulations. Brochure highlights system’s an on-screen “button.” *Binary, Intel hex, & Motorola S formats ~ +A9 Identifier
*100 user-definable macros *2 year warran:
features: Call (503) 690'9881 fqr 2 FR.EE «Information, call (916) 924-8037 -S\%gle pgmr. gSSU
Systran Cor demonstration disk and information
L A Dp. 0 about the entire OrCAD product line: NEEDHAM'’S ELECTRONICS
4126 Linden Avenue, Dayton, OH schematic design, simulation, pc 4539 Orange Grove Ave. * Sacramento, CA 95841
45432-3068 USA. board layout, programmable logic IC (M-F 8-5PST)
Phone (513) 252-5601 or design and more. e i
1-800-252-5601.
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CMOS 186

Single Board Computer
Runs C or QuickBASIC " Programs

Powerful 16-bit computer directly executes
EPROM's containing any C or BASIC .EXE file.
NO LOCATORS! Software includes multi-tasking,
multi-drop comm, PID control, OPTOMUX™

OEM AIR PUMPS/
COMPRESSORS

i illess
ly one moving part ® Oi
- ?rtéw power ® Low vibration
 AC & DC models

Call us to discuss your application

TEL: 708-860-0500 « 10, 12, 16 MHz 80C186

FAX: 708-860-9473 STD ANALOG 1/O ; « CMOS design
£DICAL/SURGICAL » LEAK TESTING GET A COMPETITIVE EDGE! s g;f’i E;‘[%M
i BUSINESS MACHINES Density—up to 16 A/D inputs and 8 D/A « STD BUS Expansion
“, S AERATION SOURCES outputs on one card. Speed—throughput o COMI RS232/485
_ VENDING MACHINES rates up to 59 kHz. Intelligence—many pre- * COM2, LPTI
ENVIRONMENTAL programmed modes. Input filters, prog. gain ¢ RTC Avail
GRAPHIC ARTS amps, sample-holds, FIFO I/0 buffers & many : g)ECMI Z 5?;5;4 -
/ Tor FREE catalog other features too numerous to mention here. ;
Send for :
e ROBOTROL CORP. i}I
" A~ MEDO USA, INC. 925 W. San Marfln Ave, PO Box 990, MICRO/SYS
R WY 5054 N0, Central Ave San Martin, CA 95046 3447 Ocean View, Glendale, CA 91208
o 6
] Wood Dale. IL 60191 (408) 683-2000 (818) 244-4600 FAX (818) 244-4246
CIRCLE NO. 178 CIRCLE NO. 179 CIRCLE NO. 180
FINALLY GRAPHICS CARDS - SCSI-2
Low-cost
0 Foras PC-Based
NEe toolto satisfy all your + 32/40 MHz TMS34020 GSP [s’cs] Testers
firmware development needs - Optional FPP w/512K local SRAM ez o +
PROMICE is a universal system. « For ISA Bus & STD 32" systems f?'rt:\:;rry‘testing P
*Develops code for any microprocessor -1 MB DRAM, 1 MB VRAM standa rd :e:ign n‘énulacturing .
«Complete, real time, level debuggi g ) )
Host software for DOS, Unix, Mac, VMS =~ + On board memory expandable to: field service
*Non intrusive on your target system + 4 MB DRAM Transfer data at 10 MBytes/second. They feature:
*Simply plugs into any ROM socket . 4 MB VRAM - SCSI-2 Command Queuing
PROMH@E also supports Turbo Debugger, « 512K EPROM SCS{'Q Messag_e Systgm Support
C_thru_ROM, FreeForm, GDB, and more - High-level Multi-threading Support
i ; A ; ] » 640x480 thru 1600x1200 pixels « Initiator and Target Emulation
« 24-bit True Color mode We offer complete development systems, low-cost
PROMICE . 256 | f 16.7 million manufacturing platforms and portable turn-key
...the affordable solution. colors A rom i m !m <) 3 systems, all available with integrated bus analysis.
@G,amma, * Free TIGA™ & Windows " drivers For information or prompt quotation, call, write or FAX us:
Engine =
inc ‘/ = /—F’ ,; IL/
TEL: (614) 899-7878 1.495, ¢ T
et (1 5)750:0219 $ . . 6975 Washington Ave. So.,Suite 220 « Edina, MN 55439
FAX: (614) 899-7888 ZWICK SYSTEMS INC. 612/941-5905  FAX 612/941-2386
Tel 613-726-1377, Fax 613-726-1902
CIRCLE NO. 181 CIRCLE NO. 182 CIRCLE NO. 183
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SHOWU CASE

Half size ECL Clock Oscillator

Connor-Winfield Corp. introduces its new 8-pin
DIP ECL clock oscillators. The ES00 Series is available

in frequencies from 24 MHz - 180 MHz. Options availa-
ble include industrial temp range of -40C to +85C, com-
plimentary output, enable/disable function, and surface
mount header. Frequency stabililites are available to
+/-25 ppm over temperature.

