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Stuck in a SCSI data-transfer bottleneck?

A first-class SCSI-2 VME board could get you out of that jam...if getting that
board up and running doesn’t leave your whole engineering team in gridlock.

That’s why, when you buy a Rimfire SCSI-2 VME board from Ciprico, you don’t
just get a product. You get a partner.

As your partner, we'll help you write the drivers you need, and provide on-site
installation. We’ll even work with your engineering team to customize hardware or software
for your special application needs.

And you get Rimfire’s unmatched performance, quality and features. Like the
new Rimfire 3870 and 3590 — the first VME boards with independent two-channel SCSI-2
architecture.

First-class hardware and first-class support and service. That’s how you beat
bottlenecks. And that’s what Ciprico is all about.

TURN TO CIPRICO WHEN YOU'RE IN A SCSI JAM.

CALL 1-800-SCSI-NOW CALL (44) 635 873666
Ciprico, Inc. Ciprico (Europe) Ltd.
2955 Xenium Lane 7 Clerewater Place, Lower Way
Minneapolis, MN 55441 Newbury, Berkshire RG13 4RF England
Fax: (612) 559-8799 Fax: (44) 635 871996
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There’s Logic To Every Layer!

Look inside the first truly reliable, Low inductance, low imped- end slots of the J1 and every slot
glitch-free VME backplane and ance power distribution is insured  of the J2. Ground pins in between
you'll see the logic behind each by the close proximity of the dual  J2 slots to provide 1/0 cabling
detail of its design. power & ground planes and the with interstitial grounds. And
Start with the signal layers — strategic placement of power much more.
four of them —with the most connectors for each voltage Choose any size from 2 to 21
“noise sensitive” lines isolated across the entire length of the slots in separate J1 or J2 or
from the others. The spacing and backplane. monolithic J1/J2 configurations.
placement of the layers in this There's more logic on the out- Call us today for the inside (and
stripline (with embedded micro- side. Schottky diode terminations.  outside) story on the highest per-
strip) design was calculated to Interrupt and Bus Grant jumpers formance VME backplanes ever
enhance the backplanes’ high accessible from either side. Wire ~ made. It's the logical thing to do.

frequency bypass characteristics.  wrap pins with shrouds on the

It's the quietest backplane
ever! Sharply reduced crosstalk
is achieved by the increased sep-
aration of signal lines —both
within and between the layers.
Superior decoupling comes from
the placement of both ceramic
and tantalum capacitors between
each slot.

N Electronic
Solutions

UNIT OF ZERO CORPORATION

6790 Flanders Drive, San Diego, CA 92121
(619) 452-9333 FAX: 619-452-9494

Call Toll Free: (800) 854-7086
In Calif.: (800) 772-7086
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Synergy brings you the power
of an ’040 SBC at an *030 price. \\

It’s true. For only $2865* —Iess than the cost of most How about

’030 boards— you can have a full-featured 040 SBC '030 SBC at
that gives your VME system vastly superior an '020 price?
performance. Our new VW30

Synergy’s new VME Workhorse VW40 is hardly a SBC can plug 030 power and .
stripped-down SBC. There’s SCSI and Ethernet on- capability into your *020-based The 0a0ias 350 1 pm__
board with 4 Mbytes of DRAM (2, 8 or 16 MB optional). system, and at $1595* we’ll keep  formance of the "030:
There’s a new multi-channel, intelligent DMA controller your system price competitive. 20 vs 6 MIPS at 25 MHz.

that handles both I/O and VME transfers —all
concurrent with normal 040 operations.

Just call us and you’ll
appreciate Synergy’s customer support:
Best of all, there’s your choice Application engineers that know VME.
of over a dozen EZ-bus e Custom I/O designs. Unbeatable
modules with intelligent s ¢ ; < documentation. Along
[/O—fully compatible . with the very best price/
with Synergy’s entire line performance in VME.
of ’020, *030 and '040
SBCs. Compare that with
any other manufacturer!

JYNERGY

mMicrosystems

Synergy Microsystems, Inc.
179 Calle Magdalena, Encinitas, CA 92024
(619) 753-2191 FAX:619-753-0903
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OUR LOW-COST
68HC05 CSICs CAN TAKE
YOUR DESIGNS
TO NEW HEIGHTS.

It's more than low-cost that
helps our 8-bit microcontrollers
get your design off the ground.

It's Customer-Specified
Integrated Circuits designed to
meet real world needs.

Whether you're moving up from
4-bit, or replacing discrete components,
Motorola’s newest 68HC05 CSICs
make it easier and more affordable than ever.

As part of our growing family, the
K-Series, J-Series, and P-Series of 68HC05
microcontrollers offer a high level of subsys-
tem integration in a variety of pin counts.
Options include a full range of memory
combinations, communication interfaces,
A/D converters, and many of the subsys-
tems that have made Motorola the world’s
leading 8-bit supplier.

Virtually every 68HCO05 CSIC is
supported by One-Time Programmable
EPROM-versions for prototyping and
limited-production when code changes for
model variations are required. Plus, every
68HCO05 is backed by extensive development
tool support.

68HCO5K

Whether your application
requires a simple alert tone,
personality EPROM for a remote
control, or processing power for
precision motor control, our
68HC05 CSICs have the features
and prices to fit your needs.
Take your next design to new levels of
performance. Complete the coupon below
for your free copy of our 68HC05 K-Series
Source Level Simulator. Develop, debug,
and simulate hardware execution with this
extremely versatile and easy-to-use PC-
based software program.

FREE Source Level Simulator!
Help your design rise above the rest! For a free copy of
the 68 HC05 K-Series Source Level Simulator and more
information on our low-cost 68HC05 MCUSs, return this
coupon to:

Motorola, Inc. PO. Box 1466, Austin, Texas 78767

Title
Company.
Address
City.
State Zip

Phone Fax
e L e N el = ot R MR AR ST o ol

Free Source Level Simulator offer ends May 29, 1992.

I |
| |
| |
1 |
I |
I |
| Name |
| |
| |
| |
| |
| |
| |

THE PATHWAY TO PERFORMANCE.

@ MOTOROLA

M) and Motorola are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc.
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Will Windows NT sound
the death knell for Intel?

Of all the features of the upcoming
Windows NT operating system
from Microsoft (Bellevue, WA),
none is more important than its
ability to run on both Intel
386/486 microprocessors and
MIPS RISC hardware. The impli-
cations of this dual processor
strategy are obvious: in the long
term, the MIPS architecture,
being RISC based, will compete
directly with the Intel (Santa
Clara, CA) 80X86 architecture.
But Intel doesn’t intend to give up
easily. The 3.1 million-transistor
“586”—out this year according to
Intel—will borrow superscalar
RISC-like technology to give it 100-
Mips performance. Oddly enough,
100 Mips is also the figure
bandied about by those marketers
of the latest high-performing
MIPS processor, the R4000. If the
two processors do indeed meet the
100-Mips expectations, a price war
between the two architectures will
decide their fate. And that’s a war
the multiple-sourced R4000 may
win against the sole-sourced 586.
—Dave Wilson

Intel under clone pres-
sure to lower prices

As Intel readies its next-genera-
tion 586 CPU and the world pre-
pares to head into a new genera-
tion of machines and operating
systems, prices for the company’s
current crop of 32-bit CPUs are
coming down. For example, the 25-
MHz 386DX processor is expected
to drop form $152 to $99 in quanti-
ties of 1,000.

The downward pressure on
prices is fueled by the successful
cloning of the 386 by AMD and the
common knowledge that a version
of the 486 cannot be far behind. In
addition to AMD, Chips and Tech-
nologies is known to be working
on a 486 clone. Intel will try to re-
main a vanguard player for these
CPUs while preparing to roll out
the 586.

The 586, along with the MIPS
R4000, will form the backbone of
the new Advanced Computing En-
vironment (ACE) that will use the
Windows NT operating system
being prepared by Microsoft.
While NT will run on 386 and 486

machines, it will require 8 Mbytes
of memory and will probably slow
those processors noticeably in com-
parison to the speed with which
they run DOS/Windows. Given the
enormous number of installed
386/486 systems, it will probably
take Intel a while to turn the 586
into a real money-maker. The
386/486s are expected to remain
big players in the embedded and
notebook arenas long after desk-
top users have switched to NT-
based machines, so Intel has a
real interest in fighting for market
share against the clone makers.
—Tom Williams

At last, LSI Logic is
shipping Silicon 1076

| LSI Logic (Milpitas, CA) an-

nounced about a week ago that it
has finally begun to ship its
VHDL-based Silicon 1076 ASIC de-
sign environment to users. Since
the start of Silicon 1076’s develop-
ment a few years ago, LSI Logic
has billed the toolset as the first
complete concept-to-silicon VHDL
solution. Silicon 1076 users can
begin an ASIC design at the archi-
tectural level, register transfer
level (RTL) or the gate level, ac-
cording to LSI Logic.

Integrated into the Silicon 1076
design environment is the Vantage
(Fremont, CA) VHDL simulator
and Synopsys (Mountain View,
CA) synthesis tools. Asked what
Silicon 1076 offers over the use of
Vantage and Synopsys as point
tools, an early Silicon 1076 user,
Mike Payne, VLSI manager at Cos-
sor Electronics, a division of Ray-
theon, (Harlow, Essex, England),
puts an integrated environment
first on the benefits list, LSI
Logic’s block-level synthesizers for
memory and datapath elements
second, and the ability to work at

' a higher level of synthesis third.

Though Cossor has saved time
with Silicon 1076 on the design of
a 300,000-gate system, Payne re-
ports designers have had to syn-
thesize their ASICs—which use
pipelined rather than state-ma-
chine design—at the RTL level,
rather than at the much-talked-
about architectural or behavioral
level. “The number of gates the
tool was producing when synthesiz-
ing the pipelined designs at the ar-
chitectural level was too high,”

says Payne. LSI Logic reports
working on a mechanism for the
next Silicon 1076 version that will
get around the problem of pipe-
lined design.

—Barbara Tuck Egan

Vitesse in production
with first 350K-gate
GaAs array

| Vitesse Semiconductor (Camarillo,

CA) will disclose the manufacture
of the first production samples of

| its 350,000-gate VGFX350K GaAs

ASIC in an announcement this
month. A member of the FX family
of four-layer-metal GaAs gate ar-
rays, this is the largest GaAs
ASIC ever produced and validates
claims, according to its maker,

| about the manufacturability of the

Vitesse 0.6-um H-GaAs process
technology.

With over 1.2 million active
transistors out of 1.5 million total,
the VGFX350K incorporates a
pair of 44-kbit blocks of fully dif-
fused SRAM, two fully diffused
five-port register files and over
200,000 raw gates, based on a test
implementation done for a cus-
tomer. The embedded SRAM and
register files have an access time
of less than 3.5 ns.

Vitesse will also be announcing
the addition of 20,000- and 40,000-
gate members to its FX family. A
typical two-input NOR gate in
each of the three new GaAs gate
arrays has a worst-case delay of
60 ps unloaded and dissipates 0.18
mW, resulting in a speed-power
product of 11 fJ, significantly bet-
ter than silicon BICMOS, accord-
ing to Vitesse.

—Barbara Tuck Egan

NEC partners with
CrossCheck for ASIC test
methodology

With NEC Tokyo having agreed to
license the CrossCheck Technology
(San Jose, CA) ASIC test and diag-
nostic methodology, CrossCheck’s
ASIC partners now represent
more than 50 percent of the world-
wide CMOS gate array market, ac-
cording to the ICE ASIC Outlook
1992 Report. In securing rights to
CrossCheck’s patented on-chip test
electronics and its fault simula-

Continued on page 8
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When Every Nanosecond .
Squeeze critical nanoseconds from your high-speed logic interface with
the fastest FCT logic available. IDT's FCT-CT family offers speeds that
are 50% faster than standard FCT or FAST logic families — as fast as
3.4ns (typical)!

The Perfect System Solution
As a system designer, you need the perfect combination of:

1. Fastest speed
2. Low ground bounce
3. Low power consumption

FCT-CT logic has true TTL compatibility for ease of design. The reduced
output swings and controlled output edge rate circuitry ensure low
system noise generation. No other technology offers higher speeds or
lower power consumption.

The FCT-CT family is completely pin- and function-compatible with FCT
logic, and is available today in all standard packaging.

PROPAGATION OUTPUT OUTPUT
FUNCTION DELAY (Max) ENABLE (Max) DISABLE (Max)
Buffers 4.1ns 5.8ns 5.2ns
Transceivers 4.1ns 5.8ns 4.8ns
Registers 5.2ns 5.5ns 5.0ns
Latches 4.2ns 5.5ns 5.0ns

Free Logic Design Kit
Call our toll-free hotline today and ask for
Kit Code 3061 to get a 1991 High- m
Speed CMOS Logic Design Guide

and free FCT-CT logic samples. (2%

07 gy
Chog
iy

' ‘

“ :

(800) 345-7015 * FAX: 408-492-8674

The IDT logo, CEMOS, BiCEMOS, and R3051 are trademarks of Integrated Device Technology, Inc.

CIRCLENO. 4

12ns 256K SRAMS

Fastest cache solutions for RISC and CISC
CPUs, 36+ ultra-high-speed sub-

micron SRAMs for 33MHz processing &
beyond are in the SRAM Data Book.

35mips RISC CHIPS AND MODULES
R3000A for the most mips at any MHz;
R3051 for CPU, cache, &

buffers on one chip. Modules,
eval. boards & software com- %
plete the family. See them in the
RISC Data Book.

HIGHEST-PERFORMANCE MEMORIES
Fast FIFOs, dense dual-ports, BICEMOS
ECL, & memory modules. 120+ FIFOs
& multi-port memories, 5ns ECL, &

Data Book.

Call today for your
new IDT data books
with complete tech-
nical specifications
and application

information.
5 A 4% ®
i Integrated
Device
N Technology, Inc.
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Continued from page 6

tion, automatic test pattern
generation and device diagnostics
software, NEC joins Fujitsu, Har-
ris, LSI Logic, Oki, Raytheon, and
Sony as CrossCheck partners.
NEC will implement the
CrossCheck test methodology in
its new CMOS gate array family,
to be introduced this year.

Recent benchmark data from
the Raytheon Advanced Device
Center, which acted as a test site
for CrossCheck’s latest software
tool, CX-Probe, shows that CX-
Probe used CrossCheck’s on-chip
test structures to isolate and iden-
tify functional failures in five
ASICs (11,100 gates) in 16 hours
compared to the conventional diag-
nosis time, using an electron beam
prober, of seven to 10 days.

—~Barbara Tuck Egan

Cadence/Valid merger
gets the nod

The proposed merger between Ca-
dence Design Systems (San Jose,
CA) and Valid Logic Systems (San
Jose, CA) was recently approved
by shareholders of both compa-
nies, making the deal official and
the EDA market smaller. The com-
bined company will operate under
the Cadence name, with Joseph
Costello, founder of Cadence, serv-
ing as president and CEO, while
George Klaus, Valid’s current
president, will become executive
vice-president and COO. Addi-
tional organizational changes and
staff cuts will be announced in the
next few weeks, while product in-
formation will be released over the
next few months.

Customers of both companies
are particularly interested in
which of the overlapping products
from each company will get the
axe, though spokespeople for Ca-
dence are assuring the nervous de-
sign community that support will
be available for all products
during the transition.

—~Mike Donlin

Workstation wars

still raging

Hewlett-Packard (Palo Alto, CA) is
expected to roll out an under-
$10,000 workstation with nearly

twice the throughput of similarly
priced systems from rivals Digital

Equipment Corp (Maynard, MA)
and Sun Microsystems (Mountain
View, CA). The workstation, code-
named Bushmaster, reportedly per-
forms at a clip of 50 Mips and 35
to 40 Specmarks and will sell for
$7,000 to $8,000.

HP will keep the pressure on in
the competitive workstation
market with a system due out by
midyear that’s rumored to perform
at more than 100 Specmarks.

—Miike Donlin

Moto going superscalar

Motorola’s computer group is ex-
pected to announce this month it
will market a family of single-
board computers based on the com-
pany’s 88110 superscalar proces-
sor. The first product, expected
soon, will be a VME board that
supports SCSI 2, multiple users,
networking, and VSB (VME sub-
system bus).

It’s expected the new board will
be the next generation of the
MVME187, the attempt by Mo-
torola to see if it can use the 147
approach to make a successful

| RISC machine. The new board is

said to have three to five times the
performance of the 88100-based
product, “which is expected to
make the symmetric superscalar
SBC well suited for the most
demanding application,” says Mo-
torola Computer Group vice-presi-
dent, Tom Beaver.

—Warren Andrews

Lynx picked as
real-time leader

At least two analyst groups—the
Gartner and Yankee Groups—
have come to the conclusion that
LynxOS is positioned to take
advantage of what they described
as an “explosion of new CIE [Com-
puter Integrated Engineering]| pro-
ducts.” Says the Gartner Group,
“Users and software developers in-
dicate that it [LynxOS] is one of
the fastest, if not the fastest, Unix
or Unix-compatible real-time sys-
tems available.” The studies go on
to describe how real-time flavors
of Unix will make it possible to
manage “both the real-time
process control and the event-
based data of MIS.”

According to the Yankee Group,
there will be a 30 percent annual

growth rate in shipments of real-
time operating systems for the in-
dustrial market and it’s predicted
that the availability of real-time
Unix systems such as LynxOS
“could break down the barriers
that have long hampered data
transfer between different vendors
serving the process-control and
MIS sides.” In its report the
Yankee Group stated, “Sun [Micro-
systems]| and HP have the most to
gain from the movement toward
Posix standards, while DEC has
the most to lose because of its pro-
prietary software and hardware.”
The Yankee Group’s statement is
hard to document, especially con-
sidering DEC’s recent move
toward developing Posix-compliant
VAXeln and DECelx.

—Warren Andrews

ISI offers first dis-

' tributed real-time Unix

The Software Components Group
of Integrated Systems (Santa
Clara,CA) has unveiled what it
claims to be the first distributed
real-time Unix for embedded sys-
tems. The product, which will be
called Aria, is based on the micro-
kernel technology developed by
Chorus Systems (Paris, France).
Aria is targeted at distributed con-
trol engineering, communications
and automation applications. ISI
is tracking the Posix P1003.1
general portability standards as
well as the yet-to-be-finalized
1003.4 real-time extensions. In ad-
dition, the distributed nature of
Aria makes it necessary to track
and eventually comply with the
1003.4a multithreaded standards.
The initial version of Aria will
be offered for the Motorola 68030-
based MVME147S series of single-
board computers, with other ver-
sions to follow. According to ISI,
the initial version has been
certified Unix SVR3.2-compatible
and will shortly be followed by an
SVRA4 version. —Tom Williams
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VME pérformance at a price you can'sink your teeth into!

Heurikon’s HK68/V3D offers VME stahdardization and design flexibility
with a 33 MHz Motorola 68EC030 and 2 Mbytes of memory for only $1795
(less in quantity). That makes the V3D a cost efficient entry pointinto VME
single-board computers. As a complement to ourmain course, you can add
more memory, SCSI or Ethernet. VxWorks and OS-9 are alsoavailable.

bl

While our price indicates good value, if’s our service which makes that value
great. Our VME boards, real-time operating systems and software development

If you're hungry for more information, give us a
1-800-356-9602. Bon /

Outside the U.S,, call 608-831-0900 or FAX 608-83 1-4249. VxWorks is a trademark of Wind River Systems. OS-9 is a trademark of Microware Systems

CIRCLE NO. 5 Visit Heurikon at BUSCON/-92 West Booth #312




Once again,the numbers do

*U.S. list price for 19-inch grayscale display, diskless, 8MB system. ©1992 Hewlett-Packard Company ADCSWGO17



Introducing the HP Apollo
Series 700 Model 705 RISC
workstation.

35 MIPS. 34 SPECmarks. Over
8 MFLOPS. More than 1,800
applications. $4,990:

Now that we've got your num-

bers, call ours. 1-800-637-7740,
Ext.2786.

(b/” HEWLETT

PACKARD

CIRCLE NO. 6




§ EDITORIAL

When 100 readers write
you about anything,
you can count on
thousands who are
just as interested but
don't write.

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

Cryptic Cover Contest rules

Wow! We discovered last month just how much Computer
Design readers like our unorthodox covers, and how much they
love contests! From time to time in the past, we've embedded
some symbolism or a hidden message in a cover primarily for our
own amusement. Our little diversions didn’t go completely unno-
ticed and we would frequently receive unsolicited comments. How
much the majority of readers were interested in our covers, how-
ever, we couldn’t tell without running a test. The December cover
was that test and we were delighted with the response and the
comments we received.

By the time we closed the January issue, we had received about
60 letters deciphering the rebus writing on our “Indiana Jones
and the Last Crusade” cover. We published the names of those
who guessed correctly, along with some of their general comments
about Computer Design, on pages 141-142 in a section entitled
“Letters, covers & other diversions.” Since then, we received addi-
tional responses and the total at the time this editorial is being
written is something over 100. Now, 100 reader responses for a
publication with a circulation of over 100,000 might not seem like
a lot, but I've been in the publishing business long enough to
know that when 100 readers write you about anything, you can
count on thousands who are just as interested but don’t write be-
cause they’re extra busy, forget or, with a contest, don’t think
they’ll ever win. With that said, do you think we can resist a gim-
mick that’s fun for us, we think will be fun for you, and that will
get you to look, not only at the cover, but at the Special Report
that’s tied to the cover illustration? No way!

So, here are the official rules for the monthly Computer Design
Cryptic Cover Contest:

Each month, the cover will contain some rebus writing, a coded
message (we haven’t done this yet), or some symbolism or meta-
phorical images related to the contents of the Special Report. This
month, for example, the elements comprising the cover illustra-
tion represent various terminology or buzzwords related to multi-
processing. To qualify for the prize, you must decode the rebus
writing or coded messages, or explain the symbolism or metaphors.

Responses will be accepted until the end of the issue month
(e.g., until the end of February for this issue) and the prize winner
will be randomly chosen from all correct responses received by
that time.

The explanation of the cover will be published two months after
the issue (e.g., this month’s cover will be explained in the April
issue), along with the names of all those who responded correctly.
Everyone who succeeds in the decipherment will receive a certifi-
cate identifying them as a Wizard of the Cryptic Cover.

As to the prize. We still haven’t figured that out (too busy
dreaming up this month’s cover, among other things). We’ve been
playing with the idea of software, a gift certificate to Brookstone,
Nordstrom’s, or Victoria’s Secrets, or whatever. We'd appreciate
any suggestions along with your entries. Good luck.

12
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RADISYS GIVES VME
THE INSIDE
ADVANTAGE

EMBEDDED PC. @ ATTACHED PC

NO DIRECT

H ARDW 7 RE J CONTROL.

EPC Embedded PCs Mass Storage Modules

EPConnect
Software

EPC MODEL EPC-1

(shipping since Aug '88)

EPC-3
(shipping since Aug '89)

EPC-4
(shipping since Mar '90)

EPC-5
(shipping since Oct '90)

Processor Modules:

CPU 80386 80386SX 80386 80486

CPU Clock 16 or 20MHz 16MHz 25 MHz 25 or 33 MHz
DRAM 1 or 4 MBytes 1, 2 or 4 MBytes 4, 8 or 16MBytes 4, 8 or 16 MBytes
Graphics EGA (640 x 350) VGA (800 x 600) VGA (800 x 600) VGA (800 x 600)

Mass Storage Modules:
Hard Disk Capacity
Floppy Drive Size/Cap

Expansion Capabilities:
PC Add-in Cards Yes Yes
EXMbus Expansion N/A EXM Expansion Modules
EXM-1 Ethernet

EXM-2 Solid State Disk
EXM-3 SCSI/Floppy Ctrl
EXM-4 IEEE 488

40 MBytes
3.5"/1.44 MBytes

40, 100 or 200 MBytes
3.5"/1.44 MBytes

EXM-5 Modem

EXM-6 VGA Graphics
EXM-7 RS232 Serial I/O
EXM-8 RS422 Serial 1/O

EXM-9 IDE/Floppy Ctrl
EXM-10 Ethernet

EXM-11 Timer/Counter
EXM-12 Prototyping Card

Software Support:

EPConnect development, run-time, and multiprocessing software package for DOS, Windows, UNIX,and 0S/2

Copyright © 1989 RadiSys Corporation. All rights reserved. RadiSys and EPC are registered trademarks and EPConnect is a trademark of
RadiSys Corporation. 386 and 486 are trademarks of Intel Corporation. OS/2 is a trademark of International Business Machines Corporation
UNIX is a trademark of American Telephone and Telegraph
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Integrating a PC with your VME system is
a smart move. The “PC advantage” provides
a superior human interface and access to
the PC’s huge base of system, application
and development software.

The PC Advantage belongs inside your
VME system. Not attached to it. By embed-
ding a PC inside your VME card cage,
instead of attaching it externally, you break
through the inherent communications
bottleneck that constricts system perfor-
mance. You also eliminate the superfluous
hardware and software needed to attach
two system architectures.

Only RadiSys EPC® Embedded PCs
completely integrate the strengths of PC
and VME. An EPC, with its exclusive
EPConnect™ Software, is the only 386- or
486-based, PC-com-
patible computer with
software that inte-
grates the VMEbus into
the DOS, Windows,
UNIX and OS/2 envi-
ronments. EPCs give
your VME systems:

» Highest system performance from the real-
time responsiveness of the direct 32-bit
interface between the 386 or 486 and the
VMEDbus.

« Improved system packaging in 1/10th the
volume, with integral VME ruggedness, and
no bus link baggage.

SURROGATE
CONTROLLER

And EPCs cost you less. EPC-based systems
avoid the costly pitfalls of attached PC
systems. No extra interfaces, cables, surro-
gate controllers, or the software to make
them work.

Give your VME systems the EPC advan-
tage. Call (800) 950-0044. We’ll send all
the details. No strings attached.

THE INSIDE ADVANTAGE

RadiSys Corporation

19545 NW Von Neumann Dr.
Beaverton, OR 97006 USA
(800) 950-0044

(503) 690-1229

Fax (503) 690-1228




The 29K Family.

Am29005

¥ ([T .o Low-cost 32-bit
SRR L RISC processor

Am29000

Original 32-bit
RISC processor

Am29050

32-bit RISC processor
with on-chip floating point.

32-bit RISC processor
with 8K cache and
Scalable Clocking technology.

= 32-bit RISC processor
L IO B i cache an

programmable bus sizing.

It's all in the family—the 29K™Family, that New family members push the performance
is. All the performance you need in a 32-bit envelope further: Our Am29030™and Am29035™
embedded RISC processor. And all the support  processors offer advanced features like large
you need from our Fusion29K* Partners, to bring  on-chip caches, Scalable Clocking™technology
your products to market faster than ever. and programmable bus sizing—which ease

The 29K Family is the 32-bit embedded RISC  design and lower system costs. With additional
architecture that keeps your performance high  family members on the way.
and your system costs low. And all 29K Family The 29K Family also has the best embedded
members are binary compatible, so your soft-  RISC support available—the Fusion29K
ware runs on each device, without modification. Partners.The Fusion29K Partners include over



The 29K Family.
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80 leading independent hardware and software product catalog or newsletter. You'll find all the
vendors and consultants prepared to shorten support you need in one big happy family.
your design cycle.

Together, they offer hundreds of develop-
ment tools to get you to market quickly: Every- 1
thing from compilers, debuggers, emulators, ‘

and logic analyzers, to complete application A dvan C ed Micro Devices

solutions.
901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc

SO Ca]] AMD at ]"800"292"9263 Ext. 3 29K and Scalable Clocking are trademarks and Fusion29K is a servicemark of

Advanced Micro Devices. All other brand or product names are trademarks or registered

fOI‘ lnfOI’mathH on the 29K Faml]y Ora FUS]OI’I29K trademarks of their respective holders.
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IN THE ERA OF MegaChip’ TECHNOLOGIES

We've squeezed more
J

ABT Widebus as fast




speed from our
as 4.1 ns!

e L

ith our new Advanced

BiCMOS interface logic
(ABT) family, you get the speed, drive
and low power you need to optimize the
performance of processors operating at
33 MHz and above.

Fabricated in our 0.8-micron BICMOS
process, this new family delivers maxi-
mum speeds down to 4.1 ns over recom-
mended operating conditions. Typical
performance of the devices is in the 2.5-
to 3.0-ns range.

Other critical performance parameters
are as impressive. Drive capability is 32
to 64 mA. Static power consumption
is typically 2 mA (Icch, locz) and
30 mA (IccL). Ground bounce is less
than 800 mV typ.

All this in Widebus

Our ABT family, a second-generation
advance of our leadership BICMOS
(BCT) family, includes versions of our
16-, 18- and 20-bit-width Widebus™
functions.