These models are available with supply voltage of
either -5.2 V dc (10K equivalent) -4.5 Vdc (100k equiv-
alent) or +5Vdc. Prototype quantity pricing at 120 MHz
is $43.90 each. Delivery is stock to 7 weeks A.R.O.
Contact Barney I1l at: Connor-Winfield Corporation
1865 Selmarten Road, Aurora, IL 60505
PH: (708) 851-4722 FAX: (708) 851-5040

CIRCLE NO. 184

Price Starts at

CapFast Schematic QSESEUL

Capture
and Interface Tools

Available on both DOS (PC) and
UNIX (SPARC, DEC, HP)

CapFast is an advanced hierarchical
schematic design and interface tools for
PCB, PLD/FPGA, as well as ASIC
designs.

The optional EDIF 200 tools allow the
designer to translate CapFast schematics
to and from other EDA systems, such as
Mentor Graphics and Cadence. For further
information, please call (503) 645-0313.

§ Phase Three Logic

USE OUR READY TO ORDER EXPERTISE IN:

ANALOG AND MIXED SIGNAL
ANALOG-DIGITAL INTEGRATED
CIRCUIT DESIGN, DEVELOPMENT
TESTING AND MANUFACTURING.

TO:

® Reduce Costs ® Safeguard Your R&D Investment
® Increase Reliability ® Enhance Product Image
@ Increase Manufacturability

TECHNOLOGIES VOLTAGE/CURRENT/FREQUENCY CAPABILITY
CMOS Technology Voltage : 1.5 to 500 Volts

BIPOLAR Technology Current: 100nA to 5 Amps

BiCMOS Technology Fregency: DC to 1 Ghz

APPLICATIONS SERVED
POWER ELECTRONICS ~ TELECOMMUNICATIONS  SIGNAL PROCESSING
CONTROL CIRCUITS  FILTERS INSTRUMENTATION  DATA ACQUISITION
COMPUTER PERIPHERALS ~ DATA TRANSMISSION INTERFACE

FEATURES
§ PRODUCTS BRE PARTS STANDARD CELL LIBRARIES
ANALOG ARRAYS ANALOG-DIGITAL ARRAYS LOW COST PROTOYPING
CONSULTATIVE ASSISTANCE ONE STOP SHOPPING SYSTEMS EXPERTISE

SIGNAL PROCESSING GROUP
SPG 401 N. Alma School Rd., M.S.#9,
Chandler, AZ 85224

e Ph: (602) 786-1197 Fax: (602) 821-2472

CIRCLE NO. 185

CIRCLE NO. 186

EMPLOYMENT OPPORTUNITIES, OUTPLACEMENT AND POSITIONS WANTED

Recruitment Advertising
Sue Shorrock, (508) 392-2185

POSITION WANTED ADS

Free 1" ad to subscribers seeking full-
time employment. Just include 50
words of copy and your subscription
label. We'll run your ad in 2 consecutive
issues. Available to non-subscribers or
consultants/companies at $125 per
column inch. Mail your position
wanted ad to : COMPUTER DESIGN
Positions Wanted, One Technology
Park Drive, PO Box 990, Westford, MA

01886
GBMPI"H‘ Technology

and Design
Directions

POSITIONS WANTED

SEASONED PR/ADVERTISING/MARCOM
MANAGER, 26 years experience with many
awards, seeks sr. level corporate or agency posi-
tion. Heavy magazine PR experience, plus adver-
tising, collateral, trade shows, videos, newsletter.

Former radio/tv reporter. Experienced at plan-
ning, managing, executing. Exceptionally good at
developing and managing individual contributors.
Live Northeast, will relocate. Call Jeff, (508) 746-
7898.
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* CONNECTIONS

V.P./Director-level Marketing MAnagement:
BSEE. 14+ years of hitech strategic/tactical
marketing successes with board/system-level
products: STDbus, Multibus, and VMEbus. Com-
pany associations: Hewlett-Packard, Intel,
National, Force. Assertive/creative solution-find-
ing style. Prefer S.F. South Bay, consider other.
Steph (510) 659-8739 or P.O. Box 758, Newark,
CA 94560-0758.