Among the many ABT Widebus
functions released is the’ABT16244, a
16-bit buffer and line driver. It exhibits
much greater stability of propagation
delay (see chart), which results in a
lower derating factor across the number
of outputs switched.

Also in volume production
are the Widebus ’ABT16245
16-bit bidirectional bus
transceiver and the
'ABT16543
and ’ABT16952
16-bit bidirectional
registered bus transceivers.

As in our successful Advanced
CMOS Logic (ACL) Widebus family,
these devices come in our leadership
surface-mount shrink small-outline
package (SSOP) that gives you twice
the number of I/Os as a standard small-
outline package in the same space.

™ Trademark of Texas Instruments Incorporated
© 1991 TI 08-1139

logic.

Unique additions included

There are also new devices in our

ABT Widebus family featuring greater
density and functionality. Our
’ABT16500A is a good example. An
18-bit registered transceiver, it combines
D-type latches and D-type flip-flops to
allow data flow in transparent, latched
and clocked modes.

" AVERAGE tpLH AND tpHLPROPAGATION DELAY

—77

e 'FCT244A
'ABT16244

SPEED (ns)

"NUMBER OF OUTPUTS SWITCHING T,=25C, V=5V

TIs speed advantage: In a one-to-one comparison,
aTI’ABT16244 llggbit Advanced BICMOS driver
proves to be much {L'ISIL’T and more stable than Ad-
vanced Bipolar and standard CMOS octal drivers.

To complement our full line of
Widebus products, our ABT family
will include at least 39 octal buffers/
drivers, flip-flops, transceivers and
registered transceivers.

Squeeze more out of your system
with a free sample ’ABT16500A:
Call 1-800-336-5236, ext. 3009

To learn firsthand how
our new ABT family can  asancessicuos tosic

boost the performance
of your bus-interface
designs, get a free
"ABT16500A trans-
ceiver and data sheet.
Just complete and mail
the return card or call
the number above.

» Texas
INSTRUMENTS




Considering

Multimedia or

Interactive Systems ?
consider NIICROBOARDS

Authoring Systems for:
O DOS, Mac, UNIX, 0S-9
O Player Hardware

Red Book
Yellow Book

Green Book

Orange Book

Standard and Custom OEM designs

&3 MICROBOARDS, Inc.

MBi America

Tel: (612) 448-9800
Fax: (612) 448-9806

MBi Japan
Tel: 0474 (37) 9811
Fax: 0474 (37) 9821

CIRCLE NO. 10
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When you need to debug a real-
time embedded system, our
emulation systems can help you
complete your project faster.

Real-Time Target Control

Emulate without stealing
target resources or adding
wait states.

Step through your actual
source code, comments
and all.

Choose from popular
compilers.

View code, registers, data,
and commands all at once
with our windowed
interface.

Q

Qa

Capture precise information
using powerful trace
capabilities, including
sequential triggers, all in
real time.

Full symbolic debugging
capabilities, including high-
level trace.

Real-Time Technical Support

Q

Q

Experienced software and
hardware engineers.
Step-by-step
troubleshooting help.

Call and tell us about your
target.

1-800-824-9294

Sophia Systems and Technology, US.A. Tel: (415) 493-6700 Fax: (415) 493-4648 p = =
Sophia Systems Co., Ltd., Japan Tel: (03) 3348-7000 Fax: (03) 3348-2446

©1992 Sophia Systems and Technology

Sophia
Emulators
support ...
Intel,
Motorola,
NEC, AMD,
Hitachi, and
many others.
We support
the C186 to
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Pushing the Edge of Capacity...

1.65 GB in a 5.25-inch Form Factor.

gagugegnes

: ol@ T8 a A v
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dedddddiieasy = ¢ : B i, B 2 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.

Edge-to-Edge Quality
Choose the DK516 and you get a drive backed by
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

2
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, i e  § Hitachi America, Ltd.
| : , . Computer Division, MS500
3 Hitachi Plaza
2000 Sierra Point Parkway
Brisbane, CA 94005-1819
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Authorized Distributors:

CONSAN 612-949.005
1A, IL IN. ke v 19-0053 ,
NE N KS, KY, MI, MN, MO, ND GENTRY :\SSOCI:\TE‘ .
usburgh, PA, S, v 800-877-2225 . > RSQUARED 800.777.347 .
GA, LA, MD, Ms NC. SC “\ -I‘,\' AZ,CA, CO, NM OR, UT, WA \\\/ %]G\.‘\,\L 800‘228-878] SPI-CI
& 4 T, MA, ME, NH, R, 1 “CIALIZED SysTE),
TECHNOLOGY 800.685,
x (1 INOLOGY 800-688-8993
AR, LA, OK IX)

HITACHI (CANADIAN)

LTD. 416-826-4100 Canada)
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The Ultimate "How To” Book

With Molex’s new full-line catalog #920, you get the ultimate
“how-to” book. How-to solve your unique design problems.
How-to lower your total applied costs. And how-to meet
your specific delivery and quality requirements.

So if you're wondering “how-to” get your hands on
the most advanced interconnect technology, call or write
Molex today for our new full-line catalog.

molex’

Bringing People & Technology Together, Worldwide™
Molex Incorporated 2222 Wellington Ct., Lisle, IL 60532 Tel: (708) 969-4550 Fax: (708) 969-1352

BACKPLANES

For Information Call

(404) 381-6031
Fax: (404) 381-0048

B

phpl. CIRCLE NO. 14
ISA: 286 386SX

For Industrlal Processors

TR-486DX — Full Featured, 33 MHz,
to 32M Ram

TR-C386DX — Full Featured, Cache,
25:-01 3 NITEA

TR-386SX — Full Featured Processor,
16 or 20 MHz

TR-E386SX — Engine Card, Half-slot,
16 or 25 MHz

386DX

Trenton Terminals Inc.
3305 Breckinidge Bivd., STE 100
Duluth, GA 30136

products in the U.S. for 15 yeans
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CALENDAR
CONFERENCES

February 11 - 14 MICAD
MICAD ‘92 M
Port de Versailles, Paris, France. | 1 9 9 2

France’s premiere CAD-CAM event

will celebrate its 11th anniversary by welcoming more
than 250 exhibitors and 25,000 visitors to Port de Ver-
sailles. MICAD has become one of the leading computer
graphics conferences and exhibitions in the world. It’s the
European showcase for introducing new products and
technology. Contact: The World Computer Graphics Asso-
ciation, 2033 M St NW, Suite 399, Washington, DC 20036-
8446, (202) 775-9556, Fax (202) 775-8122. Circle 366

....................................... 'SysComp -
February 18 - 20

SysComp/92 West ‘

San Jose Convention Center, San Jose, CA.

The only OEM system/subsystem com-

ponents conference and exposition. The technical program
will cover microprocessor, system and bus architectures,
power sources, display and interface technologies, mass
storage, and new developments in media, embedded soft-
ware programming, system packaging, concurrent en-
gineering and achieving cost, quality and time-to-market
goals. The exhibition will feature vendors of OEM comput-
ers, ICs, board-level products, power sources, mass
storage, displays, backplanes, enclosures, and much more.
Contact: Paul LaGris, 3432 Timberlake, Costa Mesa, CA
92626, (714) 966-1526, Fax (714) 241-1108. Circle 367

February 18 - 20

RISC '92

Le Baron Hotel/San Jose Convention Cen- _3

ter, San Jose, CA. To be held in conjunction ]’ 0 /9/
with SysComp/92 West, RISC "92 will be the

foremost gathering of designers and design managers
involved with RISC architectures, systems, programming,
and applications. A combination of lectures, tutorials and
panel discussions will cover areas such as RISC-based
multiprocessing systems; fundamentals of Sparc, MIPS
R3000/4000 and other architectures; advances in RISC-
based CPU boards for standard buses; RISC in multime-
dia applications; compilers and software development
tools; and many more topics. Contact: Paul LaGris, 3432
Timberlake, Costa Mesa, CA 92626, (714) 966-1526, Fax
(714) 241-1108. Circle 368

February 24 - 27 INTERNATIONAL

International Control Engineering CON[ROL
Exposition ENGINEERING

McCormick Place North, Chicago, EXPOSITION

IL. The ICEE is specificallyaimedat © © N FERENC :
control engineering, with a focus on innovative and useful
applications of control, instrumentation and automation
systems in the discrete parts and processing industries.
Conference topics include: expert systems and neural net-
works in real-time control; developments in distributed
control system architectures; control systems for manage-
ment—competing with time; next-generation controllers;
and customizing control systems. Also, an exhibition will
feature programmable controllers, sensors, control soft-




CALENDAR

ware, process control systems, and industrial computers.
Contact: Cahners Exposition Group, 999 Summer St, PO
Box 3833, Stamford, CT 06905-0833, (203) 964-0000, Fax

(203) 964-8489. Circle 369
February 25 - 27

NEPCON WEST ‘92 ”"'Mm_fm'x'”iuo'i"‘fﬂc'
Anaheim Marriott, Anaheim g‘ L L LAl

Hilton and Anaheim Conven-

tion Center, Anaheim, CA. The

30th annual National Electronic Packaging and Produc-
tion Conference and Exhibition is the only show in the
electronics manufacturing industry to span all areas of
concurrent engineering from design through final testing
of printed circuit boards. There will be 117 conference
sessions and more than 1,000 exhibitors will display the
latest in products and technology for design, fabrication,
assembly, packaging, inspection, and test of printed cir-
cuits and electronic assemblies. This year’s theme is “The
New World of Electronics Manufacturing.” Contact:
Cahners Exposition Group, 1350 E Touhy Ave, Des
Plaines, IL 60017-5060, (708) 299-9311, Fax (708) 635-

1571. Circle 370
March 10 - 12 E
SEMICON/Europa 92

Zuspa Convention Centre, Zurich, Swit-
zerland. SEMICON/Europa is the largest e
trade show in Europe dedicated to the S E M |

newest products and equipment in semiconductor pro-
cessing and materials. Semiconductor Equipment and
Materials International (SEMI) will hold standards
meetings March 9 - 12. More than 600 companies will be
displaying new technologies. There will be five technical
conference themes: “Process tool integration,” “Manufac-
turing science,” “Quality requirements for media and
supply systems,” “Process monitoring,” and “The face of
European test applications in the 1990s.” Contact: SEMI
North America, 805 E Middlefield Rd, Mountain View, CA
94043-4080, (415) 964-5111, Fax (415) 967-5375, or SEMI
Europa, Avenue de Cortenberg, 79, B-1040 Brussels,

i

Belgium, 32-2-736-2058, Fax 32-2-734-0622.  Circle 371
March 10 - 12 F )
Southcon/92 @) Southcon*/92
Orange County Conven- Electronic Show and Convention

tion/Civic Center, Orlando, FL. March 10-12 / Orlando, Florida

This important electronics conference and exhibition in
the Southeast brings together design, test, manufactur-
ing, and telesystems in one show. More than 300 exhibi-
tors will feature the latest networking and data com-
munications products; semiconductors; electronic design
automation tools; test and measurement instruments;
and passive components. Technical sessions and tutorials
will include such topics as high-speed data communica-
tions, computer imaging and real-world applications of
neural networks. Contact: Electronic Conventions Man-
agement, 8110 Airport Blvd, Los Angeles, CA 90045, (800)
877-2668, Fax (213) 641-5117. Circle 372

RealTime Multi-processing alternative to UniX

eriously! Quit wasting your valu-
able time and money on so
called "real time kernals!"

S

UniFLEX provides a full spectrum en-
vironment for development and target sys-
tems - all in one.

Have fun! UniFLEX allows you to design
- code - compile and test your application in
the actual run-time environment. Never
"download and smoke-test again!"

UniFLEX is fully ROMable! We include
everything needed to create an embedded
solution with each development system.

UniFLEX uses industry standard Berkeley
Networking, TCP/IP and NFS. UniFLEX
supports local graphics - and - X-Terminals
in the X-Windows environment. UniFLEX
offers user configurable interfaces, eg:
Bourne shell, X+Motif, VAX DCL or
native mode.

i sterm

UniFLEX supports all the latest standards,
including: X11RS, Motif, POSIX, etc. We
offer over seventy(70) standard device
drivers, source-code options, training and
much more.

Visit us at BUSCON Booth #647

e

RTMX-UniFLEX Inc.
800 Eastowne Drive, Suite 111
Chapel Hill, NC 27514

(919) 493-1451
(919) 490-2903 Fax
krl@ rtmx-uniflex.com Email

CIRCLE NO. 16

TIME CODE

Time in various formats

is furnished to the host
computer over its particular
bus. Time resolution to 1
microsecond is available.

Precision Time
Plug-ins

24 TRUETIME

VME - Multibus - PC

3243 Santa Rosa Avenue * Santa Rosa, CA 95407
(707) 528-1230 » FAX 707-527-6640 « TELEX 176687

rvelime
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SYNCHRONIZED CLOCKS
Available in a number of
sizes and configurations,
these boards provide 1
millisecond time synchroni-
zation referenced to UTC.
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Now you can afford to

Presenting a very small development in Ethernet.
Chipsets that are matched to your system and
your budget. In fact, they cost you as little as 5 square
inches. Which, by the wayi, is less total real estate than
any competitive solution. But sizable reductions don’t
stop with board space, because we’re also reducing

the price up to 30 percent.

Needless to say, true plug-and-play simplicity
requires an intelligent network interface. So our
new high-integration 82503 Dual Serial Transceiver
goes beyond IEEE 802.3 to include automatic port
selection, polarity switching and a jumperless
interface to AUI or TPE.

For unmatched desktop performance, we offer

© 1992 Intel Corporation. Intel386 and Intel486 are trademarks of Intel Corporation. *Ethernet is a registered trademark of Xerox and Diamond is a registered trademark of Diamond Brands, Inc.



put Ethernet in any box.

a complete family of 82596 LAN coprocessors, each So look into today’s hottest Ethernet chipsets.
optimized to a specific Intel486™ CPU for maximum  Call (800) 548-4725 and ask for Lit. Packet #YA23.
throughput. And our 82593 is the perfect LAN And learn why we have the perfect match for your
controller for Intel386™ SL notebooks. next box. -

Best of all, these true two-chip solutions give you I nU &
the flexibility to simplify your design and deliver
your product to market in the smallest of timeframes. The Compu[er Inside.™

CIRCLE NO. 18




“Tadpole is extremely
responsive, very thorough
and, most importantly,
played a key role in our

development program.”
— Mr. Tom LeBlanc,
Principal Systems
Engineer
Polaroid Medical
Imaging Systems

TADPOLE CUSTOM DESIGN
FOR SINGLE BOARD COMPUTERS

Dont Compromise

Your Next Design.

It's your product. Your market
window.

So why compromise by
settling for less than what you
really need in a single-board
computer?

When off-the-shelf boards
don’t meet all of your specifica-
tions, there’s no reason to
accept costly or inefficient
workarounds. There’s a better
alternative: Tadpole Technology's
Custom Design Services.

The OEM’s Partner

Since 1985 we've helped
OEMs like you build better
products — and meet critical
market opportunities— by
designing and building custom
computing engines that meet
exact specs.

Our customers include some
of the world’s largest companies,
who have turned to us with
applications ranging from
process control and flight
simulation to application-
specific graphics and airborne
communications.

Built To Your Specs

CISC or RISC. VME or
Multibus II. Real-time or UNIX".
Whatever your requirements,
Tadpole has the expertise to

design
industry-standard,
single-board computers
that fit your application
needs. We complement our
design services with state-of-
the-art semiconductor packaging
techniques and advanced
surface-mount assembly.
Integrated software is a major
component of Tadpole custom
design. We have one of the
world’s most experienced UNIX
software porting teams, with 13
ports completed. We also support
real-time operating systems.

The Team Approach

When you work with Tadpole,
the Custom Design team serves
as an extension of your company.
Our team becomes your team,
helping you optimize the use of
your internal resources. This
reduces your investment in
product development and
improves your time to market.

Computing Without Compromise

%" From specs to

P f final design typically
Y takes only 20-28

weeks.

Technology and
teamwork. It’s all part of
the Tadpole approach to custom-
built, single-board computers.
And it all adds up to one thing:
computing without compromise.

Should you settle for
anything less?

For information on Tadpole’s
Custom Design Services, call in
the U.S.:

800-232-6636

Cambridge, England
0223 423030

Paris, France
(1) 60 86 27 92

Tadpole Technology offers an extensive
range of single-board computers and
graphics processors, in addition to
Custom Design Services.

2
r

UNIX is a registered trademark of AT&T.
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Sven Behrenadt

ON:VME’s 10th

birthday

Whom do we congratulate at the birthday
party—the child or its parent? I tend to con-
gratulate the parents first, since they are the creators.
The companies that created VME have much to be
proud of, especially the manner in which they have
conducted themselves as colleagues and competitors.
What do we do next at a birthday party, after
respects have been paid to parent and child? We tend
to reflect on the person’s past and look forward to the
future. Like loving but realistic parents, while we
applaud our child’s beauty and brilliance, we must
also acknowledge his or her limitations.

VME recently celebrated its tenth birthday.

B The success of a standard

VME, originally the brainchild of Motorola and
created to help promulgate its 68000 family of proces-
sors, started as a European standard. In an unusual
development, the European drivers of the technology,
such as Force, Motorola and Thomson, brought the
technology to the U.S. instead of the other way
around, and a European standard spread to the U.S.
and beyond. VME is now a worldwide standard.

The reason for VME’s success is that it beauti-
fully meets real-time and embedded application
needs where high performance is required. Pro-
found and logical extensions to the VMEbus are
taking place, ensuring VME’s longevity over the
next decade. We have already seen a significant
throughput increase in the development of
VMEG64/Plus, including SSBLT. Other key develop-
ments will continue to appear.

Time is on our side. Customers are requiring ever
more solutions to which they can add value. Increas-
ingly, they will be buying “off-the-shelf” solutions and
adding their own software. The value added by the
integrator will shrink from today’s 70 percent to about
50 percentin 10 years. This is because time-to-market
is so critical. System vendors will buy base-level
technology rather than developing it in-house, as has
historically been the tendency.

Sven Behrendt is chairman of Force Computers,
Campbell, CA and Munich, Germany

VME vendors won'’t be pressured by competition
from Japan, Korea and Taiwan. This is both good and
bad news. On the one hand, we won’t be fighting the
fiercely competitive economic wars that others have
had to wage with Asia. On the other hand, the lack of
competition from Asia is due to VME’s limited market,
predicted to peak at about $1 billion. The Asians are
looking for bigger, higher-growth markets. On the
high end, VME is squeezed by Futurebus+, and on the
low end, by PC technology.

Nonetheless, between these two pressure points
VME has a secure position. It will continue to be a
cost-effective alternative to minicomputers in real-
time or embedded applications—a $20,000 solution
to a $200,000 minicomputer application.

l The impact of Futurebus+

VME is a 5-V TTL technology. Despite innovations,
TTL technology is stretched to the limits of its capa-
bilities by the latest generation of high-speed micro-
processors. Futurebus+, a 3-V BTL technology, takes
over where VME leaves off, providing a very high bus
speed to complement higher microprocessor speeds.

Although I have said that VME will be squeezed at
the high end by Futurebus+, Futurebus+ technology
is in no way a threat to VME. Futurebus+ is a system
architecture that addresses a market that VME can’t
address. Applications where high availability (down-
time is unacceptable) and very high data throughput
are critical, such as telecommunications, are ideal for
Futurebus+. Additional characteristics such as micro-
processor and software independence make Future-
bus+ a prime candidate for open system architecture
in workstations, mainframes and minis.

This means Futurebus+, unlike VME, has a much
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larger market. The Japanese, with their nose for
growth markets, are currently developing main-
frames, minis and workstations based on Futurebus+.
With companies such as AT&T, Digital Equipment
Corp., Ericsson, Fujitsu, Hitachi, NEC, and OKI and
applying their huge resources to Futurebus+ system
development, there’s little doubt that the stage is
being set for a worldwide battle.

VME, while not part of this battle, will face other
challenges.

0 challenges

The increasing tendency of VME system integrators
to demand more integrated solutions from VME
vendors poses new challenges. The cost of research
and development will increase about 15 percent
over the next decade. Whereas VME began with the
68000, it now supports several additional families
of microprocessors, including Sparc, 88000 and
R6000. This requires additional investment in soft-
ware development tools, internal software develop-
ment and support.

The industry is also investing heavily in advanced
manufacturing techniques such as SMT, TAB and
multichip modules. Changes in manufacturing tech-
nologies have been matched by changes in manufac-
turing systems. Kitting, subcontract assembly and
just-in-time manufacturing require new knowhow to
implement these processes effectively.

Much of the investment mentioned above is due
to higher standards of quality. This is the price of
being a player in a game where a third of the world
market—Western Europe—is now demanding ISO
9001 compliance, and another third of the market—
Japan—has already set stringent quality standards.
Of course, in the long term, high product quality will
pay for itself in product savings.

There will continue to be no real-time software
standard, and multiple real-time software vendors.
VME developers must invest appropriately in staff,
development environments and support to provide
the value-added demanded by the market.

As a niche technology, VME will never enjoy the
reduced per-unit sales cost of a commodity product
like the PC. VME will continue to be sold through
direct sales forces and manufacturer’s repre-
sentatives. These intensive channels will only in-
crease in cost, which means that manufacturers must
keep other costs in line to remain competitive.

Finally, VME faces the challenge of connectivity, an
issue that the industry has never really resolved.
VME must find more satisfactory solutions for bus-
to-bus and bus-to-busless connectivity applications
than communication through the VME backplane or
over Ethernet provide. There are many busless appli-
cations to which VME could make a contribution.
Ethernet doesn’t have the bandwidth for adequate
chassis-to-chassis data transfer. A solution must be
found to enable VME technology to make its maxi-
mum contribution to the needs of the market.

Despite the challenges outlined above, VME is
looking forward to another successful decade. The
past 10 years were successful because VME compa-
nies worked together as a community, and not as lone
wolves looking for the easiest kill. It’s this close
cooperation that will provide the technical solutions
required and allow VME to continue to satisfy its
particular market niche.

Like most children, VME is brilliant in specific
areas. And like most children, VME is not perfect in
all areas. It’s the job of VME vendors in the next
decade to assure that our brainchild reaches its full
potential.

Happy birthday, VME.

g

Zbus or VAX needs ¥6 . on Colors
and X Windows,
call (510) 531-6500.

It your

Peritek Corporation

5550 Redwood Road, Oakland, California 94619
West Coast (510) 531-6500 fax (510) 530-8563
Mid West (303) 791-9161 fax (303) 791-9160
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NEW & NOW

~ IRONICS GALAXY 32+
Sun0S and Real-Time
VMEbus Development/

Target System

SUN SPARCengine™2
Embedded SunOS Host

(in Swing-Away housing)

Real Sun. Real-Time. Real Tough!

The GALAXY 32+ combines the heart

of a Sun Workstation™ with the power of

a VMEbus Real-Time Multiprocessing
System. You get all the speed of a system
where host and target share the same
backplane...with none of the headaches.

A Complete Rugged Workstation —
SunOS, color frame buffer and monitor,

keyboard, and mouse PLUS:

40 MHz SPARCengine

powerplant within the GALAXY 32+
ensures 100% SunOS compatibility.

Call our VME Product Hotline Today.

IRONICS Incorporated
798 Cascadilla Street

IRONIGS

Incorporated

wll

All brands or products are trademarks of their respective holders

Ithaca, New York 14850 USA

Fast SBus to VMEbus Bridge —
links and safely buffers SunOS from
the real-time target debug process.

Real-Time VMEbus Target Options —
a full line of compute, imaging, and

I/0 engines.

VxWorks™ or pSOS+™ Options —
the best SunOS compatible real-time
software environments.

20-Slot ICEBOX™ — the ultimate
VME enclosure optimized for
accessibility, power, and cooling.

1-800-334-4812

607-277-4060 =

Fax 607-272-5787 @ Value
Added

1 uaneseller
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System Arrays for

Optimuze for speed, testability, functionality or
high pin/gate ratios. You're the architect.

Toshiba’s Digital System Arrays (DSAs)
provide the superstructure system designers
need to optimize
ASICs for market
and application.
Which Digital
System Array is
right for you?

Optimize for
performance and
testability.
Our new TC165G/E, |
architected by
Vertex and rendered
in Toshiba’s proven
0.8 micron CMOS
technology, show
the power of DSA.
These new ASICs offer the highest usable
gate count in the industry—up to 250K. Gate
delays of <260 picoseconds combined with
Vertex's proven performance-enhancing
techniques and design methodologies
optimize these arrays for high clock rates.
And automatic design-for-testability achieves
>99% fault coverage with no performance
penalty.

. 'TC165G gate arrays are complemented

| by the TC165E embedded array series, offer-
| ing a wider variety of functionality. With
embedded functions, the TC165 series
reaches new heights in system integration.

Optimize without compromise.
. Toshiba’s TC160G/E provide the
| optimum combination of features
| and cost effectiveness for most

You can't optimize without options.
Toshiba solution thats best for you.

Employing sea-of-gates architecture, the
family offers up to 210K usable gates at 300
picoseconds.

Toshiba mega-
functions and super
integration libraries
Performance make the embedded
&Testability  version a high density,

silicon efficient choice.

Optimized

_ for

Area

Optimize for
=3 efficiency or for I/0.
ighPmiSate  Dfficient gate utiliza-

tion your top priority?
>50,000 units/month your antici-
pated volume? Look into our
TC25SC standard cells. They put
an area-optimized 0.8 cell library
at your command.

If you've ever had to select a gate array
with more gates than you needed just to get
enough I/0 pads, our TC14L is for you. It
provides the highest available pin-to-gate
ratio, offering up to 20K gates with reduced
pad spacing.

Choose the

Optimized Design Environment.
Our Digital System Arrays are supported by
a designer-friendly = . :
design environment.

We support all
popular libraries,
including Verilog,
Synopsys, IKOS,
Dazix, Mentor,

CMOST is the cornerstone
of Toshiba’s Unified Device

ViewLogic and Valid. Architecture.
The sky is the limit with Toshiba’s DSA
family. Please call 1-800-321-1718 for

applications. technical literature.
In Touch with Tomorrow
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
© 1992 Toshiba America Electronic Components, Inc.
Brand names and/or product names mentioned herein may be trademarks or registered trademarks of their respective companies. MAS-91-065
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One-upmanship
in competitive FPGA contest

Barbara Tuck Egan, Senior Editor

endors of complex PLDs and
v FPGAs have been intensifying
their efforts in a hotly con-
tested battle to capture some of the
thousands of gate array design wins.
Veteran vendors and start-ups alike
have been leapfrogging one another
with FPGA announcements, with al-
most every one of them claiming to
have the densest, fastest and
highest-1/0 parts.

The SRAM-based 0.8-um CMOS
CLi6000 FPGA architecture, an-
nounced a few weeks ago
by start-up Concurrent
Logic (Sunnyvale, CA), has
thousands of registers—
eight to 10 times more
than Actel, Altera or Xilinx
products, says marketing
director Joel Rosenberg.
The medium-grained ar-
chitecture is ideal for
pipelined and compute-in-
tensive applications ac-
cording to Concurrent.

| Symmetrical arrays

Density of the CLi6000
family will range from
1,200 to 10,000 gates, with
anywhere from 50 to 100
percent utilization for reg-
ister-intensive designs.
The first of the symmetri-
cal arrays, the 132-pin,
5,000-gate CLi6005, is
sampling now, with pro-

is the first company that actually
deserves to be called an FPGA ven-
dor, Arat says, because its FPGA de-
sign granularity is the first to be
equivalent to a gate array. “We'll dis-
tinguish ourselves by fitting per-

| fectly into the present ASIC design

Since actual wire lengths and load-
ing delays are used to calculate the
timing of Concurrent’s parts, post-
layout simulations accurately pre-
dict real-world performance, claims
Browder. CLi6000 designers can use
Viewlogic for schematic capture and
simulation.

0 Gate array replacements

Like Concurrent Logic, Crosspoint
Solutions (Santa Clara, CA) is at-
tempting to break into the FPGA

Crosspoint’s Vacit Arat says his company is acutally the first that
deserves to be called an FPGA vendor—because Crosspoint’s FPGA
design granularity is the first to be equivalent to a gate array.

methodology,” he claims. Crosspoint
supports third-party tool vendors
with kits for front-end design and
offers its own placement and routing
tools.

The CP20K series will range
from 2,200 to 20,000 gates, with
utilization between 60 and 80 per-
cent and with 91 to 270 I/O pads.
The 155-pin CP20420 has 130 I/Os.
Crosspoint plans to have a 12,000-
gate device by midyear and a 20,000-
gate device by year’s end. Like Actel
and QuickLogic, Crosspoint
is basing its FPGAs on an-
tifuse technology.

When programmed, the
resistance of the antifuse is
about 100 Q. Since the fuse
adds less than 1 pF of
capacitance, the resistance-
capacitance (RC) delay in
the signal path is very
small, permitting the
FPGAs to operate at fairly
high frequencies. “We're
similar to QuickLogic in
terms of on-resistance and
capacitance, making our
RC constant the same as
QuickLogic’s and one-thir-
tieth of Actel’s,” says Arat.

I Accurate delay models

Still in a start-up mode it-
self, QuickLogic (Santa
Clara, CA) recently an-
nounced that by optimizing

duction quantities ex-
pected in April. The pro-
duct has 3,136 cells (and so a maxi-
mum of 3,136 registers) and 108 I/O
pads, and it can accommodate sys-
tem speeds up to 70 MHz, claims
Concurrent. Because of the architec-

ture’s granularity, Rosenberg says |

Concurrent has the ability to pro-
liferate I/Os in the future.
Concurrent is counting on its
timing analysis tools to differentiate
its FPGAs in the marketplace.
President Ed Browder says, “We
have been able to overcome many of
the limitations of existing FPGAs
and their associated design tools.
Timing analysis has been largely ig-
nored by FPGA design software.”

market, claiming its antifuse-based, |
0.75-um CMOS CP20K devices are
the first FPGAs to have gate-level
granularity and compatibility with
masked gate arrays. Crosspoint ex-
pects samples of its 4,245-gate
CP20420 to be available this month.
The company claims to be 50 to 100
percent faster than veteran FPGA
players, with toggle rates to 150
MHz and counters operating to 90
MHz, according to preliminary in-
formation. “Crosspoint’s transistor-
level granularity,” explains director
of marketing Vacit Arat, “provides
users the facility to fine-tune logic
and create faster paths.” Crosspoint

the programming sequence
of ViaLink interconnects in
the most heavily loaded nets of its
pASIC (programmable ASIC) dev-
ices, it has reduced the resistance of
those links to less than 50 Q, boost-
ing overall device speed by as much
as 25 percent. To achieve this speed
enhancement, QuickLogic is using a
technology called asymptotic
waveform evaluation (AWE), which
uses moment-matching approxima-
tions to more efficiently evaluate the
delays caused by distributed re-
sistance and capacitance.
QuickLogic has integrated an
AWE technology-based timing
analysis package into Release 2.0 of
its pASIC Toolkit, claiming the tech-
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(GUESS WHO
BRINGS THEM TOGETHER?

You already know Globe as The Bracket Leader, offering the
widest range of standard bracket designs for computers, add-
on-boards, peripherals, and electronic equipment. With over
1500 standard brackets available, Globe offers you a wider
choice of product and award winning quality. Now you can get
that same quality, product variety and prompt service for all of
your connector needs, too!

ONLY GLOBE OFFERS YOU BRACKETS AND
CONNECTORS FROM A SINGLE SOURCE.

No more juggling orders, coordinating deliveries, or hassling
with multiple vendors. You can meet all of your bracket and
connector requirements quickly, easily, and economically from
just one source.

Globe.

No other bracket manufacturer can offer you that advantage.
You'll find that our new line of connectors comes with the
same commitment to quality, service, and on-time delivery that

has made Globe brackets the leader in the industry.

Globe

Globe Manufacturing Sales, Inc.
1159 Route 22, Mountainside, N.J. 07092
Fax: 1 (908) 232-4729

“

Whatever your connector needs, Globe has them. D-Sub
Connectors, I.C. Sockets, Ribbon Cable Connectors, IDC
Connectors, Video Connectors, and much more. When you
consider that no one offers you as wide a choice of standard
brackets and connectors as we do, it's easy to see that Globe
is the only name you need for all of your bracket and
connector requirements.

One name - Two product lines - One single source.

Globe.

Call us for all of your brackets. Call us for all of your
connectors. Or better yet, call for both. There’'s no need to
do twice the work when one call will do it all. For a free copy
of our bracket and connector catalogs, call us toll free at
1-800-227-3258 or return the coupon below today.

And remember, our engineering staff is always available to
solve all of your custom design problems.

1-800-227-3258

B e e )

: Send me the following catalogs:
[ Connectors Brackets

: | Have a Sales Representative contact me.
|

I Name Title
| Company

: Address

| City

| State Zip Phone

|

|
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nology is completely transparent to
the user. Whereas traditional RC
tree models describe FPGA circuit
interconnects to a first-order ap-
proximation, AWE technology ex-
tends those techniques to an n'
order level, according to the com-
pany. AWE-based timing analysis
will also give designers the most
accurate timing models possible for
the back-annotation of delay infor-
mation into the timing simulator,

QuickLogic’s 1,000-gate part. “Our
2,000-gate pASIC will be equivalent
to a 6,000-gate part from Xilinx or
Actel,” Laws adds.

As newcomers struggle to make
their presence felt in the market,
veterans Xilinx, Actel and Altera are
enhancing architectures and in-
creasing speed to protect their own
hard-earned positions. Less than
two weeks ago, Actel (Sunnyvale,
CA) disclosed preliminary details of

e SpDE - BUSTOMP s ~ Microsoft Excel I~]~
| File View Design Tools Program Info  Scheme || File Edit Gallery Chart Format  Macro |
H Help || Window  Help it
e, — sl 1@@3@2@1
i gl { b1t | e Ty ) e THE - T e mwreell
f ez sy S =i
U i = =i DELAY.XLC =

A
Spice
Time - ns
 Auto Place & Houte | PastLayout Tools Pre-Programming lools |
 — & 1 RESISTXLC
| LI Pack | L Delay Modeler | o
i | 5
| [ Place (2] Back-Annotation | Link Resistance Distribution
| ] Global Route | | | Betore AW
[Fe fHer AVE !
[l Detail Route Ron TR _7. Aftey AVWE '.i. !
| o p— -,‘.‘. — e
's e R E RS R E TR
h l | e | Resistance (Ohms)
|
K31 ] = [T e INOM o e e
E 0,
File Manager Pogram Manager

QuickLogic’s pASIC Toolkit Release 2.0, with asymptotic waveform evaluation (AWE)
technology, programs FPGA interconnects that comprise critical nets (highlighted by
red squares in the physical layout schematic on the left) to a value less than 50 Q.
QuickLogic claims that the application of AWE to pASIC designs increases speed by as
much as 25 percent. The Excel spreadsheet on the right illustrates the result of the
AVWVE technique applied to delay modeling and resistance distribution. The first chart
shows that, while AWE simulations execute in the short run time associated with RC

tree models, they also provide the accuracy associated with Spice simulations. The
second chart illustrates the distribution of link resistance values for a programmed
QL8X12 FPGA, both before and after AWE was applied. With the application of AWE
technology, the peak of the distribution moved from 65 to 50 ).

and 16-bit counters will operate in
excess of 125 MHz, Actel claims.
ACT 3 parts will have an I/O circuit
that will produce a 10-ns clock-to-Q
time to let designers get signals on
and off chip quickly, according to
the manufacturer.

I To the Max

The denser of Altera’s MAX 7000
pair being sampled is the EPROM-
based, 256-macrocell, 10,000-gate
EPM7256 erasable programmable
logic device (EPLD), fabricated in
Cypress Semiconductor’s 0.8-um
CMOS process. The 192-pin device
has 164 I/Os and operates at 70 MHz
in-system, Altera claims. With the
44-pin, 32-macrocell EPM7032, the
company’s first EPLD manufac-
tured using EEPROM technology,
Altera is expanding MAX technology
to include EEPROM implementa-
tions. MAX 7000 family members
will range from 4,000 to 40,000
gates, with 50 percent utilization.
Maximum pin count will be 288. Al-
tera claims that MAX parts will have

| the advantage in speed, density and

pin count throughout this year.

In the meantime, market leader
Xilinx (San Jose, CA) announced a
new speed grade for its XC4000
FPGAs. Made possible by an ad-
vanced 0.8-um CMOS process, this
new speed grade has reduced inter-
nal logic block delays to 4.5 ns, input
delays to 3 ns and output delays to
7 ns, Xilinx claims. Memory access
time for on-chip SRAM is 4.5 ns.

How can you evaluate all these
claims? Since silicon can’t always
accommodate the functionality
and speed trumpeted by FPGA
vendors, make yours an educated
choice. Be as informed of other
users’ experiences as you are of

according to president and CEO
David Laws. “AWE technology
makes possible very accurate delay
models so that simulators can give
very accurate answers,” he points
out.

Though Laws claims pASIC tech-
nology can accommodate more gates
on a given die size than any other,
QuickLogic is sticking to modest-
sized arrays because that’s what de-
signers want. The next pASIC to be
announced will double the density of

its ACT 3 family, while Altera (San
Jose, CA) announced it was sam-
pling the first two MAX 7000 mem-
bers. (See “Max 7000 family faster,
denser, more flexible than MAX
5000 parts,” p 118.)

Fabricated using Hewlett-Pack-
ard’s 0.8-um CMOS process, Actel’s
PLICE-antifuse-based ACT 3
family will range in density from
1,000 to more than 10,000 gates,
with up to 95 percent module util-
ization. Pin count will exceed 200,

vendor’s promises. i3
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.

Actel

A0S p736a1030: = S e e 1 h. = Circle 375
Altera

domasdaein | Sk kL Circle 376
Concurrent Logic

GOREIRIal | - L Circle 377
Crosspoint Solutions

(ADSYOBR-T1S84 | L i it e Circle 378
QuickLogic

(A08Y987-2000 .. i Circle 379
Xilinx

(AOBNSEEETIIE - . - v L Circle 380

32 FEBRUARY 1992 COMPUTER DESIGN




@National

Semiconductor

MULTIPLE ARRAY PROGRAMMABLE LOGIC FAMILY

State machine designers,
why choose one over the other?

45 MHz, 3,000 gates.
At 110mA max.

It’s your choice: sacrifice den-
sity for speed, or choose MAPL;
and satisfy your need for both.

And the speed is guaranteed.
45MHz (with feedback) or 60MHz
(without feedback), regardless
of the size of your design. Den-
sities up to 3,000 gates let you
integrate multiple devices, saving
space and power.

PLDs primed for
performance.

MAPL is based on a simple
FPLA architecture, so there is no
learning curve. Eight dynamically
allocated PLA pages increase sys-
tem performance and decrease
power consumption.

And there’s no time penalty
for switching pages, so the eight
feel like one large FPLA.

I FEATURES my

MAPL
= Guaranteed 33, 40, 45 MHz system speeds
= Densities up to 3,000 gates
= | ow power consumption:
loc =110mA max
= Minimum 100 erase/write cycles

OPAL

= Supports PAL, GAL and MAPL devices
= |Jser-friendly pull-down menu

= Multiple entry formats

= | ogic simulation

High

Speed

THIS LANE ONLY

Both the AND and OR arrays
are programmable, so MAPL
gives you complete routability.
Inputs and outputs are con-
nected via any page with the
same propagation delay.

Designer-friendly
software tool.

MAPL is supported by
National’s Open Programmable
Architecture Language (OPAL"),
as well as popular industry
standards like ABEL-4, CUPL"
and VIEWlogic”

A user-friendly menu enables
quick compilation of designs
using Boolean equations, truth

High
Density

THIS LANE ONLY

tables or state machine language.
And OPAL allows the design
to be automatically
implemented into the
target device.

Make your choice today.

For MAPL samples and OPAL
information, call

1-800-NAT-SEMI, Ext. 153.
Or fax: 1-800-888-5113.

@National

Semiconductor

MAPL and OPAL are trademarks of National Semiconductor Corporation
ABEL-4 is a trademark of Data /O Corporation. CUPL is a trademark of Logical
Devices, Inc. VIEWlogic is 4 registered trademark of Viewlogic Systems, Inc
©1992 National Semiconductor Corporation

NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1 800 628 7364, ext. 153; Fax: 1 800 888 5113); EUROPE: Industriestrafde 10, D-8080 Fiirstenfeldbruck, Germany
(Tel: 49 8141 103 0; Fax: 49 8141 103 554); HONG KONG: 15th Floor, Straight Block, Ocean Centre, 5 Canton Rd., Tsimshatsui, Hong Kong (Tel: 852 737 1600; Fax: 852 736 9960);
JAPAN: Sanseido Building 5F, 4-15-3, Nishi-shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 7001; Fax: 81 3 3299 7000).
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Embedded RISC may be good
for workstations too

Dave Wilson, Senior Editor

ith the introduction of its
w RISC-based R3051 embed-
ded controller, Integrated
Device Technology (Santa Clara, CA)
gave designers the option of using
RISC chips in applications outside
the realm of the workstation. Follow-
ing up on the chip’s success in the
embedded arena, the company has
decided to pursue two new routes—a
lower-cost version of the R3051 it-
self, code named the LC, that will be |
announced later in the year, as well
as a more integrated, higher-per- ’
formance embedded con-
troller, the R3081, an-
nounced this month. In
addition to higher-per-
formance embedded de-
sign wins, the R3081 may
challenge the position
held by low-end R4000
processors in worksta-
tion design.

For the embedded sys-
tem designer, the R3000
processor may have been
attractive architectur-
ally, but probably wasn’t
cost effective when com-
pared with derivatives of
the 68000 architecture.
Then the R3051 came
along. An integrated
RISC, it let system cost
be reduced while promul-
gating the acceptance of

eight kbytes of data and eight kbytes
of instruction.

Some operating systems may re-
quire the organization of the cache
be based on system activity. If your
system is performing many matrix
multiply operations, for example, or
working on a large database, you
may prefer to use a large data cache.
On the other hand, for graphics ap-
plications, you may prefer to use a
larger instruction cache. Both the |
caches are parity protected in the ‘
bus interface unit upon cache refill.

Phil Bourekas says that his company’s new R3081 embedded
RISC processor will rate 30 Mips at a 40-MHz clock speed.

R3081 fares extremely well. IDT
reckons that between 40 and 50
MHz, the R3081 will rate around 30
Mips. The 50-MHz R4000PC, on the
other hand, makes its mark at be-
tween 32 to 35 Mips. At a similar
performance level, the R3081 should
cost substantially less than the
R4000PC. In part, that’s due to the
small die area of the new chip—the
R3081 is less than 180,000 mils”
compared with the 360,000 mils® of
the R4000PC. In addition, the 84-
pin package of the R3081 will be less
expensive than the 179-pin PGA

| package of the R4000PC.

Despite the fact that comparisons
are bound to be drawn, IDT’s
manager of product definition and ap-
plication engineering, Phil Bourekas,
is quick to point out that he sees the
R4000PC as the beginning
of a new CPU family tar-
geted at the high-perform-
ance marketplace, rather
than at low-cost applica-
tions as is the case with
the R3081. He thinks that
both processors will find
homes in their respective
fields. This view may have
some merit.

Certainly, the external
cache supported by the
R3081 isn’t as sophisti-
cated as that of the high-
end R4000 devices. While
tightly coupled multipro-
cessing support in hard-
ware may have been left
to the R4000, the R3081
does allow an external sec-
ondary cache to be built.
In a secondary cache in-

the MIPS architecture.
To broaden the appeal of embedded |
MIPS machines further, the R3081
is a R3051 derivative that has added |
a number of new features, including |
a floating-point unit (FPU) as well
as larger caches. IDT has also
tweaked the bus interface to let de-
signers build faster systems.

B speeding right along

Offered at speeds of 20 to 40 MHz
initially, the on-chip caches should
be very acceptable to designers of
laser printer controllers. A four-
kbyte data cache is complemented
by a 16-kbyte instruction cache. For
those designers that need a different
configuration, IDT has made the
cache dynamically reconfigurable as

The bus interface on the new part |
has been changed to support higher
system speed; nevertheless, it’s still
superset-compatible with the
R3051. A higher drive system clock
output lets you drive more critical
logic from an unbuffered clock.
Enabled as a reset option, a half-
frequency memory bus interface
operation can increase cache
memory bandwidth without increas-
ing the complexity of the memory
subsystem as well. The chip can also

terface design somewhat
analogous to the Intel 486, the chip
can support the caching of snoop
tags only, or a superset of the pri-
mary cache. Nevertheless, with the
imminent release of Windows NT,
the new Microsoft operating sys-
tem that will run on both 80X86
and MIPS processor chips, there
may be more than one personal
computer manufacturer consider-
ing the R3081 as a viable alterna-
tive to the low-end R4000PC. =

operate from a 1x clock input, since
generating a 100-MHz clock is a
nontrivial design task.

In a head-to-head comparison
with the R4000 family of devices
also manufactured by IDT, the

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.

Integrated Device Technology
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Ar; \’uﬁ A \f'ﬁi%l:tim 0f The Computer/Yideo Collision?

and computers
S are fundamentally
incompatible.

That creates a formidable
challenge when outputting
video to a VCR or displaying
video on a composite
monitor. You must have
NTSC/PAL composite and

ERERT T capability and
overcome color space incom-
patiblities with RGB.

TV is an analog medium. But
in your computer you’ll need
the capability of digitally pro-
cessing composite video.

Even the pixels are a
different shape. Square on

a computer (1:1) vs.
rectangular (4:3) on TV,
which distorts the picture.

Bt858 is the all-digital break-
through designed specifically
for desktop video applications.
And it provides studio-quality
output. Ask for technical
literature today.

Got a design question? Chip’s got
all the answers.

| VRAM frame buffer is eating
' up my design budget on a
1 1280 X 1024 workstation,
' Chip. How can I cut costs?

You can cut VRAM costs
37% if you step up to
5:1 MUX RAMDAC for

1280 X 1024 systems. VRAM
costs for a 4:1 1280 X 1024
implementation is around $480
— assuming it costs $10 for

1 MB VRAM. By using 5:1 MUX
the VRAM costs would be only
$300 — and that's your 37%
savings. Brooktree offers a
RAMDAC with 5:1 MUX for

upgrade from the popular

Bt463, featuring 5:1 MUX. For
more information about the
Bt464, call 1-800-VIDEO-IC.

CIRCLE NO. 23
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1280 X 1024 true-color system [z
designs. It's the Bt464, an e

| Need technical information? f’

BBt 800-\/lplol C

Pls
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Here’s The Hard Way To
Stup Cursing At Your Software Cursor

loftware cursor burdening your MPU and
slowing down your system? You're not alone.
In systems supporting windows, true color and
high resolution monitors, it's not
uncommon to see a reduction
of up to 30% in system
throughput — just for the
MPU to keep track of where
the danged cursor is.
That's why both IBM and
Microsoft endorse hardware
cursors. And that's why we
provide workstation and PC
RAMDACs with
For a full description of the many features
available with our hardware cursors, ask for details
on the Bt459, Bt460, Bt468 and the Bt484.

— - CIRCLE NO. 24

Brooklree
9950 Barnes Canvon Road
San Diego, CA 92121
FAX (619) 452-7294
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Dave Wilson, Senior Editor

town, PA) has come up with a triple
digital signal processor punch that
includes a tightly integrated operat-

developers cannot live by

processing software modules. The
DSP operating system is called

System. Residing under the control
of a host operating system such as
DOS, it provides an environment in
which the DSP can operate as a par-

the host motherboard or as a bus
master on add-in cards. While the
VCOS performs as a task under the
host operating system, the kernel of
the OS runs on a new “multimedia”
DSP chip—the DSP3210 (See
“Board, software tools speed DSP
development on Mac host,” p 116.) A
library of signal-processing modules
covers such functions as fax, modem

decompression.

I Adding to the motherboard
But questions remain. “How do you

make it do something that people
actually want?” asks Tony Agnello,
president of Ariel (Highland Park,
NJ). With the DSP3210, Agnello
thinks that AT&T has attempted to
do both. By restructuring the bus
interface of an earlier DSP chip, the
DSP32C, AT&T has created a new
device that can perform bus arbitra-
tion and retry, as well as sit on a
motherboard so that it can share
system resources such as system
memory, rather than use its own ex-
pensive SRAM. If the part’s cost is
$50, Agnello thinks that integrated
voice mail, audio I/O and speech rec-
ognition will become feasible.

“The idea is to get the DSP3210
designed into motherboards, and
the VCOS operating system is de-
signed with that specific architec-

pose design,” says David Wong,
founder of Spectron Microsystems

chips alone, AT&T (Allen- |

ing system, a DSP chip and signal- |

VCOS for Virtual Caching Operating |

allel processor to the main CPU on |

and JPEG image compression and |

make DSP economical? How do you |

Real-time DSPs target
multimedia motherboards

ecognizing that “multimedia” | tem. Indeed, the goal of VCOS is to

ture in mind. It’s not a general-pur- |

schedule a small number of sequen-
tial tasks that are going to be cached
in and out of memory under the con-
trol of the motherboard CPU. “The
DSP has no memory. It’s a sub-
routine engine on the motherboard,”
adds Wong.

All very well and good. But don’t
such approaches already exist in the
marketplace? Other real-time oper-
ating systems and DSP chips cer-
tainly do. In fact, all the other major
DSP IC houses—Analog Devices,
Motorola, Texas Instruments, to
name a few—have embraced the
Spox real-time operating system.

Nevertheless, AT&T claims to
offer a couple of advantages over the |
Spox solution. First, since the
complete package—hardware, OS
and software library—comes from a |
single vendor, you don’t have to shop
around for pieces to solve the prob- ’
lem. Second, because the VCOS |
operating system can let the |

| DSP3210 use the existing memory

in the PC, you don’t have to use
dedicated SRAM for DSP data and
program storage, lowering the sys-
tem cost.

0 Limited ability compared to Spox

Most agree that AT&T does have a
unique—if rather inflexible— ap-
proach. And, although it’s possible to
use a general-purpose OS like Spox
to solve the same class of
DSP/motherboard problems, the
hardware will undoubtedly cost a
little more. It’s a trade-off. While the
Spox kernel offers a universal solu-
tion that can work in a mother-
board/DSP hardware combo, a
stand-alone situation or an add-in
card, the VCOS is most effective
when tightly coupled to the CPU on
the motherboard. “The OS is also
very small and very limited. Its main
purpose is to be a scheduler of the
library of functions that AT&T pro-
vides,” says Wong. Unlike Spox, he
adds, the AT&T VCOS is not a pre-
emptive multitasking kernel, so it’s
very specific to the DSP3210, which
isn’t capable of running a multitask-
ing OS anyway. “The model is basi-
cally a single-tasking environment.
Preemption is not at all possible,” he

Motherboard DSP3210
4 -
system implementation
ON-CHIP RAM USED LOW-COST SINGLE-CHIP
FOR KERNEL STORAGE A/D AND D/A CONVERTER
AND PROGRAM/DATA CACHE N
DSP3210 s TELEPHONE
DAU
CODEC SPEAKER/
\ CAU 810 | MICROPHONE
HOST RAM
uP DIGITAL AUDIO DATA
BUS MASTER
INTERFACE
DIRECT INTERFACE TO SYSTEM
BUS PROVIDES HIGH BANDWIDTH
¢ SYSTEM BUS s COS>T
fikr SYSTEM %STEM MEMORY PROVIDES
MEMORY W-COST STORAGE OF

FUNCTIONS AND DATA

By sharing system DRAM resources, rather than using its own dedicated SRAM, the AT&T
DSP3210 device lets designers build low-cost motherboards with DSP. To help minimize

(Santa Barbara, CA), developers of | glue logic, the port features a bus interface compatible with Intel and Motorola processor
the Spox real-time operating sys- | families. The question is, who will use the device on a motherboard first?
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With the scalable VME64 interface hipset

from Newbridge Microsystems.

Yes! Available NOW! From Newbridge Microsystems,
the latest development in our open bus silicon product
line, the CA91C064 DARF64. Together with the
industry proven CA91C014 ACC, the DARF64
provides the ultimate in scalable VME64 interface

technology for high performance systems.

The VMEG64 chipset builds upon the success of our

VME32 chipset to provide:

* Complete 64-bit VMEbus
functionality defined in IEEE
1014 Rev D specification

¢ Performance of 70 Mbytes/sec

* Pin-compatible upgrade from
VME32

e Full multiprocessor VME support

e Full 68020/030/040 local bus
interfaces

e Symmetrical DMA for VME data
transfers

e Local bus burst transfer support.

Our VME32 chipset has also been the recipient of
some exciting enhancements, including surface mount
technology support with a new Plastic Quad Flat Pak,
and new aggressive pricing — all intended to effec-
tively improve the added value in your products!

All of our VME chipsets dramatically simplify the

designer's task of implementing complex VME

interfaces, and provide flexibility and an effortless

FEATURES

MASTER'SLAVE
LOW PERFORMANCE
MASTER/SLAVE
MEDIUM PERFORMANCE
MASTER/SLAVE
HIGH PERFORMANCE

MASTER
SLAVE
MBLT 64-8IT

INCREASING PERFORMANCE ————»

migration path from 16/32-bit
VME to full 32-bit VME to the
new 64-bit VME. Indeed, the
VMES64 chipset offers pin-for-
pin compatible upgrades from
our VME32 chipset. It’s virtually
plug and play!

For proven performance, for
powerful and versatile migration
strategies, for leadership, service
and continuing support — look
to Newbridge Microsystems.
Don't settle for less!

For more information on these exciting products call 1-800-267-7231.

(MY NewsrIDGE

NEWBRIDGE
MICROSYSTEMS

603 March Road, Kanata, Ontario, Canada K2K 2M5

Tel: (613) 592-0714 + 1-800-267-7231 « Fax: (613) 592-1320

Newbridge and logo and Calmos are trademarks of Newbridge Networks Corporation. © Copyright 1991, Newbridge Networks Corporation. All rights reserved.
The VMEbus Handbook was provided courtesy of VITA, Scottsdale AZ. Other brand and product names are trademarks or registered trademarks of their respective holders.
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states—although perhaps the real
value of what AT&T is trying to sell
is in the signal processing library.
Ariel’s Agnello agrees. “The Spox
OS provides portability across plat-
forms and DSP chips that isolate the
developer from the details of the un-
derlying hardware,” he says,
“whereas VCOS is built to be as
simplistic as possible, and also very
specific to a particular chip.” In fact,
he adds, VCOS won’t even run on
some other AT&T DSPs—it’s specifi-
cally tailored to run on the
DSP3210, which is designed to
operate as a component running
under the host OS, just as the
DSP3210 is designed to be a com-
ponent working on a motherboard.
Agnello agrees with Wong that
VCOS is a task scheduler rather
than a full-blown OS, unlike Spox.
“But, unlike the Spox OS, VCOS
needs less code space to run in—it’s
lean and mean,” says Agnello.
Despite the benefits, some impor-
tant questions remain. First, are PC
or workstation vendors ready to de-

sign DSPs on to motherboards?
Since many such vendors haven’t
even committed to putting VGA
graphics there, the answer is some-
what doubtful. Even though the
AT&T approach costs less than its
competitors, just how low does the
price need to be? “I know of only one
PC company that thinks that VCOS
is a good solution,” says Wong. Justi-
fying this statement, he confirms
the suspicions of others. “Nobody is
willing to put the DSP on the
motherboard. Where are the appli-
cations?” he asks. With that in mind,
vendors may be tempted to turn to
designing add-in cards as a first
step, but Wong suspects that the
AT&T solution is inappropriate for
that type of approach. “If you're
[sharing memory] over the ISA bus,
it’s going to cost you a lot [of over-
head] moving programs to and from
the host to the DSP chip,” he says.

B DSPs at home in workstations

Although PC designers may not be
leaping at DSPs as the solution to

«Single or dual i860 processors
«True color frame buffer option

«DT Connect, ITI VISIONbus,
SCSI I/O options

JALACRON

Suite 204, 71 Spitbrook Rd.
Nashua, NH 03060

Phone: (603) 891-2750
Fax: (603) 891-2745

VxWorks

200 MFLOPS OF POWER!

*Up to 64 MB memory
e AT or VME

SOFTWARE TO USE IT!

eFor DOS, Unix 386, Sun OS,
«i860 Native Unix Sys V.4

with X Windows 11.4
e Fortran and C compilers

Trademarks are property of their respective holders.

T
... AND THE

«Scientific and imaging
libraries
with over 250 routines
#2567 2DFFT < 55MS

5122 3x3 convolution <
88MS

|
|
|

their multimedia problems, work-
station designers have dabbled with
the technology. Digital Equipment
Corporation (Maynard, MA), for ex-
ample, uses the Motorola 56001 DSP
chip as part of its multimedia audio
solution, although the device is
treated as a dedicated resource and
isn’t user-programmable.

John Morse, engineering
manager of multimedia products at
Digital, admits that the company
has thought about DSPs when a
special-purpose processor is
needed on a motherboard, or as an
option in a user-accessible device to
accelerate a particular function,
whether it’s 3-D rendering for
graphics or imaging. But Morse
adds, “we haven’t committed to put-
ting a user-programmable DSP on
the motherboard. Our philosophy is
to avoid that whenever it’s humanly
possible.”