Over 30 years experience in Management
of Manufacturing, Quality Assurance and Quality
Control of electro-mechanical equipment. Have
implemented TQM, SQC, SPC, FMEA, Reliability
(MTBF), and I1SO 9000 programs. Am immedi-
ately available for full-time or temporary employ-
ment. Resume on request. Richard Saggese,
37 Stonehenge Dr., Wayside, NJ
07712, (908) 922-0214.

SENIOR LEVEL MARKETING MANAGE-
MENT: Expereience grounded in a solid
progression of increasing responsibility for
product design. My MBA allowed me to
apply that experience to marketing assign-
ments from microprocessor families to
communications circuits. Expertise covers
advertising to sales, and market segments
from commodity products to specific
market niches. Art Gruszynski (719) 576-
3973.

|

Closing Dates for upcoming
magazine issues

Issue Closing
OCT SEPT 4
NOV OCT 4

SYSTEMS/PRODUCT DEVELOPMENT: Har-
ware, Software. Firmware. BS Physics/Computer
Engineering (GPA: 3.7). MS Manufacturing En-
gineering/Management (GPA: 3.7). 3 years Tele-
communications experience. System
Engineering: configuration, installation, orienta-
tion. Product Development: functional specifica-
tion, architectural design, embedded OS
development, schematic design, PCB layout,
prototyping, troubleshooting. 4 Benmore Court,
Plainview, NY 11803. (516) 939-0246. Reggie.

Realtime multitasking S/W specialist 20+ years

experience. Languages: C, ADA Assembly, Pas-
‘ cal, Fortran; Operating Systems: VxWorks,

VRTX-32, VRTX-32, VRTX-86, 0S/2, VAX VMS,

PCDOS, MSDOS, pSOS. Seek longterm S/W

engineering position. Richard D. Dumas (214)
’ 783-8455.

PROGRAM MANAGER. Are you seeking a Pro-
gram Manager who gets things done on time and
within cost and meets customer expectations?
Your search has ended. Track record for last four
years: $47M New Business Secured, $2.5M of
Extra Profit Generated, 100% On Time Delivery.
Contact Joe @ P.O. Box 1413, Massapequa,
New York 11758 or (516) 799-1229.

|
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OCTOBER* ANALOG & MIXED-SIGNAL CONFERENCE SHOWGUIDE**

Analog &

Mixed-Signal Designing mixed «Hardware/software trade—offs Logic analyzers Simulation
digital/RF systems in multiprocessing

«Network interfaces
and interface ICs

NOVEMBER SPECIAL REPORT ON FUTURE COMPUTING: The merging of computers and communications

Wescon, Designing for testability *PLD design tools High-resolution A-D Communications *Mass storage (disk, tape,
Comdex and manufacturability *Mezzanine buses converters CD-ROM, memory cards)
DECEMBER* Designing the next «Full-system simulation VME CPU Boards Supercomputers

generation of «FAX/modem ICs

portable computers
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When you need to
reach design and
development
qualified engineers
and engineering
managers in the
electronics OEM,
think

COMPUTER DESIGN

first.

Only COMPUTER DESIGN:

eserves today's $300
billion computer based
electronics OEM

eprovides design direc-
tions, options and
choices—with exclusive
"why-to" editorial

edelivers 100,000
engineering managers
and engineers—100%
design and development
qualified!

ereaches over 70,000
design and development
engineering managers—
more than any other
design publication in
the market

¢is the fastest growing
publication in the field

For more information on
how to subscribe or
advertise, please contact:
Tim Tobeck, National Sales
Manager/Associate
Publisher at (508)392-2116

GOMPUTER

and Design
Directions

OneTechnology Park Drive
Westford, MA 01886
(508) 692-0700
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FINLAND ITALY
Intel Finland OY Intel Corporation Italia S.p.A.

Ruosilantie 2

00390 Helsinki

Tel.: (358) 0544 644
Fax: (358) 0544 030
Telex: 123 332

FRANCE

Intel Corporation S.A.R.L.
1, rue Edison - BP 303
78054 St.Quentin-en-
Yvelines Cedex

Tel.: (33) (1) 3057 7000
Fax: (33) (1) 3064 6032
Telex: 699 016

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.