It’s really a question of what Dig-
ital gets for its investment. “We're
really looking at next-generation
workstations where the main work-
station processor has the horse-
power to do what the DSP is doing
today. That’s the philosophical direc-
tion that we’re heading,” he says.
Rather than spending money on a

| DSP, Digital prefers to spend the

dollars on beefing up the single-
workstation CPU. “It retains the
general-purpose nature of a pro-
grammable device rather than a
special-purpose device,” says
Morse, but he likes to hedge his
bets too. “That’s not to say that
Digital will never put a DSP on the

motherboard...” [ |
\
\
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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Synchronous SRAMs

EASE
OF DESIGIN

Make your next move on time

You're ready to make your next strategic design move. So make
it on time with Micron Synchronous SRAMs.

Micron Synchronous SRAMs reduce the logic required
with commodity SRAM solutions — simplifying your system
designs and greatly reducing propagation delays. Plus you'll
speed-up cycle times, reduce power consumption and decrease
board space more than the commodity-plus-logic
solution. All in one move.

We've also made your move to =
synchronous easier by offering on-board *
data latches, dual chip enables and a o
variety of different packages — Z TN %
including PQFP e

I

So whether you design high-performance systems, cache
subsystems, DSP or systems requiring wide SRAMs, make the
smart move and call Micron at 208-368-3900. And see why the
time is right to move to synchronous.

Micron. Technology that works for you.

Memory Part Access Output Enable Package
Configuration Number Time Access Time
16K x 16 MT58C1616** 13,1517, 5,6,7,8,10ns  52-pin PLCC
20,25ns and PQFP
16K x 18  MT58C1618** 13,15,17, 5,0,7,8,10ns  52-pin PLCC
20,25ns and PQFP
128K x 9 MT58C1289 16.6,20ns » 32-pin SOJ

* Qutput Enable is a synchronous signal on the 128K x 9
** Latched version also available.

MICRON

2805 E. Columbia Rd., Boise, ID 83706

TECHNOLOGY, INC.
(208) 368-3900

Customer Comment Lines: U.S. 800-932-4992; Intl: 01-208-368-3410
©1991 Micron Technology, In¢
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Strategic alliances to broaden
standards, tool offerings

Tom Williams, Senior Editor

s vendors of real-time execu-
A tives succeed at weaning de-
signers from “roll-your-own”
kernels, they find themselves in a
double bind. The dual pressures of
customer demands and time-to-
market issues are causing designers
to ask for standard interfaces to real-
time operating systems,
and torequest development
tools to design around these
operating systems. Real-
time kernel vendors, on the
other hand, face a build-or-
buy decision with regard to
such interfaces and tools to
meet the challenges of their
market.

Some vendors, such as
Ready Systems (Sunny-
vale, CA), have chosen to
develop their own CASE
tools—in this case CARD-
tools—while others are
seeking strategic alliances.
Wind River Systems
(Alameda, CA) is taking the
latter route, expanding its
standard interface offerings
to its real-time system en-
vironment, VxWorks and
the VxWorks real-time ker-

|
|

always be alternatives to standards
for those willing to pay the price in
money and time-to-market for higher
performance or specialized needs.
Posix—for all its critics, but with
the backing of the government—is
taking on the momentum of an |
emerging standard. Now that a set

o AU

nel called Wind.

To offer compatible tools
for building complex real-
time control systems, Wind

Talarian’s RTworks includes a human-computer interface
module, RThci, that lets you build point-and-click user interface
screens to monitor and control real-time processes via other

RTworks modules.

geted mainly at VME bus boards.

For its part, Wind River will have
Digital’s assistance in making
VxWorks fully Posix-compliant.
“Wind River was one of the early
supporters of Posix as a tool for pro-
viding an open systems interface be-
tween real-time applications and
systems,” says Mitch Bishop, direc-
tor of marketing for Wind River.
“This agreement acts as a catalyst
for providing full Posix real-time
compliance in standard VxWorks for
our customers.”

The initial version of DECelx,
based on Wind River’s
VxWorks 5.0 release, will
include a suite of develop-
ment tools such as the GNU
compiler and debugger and
will support networking
facilities such as TCP/IP
(Transmission Control Pro-
tocol/Internet Protocol), net-
work file systems (NFSs)
and sockets; it will also be
compliant with the Posix
1003.1 file system. In addi-
tion, Version 1.0 will include
timers, semaphores and sig-
nals, some features of the
1003.4 real-time extensions
to Posix. Other real-time ex-
tensions will be added as
they move toward final adop-
tion as a standard. Initially,
DECelx will run on DECsta-
tion host computers and sup-
port target systems based on
Motorola 680X0 and MIPS
R3000 processors.

l Real-time tool support

River has forged an alli-
ance with Digital Equip-
ment Corporation (Maynard, MA).

This will make its VxWorks kernel | approval for Posix, real-time soft-
compliant with the Posix standard | ware developers are being attracted

interface for Unix systems.

B Real-time standard inevitable

There’s something inexorable about
standards. For all the infighting
over defining them, for all the pro-
tests from purists that they don’t
promote the utmost in performance,
and for all the jockeying among ven-
dors to get their existing ideas ac-
cepted, standards have a way of
emerging as a natural process in a
maturing industry. So it was with
graphics and user interfaces, so it is
with operating systems, and so it

| tal, DEC and Wind River will jointly

of real-time extensions is close to

by the advantages of standards.
Under the agreement with Digi-

develop Posix-compliant real-time
software. Digital is licensing |
VxWorks as the core technology for
the new product, DECelx. DECelx
will then form the key technology for |
a comprehensive strategy on Digi-
tal’s part to resume the position it
held in the 1970s real-time market |
with its PDP-11 machines, which |
ran the RSX-11 and RT-11 operating
systems. Digital will now focus on
developing real-time and embedded ‘

shall be with real-time. There will | applications in the Unix arena tar- |

In addition to teaming up
with a company producing a
standard operating system, Wind
River has expanded its reach in tool
support through an agreement with
Talarian Corporation (Mountain
View, CA). It will port that com-
pany’s RTworks real-time develop-
ment tools to VxWorks. RTworks is
more than a set of CASE and pro-
gramming tools; it’s a suite of modules
that lets you develop intelligent dis-
tributed operator systems for complex
real-time control applications. Talar-
ian gains by the alliance in that its
control systems can now be easily
used with an off-the-shelf real-time
kernel and can move into more
embedded designs.

Talarian’s RTworks modules are
based on a client-server model that
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Intelligent real-time
distributed control environment

WORKSTATION WORKSTATION
VXWORKS
HUMAN ;
OPERATOR RThei DEVELOPMENT ENVIRONMENT
RTWORKS
DEVELOPMENT ENVIRONMENT
ETHERNET
VME BOARD (680X0) VME BOARD (680X0)
WIND KERNEL WIND KERNEL REAL-TIME DATA
RTie, RTdaq, RTserver AND CONTROL

The combination of Wind River Systems’ VxWorks with Talarian’s RTtools lets designers
build distributed real-time systems with a deterministic real-time kernel at dedicated
nodes and distribute data anywhere it's needed on the network. Talarian modules will

work with applications created with development tools already available under VxWorks.

| lets you set up control systems in-

cluding interprocess communica-
tion, data acquisition and an infer-
ence engine. A module called RThci
is used for building graphical
human interfaces. The inference en-
gine module, RTie, uses rule-based
inferencing to build expert knowl-
edge into a real-time control system.

The RTie module can be set up to
evaluate rules expressed in an IF-

| THEN syntax via three different

methods. The methods are tem-
porally-driven (i.e., periodic test-
ing), data-driven by the change of
some specified data or goal-driven to
achieve some condition. The infer-
ence engine can be embedded in a C
program and, thanks to the port to
VxWorks, can now be easily built
into a board-level controller.

The distributed nature of RTtools
means widely different configura-
tions can be created with inferenc-
ing dedicated to a single node or
made available to the entire system

The bc700LAN GPS Network Time
Server receives time from the Global
Positioning System (GPS) satellite
constellation, maintaining a high
precision (100 nanosecond) primary
local time standard. Client worksta-
tions synchronize their clocks to this
local standard using the Internet
Network Time Protocol.

In addition to network time service,
IRIG Time Code and Digital Synchro-
nization signals are available.

e Millisecond Resolution on LAN

e Microsecond Resolution with
IRIG Time Code.

e Internet Protocols

GPS TIME FOR YOUR NETWORK

bc700LAN

rroM THE MASTERS OF TIME

BANCOMM, DIVISION OF DATUM INC TEL: (408) 578-4161

6541 Via del Oro, San Jose, CA 951

19

FAX: (408) 578-4165
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MULTI—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.

MULITTI'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

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
MULITI interfaces to your
choice of debug execution
devices (simulators,
monitors, emulators)
without relinking. Since
MULII 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.
MULTT 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.




NOW AVAILABLE... COMPUTER DESIGN’S “INSTANT DATA ACCESS”

If you need INFORMATION about
an advertised product NOW...
it's yours in an INSTANT — by FAX!

If an ad in this issue of COMPUTER DESIGN includes an “Instant Data
Access” number, you don’t have to wait to get the details you need to make
critical design or purchasing decisions. Get specs, pricing information, or the
location of a local sales engineer or rep ... by simply touching a few buttons.

THIS IS ALL IT TAKES!

FOR INSTANT ACCESS

USING A FAX PHONE ... l
1. Pick up your FAX phone and dial (617)494-8338. ‘
2. Follow the voice prompts.

3. Replace the handset in the cradle and the product data
you requested will be Faxed back to you instantly without a
break in your connection!

FOR IMMEDIATE ACCESS

USING ATOUCH TONE PHONE ...

1. Pick up your Touch Tone phone and dial (617)494-8338.
2. Follow the voice prompts.

3. Hang up the phone and the information you requested
will be Faxed back to you immediately — in about 15
seconds — right to the FAX number you specify.

WHAT COULD BE EASIER?

The next time you need product information RIGHT NOW! remember:
Only COMPUTER DESIGN gives you “Instant Data Access” so you can get
the details you need — INSTANTLY, or a moment later, if you can’t wait for
the mails!

THE CHOICE IS YOURS.

Delivering Today’s Electronics OEM B&“p“m Technology

COMPUTER DESIGN® One Technology Park Drive , Westford, MA 01886 * 508-692-0700 * FAX 508-692-7780 and Design
Directions

A PennWell Publication
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SOFTWARE AND DEVELOPMENT TOOLS

via the network—depending on the |
critical needs of the application.
The communication server,
RTserve, supports TCP/IP and DEC-
net. It uses message passing to send
or broadcast messages to a specific
process, all processes of a particular
type, all processes on a given node, or
to all processes that receive a given

“We’re giving our
customers the added
bonus of knowledge-

based systems and the
ability to distribute

applications over

multiple processors.”

—NMiitch Bishop, Wind River

via the server module.

According to Talarian president
and CEO David Mandelkern, the
agreement with Wind River first gives
“our customers the ability to provide
deterministic real-time data acquisi-
tion and control, and second, allows
us to extend our technology beyond
the Unix workstation arena and into
the world of embedded real-time sys-
tems.” Wind River’s Bishop adds that,

for its part, “We’re giving our custom- |

| ers the added bonus of knowledge-

based systems and the ability to dis-

| tribute applications over multiple

processors.” i

type of data (e.g., all data from a
thermal monitoring system).

The RTdaq data acquisition mod-
ule is RTworks’ link to incoming data
from the real world. It acquires, fil-
ters, preprocesses, and converts in-
coming data from either sensors, disk
files or RTworks’ own data generation
module used in designing and testing
systems. RTdaq routes data to real-
time nodes on a distributed system

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.

Digital Equipment Corp

(D0R) 035111 e R Circle 224
Ready Systems

Q08 362000 Lol ol Circle 225
Talarian

A15) 9658050 & L. . . Circle 226
Wind River Systems
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Reprints of any article or advertise-
ment appearing in Computer Design
may be ordered from: June Bozarth,
CSR Reprints, PennWell Publishing
Company, P.O. Box 1260, Tulsa,
Oklahoma, 74101, 1-800-331-4463
or 918-835-3161 Ext. 379.
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“If only we could use UNIX® for our realtime' applications...”

You want the power of a standard development OS. But
you also want the performance of a realtime 0S. Which

way do you turn?
Presenting QNX 4.0. The operating system that’s

responsive enough for realtime apps, small enough for

PC platforms, flexible enough for transparent
networking, and modular enough for the most
demanding configurations.

QNX is a high-performance realtime OS with its own
unique microkernel architecture.* But its APl is based on
the latest POSIX standards, so you get both outstanding
performance and portability for all your apps. And our

3-D OPEN LOOK® GUI
package is a sight for
sore eyes.

f
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s I

So why bother
choosing between a
high-performance
realtime OS and a
standard development
system? Now you can
have it both ways.

1 A 16 microsecond preemptivé context switch on a
33 MHz 486 (100 microseconds on a 16 MHz 286)
*QNX is not based on UNIX source code.

QNX is a registered trademark of

Quantum Software Systems Ltd

UNIX and OPEN LOOK are registered

trademarks of UNIX System Laboratories, Inc

Intel is a registered trademark of Intel Corporation
Quantum Software Systems Ltd. 1991

For more information, phone
1-800-363-9001.
Quantum Software Systems Ltd
175 Terrence Matthews Crescent
Kanata, Ontario, Canada K2M 1W8

ABEE R

P it
CIRCLE NO. 31



H TECHNOLOGY DIRECTIONS

CAE/CAD TOOLS

Start-up breaks new ground

with analog hardware modeling

Mike Donlin, Senior Editor

“In a perfect world, all electronic circuit operations could be accurately predicted
using mathematical abstractions,” says Wayne Fretwell (left), software program
manager at Zeelan. “But no component remains constant over all operating condi-
tions, which is why a hardware/software approach is best for modeling

accuracy.”

s more and more analog parts |
A find their way on to what were |

once purely digital PCBs, de-
signers are seeking analog device
models for simulation. They’re
frustrated, however, by a lack of
models, for both analog effects and
devices, that can be used efficiently
for PCB simulation. In response to
this need, start-up Zeelan Tech-
nology (Beaverton, OR) has just in-
troduced ModelStation, a hard-
ware/software combination that
generates analog models of hard-
ware from actual devices.

The system, controlled by PC- or
workstation-based software, lets |
you extract analog and mixed-signal
primitive or behavioral models from
devices mounted on test fixtures. Ac- |
cording to Zeelan, you can use Mod-
elStation to specify real-world oper-
ating conditions, characterize a
device within a specific environment
and extract a mathematical model
based on a comprehensive set of
measurements taken from the ac- |

tual behavior of the device. The sys-
tem supports analog behavioral
models, Spice macromodels and
Spice primitive models and can be
used with a number of analog simu-
lators from major CAE vendors.

0 software models inadequate

The product introduction is signifi-
cant because today’s high-speed,
tightly integrated PCBs are plagued
by analog effects such as crosstalk,
ringing and transmission line effects
which digital designers must design
around. There are numerous Spice
model packages which boast ac-
curacy and aren’t too expensive, but
a detailed device model is cumber-
some at the PCB level and the re-
sulting simulation can take an in-
ordinate amount of time to run.
Alternatives to Spice exist—for
instance, the MAST hardware mod-
eling language from Analogy
(Beaverton, OR) or Spectre, a C lan-
guage-based analog simulator from
Cadence Design Systems (San Jose,

CA). But these analog simulators
are based solely on software models;
few hardware modeling options
have been available in the analog
domain.

B The hardware model solution

Though the market for analog
hardware models is new, Zeelan is
hoping to persuade engineers to
spend $80,000 and up for the Mod-
elStation. “Fewer than 5,000 of the
600,000 available analog com-
ponents have been modeled to date
because model development is a
difficult, time-consuming and ex-
pensive process,” says Hiro Moriy-
asu, CEO and president at Zeelan.
“Even when designers undergo the

| arduous task of creating models

from data book specifications, they
often discover that their models
are inaccurate because they don’t
take real-life operating conditions
into consideration.”

To accommodate the variables a
device will encounter in real-life
circumstances, Zeelan supplies a
signal acquisition and processing
system as well as intelligent test
fixtures for connection to physical
devices. To develop a model, you
insert a sample of the required
device into the fixture and
complete a menu-based setup
routine specifying operating vol-
tages, output loads and other oper-
ating parameters. After setup, the
device is exercised and the result-
ing data saved to the host system.
The system automatically gener-
ates appropriate pulses, measures
the device response and calculates
the model parameters. The model
can be extracted to the accuracy you
desire. According to Zeelan, devices
that can be modeled include dis-
crete devices, high-speed logic dev-
ices, linear ICs, transmission lines,
and fully loaded backplanes.

ModelStation uses a time-domain
approach that compares inputs to
outputs. This approach, according to
the manufacturer, is superior to
those of network analyzer-based
systems because it permits model-
ing of switching as well as linear
devices. “Time-domain charac-
terization also permits the measure-
ment of dynamic nonlinearities such
as stored charge effects in semicon-
ductor junctions, as well as differ-
ences in positive and negative rise
and fall times,” Moriyasu adds.
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IKOS File: Case No.101
The Accelerated VHDL Solution

I got a tip that a major military contractor had to simulate a
system defined in VHDL at the behavioral level. The problem
was, they had to process a minute of real time data through the
design to verify it. Using a SPARC 2 with enough memory for a
herd of elephants, it still would have taken months. But these
guys simulated that minute of real time data on the entire
design in a few hours. How? Turns out they were a beta site
for the new IKOS VHDL Accelerator. The brass was impressed.

Check out the details. And if they ask you where you heard
about IKOS, just say, “A little bird told me.”

® For a free copy of the complete technical case file,
m IKOS Call: 1.800.952.6300 ext K11. IKOS Systems, Inc.,

SYSTEMS 145 North Wolfe Road, Sunnyvale, CA 94086

IKOS, Tve CHoice FOR SysTem LeEveL VERIFICATION



Until now, DOS and
couldnt rur.

Introducing IRMX® for Windows: that lets DOS and iRMX software work together to

Real-Time Windows™for PCs. generate powerful applications.
Running DOS or Windows" and real-time on a This reliable operating system takes full
PC used to create some rather formidable challenges. ~ advantage of the protected-mode features of the
After all, you could only run one at a time. popular Intel386 ™architecture. So it opens new
Fortunately, there’s a whole new direc- avenues for cost-effective solutions.
tion in real-time processing. It’s called iRMX® Of course, iRMX for Windows also
for Windows. And it’s a proven environment awarp  opens some powerful options for software

© 1991 Intel Corporation. iRMX is a registered trademark and Intel386 and Real-Time Windows are trademarks of Intel Corporation. *Windows is a trademark of Microsoft Corporation.
iRMX for Windows is an EDN Innovation of the Year Award winner for 1991.




real-time applications

concurrently;

engineers. Like bringing the huge installed base of
DOS applications, tools, and the popular Windows
environment to real-time development. What’s
more, as a developer, you’ll receive professional
support from Intel engineers.

All of which is important when you’re racing
to bring your application to market.

So make the shift to iRMX for Windows.

Call 1-800-GET-iRMX and ask for Lit. Packet #1A.
You’ll receive our Real-Time Response Kit. And
give your next application some serious momentum.

intgl.

The Computer Inside.™
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Behavioral model block diagram

INPUT SECTION TRANSFER FUNCTION OUTPUT SECTION

Ovee

(O VEE

Zeelan’s ModelStation has a proprietary, automated root extraction capability which
produces Laplace transform behavioral models of analog components or circuits. The
system can produce a “black box” transfer function from input and output responses
in a single-pass operation. According to Zeelan, the resulting behavioral model can
simulate about 1,000 times faster than a comparable detailed circuit-level simulation
and still provide almost as much accuracy.

“Competitive methods can only
measure de nonlinearities.”

l Too small a niche?

Though it would seem that Zeelan’s
solution to the analog modeling
problem will play to an eager
audience, several CAE vendors are
skeptical about the system’s capa-
bilities and wonder whether it does
enough to justify its price. “The
major problem I see is that their
models are based on small signals,”
says Charles Hymowitz, vice-presi-

| dent at Intusoft (San Pedro, CA), a

CAE vendor specializing in Spice
modeling techniques. “This means
that they’re only going to work at one
bias point and can’t account for the
various nonlinearities that design-
ers are interested in. Their system
reads the bias point on the device
and generates a transfer function
that’s very accurate at that particu-
lar bias. You can run an ac analysis
and a transient analysis from that

| It Is Technology.
@ VenturCom's real time UNIX product family has the only real ti
kernel for standard hardware platforms which is AT&T"s UNIX Sys-
tem V. Not a simple UNIX clone. Not just UNIX on top of a real
time executive.
Real UNIX provides designers with SVID and POSIX
standards, RFS and NFS, X-windows, Streams, complete develop-
ment tools, multiple DOS under UNIX tasks. And early access
to future technologies.
Real time adds performance and functionality to UNIX with preemp-
tive and biased scheduling, contiguous file system, average interrupt latency of
50 ps, bounded context switches, memory locking, asynchronous /0, and
much more.
Ask us about VENIX™ for 80286/80386 PCs and Single Board
Computers; RTX™ for other UNIX versions, such as Interactive System’s
386/ix}*and small, diskless, and ROMable UNIX kernels. Find out why
Foxboro, GE, and many others are using VenturCom's real time

UNIX products.

v VenturCom

Real Time/Real Unix
215 First Street, Cambridge, MA 02142 (617) 661-1230
Nippon VenturCom, Inc., Tokyo 102, Japan 03-234-9381

UNIX is a registered trademark of AT&T
386/ix is a trademark of Interactive Systems Corp.

VENIX, RTX are trademarks of VenturCom, Inc.
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Arniel V-C40 Hydra Breaks
the BOPS Barrier

1.1 billion operations per second sets the
record for 6U VMEDbus coprocessor cards
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Distributed in: France, REA Informatique, tel: 1 49 65 25 50, fax: 1 49 65 25 69; Israel, Militram

Futuristic Technology Ltd., tel: 52-545685, fax: 52-574383; Italy, International Trading Device SRL,

tel: 02-749 0749, fax: 02-761 0407; Japan, Marubun Corp., tel: 033-639 9816, fax: 033-661 7433.

See us at BUSCON West Booth #740
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Only Ariel’s Hydra combines
four TI TMS320C40 DSPs to
deliver twice the processing speed
and four times the I/O bandwidth of
any 6U VMEDbus coprocessor card.
It’s the only choice for the most

__ compute-intensive multiprocessor
_{l applications.

The V-C40 packs up to 64 Mbytes

of DRAM as well as up to 5 Mbytes

of SRAM in eight banks—two per
processor. Each DSP has direct
access to memory via dual 32-bit
memory buses, as well as six
parallel I/O ports and a high-speed
six-channel programmable DMA
controller. All six channels can
transfer data simultaneously
without interrupting program
execution.

Hydra also includes a 24-bit
parallel ADbus that lets you access
a wide range of high-speed data
acquisition cards. Development
support includes an ANSI C
compiler and the first PC-based
XDS510 in-circuit emulator to
support parallel processing. And
of course, with Ariel’s legendary
technical support, you'll never
work alone.

To learn more about the V-C40
Hydra, or any of Ariel’s DSP
products for ISA/EISA, VMEbus,
SBus, Hewlett-Packard, NeXT, or
Macintosh computers, send us a
fax, leave us a message on the BBS
or E-mail, or just give us a call.

Avriel _
The DSP Authority

433 River Road Highland Park, NJ 08904
(908) 249-2900 FAX :(908) 249-2123
DSP BBS:(908) 249-2124

Email: ariel @ ariel.com
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point, but what happens if you want
to put in a very large signal and
saturate an op amp? It doesn’t look
like the system can handle it.”
Zeelan answers this objection by
citing the designer’s need to
generate responses to a normal
stimulus, not necessarily the whole

| gamut of stimuli a device might con-

ceivably encounter. “The key ele-
ment here is that an engineer should
have a handle on the range that a
device is going to experience on a

particular PCB,” says Joe Skovron, |
vice-president of marketing and |

sales at Zeelan. “So a designer might

YIS

PDOS
VMEPROM

PDOSNVMEPROM TARGET PLATFORM

Real-time with Flexibility,
Portability, and Maintainability.

PDOS Full Spectrum Development gives you open platform flexibility. You can write real-
time/embedded software on your favorite cross development system—and/or the target system.

Generated code is source and object compatible across all platforms. The code is completely
portable between cross environments, across host and target platforms, and between the same or
different target boards. You simply move the code to the new platform. It's that easy.

With proven PDOS performance and Full Spectrum flexibility, you get your product to market
on time and within budget. Plus, with VMEPROM options, you have a future for upgrades and
easy maintenance.

Set your product worlds apart from the competition, write or call for informative literature to
help you get started. Act now and we'll also send you a free benchmark report on the perfor-
mance of several real-time operating systems.

H Sad

CALL1-800-YES.PDOS —=< = 2= =%

—-
— . = S D

PDOS Puts Power in Your Products — For The Present and The Future.

EYRING CORPORATION, SYSTEMS SOFTWARE DIVISION, 1450 WEST 820 NORTH, PROVO, UTAH 84601 801-375-2434 FAX 801-377-3850 EMAIL: pdos-info@Eyring. COM
GERMANY , AUSTRIA: Alimos Electronic GmbH, Martinsried, Germany, Tel: 089/857000-0 UNITED KINGDOM: Eyrisoft Ltd., Derby, England, Tel: 0332/384978
BENELUX: Interay BV, Friesland, Holland, Tel 05116/4052 JAPAN: Hi-System Control Corp., Tokyo, Japan, Tel: (03) 3201-0511
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define a bias voltage from -3 to +7
volts and measure the device with
our stimulus response capabilities
over that specified range.”

Other CAE vendors wonder
whether Zeelan is trying to market
equipment that’s already available.
“I think people are going to ask if the
Zeelan system is going to do any-

| thing that a good analog tester can’t

already do,” says Shawn Hailey,
president of Meta-Software (Camp-
bell, CA). “There have been op amp
testers on the market for a while,
and certainly you can characterize a
device with the proper lab equip-
ment. I suppose the question is
whether Zeelan is going to make
something generally available that’s
only been [in] the domain of well-

equipped laboratories.”

Zeelan is indeed aiming Model-
Station directly at designers who
have had to depend on high-priced
lab equipment or the vagaries of
software models. “It’s true that our
system will be competing with racks
of test equipment and modeling soft-
ware, but they’re in the $100,000 to
$300,000 range,“ says Zeelan’s Skov-
ron. “In addition to the price differ-
ence, the competition addresses ac-
tive components only. No behavioral
modeling capability is available.”

Is Zeelan uncovering a gold mine
or is it offering a product that fits a
tiny niche? Most everyone agrees
that an affordable analog hardware
modeling system that really can
characterize the transient behavior
of components and transmission
line effects would be a welcome ad-
dition to any designer’s tool suite.
The problem is trying to produce
accurate results across the infinite

| range of possibilities that have

made analog device modeling the
holy grail of today’s PCB design
community. £l

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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After all, it’s Sun.

’®’ That’s right, FORCE and Sun have

teamed up to offer one of the brightest
a« new products in embedded systems.

The SPARC™ CPU-1E engine. It’s a

complete implementation of SPARCstation™ 1,
fully supported by the powerful SunOS™ and the real-time
expertise of FORCE.

For the first time, you can design with SunOS and
real-time on the same VME backplane. With industry-
standard SPARC technology, no less.

And that’s just the beginning. FORCE will spark
embedded systems for generations to come, based on our
partnership with Sun. In fact, we're already designing the
SPARC CPU-2E. Of course, our entire family of SPARC-
based products is 100% SunOS-compatible.

So nothing stands between you and the most powerful
development environment in embedded systems. With
SunOS and the SPARC CPU-1E, you can program, debug
and observe real-time code. All within the same
development and target system, thereby slash-
ing costs and development time.

RCE

The SPARC CPU-1E accommodates up to 80 Mbytes
of DRAM. You can run real-time, UNIX® Sun Windows™
and utility programs. Standard DMA-driven SCSI and
Ethernet interfaces give you full network access. There’s
even an SBus™ interface for I/0O expansion.

We also provide such leading real-time operating
systems as VxWorks;" VADSWorks;" VRTX;* MTOS;"
PDOS™and OS-9/9000™ products. Along with over 2100
third-party applications from Sun’s Catalyst™ program.

Finally, we can supply all your system components.
Everything from SPARCstations
and mass storage modules to
expansion boards, monitors
and keyboards.

But that’s what you'd expect
from the vendor with the broadest, most
flexible line of embedded systems solutions. So
call 1-800-BEST-VME, ext. 10 for more information or fax
a request to (408) 374-1146.