Pipers Way

Swindon Wilts SN3 1RJ
Tel.: (44) (0793) 69 60 00
Fax: (44) (0793) 64 14 40
Telex: 444 447/8

NETHERLANDS

Intel Semiconductor B.V.
Postbus 84130

3009 CC Rotterdam
Tel.: (31) 10407 11 11
Fax: (31) 10 455 46 88
Telex: 222 83

ISRAEL

Intel Semiconductor Ltd.
Atidim Industrial Park-
Neve Sharet

P.O. Box 43202
Tel-Aviv 61430

Tel.: (972) 03 49 80 80
Fax: (972) 03 49 18 70
Telex: 371215

Milanofiori Palazzo E
20090 Assago

Tel.: (39) (02) 89 20 09 50
Fax: (39) (02) 349 84 64
Telex: 341 286

SPAIN

Intel Iberia S.A.
Zubaran, 28

28010 Madrid

Tel.: (34) 1308 25 52
Fax: (34) 141075 70
Telex: 468 80

SWEDEN

Intel Sweden A.B.
Dalvagen 24

17136 Solna

Tel.: (46) 8 734 01 00
Fax: (46) 8 27 80 85
Telex: 122 61

GERMANY

Intel GmbH

Dornacher Strasse 1
8016 Feldkirchen

Tel.: (49) 089 90 992-0
Fax: (49) 089 90 439 48
Telex: 5-23177

Intel GmbH
Wandersmannstr. 64

6200 Wiesbaden-Erbenheim
Tel.: (49) 0611 97 70 3-0
Fax: (49) 0611 9 77 03 30

Intel GmbH

Zettachring 10A

7000 Stuttgart 80

Tel.: (49) 0711 72 87-280
Fax: (49) 0711 72 80 137
Telex: 7-254 826
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The Advantage
in Single Board
Computers

TRENTON PROCESSORS

172 (including 4 pages of inserts)

Trenton delivers the perfect match for
your Industrial and Instrumentation pro-
cessor requirements with a wide selec-
tion of ISA compatible Single Board
Computers. Put an end to compatibility
problems and get your product to mar-
ket on time using a proven Trenton Pro-
Cessor.

Trenton manufactures a complete family
of Engine Card and Full Feature proces-
sors. Engine Cards feature CPU and
memory allowing flexibility in configur-
ing high performance peripherals. Full
feature processors add standard PC/AT
peripheral ports including serial, parallel,
floppy and IDE for a single slot solution.
All Trenton Processors are designed for
ease of system integration with features
such as added filtering for FCC approval,
enhanced bus drive capability for large
backplanes, and comprehensive BIOS
setup utilities.

Call TODAY for literature

1-800-875-6031

FAX 404-381-0048

Trenton Terminals, Inc.

3305 Breckinridge Blvd., Suite 100,
Duluth, GA 30136

Manufacturing quality products
in the U.S. for 15 years.
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SMALL CAGE, BIG CAT FEATURES

BIG PERFORMANCE * 16- and 32-bit Industrial PC performance

Ziatech’s large selection of CAT computers lets you build * Industrial enclosures from 4 to 24 slots ;
embedded systems to your exact requirements. The CAT's * Multiprocessing, network and industrial I/0 options

STD 32 architecture delivers ferocious performance in a * Floppy, hard, solid state and PCMCIA storage
variety of compact packages. * DOS, Microsoft Windows ®, 0S/2 and UNIX compatibility

* STD 32 performance, STD-80 compatibility
ON THE PROWL?
Call or FAX today for a free CAT data sheet

® ——
Phone 805-541-0488 —_I ZIATECH
FAX 805-541-5088 T CORPORATION
©Copyright 1992 Ziatech Corporation. All rights reserved.

Product names of other companies may be trademarks of those companies.




THE "CUT FASTBALL" THE "CURVEBALL"

THE "FASTBALL"

Scorching access times and a wide range
of densities make our SRAMs untouchable.
12 15 256Ks, 815 64Ks, 4 ns 16Ks and more, - Bi-FIFOs snove data in and out quickly.

At 70 MHz, with read/write clocks and Let ’em just try to keep up with
svinchronous flag features, our FIFOs and the hottest SPARC multiprocessing
concept going. .

THE "SPLIT FINGER FASTBALL" THE "KNUCKLER" THE "SLIDER"

The fastest access in every PROM, PLDs allow crafty designers to mix Gate
density. Broad options make these Array density with 40 MHz performance;

hardte beat.

Just when you thought the board |,
was full, multichip modules slip

even support 125-MHz state machines. 1 MB SRAMs into a 178" space.

PLAY HARDBALL WITH THE COMPETITION.

[SYPRESE SEMICONOUETDR ]

Call today for your free copy of the Cypress 1992 CMOS/BiCMOS Data Book.
Get the handbook that’s jammed full of the semiconductors you need to create
winning product line-ups. Then, smoke the competition. ===

FREE 1992 DATA BOOK HOTLINE: 1-800-858-1810" =i -
Ask for Dept C114. =

*In Europe, fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270. In Asia, fax to the above dept. at 1 (415) 961-4201.
© 1992 Cypress Semiconductor, 3901 North First Street, San Jose CA 95134. Phone 1 (408) 943-2600, TELEX: 821032 CYPRESS SNJ UD TWX: 910-997-0753.
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