And put the heat on your competition.
FORCE Comp Inc. 3165 Winch Blvd., Campbell, CA 95008-6557

All brands or products are trademarks of their respective holders.
©1991 FORCE Computers, Inc.

VME at its best.

OUR NEW PARTNERSHIP
ISAS HOTAS IT GETS.
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From out of the blue ...

* 150 MFLOPS on a Single 6U Board

 Two IEEE 32-bit Floating Point ADSP-21020s

e High Data Throughput — up to 100 MBytes/s

* Variety of I/O Mezzanines — Analog and/or Digital
 Reconfigurable Global Memory

e Versatile Parallel Pipelining on/between Boards

e Comprehensive Software Support

Ixthos, Inc. ® 12210 Plum Orchard Drive ® Silver Spring, MD 20904-7801 * (301)572-6700
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ASIC designers
turn to VHDL tools
despite obstacles

Though still quite
primitive, VHDL
simulation and
synthesis tools

are shipping

in abundance.
Committed users
are establishing
design methodolo-
gies that get
around unresolved
issues in perform-
ance and modeling.

.......

Barbara Tuck Egan
Senior Editor

It’s no longer asked if VHDL will ultimately be adopted as the standard
hardware description language. The only remaining questions are: When
will the majority of designers embrace VHDL? And how much will it boost
their productivity?

With new VHDL tools to wrestle with and dramatic changes in design
methodology to adapt to, engineers are having to get past many stumbling
blocks to get results. Ta-Wei Chien, director of VLSI engineering at the
Entry Systems Division of Silicon Graphics (Mountain View, CA), reports
that simulation gives him more of a problem than anything else. “If
designers pay attention to the process, they can get the job done,” Chien
says. Since Chien’s division adopted VHDL two years ago, designers have
completed about 14 chips using it for simulation and synthesis. Since most
vendors didn’t have VHDL simulators ready in 1989, Chien’s engineers used
an internal simulator and translated VHDL syntax to C language models
with VTIP (VHDL Tool Integration Plattorm) from CLSI (Rockville, MD).

Today Silicon Graphics uses VHDL synthesis from Synopsys (Mountain
View, CA), and early last year the company purchased the Vantage (Fre-
mont, CA) simulator to reach full VHDL capability. “Now, with the VHDL
simulator, we have to be more explicit in syntax,” says Chien, who reports
that the group switched to a commercial VHDL simulator because Silicon
Graphics didn’t have enough resources in the CAD group to maintain and
support its internal software. “It’s better to have a whole company behind
a tool,” Chien adds.

l Room for improvement

The Vantage simulator still has a lot of room for improvement, according
to Chien. “Verilog is more fine-tuned than the Vantage algorithms and
coding. Every new release of Vantage has double or triple the simulation
performance, which indicates to us that the simulator is just growing.

Mentor Graphics’
VHDL-based Sys-
tem 1076 works in
conjunction with
Mentor’s Auto-
Logic VHDL and
AutolLogic Blocks
synthesis tools.
The VHDL compiler,
which identifies
errors and shows
the areas in which
errors occurred,
lets users change
code during compi-
lation, with result-
ing textual
changes being
noted.
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Eventually, it will compare to
Verilog.”

When it comes to verifying a large
number of ASICs at the board level,
the key for Silicon Graphics, accord-
ing to Chien, is its proprietary dis-
tributed systems simulation en-
vironment. Designers can run
Verilog and VHDL simulators con-
currently to solve capacity and per-
formance problems. At the ASIC
level, Chien’s engineers have, until
recently, designed their own VHDL
models according to a five-state
value system, rather than using the
more detailed nine-state value sys-
tem (MVL-9, or multivalued logic 9)
which is being declared an IEEE
standard. “We have been using
MVL-5 because we get a 20 to 30
percent performance boost over
MVL-9,” reports Chien.

At present, Silicon Graphics has
an alpha library of VHDL models
from LSI Logic (Milpitas, CA) for
LSI Logic’s 1-um LCA100K gate-
array family. LSI Logic is waiting
for the official adoption of the nine-
state value system before offering
VHDL models to the general pub-
lic. According to LSI Logic, MVL-9
models are fast enough for high-
level simulation and efficient
enough for gate-level.

How smoothly does the VHDL de-
sign flow go for Chien? “The reality
is that we do a lot of iterations
through Synopsys,” he explains, “a
few to several iterations at each

step.” The user’s only control, ac-
cording to Chien, is through con-
straints or coding style. “You have to
force the synthesis tool to change the
architecture,” he adds.

As for test, Chien’s group uses
ATPG software from foundry LSI
Logic. Why not use the Synopsys
Test Compiler test synthesis tool?
“Every time I do ATPG, I have a
problem matching my test vectors to
the silicon vendor’s tester,” explains
Chien. “If I have such a hard time
with the silicon vendor’s own soft-
ware, how can I expect a third party
to do it any smoother? All those new
tools take a lot of additional effort.”
Chien’s group will begin using the
Test Compiler to check test cover-
age, but not to generate vectors.

0 Drawing black boxes for ASICs

When engineers under Jim Keeley,
senior staff engineer and technical
leader at Zenith Data Systems
(Billerica, MA), made the switch
half a year ago from a proprietary
language and mainframe-based pro-
prietary tools to VHDL and third-
party tools, they chose to go with the
graphical entry and VHDL-XL
simulator tied into Design Frame-
work II from Cadence Design Sys-
tems (San Jose, CA). The dozen or
so ZDS designers, about six weeks
into a 250,000-gate, multi-ASIC pro-
ject, blocked things out using graphi-
cal entry. “There’s not even one ASIC
designer on the team,” says Keeley,

who explains that “we don’t differen-
tiate between subsystem and ASIC
design. We draw a black box that
says ASIC—we don’t pound gates.”
Because Cadence’s VHDL-XL
simulator basically has the same
simulation engine as Verilog, Kee-
ley’s team can use gate-level models
for Verilog. For synthesis, the team
went with Synopsys. Though Ca-
dence’s VHDL synthesis is shipping
this quarter, it wasn’t available
when ZDS was assembling tools.
Whether the Cadence VHDL tools
or similar offerings from Valid Logic
Systems (San Jose, CA) will survive
the merger of the two companies
remains to be seen. Unlike the Syn-
opsys, Valid and Vantage offerings,
and the new VHDL simulators from
Model Technology (Beaverton, OR),
all of which support VHDL in its en-
tirety, Cadence’s VHDL-XL falls short
of supporting all VHDL constructs.
Cadence could take advantage of the
full language support of the Valid
simulator and, at the same time,
hang on to the leverage afforded by
the XL algorithm and the support of
all the Verilog libraries. Full VHDL
support becomes significant, Ca-
dence admits, where model inter-
operability is involved. In the mean-
time, Valid has integrated its VHDL
simulator into the Logic Workbench
TD to provide connection to a library
base through Valid’s gate-level
simulator RapidSIM, which sup-
ports at least 140 ASIC libraries.

Valid VHDL
user Damian
ASIC logic and test synthesis Deneault,
principal en-
gineer at Pic-
A -
i tureTel (Pea
‘_'| DRTARAT | TESTABLE SILICO body, MA), is
———— — reasonably con-
SELECTED TEST “lE i H fident with re-
. STRATEGY : = H
e o H gard to the sur-
- vival of Valid’s
simulation back-
C=A&B COMPASS LOGIC | plane technology,
—>]  ANDTEST ; >
D=-A SYNTHESIS which lets users
E=A'E VHDL OR VERILOG {n,lcx : H]:. tI}Jx sxmtu-
A Eive e pObLORE MANUFACTURING TEST PROGRAM ation with gate-
F=-C+B s 1000101000000111010111011110000 level simulation
BEGIN el L] 0001101111010011011100001101101 on RapidSIM.
1011011110111100000011110110101 D -
C=D+E ST i 1011101111000011010110110110110 eneault h?SJ}lSt
END INFORMATION begun designing
y amillion-transis-
tor video signal
processor  with
Compared to other tools, Compass Design Automation (San Jose, CA) claims that its ASIC Navigator toolset Valid’s VHDL. Why

offers a broader test synthesis solution to VHDL users, one that enables an entire ASIC and its associated
test circuitry to be synthesized. Compass users can synthesize not only random logic, but also RAMs, ROMs
and datapath elements. In addition to manufacturing test, Compass offers BIST and boundary scan for field

diagnostics.
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Valid? Deneault
says that the
ability to inte-
grate the VHDL
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What users need to know to be productive with VHDL tools

For designers

working on ad-
vanced systems and
products, the lure
of synthesis is all
but irresistible. The
growing number of
specialized tools
now reaching the

market—for FPGAs, PLDs, and so on—
makes the use of synthesis even more
compelling, especially since these tools
can take the user so close to the final
implementation of any design. Ideally,
the emergence of VHDL permits users
the freedom to mix and match different
synthesis tools with a single VHDL simu-
lator and front end. As tool specializa-
tion increases, however, and as more
and more designers attempt to put the
tools into play, the problems and pitfalls
are beginning to emerge in more detail.

In effect, these problems can negate
the advantages that synthesis tools offer,
especially when they are being applied in
top-down design methodologies based
on VHDL and sophisticated simulation.

B Problems, problems

Perhaps the most serious general prob-
lem identified by an increasing number
of users involves the time and effort re-
quired to meet specific demands or re-
quirements of a particular synthesis
tool. The effect is that the synthesis
tools shift the effort from one portion of
a design to another, with users trading
design time for tool-tweaking effort.
Such a task can become almost as diffi-
cult and time-consuming as simply de-
signing specific gates by hand. This
problem is, of course, compounded if
the design team is applying more than
one type of synthesis tool in its design,
such as gate or test synthesis or an ac-
celerator with a synthesis front end. In
effect, designers are forced in many in-
stances to design to the synthesis tools’
limitations.

The basic lack of synchronization
among synthesis tools is common at
this stage of the technology, and evi-
dence of problems or potential difficul-
ties is not hard to find. Recently, a Van-
tage customer explained that his design
team was having problems with the con-
siderable task of using both simulation
and synthesis in an advanced design.
The synthesis tool was generating incor-

rect gates because the tool could not un-
derstand a sufficient amount of VHDL
code.

For example, the statement
“PROCESS (a)” indicates that VHDL in
the following process should only be
evaluated when signal “a” changes,
that output should only be altered if
there’s a change in “a.” The process
isn't supposed to react to any change in
the value of any other signal.

Unfortunately, the synthesizer our cus-
tomer was using ignored the list of signals
to which the process is intended to be sen-
sitive, resulting in the gates being sensitive
to changes on either “a” or “b" rather
than only if the signal “a” changes value.
The synthesizer did give the message that
it would be “ignoring process-specific sen-
sitivity lists,” and then it went ahead and
generated faulty gates.

The solution for the user in this case
was to recode the design using “WAIT"
rather than “PROCESS” statements. For-
tunately, the design team was working
with a full VHDL simulator that under-
stands both kinds of statements; but it
took considerable time to isolate the
problem and recode the processes. (The
WAIT statement recording, which is
neither clear nor concise, is far from an
ideal solution.)

l Three key points

From this experience and others gathered
from customers using simulation and syn-
thesis tools together come three key
points for designers formulating a simula-
tion/synthesis design methodology:

1. Synthesis doesn't always guarantee
correctly functioning gates. Also, it's ab-
solutely imperative to simulate after syn-
thesis for a final check. This post-synthe-
sis simulation should functionally match
the behavioral simulation.

2. Specialized synthesis tools are
emerging now, each with its own idiosyn-
crasies and limitations. Each tool requires
a different variation of the input VHDL
language; so choose the synthesis tool
before modeling at the RTL level.

3. Meeting the requirements of the
synthesis tool can quickly negate much
of the time saving generated in top-
down design. Without careful planning,
you will find yourself trading one
lengthy task for another.

When basic issues are taken into con-
sideration during the design process,

top-down design with synthesis can pro-
vide the benefits it should. Here are four
suggestions, again from users of recent
vintage:

First, remember that the benefit of
top-down design is high-level simula-
tion, where architectural trade-offs can
be studied and quality can be designed
into the product rather than being
tested back into it. Sacrificing these
advantages by designing for a specific
synthesis tool will prove to be a poor
trade-off that will take up all or much of
the time that could be saved by using
advanced tools.

Second, be sure to allow time in the
design schedule to simulate prior to and
following synthesis. In a five-month
process, for example, the first four
months might be applied to high-level
design and simulation. The last month
should be set aside strictly for synthesiz-
ing, then resimulating.

Third, use a full VHDL simulator, as
opposed to any subset or superset. This
is the only way to be certain the VHDL
will synthesize correctly. Don't expect
any kind of standardized subset. It will
never emerge; intense competition is al-
most guaranteed to prevent it.

Finally, disregard claims about the
level of integration between tools and
focus instead on generating a design at
the highest level to gain the significant
benefits available from top-down de-
sign. Manually tweak code for each
specific tool, as required.

As more RTL-driven electronic design
automation tools come to market, most
of you will apply far more than just one
of them. Since it isn't possible for each
of these to be integrated with each
other, keep focused on the top-down
design approach and on simulation
capability. Also, expect that each team
of six design engineers will require at
least four simulators and one synthesis
tool. The simulation investment should
focus on ease of use, speed and capac-
ity. You should demand that the simula-
tor be versatile enough to work with a
wide range of the emerging synthesis
tools, including RTL-to-gate-mappers,
test synthesis, process-specific synthesis
(e.g., for FPGASs), and others. Since most
synthesis tools will never optimally sup-
port every situation, the toolbox ap-
proach is best.

Pam Rissmann, senior product support engineer, Vantage Analysis Systems
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tools with Allegro, which PictureTel
had in-house, was a factor in his
choice, as was full compliance to the
spec. Also very appealing, according
to Deneault, is the ability to mix
gate-level and VHDL models and
have the tools act like a single simu-
lator—with the same user interface
and the same test vectors.

B No gurus here

A Verilog user in the past, Deneault
says that “we’re not interested in the
extra capabilities of VHDL. No one
here is a guru.” Though Deneault re-
ports some frustration with the inher-
ent complexity and verbosity of

to go with Racal-Redac’s SDDL pro-
prietary language, which is limited
to synthesizable operations. Though
VHDL was never intended to be a
synthesis language, many designers
are using it for that purpose (see
“What users need to know to be pro-
ductive with VHDL tools,” p. 64).
“VHDL synthesis can produce a
very high productivity level if you
know how to drive it and how to
write VHDL to get that produc-
tivity,” says John McBride, hard-
ware tools and design services
manager at GPT (Dorset, England).
McBride’s team is using Racal-
Redac’s SileSyn II for a multi-ASIC
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(WITH TEST LOGIC)

:
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:

TEST VECTOR
SYNTHESIS

TERADYNE'S
TESTABLE-BY-DESIGN APPROACH

Designing for testability
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FUNCTIONAL
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TEST LOGIC
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REOPTIMIZATION

Y

GATE-LEVEL
ANALYSIS
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TEST VECTOR
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This flow diagram illustrates the difference between a testable-by-design approach
such as that taken by Teradyne EDA (Boston, MA) and an approach that inserts test
logic as a post-process. By specifying test logic at the behavioral level, the designer
has control over the logic and can simulate test control before implementation.
Adding test logic as a post-process means that the VHDL source code doesn’t accu-
rately reflect what ultimately gets implemented. Teradyne EDA offers the Vantage
VHDL simulator and Dassault Electronique’s Frenchip VHDL synthesis to complement

its own tools.

VHDL, he says that its flexibility
has let his design team do some
things they couldn’t with any previous
language.

However, the fact that VHDL isn’t
automatically synthesizable dis-
couraged Peter Willaert, manager of
electronic hardware engineering at
the R&D equipment department of
Agfa-Gevaert N.V. (Mortsel,
Belgium), from using it. A fan of the
SileSyn synthesis tool from Racal-
Redac (Mahwah, NJ), Willaert chose
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telecom system project. In the main,
telecom ASICs require hand cus-
tomization of logic more than other
application areas, according to
McBride. “We believe that engineers
should work on sections of logic that
they’re particularly concerned
about,” he explains, “and let the syn-
thesis tool do the ‘don’t care’ parts.”

To write synthesizable VHDL
code, McBride’s group took standard
functions, coded them and compared
the number of gates and timing

against results they would have
achieved if they had designed at the
gate level. “We’re not always happy.
But by subtly changing the code, we
get better results,” he concludes.

Though not in a position to quote
fantastic returns yet, McBride says
his group believes that VHDL will
give them added value in time-to-
market and right-first-time design.
One of the main benefits of VHDL,
according to McBride, is that it helps
GPT reach its objective of using the
same simulator, one geared to do
system design and evaluation, in the
ASIC and PCB arenas. “We can
simulate an ASIC on a PC board
without having fabricated the PC
board or having gone to silicon with
the ASIC,” explains McBride. “If
VHDL and a top-down process in the
ASIC world can get us to the gate
level with Cadat, moving then to the
PC-board world is straightforward.”

Partial to Cadat, McBride reports
that Racal-Redac has integrated its
VHDL 2000 simulator and SileSyn
IT very well with Cadat. “The day
has gone,” he says, “when you can
offer an engineer a point solution.
Engineers are using tools much
more interactively today and don’t
want to transfer data from one tool
to another.”

| Integrated design methodology

After evaluating VHDL simulators
and doing some benchmarks a year
ago, Andre Klap, manager of the
EDA group at Hollandse Signaalap-
paraten, a division of Thomson CSF
(Hengelo, The Netherlands), reports
that his company also stuck with the
simulator to which they were accus-
tomed. With a strong belief in an
integrated design methodology, Sig-
naal uses Advansim from Dazix
(Huntsville, AL) for board and ASIC
simulation. When Signaal switched
from the Dazix proprietary lan-
guage to VHDL, it chose to go with
the Dazix VHDL option. “It’s not full
VHDL, but we can simulate it on the
the board,” says Klap. With the
VHDL option, Signaal can simulate
VHDL, Dazix proprietary language,
gate-level, and physical models all
together.

When it came to choosing a syn-
thesis tool, Klap and the engineers
at Signaal did a lot of comparing of
Synopsys with Racal-Redac. In the
end, the company went with Racal-
Redac’s SileSyn II “because of the
structures of VHDL it supports and
the way Racal-Redac interfaces with
the silicon foundry,” says Klap. Sig-
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Timing representation in VHDL

When the first

formal language
specification for
VHDL was intro-
duced in 1987,
there was little
doubt that during
the next five years

2 there would be
much debate and discussion about
what was in the language—and what
was left out. Under the guidelines that
govern an IEEE standard, the VHDL lan-
guage specification will be reballoted
in 1992, and many of the concerns
raised during VHDL's initial acceptance
period will be addressed. Significant is-
sues to be postponed in VHDL 1992
include: analog extensions to the lan-
guage, high-level predefined types
(e.g., queues) and explicit notations for
finite state machines.

Among the issues that will be
addressed in the “new” VHDL, which
will be voted upon on a first ballot in
June, are: interfaces to other design and
programming languages such as the
Verilog hardware description language
and C, clarification of 1/0 and file hand-
ling, improved visibility into nested pack-
ages, and the availability of hierarchical
path names. While all of these hold the
promise of a VHDL more usable to de-
signers concerned with implementing a
production-worthy VHDL-based design
environment, perhaps the most critical
need being addressed—particularly
for ASIC design—centers around the
issue of timing estimation and delay
calculation.

B Timing and delay

The timing model in VHDL was
developed to allow very sophisticated
modeling of complex interprocess inter-
actions which occur at the system level.
The unique characteristics of this model
allow timing computations to be freely
mixed between behavioral and struc-
tural elements of the design. This flex-
ible model, however, creates problems
for typical ASIC designers since there’s
no industry-accepted standard practice
for the representation of timing data in
VHDL models and libraries.

Delay calculation and back annota-
tion are typical applications where

data—in this case, delay values—are
specified in an external file that needs to
be incorporated into the user’s design. In
order for VHDL to work effectively with
ASIC models, a neutral format for tech-
nology-specific data is needed so that
ASIC vendors can transmit data such as
delay information in a simulator-inde-
pendent manner. The IEEE has formed a
working group to develop a methodology
for accomplishing this goal.

Given the importance of this issue for
ASIC design, this IEEE group will see sig-
nificant participation from ASIC ven-
dors. The chairman of the group, Vassil-
ios Gerousis, is manager of CAD system
evaluation at Motorola’s ASIC Division.
Many of the participants will bring valua-
ble HDL experience. A standard delay
file format developed for the Verilog
HDL has been introduced as the straw
man candidate with which the IEEE
group will be working.

Essentially, the standard delay file
(SDF) simplifies the number of utilities
needed by a vendor to update the ap-
propriate information in the design,
whether for simulation or synthesis. For
the user, this results in a common file
that is portable. The SDF that has been
proposed can be used by a number of
tools and applications.

An SDF itself will not solve the prob-
lem of sharing timing information
within a VHDL environment. Also
needed—and being addressed by the
IEEE working group—are standard
access routines for VHDL for incorporat-
ing this information and additional con-
structs into the language to improve the
representation of timing relationships.
One such construct proposal that would
benefit ASIC designers is the RELATION
declaration and RELATION-specific state-
ments. This construct, which conveys
technology-specific information sepa-
rate from functionality information, al-
lows for the representation of pin-to-pin
timing delays.

VHDL understanding and usage has
come a long way since 1987, when the
original language specification was intro-
duced. Today, with the opportunity to
improve on the language’s shortcomings
before us, the challenge is to apply our
collective experience toward making a
more usable design standard.

and Standardization Group (VASG)

Victor Berman, chairman of the North American Chapter of VHDL Analysis
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naal is using Fuyjitsu as a foundry.
“Fujitsu has very strict clocking
rules, but SileSyn can incorporate
the design rules within the library,”
Klap adds.

When Signaal ran its design
through Synopsys, it had fewer
gates than with SileSyn, but the
clock tree was unusable, according
to Klap. “We’re building naval com-
bat systems,” he explains, “so get-
ting the design right the first time is
more important than getting a small
silicon area.”

Test issues also became very sig-
nificant as Signaal designers eval-
uated synthesis tools. Signaal didn’t
want ATPG from the third-party
vendors, but it did want scan path
accommodated to Fujitsu design
rules. Racal-Redac built an option
specific to Fujitsu into SileSyn to
accommodate Fujitsu’s scan path
methodology, according to Klap.

He says that at first it was hard
to get used to working at SileSyn’s
level of abstraction—what Racal-
Redac calls the microarchitectural
level. “We had to rethink ourselves
and go up a level—so as not to think
in terms of ALUs, but rather in
terms of processes where we want to
do additions. We did some manual
decomposition of our ASIC. We split
it up into 10 functional and manage-
able blocks and wrote a VHDL de-
scription for each one. We used Silc-
Syn as a black box—VHDL in and
EDIF out.” Klap reports that 12 of
the 19 weeks of the design cycle
were actually spent on design and
the remaining seven on implemen-
tation, whereas previously only 30
to 40 percent of the cycle could be
spent on design.

B Faster textual entry

A recent convert from Verilog to
VHDL, Guru Raj, a member of the
technical staff at start-up Adaptive
(Redwood City, CA), echoes Klap’s
sentiment. “For 80 percent of the
design cycle, there was no depend-
ency on a silicon vendor’s library,”
Raj says. Adaptive has just gotten
back gate arrays from foundry LSI
Logic after having used VHDL to
design a 35,000-gate networking
chip from the requirement specifica-
tion. Raj used the Vantage VHDL
simulator, Synopsys synthesis and
Mentor’s QuickSim with LSI Logic
libraries for gate-level simulation.
With LSI Logic as his foundry,
why didn’t Raj purchase LSI Logic’s
Silicon 1076 VHDL simulation/syn-
thesis design system, which is now



B

¢
00/ o0, geo
Qo 600

¢¢

SRAR

ok

Seko

EPso®
.4
:

SNon
gpsON COl %o W
s g‘
b o,
Oy

SEIKO

e
~®

EPSO _ EPSON AMERICA, IN ———

Mo 25 s

et s e o Dot Vi an b I G 1
i ) EPSON Sales Representatives: AL-GA-TN-NC £ t AZ-NM 49 CA-No i | -
¢ CA-So ¢ % CO-UT W Mk 38 FL A IL-Wi r : s

IN-KY : tro 3 e 0 KS-MO-IA M o A MA-NH-CT 1 iw
MN 3 Aark § NJ £ NY METRO-NY s : s /s 01/461
” EE SV : i 59 14.4000 . TX-OK



8§ vHDL TOOLS

shipping to customers? “It’s much
too expensive for a few ASICs a
year,” he says. “It’s not cost effec-
tive.” LSI Logic has opened up its
toolset so that users can interface to
foundries other than LSI Logic by
going back up through Synopsys
synthesis, which is integrated into
Silicon 1076.

Timing became top priority
during the synthesis step, according
to Raj. “How you break up your de-

Boolean algebra and gate-by-gate
design. Some engineers throw all
sorts of specifications at the synthe-
sis program and expect it to deliver
a reasonable circuit.” Engineers
at Arche used Workview and
Viewsim/SD with its VHDL com-
piler and analyzer, from View-
logic (Marlboro, MA), to build the
chips that went into the com-
pany’s Legacy Series of worksta-
tions. Viewlogic, in turn, pur-

This screen photo shows the Synopsys Version 2.2 integrated VHDL synthesis and
simulation toolset being applied to the design of filters for a graphic equalizer. Both
filters are being simulated with the Synopsys VHDL System Simulator, one at the RTL
level and the other at the gate level using the transparent interface to Zycad's XP
hardware accelerator. VHDL code for the RTL version of an attenuator in one of the
filters can be seen in the VHDL Simulation Debugger window, and the filter blocks,
including the attenuator, are shown in the Design Analyzer synthesis window. The
waveform data (signal values flowing through both filters) is back-annotated into

the VHDL simulator’s Hierarchy Navigator.

sign and architect it is very critical
to timing,” he warns. “It goes back
to whether you've architected your
design correctly. It’'s where design
experience comes in. The VHDL
tools are still first-generation tools.
You have to understand the tools to
use them efficiently. They require a
lot of iterations and a lot more hand-
holding than you might expect.”
Paul Tien, director of R&D at
Arche Technologies (Fremont, CA),
agrees with Raj that engineers have
to take a more realistic view of the
new VHDL tools, especially synthe-
sis. “It’s not a substitute for en-
gineering knowledge,” he says. “It
replaces low-level knowledge—
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chasedArche’sin-houseVHDLsyn-
thesis and migrated itinto its own
coresynthesis product called View-
Design.

l onward and upward

Dan Hafeman, vice-president of en-
gineering at Ikos Systems (Sunny-
vale, CA), also says that you have to
know how to use the new VHDL tools
to be productive with them. “It’s very
easy to screw up, especially with
VHDL, but we’re excited about the
power,” he comments. Hafeman’s en-
gineers are using Synopsys synthesis
tools, as well as the Synopsys VHDL
System Simulator, to design four
70,000- to 100,000-gate chips that will

go into Ikos next-generation hard-
ware accelerator.

In the meantime, Ikos has
entered into an exclusive arrange-
ment with Racal-Redac to build the
VHDL Accelerator, based on Racal-
Redac’s VHDL 2000. While Ikos has
chosen exclusivity, competitor Zycad
(Menlo Park, CA) has become a
generic provider by coupling its XP
family of accelerators to several
VHDL simulators. The two acceler-
ator vendors also differ in their ap-
proach to accelerating VHDL.
Whereas the Zycad solution involves
synthesizing the VHDL code to
gates before accelerating, the
Tkos/Racal-Redac solution takes the
VHDL-synthesizable source code
and translates it to run on a hard-
ware accelerator without going
through the entire synthesis
process.

As users struggle to overcome
the stumbling blocks to VHDL de-
sign, VHDL International and the
IEEE are promoting stand-
ardization of tools and models. Users
are likely to see across-the-board
compliance with the full VHDL
specification, as well as the adop-
tion of the nine-state value system
for models, well before they see a
solution to the much bigger prob-
lem of timing representation. |
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RISC is simple,

but benchmarking isn’t

Measuring the
performance of RISC-
based designs is a lot
like benchmarking
traditional proces-
sors—only worse.

Tom Williams,
Senior Editor

Benchmark -n. 1. A sur-
veyor’s mark made on a sta-
tionary object of previously
determined position and
elevation and used as a refer-
ence point in tidal observa-
tions and surveys. 2. A stand-
ard by which something can
be measured or judged.”

—The American Heritage Dictionary

Most people react with suspicion to benchmark data published in sales
and marketing literature, and rightly so. Competitive benchmarks publish-
ed by vendors that show their products in comparison to others very
frequently result in rebuttal papers that point out how the results were
skewed—intentionally or otherwise—in favor of one processor or another.
If one ran ¢ruly comparative benchmarks, the results would look quite
different. The question harks back to the dictionary definition. What is the
“previously determined position and elevation” and how is the reference
measured?

In terms of the competitive struggle between CPU vendors, that question
may never be finally answered, and so the use of benchmark data as a sales
and marketing tool will always be a slippery subject. Even so, designers
will continue to use benchmarks to help decide which CPU to use for a given
project. But benchmarks have another, more significant use—as engineer-
ing tools increasingly important to system designers as processors become
faster and more complex and as system design decisions play an ever-
greater role in determining overall performance.

The advent of RISC architectures and very high-performance CISC CPUs
has made the supporting system design even more critical to deriving the full
potential of the CPU. It does no good, for example, for a processor to be able
to execute at one cycle per instruction if it can’t get the instructions from
memory at that rate. The complex interplay of CPU architecture, cache design,
I/O design, memory system design, compiler technology, and the specifics of
the application all influence system performance. Today’s benchmarks must
aid the CPU designer in building chips that will operate optimally within
feasible system memory and I/O architectures. They must also help you, the
system designer, make cost/performance decisions when designing the new
generation of CPUs into products that will run real applications.

Performance meas-
urement tools for
real-time systems
can be used to test
relative perform-
ance of systems
and software. The
Real-Time Tester
from Modcomp
lets you select a
number of real-
time processes in

a pipeline and pass
data through
them. The data
then forms an
image at the end
of the pipeline.
Watching the
image grow gives
you a feel for the
speed of the system.
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l BENCHMARKING RISC

Benchmarks today are focusing
less on measuring one isolated
aspect of performance, such as
Dhrystones per second, and more on
overall system performance. What
should concern you is how modifica-
tions in some aspect of the system
(such as CPU, cache or I/O) affects
overall performance. Ultimately, the
only true test of a system is how well
it runs a given customer’s applica-
tion. But somewhere between

stances. And almost all the modern
RISC and CISC processors have on-
chip cache memory and demand sec-
ondary caches to keep them fed with
instructions. The smaller, more fa-
miliar and traditional benchmark
programs—such as the Whetstone,
which measures floating-point per-
formance; the Dhrystone, which
measures a general mix of instruc-
tion execution; and the Linpack may
give an indication of the internal

RC3350 performance improvements
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The 100 percent scale on this graph represents a 44 percent improvement of the 33-
MHz MIPS RC3350 RISC CPU board over the 25-MHz RC3260—from 18.3 Specmarks to
26.4. That improvement represents more than a change in clock speed, which as
shown here, accounted for 72.3 percent of the improvement. Other factors included
a change in the cache design, addition of an on-board SCSI controller and improve-

ments to the compiler.

basing performance judgments on
isolated aspects of the CPU and at-
tempting to design full-custom ap-
plication-specific systems, there has
to be a convenient and meaningful
metric. Such a metric can’t by defi-
nition be ideal but if it can be a
benchmark in the true sense of pro-
viding a stable reference against
which performance trade-offs can be
measured—and telling you what’s
being measured, it can be a vital tool
in the day-to-day task of system de-
sign and engineering.

B Toward a level playing field

Trying to get a handle on the per-
formance characteristics of today’s
high-performance CPUs has, of
course, never been as straightfor-
ward as measuring Mips or MFlops.
Many processors have internal pipe-
lines that need to be fed and which
can stall under a variety of circum-
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execution speed of the processor, but
that can be a misleading indication
of how the CPU will run in any real
system.

Given today’s primary cache
sizes, the “WDL” trio is prone to
give misleading information be-
cause these benchmarks can ex-
ecute entirely within the cache,
which isn’t the case for real-world
applications. Tim Olson, manager
of 29k system hardware for Ad-
vanced Micro Devices (Austin, TX),
calls such benchmarks “reduction-
ist” because, by focusing on their
results, “you lose the forest for the
trees.” Getting good floating-point
performance while running out of
the cache doesn’t necessarily indi-
cate how an application will per-
form if the data it needs isn’t in
sequential memory locations and
available at zero-wait states. That
will involve a lot of cache misses

and main memory accesses, which
will considerably slow performance.

In addition, says Olson, these
benchmarks can be “prone to some
compiler optimizations that totally
modify the effect of the benchmark,
whereas in very large, realistic pro-
grams there isn’t much of an effect.”
For instance, he notes that in the
Dhrystone 1.1, several optimizing
compilers “totally threw one mul-
tiply and one divide out of the outer
loop because they weren’t used any-
where and that biased what Dhry-
stone was trying to do in terms of
relative frequency of operations.”
Performance figures on processors,
especially RISC processors, are
never going to be free of the effects
of compiler technology, but the
newer benchmarking techniques at-
tempt to take the effects of compiler
optimizations into consideration in
evaluating performance.

¥ Popular but not perfect

Today’s most popular suite of
general benchmark programs—al-
though all involved admit it isn’t
perfect—is the Spec benchmark
suite established and maintained by
the Systems Performance Evalua-
tion Cooperative (Fairfax, VA). Spec
is currently a cooperative of 22 com-
panies established to endorse a
standardized set of relevant bench-
marks that can be applied to the
next generation of high-perform-
ance computers.

The Spec Benchmark Release 1
consists of 10 programs that are real
applications and are large in com-
parison with earlier benchmark pro-
grams—on the order of V4 megabyte
of code. According to Robert Novak,
product marketing manager for
MIPS Computer (Sunnyvale, CA),
“the Spec benchmarks were specifi-
cally designed to make sure they
would bust primary caches.” He
adds, however, that the current Re-
lease 1 is still CPU-intensive be-
cause it tends to emphasize com-
putation functions and performs
relatively little I/0. Nevertheless,
because real-world programs need
more data than normally fits into
the cache and must often make non-
sequential data accesses that go out-
side it, the Spec programs are more
useful for evaluating designs for ac-
tual applications.

Even though the current Spec
suite is oriented toward scientific
and engineering applications—as
opposed to commercial applications
such as large databases—and given



that it has admitted limitations,
there appears to be quite a bit of
acceptance of it among the design
community. Matthew Gutierrez,
senior applications engineer for
Ross Technology (Austin, TX), a sub-
sidiary of Cypress Semiconductor
(San Jose, CA), comments that “in
our opinion, they’re not the perfect
benchmarks but they're still the
best thing out there in terms of
standardization and in terms of run-
ning real applications.”

The Spec cooperative, for ex-
ample, controls the source code for
the benchmarks and doesn’t allow
alterations. In addition,

is trying to design the chip into a
system with on-board secondary
cache and I/O. Both can use bench-
marks as an engineering tool to
mark a known performance level
and then to examine the effects of
design alternatives against that ini-
tial benchmark. If a design change
affects the benchmark numbers,
you know you’ve done something.
It’s possible, then, to attribute
performance changes to different
factors. MIPS Computer, for ex-
ample, measured the performance
improvement of its 33-MHz RC3350
CPU board over its 25-MHz RC3260

for you to look at the results of in-
dividual programs and draw conclu-
sions about the possible suitability of
different design alternatives for a
given application. Ted Kubik, soft-
ware engineer for Omnibyte (Chi-
cago, IL), notes that sometimes the
most favorable cache/memory con-
figuration depends on the applica-
tion. “We’ve tried to offer a varia-
tion so our customers can look at
the benchmarks and try to fit the
price/performance and cache/main
memory configuration to fit their
application.”

Yarc Systems, which produces
Am29000-based coproces-

Spec insists that com-
mercially available com-
pilers be used so that the
effects of optimization
can be recognized—and
so some vendor doesn’t
get to show results that
come from an in-house
compiler to which
nobody else has access.
Still, there are caveats.
Trevor Marshall, chair-
man of the board and
CEO of Yarc Systems
(Newbury Park, CA),
notes that “Spec is be-
coming less useful these
days because the large
manufacturers are spend-
ing money and effort on
optimizing their com-
pilers so they produce
better Specmark figures.”
MIPS’ Novak cautions
that the nature of the
Spec benchmarks and
what might be added to
them could potentially influence the
design of future CPUs in ways that
might not be to the ultimate advan-
tage of applications. “The only thing
that benchmarks have ever
measured is the performance of
benchmarks,” Novak says.

| Measuring CPUs and systems

Perhaps the biggest concern of de-
signers building high-performance
RISC-based designs is the cache
memory. Cache is almost a given in
any RISC-based design today be-
cause it’s absolutely imperative to
keep the processor pipeline fed with
instructions if the chip is to meet its
performance potential. Cache con-
siderations are important for the
CPU designer in determining the
cache interface, line size, fill, and
other parameters of the CPU; they
are also important for the user who

According to Ross Technology’s Matthew Gutierrez, Spec bench-
marks are useful in testing cache and CPU core designs. “Given

a stable memory and I/O environment—realizing that it doesn’t
represent a real or optimal system environment— you can get
useful information about cache and core CPU design trade-offs.”

as a 44 percent increase based on
Spec benchmarks. Of that 44 percent
increase, the bulk of the improve-
ment—72.3 percent—was due to
clock frequency. MIPS had also
plotted the effects of varying the
cache-block refill size and varying
the size of the cache as well. It actu-
ally realized 7.95 percent of the over-
all performance improvement by re-
ducing the refill size from 16 to eight
words. The MIPS team attributed
another 7.41 percent of the total per-
formance increase to the use of an
on-board SCSI controller—to the ex-
tent that the Spec suite exercises /O
in comparison with real-world appli-
cations. Another 12.35 percent of the
improvement was due to enhance-
ments in the compiler technology.
While Specmarks are the
geometric mean of the entire bench-
mark suite results, it’s also possible

sor cards for the Macintosh
and AT buses, has put to-
gether its own in-house set
of benchmarks that presi-
dent Trevor Marshall, who
already has expressed res-
ervations about the Spec
suite, says are quite handy
for evaluating the effect of
the cache. “They’re small,
very simple benchmarks
that grow in size. You plot
the time taken for each size
and you can see where you
go outside the cache and
see where the machine
‘goes virtual,’ where it runs
out of RAM.” But even
here, you must pay atten-
tion to the kind of applica-
tion you have in mind.
“Compilers lend them-
selves to cache because
they tend to be very
sequential, but if you're
dealing with ray tracing or
Postscript there’s a lot of
random accessing and the cache be-
comes less effective,” he adds.

| Applications count

Ultimately, most people agree that
the proof of the pudding is really in
the customer’s application. And in-
creasingly, customers are approach-
ing vendors with their actual appli-
cations before committing to a
purchase. Borko Furht, senior direc-
tor of development and advanced re-
search for Modcomp (Fort Lauder-
dale, FL), says, “That’s the way
customers are going. Today you can’t

just go to the customer and say, ‘OK,

I have the best machine and this is
50 Mips.” They want to really make
sure you meet their requirements.”

Furht says his company has run
at least 35 to 40 customer bench-
marks in the last four months. “It’s
especially important in the real-time

COMPUTER DESIGN FEBRUARY 1992 69




Move into our i960 CA processor
and get our 32-bit architecture inits
most sophisticated form.

Welcome to life in the fast
lane. We hope you can
handle the pace, because

e thereis no stopping the
960" CA RISC microprocessor.

It not only delivers the highest level of
system throughput, but it’s also the only
superscalar processor that delivers high

©1991 Intel Corporation. i960 is a trademark of the Intel Corporation. All rights reservec

power for embedded applications.

Of course, just because the 1960 CA pro-
cessor is sophisticated doesn’t mean it’s hard
to use. Quite the contrary. Its highly inte-
grated design with Bus, Interrupt and DMA
controllers all on-chip makes it easier to design
with and increases its cost-effectiveness.

And while the 1960 CA processor may be




your dream architecture, its design gives you
plenty of room for upward growth. Add to
that the comprehensive array of develop-

ment tools, and your high-end imaging, com-
munication and distributed I/O products will
be set for life.

So if your design calls for something
sophisticated, call 800-548-4725 for the 1960

Family Welcome Guide (ask for literature
packet A9A22). And make your move into a
neighborhood with real power.
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# BENCHMARKING RISC

001.gcc35—C compiler benchmark
that measures time-to-convert source
code into optimized assembly lan-
guage files.

008.espresso—A program for
generation and optimization of PLAs.
Relatively small and manipulates ar-
rays and loops. Exercises storage allo-
cation and is sensitive to cache size.

013.spice2g6—An analog circuit
simulation tool that uses double-preci-
sion floating-point data. While not it-
self floating-point intensive, the pro-
gram’s many data accesses cause a
high rate of cache misses.

015.doduc—A high-energy physics
simulation that uses 64-bit floating-
point numbers. Does little I/O but
many short branches, loops and sub-
routine calls.

020.nasa7—A Fortran program
that tests common scientific equations
in double-precision floating-point.
Data accesses cause high cache misses
on some platforms.

022.I1—A Lisp program written in C
and a CPU-intensive integer bench-
mark that solves the 9-Queens prob-
lem. Recursive algorithms challenge
register window architectures.

The Spec Benchmark Suite, Release 1

023.egntott—CPU-intensive in-
teger benchmark whose primary com-
putation is sort operations.

030.matrix300—Double-precision
floating point that exercises a Linpack
routine on matrices of order 300. Data
accesses can cause significant cache
misses.

042.fpppp—A double-precision For-
tran quantum chemistry benchmark,
including a very long basic block that
challenges many compilers.

047.tomcatv—A highly vectoriz-
able Fortran mesh generation pro-
gram. Favors superscalar and vector
machines and can cause high data
cache misses.

*The Specmark number is the
geometric mean of the benchmark
suite results. The geometric mean is
fairer than the arithmetic mean be-
cause it compensates for isolated
Specratio extremes while giving each
program equal importance.

eThe Specratio is the result of divid-
ing the Spec reference time by a ma-
chine’s run time for a benchmark.

*The Spec reference time is the
time it takes to run a benchmark on a
DEC VAX 11/780 machine.

environment,” he says. “Maybe in
straight number-crunching you can
rely on the Spec benchmarks.” But
Spec doesn’t let you simulate the
inflow of external events or measure
interrupt latency, I/O setup times
and other things that are vital to
real-time. Here, the designer and
customer are still pretty much on
their own to devise in-house meas-
urement methods. There’s certainly
no commonly agreed-on standard
comparable with the Spec suite for
real-time.

Modcomp has devised a set of
measurement tools for its internal
use which it’s now making available
to its customers and will be selling
commercially. One, the Real-Time
Tester, runs under real-time Unix
systems; it’s a program that consists
of a high-priority head process, a
number of lower-priority real-time
processes and a tail process.

Data is taken in by the head
process and passed to a pipeline con-
taining a user-selected number of
successive real-time processes,

where one process activates the next
one as it passes the data along the
pipeline. Each transfer causes a full
real-time context switch. The tail
process displays the data as an
image. The speed of image genera-
tion can give an intuitive feel for the
performance of the system. In addi-
tion, the Real-Time Tester measures
context switch time, interprocess
communication and synchroniza-
tion, the file I/O system, and Unix
system calls.

A second tool from Modcomp is the
Tri-Dimensional Analyzer, a PC-
based system that measures three
interdependent aspects of a real-
time computer. The system contains
interface software and software for
measuring the performance of the
computer under test. It also includes
a board for generating interrupts,
controlling the I/O and measuring
the CPU speed of the system under
test. A software package called Cue
runs on the system under test and
contains benchmark routines, inter-
rupt handlers and I/O tasks. The
output of the Tri-Dimensional Ana-
lyzer is a three-axis graph display-
ing the relative performance of CPU
in Mips, interrupt handling in mil-
lions of interrupts per second, and
I/O throughput in millions of I/O
byte transfers per second.

| Compilers, RISC and benchmarks

There’s no doubt that a good op-
timizing compiler can dramatically
improve the performance of a sys-
tem. The amount of improvement is
dependent on many factors, such as
the kinds of optimizations used and
the nature of the application. Com-
piler optimizations, therefore, can
improve the benchmark perform-
ance as well. The Spec cooperative
has recognized this and allows for it,
since many optimization techniques
are not processor-dependent. Op-

SELECTED RISC SYSTEM PERFORMANCE DieyentyAdiv dine.
memory configurations
SYSTEMTYPE | 001.gcc, 008. | O13.spice | 015. |020.nasa7| 02241 | 023. | 030 042. | oaz. | for the Omnibyte MIPS
espresso 296 doduc egntott | matrix300 | fpppp |tomcatv| R3000-based CPU board
show different perform-
OMNIBYTE 90 124 1736 107 1056 | 299 | 61 496 150 165 | ance characteristics for
VR3000 128K/16M various Spec bench-
25MHz R3000/3010 mark routines which
may be indicative of ap-
OMNIBYTE 108 134 2065 120 1160 | 331 64 523 328 170 | plicability to different
VR3000 32K/16M types of applications.
25MHz R3000/3010 Units in table are sec-
onds to complete
OMNIBYTE 431 125 1861 109 1093 309 63 525 177 175 benchmarks.
VR3000 128K/8M
25MHz R3000/3010

72 FEBRUARY 1992 COMPUTER DESIGN



Designed for use with the Intel 80486DX

HEAT N K ' I T and 80486SX microprocessors and the Intel
or i860XR RISC processor, packaged in
= 168-pin ceramic PGAs, the EG&G
8“486 and Iaﬁnxn Wakefield 669 Series Heat Sink/Clip
Assembly offers a cost-effective heat
dissipation solution for today’s high-speed
microprocessors. This assembly provides the

highest clamping force available with a
nylon-coated stainless steel clip, for the most

efficient interface heat transfer and to meet
system shock and drop test requirements.

Our omnidirectional heat sink offers op-
timized heat dissipation and ease of applica-
tion; the symmetrical clip is suitable for
high volume installation with the EG&G
Wakefield 162-IT installation tool.

Heat dissipation with the 669 Series Heat
Sink/Clip Assembly is optimized for PC,
workstation, and server applications with
low airflows (e.g., 50-200LFM). Pressure
drop is minimized in multiple-processor
applications.

Intel, 80486, i860XR, and 80386 are trademarks of Intel
Corporation.
Call our Application Engineering Department to-
day at (617) 245-5900 for information about the
EG&G Wakefield Engineering 669 Series (patent
pending) and other heat sinks for the Intel 80386
. k e . and 80486 microprocessor family. Also ask for
] JA Y | I=INEE : information about the EG&G Wakefield
: m A ‘ INEERIm DELTEM™ family of heat sinks for cooling
AUDUBON ROAD, WAKEFIELD, MA 01880 ~~ high-speed cache RAM used with 50 MHz
TEL: (617) 245-5900 * FAX: (617) 246-0874 microprocessors.
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I BENCHMARKING RISC

timizations such as removing loop
invariants or in-lining subroutines
will yield performance improve-
ments across processors and can
thus be used and still maintain an
“apples-to-apples” comparison.

B Fine-tuning compilers

There are, however, certain
aspects of processors for which an
intimate knowledge of the hard-
ware can let the compiler be fine-
tuned for optimal performance.
MIPS, for example, in a “chicken-
and-egg” scenario has developed
its R3000 and R4000 CPUs concur-
rently with its compilers—and has
developed the compilers concur-
rently with the CPUs. MIPS un-

teger unit. The performance differ-
ences were not so great.”

But Sparc is proliferating to a
wider number of implementations,
with different cache designs, im-
plementations of the floating-point
unit and so on. It’s even available in
multichip modules (MCMs), which
as integrated units will exhibit their
own unique performance charac-
teristics. And even now there are
performance differences between
existing implementations. You can
expect that more diverse Specmark
numbers will begin to emerge
among the various implementa-
tions, and also that eventually some
Sparc compilers will be tuned for
specific implementations to take
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The Tri-Dimen-
sional Analyzer
from Modcomp
shows relative
throughput for
CPU (MIPS-1), in-
terrupt handling
(MIPS-2) and I/0
throughput (MIPS-
3) for a real-time
system. This graph
compares real-
time performance
of Unix System V
(red plot) with the
Real/IX version of
Unix designed for
real-time. Real/IX
shows a much
more symmetrical
relationship
among the three
parameters.
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derstandsthelatencies in each pipe-
line and can tune the compiler to
launch instructions exactly timed to
their length and the internal laten-
cies of the chip.

The Sparc community doesn’t have
quite the same luxury, since a Sparc
processor isn’t defined as a mask set
but as an implementation of an archi-
tectural specification. “The stress in
the Sparc architecture,” says Ross
Technology’s Gutierrez, “is on com-
patibility, not clone-ability. And
that’s software compatibility.” A
benchmark will run differently on
each implementation of Sparc. “In
reality,” he adds, “the first genera-
tion of Sparc architectures was
based on the core design of the in-
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advantage of individual hardware
characteristics. When that happens,
Sparc performance figures will have
to be more closely scrutinized with
the knowledge of which implemen-
tation and compiler combination are
at work.

Of course, another way to factor
out the effects of a compiler is simply
to look at the clock speed and the
number of cycles per instruction (CPI)
a processor executes. M. Somasun-
daram, director of embedded control
for Fujitsu Microelectronics (San
Jose, CA), notes that benchmarks he
has run on the Sparclite using differ-
ent compilers and benchmarks show
a relatively invariant number in
terms of CPIL. Such a number is good

to keep in mind when looking at the
effects of optimizing compilers on
benchmark times. “So now if we do
the same thing for MIPS, 29K, etc.,
we might have a better way of
figuring out how a customer’s code
might work,” he says. This is be-
cause no matter how that code has
been optimized, a customer knows
that his compiled application has X
number of instructions. “And he’s
really interested in how fast he can
run that X number of instructions,”
says Somasundaram.

The effects of compiler technology
on performance become more signifi-
cant when RISC designs are imple-
mented as superscalar architectures,
which have several computational re-
sources in parallel and are therefore
capable of executing more than one
instruction during a single cycle. A
good compiler must schedule instruc-
tions so that all the parallel units (for
example, adder, multiplier, address
unit) are kept as busy as possible,
ensuring the minimum number of
CPL.

| Superscalar hard to measure

Superscalar compilers have to be
implementation-specific to be effi-
cient. An unexpected problem can
arise, as Ross’ Gutierrez points out,
when a compiler optimized for a pro-
cessor implementation that launches
two instructions every cycle (i.e., has
two parallel resources) is used on a
CPU implementation with three par-
allel units. The compiler optimized for
the two-unit machine (e.g., adder,
multiplier) would make sure that two
add instructions were not back-to-
back, both wanting to use the adder.
The next add instruction would follow
by at least one instruction.

If that same compiled code were
run on a machine that launches
three instructions at a time, you
might not see much of a perform-
ance improvement because two add
instructions might be launched at
the same time when the CPU
launches a set of three instructions
in parallel. You would want a com-
piler that would, say, launch an in-
struction group containing an add,
multiply, load instruction (avoiding
an add, multiply, add grouping) and
schedule the next add for the next
launch so as not to compete for the
adder and stall the pipeline. Given
the subtleties of superscalar archi-
tectures, it will be necessary to use
benchmarks not only to judge the
efficiency of the CPU but the effi-
ciency of the compiler as well. This
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Performance on common benchmarks
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Different benchmarks run on the Sparclite processor at the same clock speed show
relative invariance in terms of cycles per instruction (CPI). Fujitsu reports this same in-
variance over several different compilers, although the completion times for the
benchmarks vary because of compiler differences.

will be further complicated by the
fact that the efficiency with which
even the best compiler can schedule
instructions for a superscalar pro-
cessor is highly dependent on the
application code.

But the idea of improving actual
application performance—let alone
measuring it—by using a supersca-
lar architecture just brings us back
to the memory issue that’s so much
a part of RISC design. Fujitsu’s
Somasundaram points out that
“launching three instructions and
doing three data fetches only makes
the memory problem worse. It’s
hard enough to keep one pipeline
filled, now imagine three pipelines.”
There’s probably some crossover
point in the size of the cache, he
says, where going to superscalar
will offer significant improvements.
But the kind of application being
run can throw such considerations
into a cocked hat. “Superscalar
doesn’t solve the problem of image
processing because it’s not sequen-
tial enough that the data can be
brought into the cache in good
order,” he comments. So if the choice
is between having cache or going
superscalar, the choice for Somasun-
daram is cache, “because if you don’t
have cache, you need at least two
cycles to do an external access.”

| Prospecting for performance

Whether superscalar or not, the in-
ternal details of RISC architectures
hold nuggets of performance im-
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provement for those willing to go
prospecting. While porting its C Ex-
ecutive real-time kernel to the Intel
1960, JMI Software Consultants
(Spring House, PA) recently dis-
covered a way to significantly im-
prove the context switching per-
formance of the processor that even
the chip’s creators at Intel hadn’t
thought of.

The 1960 uses a state bit to keep
track of whether it’s running a user
task or servicing an interrupt. Nor-
mally, when the 1960 is servicing an
interrupt and then needs to switch
to a higher priority task as the re-
sult of another interrupt, it must
copy task context information to a
task control block to keep it from
being overwritten on the interrupt
stack. I

One of JMTI’s software engineers
realized that by inverting the use of
that status bit, the processor could
be fooled into thinking it’s already
on the interrupt stack, when in re-
ality it’s on a user task stack execut-
ing a user task. When an interrupt
occurs, the status flag changes to
indicate that the processor is ex-
ecuting a user task (when it’s really
servicing an interrupt). When the
next and successive interrupts
occur, the processor saves task data
on the interrupt stack and doesn’t
copy it to a task control block, elimi-
nating a significant number of in-
structions and memory accesses.
JMI determined that for a process
interrupt with task preemption, its

technique required 13 fewer instruc-
tions, including flushing the regis-
ters, and 33 fewer memory accesses
than the procedure in the 1960
manual. Just how such an improve-
ment will affect the actual perform-
ance of an application is, of course,
dependent on the frequency and
type of interrupts involved, but it
shows how important intimate
knowledge of RISC hardware can be
to squeezing out performance.
Getting a true picture of the per-
formance characteristics of a CPU
has never been a straightforward
proposition. The fundamental prob-
lem is that system designers must
produce CPUs and systems that
deliver high performance over a
wide range of applications, while
users are looking for optimal per-
formance for their specific applica-
tions. A good set of benchmarks
helps both sides grope toward a
middle ground. The emergence of
the Spec benchmark suite has been
generally accepted as an advance in
performance evaluation. But you
will want to use more specialized
metrics for looking at other perform-
ance characteristics, especially real-
time. And everyone, vendor and cus-
tomer alike, must be constantly
aware of all the factors that can go
into producing a set of numbers—
because, as MIPS’ Robert Novak
puts it, “the decisions you make are
only as good as the programs you
use for the measurements.” |
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Multiprocessing to bring the
next jump in performance

Warren Andrews, Senior Editor

As microprocessors come up against
physical and architectural limits,
multiprocessing may finally emerge to
lead the way to the next level of computer

performance.

By whatever name it’'s known,
from distributed processing to
tightly coupled, multiprocessing in-
volves a single concept: it’s an effort
to increase system performance by
using more than a single processor.

This concept isn’t new. At some
level it’s been around as long as com-
puters have. Minicomputers, main-
frames and supercomputers have
taken advantage of some sort of
multiprocessing for many machine
generations. But it’s been the emer-
gence of the microprocessor that’s
brought new meaning to multipro-
cessing. This may seem ironic, since
on the one hand the advent of the
microprocessor has retarded the
development of multiprocessing, yet
on the other hand it’s set the stage
for what’s being forecast as the most
dramatic advance in computer per-
formance ever realized.

i no pain, no gain

The gains won’t be free, though.
Most likely the great potential
shown by multiprocessing architec-
tures will be realized slowly as hard-
ware and software companies
struggle to overcome seemingly in-
surmountable obstacles while try-
ing to retain compatibility with ex-
isting structures. But the march to
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multiprocessing has already begun,
as witnessed by the announcement
of any number of board-level sys-
tems, application accelerators and
array processors, RISC-based
graphics and supercomputers—not
to mention the latest server, Galaxy,
from Sun Microsystems.

“Progress toward multiprocessing
using single-chip microprocessors
has been thwarted,” says Bill Keh-
ret, president of Themis Computer
(Pleasanton, CA), “because silicon
makers were just too good. Each
time a technique for doing multipro-
cessing on a microprocessor-based
system started to be developed, a
next-generation processor would
emerge that outperformed even the
anticipated gains of the multipro-
cessing approach.” But fundamen-
tal physical limits are being
reached, and perhaps the higher
costs of the exotic levels of pro-
cessing needed for faster parts are
driving designers to look to archi-
tectural enhancements such as su-
perscalar designs and multipro-
cessing to gain performance.

1 Leapfrogging

At least two events have mitigated
processor gains and enhance the
likelihood that multiprocessing ar-

chitectures will emerge at the top of
the heap. First, dramatic gains in
microprocessor performance from
generation to generation are slowly
eroding as the laws of physics be-
come increasingly larger obstacles.
Clock speeds of 40+ MHz are now in
production, and speeds will jump to
as much as 100 MHz over the next
three to five years. This is a big
increase, but not of the same magni-
tude as previous gains—say, the
jump from three to 12 MHz, which
took place over a corresponding time
period. At the same time speeds
were increasing fourfold, datapaths
and address space were moving
from eight to 32 bits. The biggest
jump current-generation processors
can expect is from 32 to 64 bits.
Other factors, such as the in-
crease in number and type of regis-
ters, the use of pipelining and the
trends toward RISC and supersca-
lar architectures, have also con-
tributed to the advances in proces-
sor performance over the past
several years. It’s unlikely that sim-
ilar architectural approaches will
yield the same gains in single-pro-
cessor systems of the future. The
rate of performance increase in fu-
ture generations, therefore, isn’t
likely to parallel that realized in the



past few—and yet users have be- ¥
come accustomed to tremendous
performance gains from generation
to generation.

The second factor, equally impor-
tant in the evolution of multipro-
cessing architectures, is the role
played by increasingly complex ap-
plications, which have grown |
dramatically in number over the
past 10 years. On one hand, new and
more complicated tasks have to be
performed. On the other, program
size has mushroomed as program-
mers take advantage of relatively
inexpensive memory and fast pro-
cessing capabilities to simplify the
programming task. These gains
have made it possible for computers
to be applied to entirely new tasks,
such as signal processing and image
manipulation.

Perhaps there’s also a third impe-
tus to the rapid evolution of multipro-

cessing—particularly in the standard- - 5 ) A W& N
bus, board-level arena—and that's a | . e~ - : % e
sharp drop in the number of users s ! COPN w2 \

willing to accept proprietary solu-
tions, such. as minicomputers, com-
pared with those looking for open sys-
tems. These users range from |
commercial ones involved in data pro-
cessing to industries with control ap-
plications through military electron- |
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B MULTIPROCESSING

ics, which is beginning to mandate
systems based on standard hard-
ware and software—in many cases,
standard buses such as Multibus II,
VMEbus and Futurebus+.

| Multiple levels of processing

Multiprocessing architectures are
diverse and it's difficult to deter-
mine where each one fits in the con-
tinuum from chip to module, module
to board, board to system, and sys-

Thanos Mentzelopoulos, engineering
product manager for Ironics, defines
multiprocessing as “a number of proces-
sors put to work on a single task shar-
ing some level of common resources.”

tem to network. “Multiprocessing
can take place at any number of
different levels,” says Thanos
Mentzelopoulos, engineering pro-
duct manager for Ironics (Ithaca,
NY), “though the fundamentals
are largely the same. That is, at its
simplest level, a number of proces-
sors are put to work on a single
task sharing some level of common
resources.”

At the next level of architectural
complexity, you have to determine
what resources are to be unique to
each processor, duplicated for each
processor and shared in common,
observes Mentzelopoulos. “For ex-
ample, in its simplest incarnation, a
multiprocessing system might com-
prise a number of personal comput-
ers networked together. Common
resources might include certain
I/O functions, but basically each
processor has all its own resources,
including memory, its own copy of
an operating system, power supply
and other resources of a stand-
alone system.”

Linking processors a little more
closely, a number of single-board

computers can reside on a back-
plane, sharing some resources, yet
maintaining enough independence
that each board has its own memory
and an operating system. Such sys-
tems can also share a global memory
and frequently share I/O. Each pro-
cessor has its own task and operates
on that task, passing the result
along to another processor. Because
each processor operates relatively
independently of its neighbors, this
approach—as well as the networked
approach—are referred to as
loosely coupled, or distributed-
memory, approaches.

B The highest level of all

At the next level are tightly coupled
or shared-memory multiprocessing
architectures. In this approach, pro-
cessors share a common memory
space, operating system and all
other system resources. Individual
tasks are divided into subtasks,
such that each processor operates on
one segment of a task. While tightly
coupled multiprocessing is viewed
as having the greatest potential for
performance gains, it’s not yet a vi-
able approach outside of certain
specific applications where it’s
possible to write painstaking multi-
threaded programs with processor
segmentation written into them.
Furthermore, some applications are
better adapted to loosely coupled
systems.

While there are several commer-
cial examples of tightly coupled
multiprocessing architectures—the
most recent being Galaxy server
from Sun Microsystems (Mountain
View, CA) and machines from NCR,
Sequent and Stratus—they have
thus far been limited in application
because they lack effective software.
There are a number of operating
systems with at least some multi-
processor hooks included—such as
SCO Unix, Mach, Unix System V
Release 4, and SunOS—but they are
unable to do more than very coarse
processor allocation at this time.

In the real-time arena, a couple of
preliminary approaches have been
introduced. The multiprocessing
version of Lynx/OS from Lynx Real-
Time Systems (Los Gatos, CA) and
Realix from Modcomp (Ft. Lauder-
dale, FL), for example, both claim
conformance to the emerging Posix
(Portable Operating System Inter-
face for Unix) standard.

Most of the commercial multipro-
cessing today, particularly that in-
volved in real-time applications,

falls somewhere between networked
and tightly coupled applications.
Lynx has created its own taxonomy,
calling networked systems loosely
coupled, shared-memory systems
tightly coupled and board-level ap-
proaches “snugly coupled.” The
“snugly coupled” definition, how-
ever, is somewhat blurred beyond
specific boundaries and its applica-
tions fit more comfortably in the
general category of loosely coupled
systems.

There’s no particular limitation
on how systems can be assembled.
Different processor configurations
can be combined in a mix-and-match
fashion to achieve optimum per-
formance. Ironics, for example, has
developed a Sparc-based VMEbus
board which can incorporate multi-
ple processors interconnected over
the Sparc M2 bus in a tightly
coupled multiprocessing configura-
tion. Ironics has also put together
systems where multiple boards are
plugged into a backplane in a loosely
coupled fashion while allowing mul-
tiple crates to be interconnected
using a standard network or pro-
prietary protocol.

B Hardware/software trade-offs

As with any system, there are both
hardware and software issues that
determine the efficiency and appli-
cability of any particular design ap-

Radstone’s Joel Silverman advocates the use
of multiple datapaths in multiprocessing en-
vironments where heavy data-flow require-
ments are evident. Radstone offers a variety
of different data avenues on its CPU boards,
including VSB (VME subsystem bus),
SCSI, Ethernet, a mezzanine bus, and a
number of local buses on-board to keep
the main processor free of unwanted
interruption.
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Interface chips applied to multiprocessing architectures

Interface chips
| have several advan-

tages for the board
designer. They can
reduce parts count
and lessen the com-
plexity of the de-
N sign, simplifying

- testing and decreas-

ing time-to-market. Other advantages
are not always obvious. Because inter-
face chips simplify the integration of
boards into systems, reduce the com-
plexity of multiprocessor software and
assist in achieving the performance re-
quirements of a multiprocessor applica-
tion, they can increase the salability of a
board to a system integrator who needs
to develop a multiprocessor application.

Many system integrators are building
multiprocessor systems using off-the-
shelf hardware compatible with industry-
standard parallel backplanes integrated
in a single chassis. A large number of
these applications use VMEbus hard-
ware and require the integration of com-
patible products from more than one
vendor. Opting to use a parallel back-
plane bus only requires that the back-
plane will become the single intercon-
nect between VMEbus cards.

The system integrator must deter-
mine what kind of system architecture
meets the requirements of an applica-
tion. Possibilities include a distributed
memory system where the VMEbus is
used purely as a communications me-
diim and there’s no data sharing, a
shared memory system where all data is
accessible through global memory or
dual-ported memory, or a mixture of dis-
tributed and shared memories.

B Common integration problems
Commonly occurring multiprocessor sys-
tem integration problems for these ap-
plications are vendor incompatibilities,
nonuniform interboard communication
and performance. These issues often re-
sult from the level of definition of the
VMEDbus specification, which is limited
to attributes such as the physical con-
nection, electrical signals and arbitra-
tion. The specification doesn't fully
address systems issues such as integra-
tion, interboard communication, con-
figurability, and responsiveness. In spite
of this, there are many successful and
sophisticated VMEbus systems.

The additional flexibility of a multi-
processor architecture requires that
the system designer make more major
decisions regarding the system design
including: How will tasks communi-
cate? How will tasks be allocated to
hardware?

The answers to these questions
should be based upon the required per-
formance, the functional attributes of
the hardware and reliability—and they
should not be limited by the problems
associated with integrating hardware
and differing VMEbus interface designs.

Interboard communication problems
result from vendors’ nonstandard com-
munication models. The VMEbus stand-
ard provides enough information for a
vendor to design an interface including
arbitration, interrupting and data trans-
fer. Multiprocessor systems, however,
communicate at a higher level and the
system designer will want to define a
uniform communication mechanism.

Hardware vendors have addressed
these problems by using bus interface
chips in designing VMEbus cards. From
the system integrator’s viewpoint, the
main advantages of interface chips are:

svendor-independent bus interface

ereliable, consistent bus interfacing
sless complex system integration
esupport for intercommunication, and
oflexible addressing schemes.

The first three advantages are evident
if the interface chips are fully compliant
with the VMEbus spec.

The last two advantages are not as
evident. Presumably the multiprocessor
application will be a concurrent pro-
gram consisting of several tasks con-
figured via some mechanism to execute
on the multiprocessor. Tasks executing
on different boards will need to com-
municate with each other. Intertask
communication can be implemented by
placing data in memory accessible to
both boards. This mechanism has the
advantage of being simple, but it
doesn’t produce systems that are pre-
dictable or efficiently use resources.

I Board signals board

The more common approach is to let
one board signal another that informa-
tion needs to be communicated. Such
signaling has the benefit that the infor-
mation is communicated expediently

and the VMEbus resources are not need-
lessly occupied.

The typical hardware mechanism
supporting the signal is an interrupt.
The problem is the VMEbus physically
supports only seven point-to-point inter-
rupt possibilities. If there are 10 boards
in a chassis, each of which must inter-
rupt any of the other nine boards, then
90 distinct interrupts are required.

Designers of VMEbus chip interfaces
have identified this need and have im-
plemented a memory-mapped interrupt
scheme. Usually there are from 20 to
several hundred interrupts supported by
a chip set. Some chip set implementa-
tions will generate a local interrupt to
the board being signaled and simul-
taneously pass some unique application-
defined message information, all with
one four-byte VMEbus transfer. Inter-
face chip sets for very high-end multi-
processing include interrupt buffering
circuitry that minimizes the number of
context switches the local microproces-
sor must execute to process signals, and
also provide DMA circuitry to transfer in-
formation at VMEbus rates when the
size of the data exceeds four bytes.

The last major advantage of a VME-
bus chip set is flexible addressing
schemes. Ideally memory addressing
should be such that memory resources
appear uniformly to all microprocessors
in the system. The immediate advan-
tage of this is that the multiprocessor
design, including the allocation of tasks
and the supporting intertask com-
munication mechanism, can be deter-
mined independently of the hardware
configuration. In addition to making all
memory accessible, flexible memory ad-
dressing makes all memory uniquely ad-
dressable—commonly called “flat.” A
pointer to an object in memory, there-
fore, is universally valid when used by
any microprocessor.

This greatly simplifies additional im-
portant systems issues: application
portability, reconfigurability (especially if
reconfiguring from a single processor to
a multiprocessor), design, and testabil-
ity. Also, extensions needed by a high-
level programming language to support
multiprocessing will be minimized, be-
cause special address conversions are
not required and very simple intertask
communication primitives can be used
to construct concurrent programs.

Jeremy James, president, Precise Software Technologies
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§ MULTIPROCESSING

proach to a given application. And,
as always, there are trade-offs to
each approach. “Tightly coupled de-
signs,” says Cypress Semiconduc-
tor/Ross Technology’s senior appli-
cations engineer, Matt Gutierrez,
“depend on each processor in the
system having access to a common
memory area. But if each processor
is attempting to get access to
memory at the same time, there’s
bound to be a bottleneck.”

Even in loosely coupled systems,
it’s critical to avoid bus bottlenecks
in multiprocessing applications.
“Anyone can create a bottleneck,”
says Joel Silverman, commercial
products marketing manager from
Radstone Technology (Montvale,
NJ). “It’s critical to architect a sys-
tem to avoid such problems. It
doesn’t matter what kind of proces-
sor performance you have, even the
fastest 68040 or RISC processor can
quickly be brought to its knees if it
has to wait to service a slow I/O
request.”

In putting systems together, says
Silverman, too often designers focus
only on the processor or software
without looking at potential data
flow problems. “It’s as important to
map out data flow when designing a
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New York City’s
new Vehicular
Traffic Control Sys-
tem is composed
of 11 digital I/0
subsystems (left)
and 18 area com-
puters (right), de-
signed and
manufactured by
Heurikon. Each
area computer
contains 10 to 12
Heurikon V30XE

| CPUs. Each DIOS
contains 48 digital
/O cards, three
controllers and
one V30XE CPU.

system as it is to select the right
operating system or processor,” he
continues. “If you can identify critical
areas and start mapping datapaths
on to hardware, it’s possible to avoid
potential problems.”

“Radstone’s approach,” according
to Silverman, “is to offer what the
company calls its ‘free-flow architec-
ture,” where each board has a num-
ber of different datapaths or buses
so no one bus becomes a bottleneck.”
He points out that in the company’s
6841/6842 board, which incor-

porates both a 68040 and a 68020,
the 68040 takes care of all the high-
powered processing while the 68020
handles the bus traffic. The 68040
has its own memory and local bus so
it need not be bogged down each
time an interrupt is sent to that
board.

For even more demanding appli-
cations, explains Silverman, Rad-
stone offers its 6842 board, which
includes a VSB (VME Subsystem
Bus) channel in addition to the VME
channel. This lets users with high-
performance systems get on and off
the board with a very fast datapath.
“In addition,” he adds, “it’s possible
to extend your data bandwidth
budget by clever application of SCSI
and Ethernet ports—and even addi-
tional serial ports, which can easily
be added to a CPU card using a
mezzanine, or daughter, board.”

“What it boils down to,” says
Silverman, “is simply planning a sys-
tem with the data flow requirements
in mind. Not every system requires a
tremendous amount of bandwidth
beyond a VME system bus, but a
powerful system can be quickly
humbled if bandwidth is not con-
sidered early in the design process.”

A secondary bus helps alleviate
some of the potential bottlenecks on
a board, and for many applications
a simple memory interface bus is all
that’s required. With the advent of
RISC processors and multiproces-
sor architectures, however, some
microprocessor designers have
developed a pseudostandard of
their own which serves two pur-
poses: first, it keeps the processor
and memory architectures of a
CPU board independent from the
host bus, and second, it can be
rigged with hooks to permit
shared-memory multiprocessing.

A typical multi-
processing sys-
tem comprises a
number of CPU
boards and
some I/O func-
tions in a single
crate. Systems
can be as com-
pact and self-
contained as the
one pictured
here.
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Motorola, for example, has its own
version of an “M bus” for its 88000
family of processors, while Sun has
a Sparc-based M bus that’s starting
to get more attention. The Sparc M
bus, which has been adopted by all
the major Sparc chip makers, was
originally defined as either Level 1
or 2. The Level 1 bus definition in-
cludes all the signal lines required
for processor-to-memory intercon-
nection, but doesn’t have the hooks
for multiprocessing.

The Level 2 specification includes
memory share (MSH) and memory
inhibit (MIH) which, combined with
the reserved modes of Level 1, pro-
vide the signals needed to permit

processors began to climb at about
the same time interest in multipro-
cessing surged. But, he points out
that the cache introduced yet
another level of complexity into the
multiprocessing paradigm—one best
summarized as making sure all pro-
cessors are oper-

cessing VLSI hardware,” he con-
tinues, “it was necessary to look at
what functions we’d already done for
single processing, and decide what
had to be maintained and included
in our cache control and memory
management unit. What we did with
the 605CMU

ating on current
information,
which is known
as cache con-
sistency or cache
coherency.

“In the past,”
says Gutierrez,
“cache-coherent
systems existed

e ol covvore »

ey Ae‘ﬁ‘m

R [cache control-
lerand memory
unit| is imple-
ment the mul-
tiprocessing
[Level 2] M bus
protocol in
hardware.
Since Cypress
had the advan-
tage of helping
to coauthor the
M bus proto-
cols, the part
was designed
to implement
them with the

Cypress has integrated a multiprocessor subsystem on a multichip module (MCM)
using its Sparc processors and CMU. Both processors and boards are interconnected
using M bus. Shown is the Cypress Sparcore module for dual-processor multipro-
cessing, the CYM6002K. The heart of the system is the 605 CMU (insert), the solid-
state implementation in silicon of the M bus multiprocessing protocol.

tight coupling of the processors in
multiprocessing applications. Both
Motorola, with its 88000 family, and
Cypress Semiconductor, with its
Sparc-based processor, include sim-
ilar mechanisms in their M bus-
based multiprocessor systems.

# Keeping everybody busy

A key issue in multiprocessing, men-
tioned by Silverman, is having suffi-
cient bus bandwidth to keep all the
processors in a multiprocessing sys-
tem supplied with data and instruc-
tions. “One way to do this,” says
Mentzelopoulos, “is to keep as much
information as possible local to each
processor. Cache memory serves
this function, as well as providing
some quantity of very high-perform-
ance local memory.”

Gutierrez claims that the popular-
ity of cache architectures for micro-
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on multiprocessing systems such as
the Solbourne computer, which used
up to 16 Sparc nodes in a multipro-
cessing architecture. But, although
maintaining cache coherency has
been possible, it’s usually achieved
at some cost—either through a large
discrete component count or by a
penalty in performance as cycles are
wasted while caches are updated.”
The cache coherency mechanism,
according to Gutierrez, screams out
for some kind of VLSI hardware so-
lution, but it also needs a bus proto-
col to support it. Those familiar with
Futurebus+ activity are aware that
the 896.1 protocol specification calls
for Futurebus+ to offer a superset of
all bus caching approaches. “Other
buses also address cache coherency,”
asserts Gutierrez, “the most recent
is the Level 2 of the Sparc M bus.”
“In putting together our multipro-

best possible
performance.”

One of the things Cypress dis-
covered in the process was the need
to incorporate two sets of cache tags
in the multiprocessing controller.
“Motorola’s 88000 architecture, the
only other high-performance RISC
VLSI microprocessor targeted at
multiprocessing,” says Gutierrez,
“was excellent as far as it went, but,
whether for lack of process tech-
nology or other reasons, it only in-
cluded a single set of cache tags.”

& Tag, you're it: tag, you're it

Cache tags, which identify the
addresses for the data that resides
in cache, are memory cells that eat
up a lot of silicon real estate. Nor-
mally, the CPU uses these tags to
index into the cache and pull data
when there’s a cache hit. In multi-
processing architectures, though,
cache tags have a secondary func-
tion—snooping the physical bus. In
this process the CPU takes the
address that shows up on the main
memory bus and compares it to the
memory in the cache. Snooping al-
ways has priority over the use of the
cache by the processor.

If only a single cache tag is used,
each time an address shows up on
the memory bus and the processor
snoops, the processor’s access to cache
memory is frozen because it has to use
the tag to check whether the data is
in the cache. Adding a second set of
cache tags eliminates lost processor
cycles, since separate tags are on the
memory and processor sides. In the
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Design considerations for multiprocessor VMEbus systems

In theory, boards
that comply with
the VMEbus specifi-
cation should work
together in the
same enclosure, at
least at the hard-
ware level. In prac-
tice, however, this
is often not the case—particularly in
multiprocessor systems with multiple
bus masters.

Part of the problem is that the VME-
bus specification leaves room for inter-
pretation in many areas. As a result,
boards that are functionally correct
often employ marginal design practices
that are exposed when subjected to the
increased rigors of a multiprocessor en-
vironment. In such an environment, in-
creased bus activity and contention for
bus resources, increased signal coupling
between data and control lines, and
higher capacitive loading result in re-
duced noise margins and tighter timing
constraints that demand a much more
robust design.

The VMEbus specification attempts to
head off incompatibility problems by ad-
dressing many design pitfalls and
making recommendations in many
areas. However, these recommenda-
tions don’t address all design issues.
One way that designers can avoid prob-
lems in their own boards is by taking
advantage of single-chip VMEbus inter-
face devices—such as the VIC chip—
which have already solved many of
these problems.

Unfortunately, system integrators
must worry about more than their own
designs. Many existing boards already
use custom VMEbus interfaces, and
many new designs will continue to use
custom interfaces as a cost-cutting
measure.

| Reducing data bus transitions
One of the most common causes of in-
teroperability problems in multiproces-
sor VMEbus systems is the coupling of
spurious signals from data lines (and to
a lesser extent, address lines) on to con-
trol lines. Bus Busy (BBSY*) is particu-
larly troublesome because of its pro-
ximity to the data lines and because it's
wired from each slot to the central ar-

biter in slot one. In a multimaster sys-
tem, erroneous signals on BBSY* can
cause the arbiter to simultaneously
grant the bus to more than one master.
The VMEbus handbook prescribes
several filtering techniques (RC, ferrite
bead and flip-flop) that resolve this prob-
lem under normal conditions. Poorly de-
signed control logic, however, particu-
larly in the buffer enable circuitry, can
cause glitches on the data lines that
can't be effectively filtered using the
techniques de-

Problems en- scribed in the VME-

countered in  bus handbook.
multiprocessor One situation in
systems can be ‘hich these
avoided by 9I|tches often arise
following a ~S'Whenbid-
fav siniolo irectional logic is
e used for the control
design signals that derive
practices. enable signals for
1t the data buffers. Be-

cause the same
logic and physical
trace are used in both the transmit and
receive paths, the state of the control
lines will be indeterminant for a brief
time during transitions between trans-
mit and receive operations. This, in turn,
can result in glitches on the enables that
are coupled on to the data lines, and
subsequently on to BBSY*.

Slave memory accesses are another
frequent cause of glitches on BBSY*. In
many board designs, on-card data lines
are left floating (not pulled high) when
the memory isn't driving data. If the VME-
bus data buffers are enabled before the
memory is ready to provide data, the inde-
terminant state of the floating lines can re-
sult in oscillations on the VMEbus data
lines that are coupled to BBSY*.

Both problems have obvious solu-
tions. Avoid the use of bidirectional
logic on control lines and use pullup re-
sistors on on-card data lines. As an
added precaution, however, more
robust filtering techniques should be
used on BBSY*. Heurikon, for example,
uses a digital filter to suppress glitches
on BBSY*. The filter samples the BBSY*
signal at three different times using
daisy-chained flip-flops. The outputs of
the three flip-flops are then ANDed to
derive the BBSY* signal. This time delay

ensures that spurious activity on Bus
Busy will be ignored.

Many system failures that occur in
multiprocessor systems can be traced to
capacitive loading. As boards are added
to a system, capacitive loading in-
creases, thereby decreasing signal rise
and fall times and resulting in a host of
timing-related problems.

B Take care loading the bus

Consider, for example, how slower rise
and fall times impact control logic.
When a new state is driven on to a line,
the line oscillates somewhat as it transi-
tions to its new state. In a lightly loaded
system, the rise time is fast enough so
that the receiving control logic ignores
this noise. However, as bus loading in-
creases, the signal takes longer to transi-
tion and the receiver has more time to
react to erroneous signals.

One way to address this problem is to
use logic with built-in hysteresis. With
such logic, the turn-on and turn-off
values are separated by a few hundred
millivolts—for example, 200 to 400 mV
in an LS244 line driver.

Unfortunately, even logic with built-in
hysteresis can't protect against noise that
equals or exceeds 400 mV. To increase
noise margins even more, a good tech-
nique is to speed up rise and fall times by
resending control signals prior to tristating
them. (Drive high, rather than waiting for
them to be pulled high through a back-
plane termination.) Again, however, this
strategy isn't a cure-all, since it can’t be
used with control signals which may be
monitored and driven simultaneously by
multiple boards, such as SYSFAIL, DTACK
(when used with location monitors) and
SYSRESET.

Many of the problems encountered in
multiprocessor systems can be avoided
by following a few simple design prac-
tices. Familiarizing yourself with com-
mon design pitfalls and solutions is an
important step in helping resolve inter-
operability problems. Reducing the num-
ber of vendors who supply your boards
may be just as important for avoiding
trouble in the first place. Typically, multi-
ple boards from a single vendor are
more likely to work together. If they
don't, at least you'll have a single point
of accountability.

Jeff Durst, associate hardware engineer, Heurikon
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event of simultaneous cache and
snoop hits, where both memory and
processor are trying to access the
cache line, the snooping hit will al-
ways have priority. It will supply
data to the requesting CPU, and
processor access will be held until
the transaction is completed.

“Part of the efficiency of our mul-
tiprocessing approach,” says Gutier-
rez, “is some of the hooks we put into
the bus protocol. One of the most
significant of these is something we
call direct data intervention. This
refers to the ability of a CPU to
supply data directly to another
CPU. In comparison, indirect data-
intervention schemes require addi-
tional steps.”

The indirect data-intervention
process works as follows. First, a re-
questing CPU puts its message on the
bus, and the CPU with the data in
cache snoops the bus and discovers a
hit. The latter CPU then arbitrates for
the bus (causing the first processor to

essentially see a cache miss) and
writes the snooped cache line into
main memory. It then releases the
bus, and the initially requesting
CPU must reacquire the bus, go out
to main memory and pull the data.

Depending on the arbitration
scheme and other bus variables, in-
direct data intervention can take
anywhere from eight to 10 clock cy-
cles to start data flowing. In extreme
cases where other processors may
grab the bus, thousands of clock cy-
cles can intervene before the trans-
action is complete. Though some-
what slower than direct data
intervention, the approach offers
the benefit of simplicity. It’s rela-
tively easy to implement, since a
processor is always getting the
latest version of its data from main
memory.

Direct data intervention is more
complex. When a CPU puts a re-
quest on the bus and realizes a hit
on another processor’s cache, the

Multiprocessing architectures
TIGHTLY COUPLED TIGHTLY COUPLED SINGLE-BOARD
MULTIPROCESSOR BOARD  MULTIPROCESSOR BOARD COMPUTER
oo [oCh =
CPU "CAGHE CPU GacHE
CH M e
VMEBUS
CPU "CACHE CPU "GACHE BOARDS
oL H ol
CRU ‘cacHE CPU “cacHE
CACHE CACHE BUS
COHERENCY COHERENCY CONTROLLER
VMEBUS
SNUGLY COUPLED
MULTIPROCESSING
SYSTEM
LOOSELY COUPLED
MULTIPROCESSING
VIA LAN
SNUGLY COUPLED
MULTIPROCESSING
SYSTEM

Lynx Real-Time Systems has its own definitions of the hierarchy of multiprocessing
architectures—shared-memory approaches it calls tightly coupled, networked sys-
tems are loosely coupled, and systems linked by a backplane are “sungly coupled.”
As the diagram shows, all three categories can function in a single system.
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second CPU can directly supply the
requesting CPU with the new data.
This puts an extra burden on the
CPU with the requested address in
cache. First, it must prevent the re-
questing CPU from getting its data
from main memory, since the up-
dated version of the data resides in
the second CPU’s cache and not
main memory. The second CPU
must also put the data on the bus
and notify the requesting CPU that
the data is there.

“One of the big advantages of the
direct data intervention scheme,”
says Gutierrez, “is that there is vir-
tually no overhead. From the time
that the first CPU makes its request,
data can start flowing on the next
successive clock cycle.” Since cache
data is stored in 32-byte cache lines,
the data transfer on the 64-bit M bus
takes four cycles. However, the re-
questing CPU doesn’t care where the
data comes from, so no identification
of the data source is required.

In direct data intervention, main
memory is not updated in the same
way as in the indirect approach. In-
stead, whatever processor takes
data out of main memory into cache
and modifies it has ownership of
that memory. This entails two major
responsibilities: first, the processor
taking data must provide direct co-
pies of it to requesting CPUs; and
second, it must write a copy of the
data to main memory before flush-
ing that particular line. This, says
Gutierrez, is known as an “owner-
ship protocol.”

l Reflections

In addition to direct data interven-
tion, multiprocessing systems
based on M bus can take advan-
tage of yet another feature, reflec-
tive memory. “By adding a little
complexity to the memory archi-
tecture,” says Gutierrez, “it’s
possible to let the main memory
snoop the bus and detect whenever
there is a transfer of data across the
bus. When the memory controller’s
snoop circuitry detects a transfer, it
automatically writes a copy of that
data into main memory, eliminating
the need to transfer information
when a cache line is flushed—the
main memory already has all the up-
dated information.”

Reflective memory is also used in
some loosely coupled systems. Iron-
ics, for example, has suggested
using hardware semaphores in real-
time systems to minimize penalties
that reduce system backplane band-
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a mouse and keyboard interface.
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of everything else.
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For information in the U.S. call:
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§ MULTIPROCESSING

width. On VME-based systems such
penalties result because of latencies
in updating semaphores (spinning
on a semaphore).

Reflective memory in such an ar-
chitecture operates similarly to a co-
herent local cache. The technique is
accomplished by reserving writes to
a specific memory space that are
only to be performed by a single
master. By using reflective memory
and defining a new address space and
an address modifier (AM) code on
VME to access the space, the tech-

eliminates many of the more com-
plex structures, such as location
monitors and mail boxes, that are
required by VME to accomplish
much the same task.

In addition, Multibus II defines a
message-passing coprocessor (MPC)
which, with its own FIFO, efficiently
handles transfers without getting
involved with different levels of un-
derstanding on each board in a sys-
tem. “The multiprocessing hooks in
VME are inherent in the particular
interface IC used and there’s not

ALL CPUs TO THE LEFT

PERIPHERALS

STD80/MPX card installation

HOST CPU #1 (RIGHTMOST)
/0 CARD SLOTS

L CPU #2
CPU #3

SYSTEM
CARD

CPU #4
CPU #5

CPU #6
CPU #7

The new multiprocessing architecture proposed by the STD MG, the STD80/MPX,
uses a simple arbitration scheme assigning CPU boards priority based on the slot in
the backplane in which they reside. The CPU farthest to the right has the highest pri-
ority, with decreasing priority going to the left. The right-hand card slots are used

for I/O.

nique makes all reads to the mem-
ory local and, therefore, the sema-
phores never appear on the VME-
bus. Not too different from the M bus
approach, Ironics’ mechanism helps
keep traffic off the bus while provid-
ing full cache-coherent support for
semaphores without the overhead
required for full cache coherency.

H Tailored to multiprocessing

Multiprocessing architectures are
by no means the exclusive domain of
Futurebus+ and VME. In fact, the
Multibus II protocol was designed
expressly to simplify multipro-
cessing design through its message-
passing paradigm. This approach
simply lets the Multibus II back-
plane work like a high-speed LAN
for loosely coupled systems. This
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necessarily a lot of compatibility,”
says Silverman (see “Design con-
siderations for multiprocessor VM E-
bus systems,” p 90).

For example, one board made
with the VME consortium’s VIC chip
will not necessarily work well with
Force’s FGA002 in a multipro-
cessing system. And, even though
Motorola attempted to keep its pro-
prietary interface IC compatible
with the VIC/VAC family, those de-
signers that are serious about large
multiprocessing systems will
quickly learn to shy away from
boards with different interfaces.

In fact, some users are cautious
about multiprocessing on VME at
all. “Once you get more than a
couple of processors on a VME back-
plane and try to make them work

together,” comments a critical user
who claims to have sampled a broad
variety of hardware and software,
“problems crop up at some exponen-
tial rate.” Despite such a strong
negative comment, however, the
anonymous user remains with the
VME architecture.

[ Multiprocessing on STD

The advantages multiprocessing
offers have captivated STD makers
and users, as well as those of other
major buses. Ken Finster, a member
of the board of directors for STD MG
and president of Micro/Sys (Glen-
dale, CA), reports that the manufac-
turers’ group is finalizing a multipro-
cessing DOS-based approach called
STD80/MPX. The proposed STD MG
version is based on a scheme that’s
been used by Pro-Log (Monterey, CA)
for the past few years, and supports
up to seven processors.

In addition, the standard provides
a simple priority scheme and sup-
port for interprocessor interrupts,
while making no changes to the
traditional STD Bus rack and
maintaining minimal overhead for
bus exchanges. In the proposed
standard, priority is determined by
the physical placement of the card
in the STD rack—the right-hand
slot has the highest priority. A
simple priority chain, already on
the STD Bus for interrupt priority,
is used to resolve conflicts.

Control of the bus is carried out
through a latching protocol which lets
a card that has gained control of the
bus keep it until another CPU expli-
citly requests the bus. This, says Fin-
ster, reduces overhead by permitting
a single arbitration cycle to cover
many following STD Bus accesses.
The proposed standard also supports
bus locking for single instructions and
blocks of instructions.

The leading proponents of the
specification are Micro/Sys, Pro-Log
and WinSystems, with some other
members of STD MG in support. But
the STD community seems to be
divided since Ziatech introduced its
32-bit STD32. Just as it offers 16-
and 32-bit transfers through a
specially designed STD80-compat-
ible connector, STD32 also offers
its own version of multiprocessing
support.

Because STD32 is based on the
EISA standard, however, and even
uses an EISA bus interface chip set,
it can take advantage of multipro-
cessing architectures already
developed for that bus (see “A new
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A new multiprocessing technique brings DOS to real-time control

A new multipro-

cessing technique
using the STD32
bus combines the
functionality of per-
sonal computers
with the real-time
responsiveness of
high-performance,
industrial bus computers. The approach
lets several DOS-based processor cards
share peripherals, such as disks and
video, in a single STD32-based control
system. This unique capability permits
systems engineers to simply segment
their application over distributed proces-
sors, rather than programming a compli-
cated multitasking operating system on
a single processor.

Complex, real-time control systems re-
quire that the critical portions of their
processes occur at precise times,
without delays for operator input, net-
work response or other, less critical func-
tions. These real-time control tasks are
often tackled with extensive program-
ming and time-consuming development
of interrupt service routines

In some cases, a real-time multitask-
ing executive or operating system is
necessary, and the programming grows
in complexity, time and expense.The
multiple DOS processor technique,
used on Ziatech’s STD32 Star System,
lets designers allocate one or more pro-
cessors to each real-time process, while
another processor monitors the less
critical functions.

B EISA techniques in STD32

The STD32 hardware approach to multi-
processing is similar to the technique
used by EISA, with some important dis-
tinctions. STD32 and EISA interleave ex-
isting signals with new extended signals
to provide more capabilities, such as
multiprocessing, while maintaining com-
patibility with established standards (ISA
for EISA and STD for STD32).

Both EISA and STD32 also use central-
ized arbitration for multiprocessing, but
in different ways. EISA's arbitration logic
is placed on the system motherboard,

while STD32 designates a Slot X in its
passive backplane for a simple arbiter
card. The arbiter card monitors access

to the bus, supporting up to seven pro-
cessor cards using either a fixed or rotat-
ing priority scheme. These schemes de-
termine which processor card is granted
access to the bus when simultaneous re-
quests are received.

The centralization of arbitration logic
reduces the cost and complexity of a
multiprocessing system. Placing arbitra-
tion logic on the Slot X card instead of
on individual board computers lets
these boards optimize their space for
CPU, memory and /0 functions. Cen-
tralized arbitration also enhances sys-
tem reliability because the logic is lo-
cated in one simple circuit instead of
across multiple circuits on several
boards.

I BiOS manages peripheral access
While the arbiter card monitors hard-
ware access to the backplane, an in-
dustrialized, 100 percent PC/AT-compat-
ible BIOS monitors

Each processor each processor’s
is, in fact,a  access to shared
virtual PC.  DOS peripherals,
such as disks and
inl video consoles.This

multiprocessing
BIOS is an extension of an STD DOS
BIOS developed to provide functions for
industrial applications not available in a
desktop BIOS. In addition to its multipro-
cessing function, it includes features for
industrial applications, such as the abil-
ity to define the system’s boot source
(PROM, floppy drive, fixed drive, or net-
work), the ability to select a fast boot
(no memory test) and built-in support
for PROM, RAM and FLASH drives.

The system uses multiple instruction
and data multiprocessing, which em-
ploys a distributed memory architecture.
Each processor has its own memory for
instructions and data and communi-
cates with other processors via a mes-
saging system. This distributed memory
design is a scalable system that provides
a proportional performance increase as

processors are added. Such modularity
lets control system designers configure
their application’s precise performance
requirements, and lets them upgrade
processing power easily when necessary.

B A network in an STD32 box

In the multiple DOS processor approach,
the messaging system is built around an
area of common memory on the back-
plane. This technique is similar to that
used in a very fast and transparent LAN,
except that all the processors are on the
same STD32 bus.

The location of DOS on each proces-
sor simplifies application development.
Each processor is, in fact, a “virtual PC,”
except that it shares its disks with other
PCs. The video display and keyboard
console can be switched from processor
to processor by the Ctrl-Alt-Space key
combination. Virtual video memory on
the other processors acts as a video card
and the application program continues
uninterrupted.

When the system’s video card is
switched to the processor, it’s automat-
ically updated with the current state of
the display for that processor. The multi-
ple DOS processor technique also lets
most of the popular PC development
tools, such as Borland’s Turbo Debugger
and Microsoft’s QuickBASIC, run simul-
taneously on different processors shar-
ing the same video card. The ability to
run these familiar PC debugging tools
on each processor greatly speeds appli-
cation debugging.

And finally, the multiple DOS proces-
sor system is designed to accommodate
the ever-advancing capabilities of PCs,
and to adapt these capabilities to con-
trol applications. Its 32-bit STD32 bus
will accommodate new, 32-bit single-
board computers scheduled for introduc-
tion in mid-1992, increasing the sys-
tem’s upper-end performance options.
The system’s PC/AT-compatible BIOS sup-
ports the industry-standard Microsoft
Windows 3.0 user interface, allowing
the use of Windows for the user inter-
face processor and other DOS proces-
sors for the real-time controllers.

Rob Davidson, product manager, Ziatech
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B MULTIPROCESSING

multiprocessing technique brings
DOS to real-time control,” p 96). As
Ziatech product manager Rob David-
son explains, the beauty of the STD32
approach is its simplicity, which
translates in turn to reliability. “Our
arbitration card, which is responsible
for granting access to the bus with
relatively simple arbitration logic,
carries an MTBF [mean time between
failures] of hundreds of years,” com-
ments Davidson.

B Keys to the castle

Hardware architectures abound,
but they don’t stand alone; software
is also needed. Back in the early
days of multiprocessing, processors
often stepped on each other’s toes,
and incremental gains in computing
power achieved by adding more pro-
cessors quickly leveled out and in
some cases became negative after
only a few processors were added.
Long strides have been taken since
then, but it’s still far from easy, from
the standpoint of software, going
from one to several processors.

“There are several factors in-
volved,” says Kim Rowe, president
of Multiprocessor Toolsmiths
(Nepean, Ontario). “In putting to-
gether a system with multiple pro-
cessors, even in a loosely coupled
architecture.” Some considerations
are: How do you balance the load
between different processors?
Which processors should you assign
what tasks? And how do you make
sure that each processor is being
used optimally?

“Toolsmiths,” says Rowe, “offers a
variety of tools that help designers
develop and debug multiprocessing
systems. Depending on the applica-
tion, it can be as easy as simply
recompiling code and running. More
complex programs may require the
designer to look at the system and
see exactly how CPU assets are de-
ployed. Our debug environment lets
the designer do exactly that.”

But real-time software for tightly
coupled systems is more elusive.
The application will determine the
effectiveness of any solution, but
since the operating system must de-
termine processor allocation, and do
it deterministically, it’s not a trivial
task. Even in the Unix environment,
processor allocation is still rela-
tively coarse-grained—if it func-
tions at all.

Until the software catches up,
hardware architectures will con-
tinue to bend to the needs of the
application, and the kernel will in-
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corporate every technique available
to reduce bus traffic while providing
enough hardware services to keep
the system running.

In the meantime, software
developers are feverishly working
to create a software environment
that can handle virtually any com-
plement of processors in a multi-
processor system. In theory, the
operating system should be able to
automatically configure the system
as a massively parallel, symmetric
multiprocessing environment for
highly compute-intensive jobs, or as
a dissociated series of array proces-
sors to handle multiple slices of re-
lated data. In reality, that capability
may be some time away. #
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Purists, whether discussing
single-processor or multiple-
processor systems, comment that an
application should be totally
divorced from the hardware it runs
on. They insist that ubiquitous inter-
faces such as Windows NT, Posix-
based Unix and other standard
platforms will totally obscure the
hardware from the software.

But we live in the real world, and in
that world it turns out certain appli-
cations tend to operate more effi-
clently—faster—on certain hardware
platforms than on others. In this
special report, we dwelt at consider-
able length on the ‘cost’ of getting data
to each processor fast enough. What
should be implicit in that discussion is
that the benefit should be commensu-
rate with the cost.

Hardware architectures providing
multiple datapaths or with well-
managed cache controllers are great
for applications with high data-flow
requirements. But for applications
with more cohesive data streams,
such architectures may represent
overkill, and could even result in less
efficient processing. In either case,
efficient software can go a long way
toward solving problems, but effi-
cient software running on well-tuned
hardware will always perform a lot
better than the same software on
poorly-tuned, general-purpose plat-
forms—unless, of course, you don't
care if things can run any faster.
Then you should look to reduce cost
or realize other gains.

A well-designed system obuviously
calls for a good mix of both software
and hardware. Failing to consider
both at the time you put together an
application can be hazardous. It
may result in delays in getting to
market, a more costly product,
headaches about reliability prob-
lems, and all manner of system inte-

gration nightmareM
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DESIGN STRATEGIES: MEDICAL DIAGNOSTICS

Spirit’'s story evokes
the make-or-buy
decision

The Spirit development team from left to right: Feng Mo, senior software engineer; Bill Lutz,
senior design engineer; Dan Lombardi, senior design engineer; Glenn Isensee, project manager;
and Dr. Che Chi, Spirit project manager. In the center of the photo is the Nicolet Spirit with some
of the custom boards exposed.

One key to the wide acceptance of evoked-potential testing is the clinician’s ability
to measure and quantify the brain’s electrical activity in patients unable to cooperate
with conventional testing methods. To solve this problem, Nicolet Biomedical Products
(Madison, WI) recently introduced “The Spirit.” This new, low-cost ($20,000 to $30,000)
evoked-potential system (EPS) can discover hearing problems in infants within hours
of birth. Alternatively, it can aid in the early detection of both multiple sclerosis and
subtle visual problems during infancy or early childhood.

Nicolet Biomedical has developed high-end EPSs for years, but the last mid- to
low-range system the company produced was designed more than eight years ago. The
company had needed a new low-end product for some time, but didn’t have the resources
available to build one until the spring of 1990. At that time Dr. Che Chi, Spirit project
manager, started to formulate her ideas about the design of the new system. “I decided
upon which computer platform and what add-in hardware would have to be designed
to do the job. I evaluated different operating systems, different vendors’ graphics library
support requirements as well as the hardware itself,” she says.

According to Glenn Isensee, a Nicolet project manager, the key features of any EPS
are a general-purpose controller that’s OS-driven, stimulators that provide a stimulus
to the patient and a data-acquisition system that collects the data created in response
to the stimulus. Because of time-to-market considerations, components associated
with the Spirit system comprise off-the-shelf hardware and software and custom
hardware and software designs.

Dave Wilson, Senior Editor
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Instruments such as the Spirit
work on the principle of acquiring
data that must be time-locked to a
stimulus, much as a logic analyzer
correlates data to a clock. In the case
of the Spirit, though, the stimulus
may be electrical, visual or auditory
and the “probes” used to acquire the
data are attached to a patient rather
than a microprocessor.

Regardless of what signal is used
as a stimulus, once the latter has

tory stimulation to the patient,
Nicolet designed two custom
PC/AT boards. The auditory
stimulation board design was
based on a Motorola 56001 DSP.
Both stimulation boards reside in
the back of an AT-based Intel
Computer Systems 386SX per-
sonal computer. A digital ampli-
fier, located in a separate head-
box placed near the patient, is
used to boost signals and reduce
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The software development team was divided into two groups—while one group
worked on 56001 assembler code to handle real-time/data acquisition, the other
developed control code in C for the 0S/2-based graphical user interface. The par-

titioning of the two groups let them work at their own rates.

been delivered to the patient, every
other system component in the
Spirit “time-locks” to the signal and
a set of data is captured. The proce-
dure of stimulation/data capture is
repeated as many times as neces-
sary; each time, the system time-
locks to the signal and records data.
Thesystemthenappliessignal aver-
aging to the data acquired over a
number of sample sets. The result-
ingdatais presented tothe clinician
in a graphical form.

Because the system must provide
both electrical current and audi-
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the noise. The datais acquired from
electrodesattached to the patient.
In the headbox, the signal is
amplified and filtered. After filter-
ing, the analog signals are con-
verted into a digital format and the
channels of digital data are serial-
ized into a multiplexed digital bit
stream. The data is sent to a data-
acquisition card residing in the AT
bus of the Intel 386SX box. There,
the data is deserialized. After some
real-time processing by the DSP
chip, the 386SX is responsible for
displaying information on the screen.

Time-to-market issues were
clearly at the top of the priority list
for the company. “We wanted to
develop the system in the shortest
possible time,” says Che. For-
tunately, at the time there was
another high-end product under
development at Nicolet. So Che’s
first task was to determine what
existing hardware could be reused
to reduce the development cycle of
her own project.

] Borrowing from within

That other project was a system
development being headed up by
Isensee. His project included the
development of both an amplifier
and an acquisition board. “That was
great for us,” says Che, “because we
borrowed that hardware technology
for the Spirit system.” As a result,
the Spirit system uses a modified
version of the amplifier developed
for Isensee’s project, as well as a
modified version of the PC acquisi-
tion board. For the stimulators, Che
used already existing designs.

In addition to time-to-market con-
siderations, the final customer cost
of the system was a major factor in
the development process. “We had
established a good relationship with
Intel,” Che says. “We wanted to use
a reliable vendor across the com-
pany’s product lines. That would
help us increase the volume of units
we purchased and lower the cost.”
That’s how she ended up using the
Intel 386SX OEM System, which at
the time was also in use in other
Nicolet products targeted toward
different fields, such as analytical
chemistry. “Our concept is to use as
much general-purpose off-the-shelf
hardware as possible to reduce time-
to-market, but the application-
specific hardware still had to be de-
signed in-house,” states Che.

On the higher-end Nicolet sys-
tem developed by Isensee, a data-
acquisition board had been built
around two Motorola 56001 DSP
chips. That system was required to
process eight channels of data. In
the case of the Spirit, however,
only four channels of data were
needed, and that meant that Bill
Lutz, the senior design engineer on
the project, could redesign the DSP
board to accommodate just one DSP,
also reducing the time-to-market of
the system. “It certainly made a lot
of sense to our management to reuse
as many existing boards as possible
and to keep the design more cost
effective,” adds Che.
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As the Spirit system was
developed, it became clear that the
analog signals acquired from the
patient should be presented as a
multiplexed data stream of digital
(rather than analog) words to the
data link—and then demultiplexed
at a later time on the PC. That’s
because a digital design was easier
to implement than an analog de-
sign—the isolation scheme is sim-
pler. Second, there were fewer dev-
ices involved in the link, making it
more reliable. Then there were is-
sues concerning interference pickup

filtered, and then placed into a fixed-
length averaging buffer. It’s through
this process that the data captured
by each of the individual channels is
reconstructed. Averaging improves
the signal-to-noise ratio of the signal
to be displayed.

The software model supports

another important user need, that of

independent channel control. “It’s a
situation where the users need to
identify unique characteristics on
each channel, their sensitivity and
their filter settings. But it’s not until
the data gets into those unique

The Nicolet Spirit is an evoked-potential system based around a 3865X personal com-

puter from Intel. Potentials are evoked through visual, auditory or current stimula-
tion. The resulting responses are acquired, amplified and averaged before being pre-
sented to the clinician through a custom DSP subsystem designed at Nicolet.

on analog interconnects over long
distances. “Analog signals running
on two or three hundred feet of cable
through electrically hostile environ-
ments get contaminated with noise.
This is especially true when you're
looking for signals in the 0.1-micro-
volt range,” says Dan Lombardi,
senior design engineer responsible
for amplifier design. “It doesn’t take
a whole lot of interference on a sig-
nal before that signal is very diffi-
cult to recover.”

The amplifier not only has a
high-speed digital data link, but it
also sports an RS-232 low-speed
data link as well. That link is used
by the host to reconfigure the
functionality of the amplifier.

The software model developed for
the Spirit doesn’t change when the
number of channels is increased—
the data is still brought into a “live”
multiple data buffer, demultiplexed,
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buffers that the software has to
worry about which filter sets get
applied to each channel. You can
make the link very general and the
software doing the processing more
specific,” says Feng Mo, senior soft-
ware engineer. In the design of the
software acquisition system, Mo
cites the importance of isolating
these two processes so that, if neces-
sary, the number of channels on the
system could be changed without re-
writing much of the code associated
with deserializing the data stream.

The system has interstimulus in-
tervals where there’s no data acqui-
sition activity being performed by
the instrument. During data acqui-
sition, however, there’s only a finite
“time window” in which a lot of data
must be collected. That window
might be only 10 ms for data trig-
gered by an auditory stimulus. “By
using the concept of software

buffers, we can control the sweep
lengths, the amount of data being
presented and decimate the data if
that’s necessary,” says Mo.

B Three custom cards

As mentioned earlier, the 386SX-
based AT platform has three custom
cards, two for stimulus generation,
the other for acquisition. The acqui-
sition card receives the data stream
from the front-end amplifier, pre-
senting the data to a Motorola
56001. It’s the 56001 that performs
the digital low-pass filtering, demul-
tiplexing and averaging on the sig-
nal. The 56001 interfaces to the AT
bus through a port built into the DSP
chip. Like the acquisition board, the
auditory stimulator board is based
on the 56001. On the stimulator
board, though, the 56001 is used to
generate a series of clicks or tone
bursts; the digital signal is then con-
verted by a 16-bit audio D-A con-
verter and amplified enough to drive
headphones worn by the patient.
The DSP also generates a white
noise masker that’s applied to the
ear that isn’t being tested.

The third board, the electrical
stimulator, provides either a high-
current or a high-voltage pulse to the
patient; again, electrodes placed on
the body pick up the response. “The
current stimulator board is a func-
tion that’s very proprietary to Nico-
let,” says Lombardi, the designer of
the board. “On the current stimula-
tor board is a collection of D-A con-
verters, transformers and transis-
tors. They perform the level shifting
and feedback mechanisms to control
the amount of current being
delivered to a patient.” In addition,
patient isolation circuitry ensures
that the current flow is only through
the tips of the probe and not through
a ground attached to the patient.

0 24-bit word length

Bill Lutz points out that the major
reason for his choice of the Motorola
56001 DSP chip for the Nicolet Spirit
designs was its 24-bit integer word
length. “In the case of the auditory
stimulator board, you need to
generate a very high-quality
waveform, and 16-bit processors
wouldn’t have provided enough pre-
cision. And, since the DAC expects
integer data, it wasn’t worth using
floating point. I also liked the part’s
synchronous serial interface that let
us hook directly into the serial audio
D-A converter on a three-wire inter-
face. It also has a fairly attractive
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host interface that lets us talk back
and forth on the AT bus to the host,”
Lutz adds.

In most circumstances, Lutz says,
the averaged data is sent back
across the AT bus to the 386SX-
based host controller for further pro-
cessing—and it’s the host that de-
cides if the data is to be analyzed,
printed, displayed, or stored. “Like
other evoked potential systems, the
Spirit system collects data at a pre-

THE ULTIMAIE
SPEEDING TIGKET

SuperKit: When Development Time
is as Critical as Compute Time

SuperCard i860-based vector processors are superfast, more than 2.5
GigaFLOPS of raw multiprocessor power, but then you'd expect that. The real
news is SuperKit, a robust software toolkit which cuts development time to
the bone and gets you up and running superfast.

Fortran, C and ADA compilers... the industry’s largest scientific subroutine
libraries... diagnostics aplenty... a pSOS+ real-time kernel running in a UNIX-
like environment... CASE tools... and much more.

And talk about versatility... from 6U VME boards to fully packaged multi-
processor systems to MIL spec units... large memories... peripheral I/0
mezzanine boards... SuperCard has it all.

Find out how you can benefit from SuperCard and SuperKit solutions just
right for you. Call or write CSPI, 40 Linnell Circle, Billerica, MA 01821.
1-800-325-3110. Or 617-272-6020. Fax: 508-663-0150.

SUPER(AR) ST

determined rate called the
stimulus rate,” says Che. “Gener-
ally, the data sweep time is shorter
than the interstimulus interval.
Only portions of real-time data
from the amplifiers are collected.
That cuts down on the data stream
flowing from the DSP board to the
host, and the bandwidth of the bus
that’s needed to do the job.” So, an
AT bus-based system fit the bill
nicely for the Spirit.
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Graphical user interfaces (GUIs)
are becoming an important part of
most systems developed today—as
important in the biomedical world as
on a Unix-based workstation. At the
time the Spirit system was being
developed, project manager Che eval-
uated several operating systems,
some with GUIs, some without. “I
evaluated OS/2, real-time Unix, DOS,
Windows 2.0, as well as a real-time
operating system—VRTX [from
Ready Systems],” she says.

“Right away, DOS was discounted
because we needed a true multitask-
ing operating system to perform the
job,” Che adds. DOS is a single-task-
ing operating system. And, while
Windows 2.0 was evaluated, it be-
came clear to Che that, after talking
to a number of technical people at
Microsoft, Windows wasn’t a true
multitasking operating system
either. “At that time, Windows 2.0
was a pseudomultitasking operating
system and it was extremely slow,”
says Che. “And for our system, per-
formance is important.”

i Heavy overhead prohibitive

While Che liked Unix as a multiuser
multitasking OS, she didn't like its
heavy system overhead. “For us, it
was too expensive. The royalty price
was too high and the resource re-
quirements were too great.” At the
time, just the operating system
would have required a 40-Mbyte
hard drive, not to mention eight
Mbytes of DRAM memory to run X
Windows. “Prices ranged from $400
to $1,000 a copy. X Windows was
more money added on top. When you
add it all up, it was much too expen-
sive,” Che says.

At one point, Che was serious

| about considering Ready Systems’

real-time operating system, VRTX,
for the job. But the disadvantage of
VRTX to Nicolet was its proprietary
nature. “If, in the future, we need to
move from one platform to another,
or change the microprocessor in the
system, we would be relying too
heavily on Ready Systems to adapt
their device driver from one system
to another,” says Che. That was one
drawback. But worse—at the time
the 32-bit version of VRTX just
wasn’t available. Furthermore,
Nicolet would have been forced to
select its own GUI package, since
Ready didn’t offer one at the time—
and anything chosen would have
been proprietary.

Although Nicolet needed a system
that could respond to real-time



events, it was the hardware and
software partitioning that allowed
Che to use OS/2. That’s because the
Motorola 56001-based front end was
used for the real-time data acquisi-
tion and digital filtering, while the
386SX-based host was freed from
dealing with events that require an
immediate response.

Because of the partitioning, the
host didn’t need to be a real-time sys-
tem. Also, interrupt latency became
less of an issue, because it was con-
trolled by the Motorola 56001 proces-
sor. “The DSP board has a 1-us worst-

case interrupt latency—that’s better |

than any real-time system could
achieve,” says Che. To pull it off, how-
ever, Feng Mo had to develop his own
real-time kernel to run on the device
to control the data acquisition. In ad-
dition, using C programming tools, he
built a software library to help the
DSP communicate with the host.

B Threads versus real-time

With OS/2 and a real-time kernel in
place, the responsibility of the host
processor was relegated to responding
to user commands, graphics require-
ments, database reporting, and com-
munication with the DSP processor—
responsibilities well suited to a true
multitasking operating system. The
concept of “software threads” in OS/2
was used extensively by the Spirit
development group, in part to replace
separate processes. “The concept of
the thread is much more efficient
methodology than a standard
process,” says Che. “A thread lets us
share data and code segments be-
tween two processes with separate
stacks. To us that’s completely equiv-
alent to having different tasks under
a real-time operating system.”

The independent software operat-
ing system kernel running on the
DSP board talks to the host through
the AT hardware interface. The soft-
ware interface between the host and
the DSP board was built using C
library function calls that provide
the host with all the necessary
access to the DSP board. “At the
beginning of the project we spent a
lot of time defining the functions of
a Clibrary that would be used by the
host to communicate to the real-
time data-acquisition subsystem,”
says Mo. The real-time system is
controlled by this general set of pre-
defined C library functions.

From a software perspective, the
data-acquisition front end takes the
input data and passes it through a
dedicated interface (called the host

port interface) to the PC. The idea of
the software interface is to isolate the
PC from as many details of the data-
acquisition subsystem as possible.
“The PC doesn’t really need to know
what’s on the other side of the host port
interface,” says Mo. “All it knows is
that there’s an acquisition subsystem

Dividing the system software de-
sign teams into two groups, one
dealing with OS/2 software develop-
ment and the other with real-time
development, helped speed up
development. As an added benefit,
the two groups work concurrently
and independently, even though the

capable of acquiring data from multi-
ple channels, synchronizing them,
generating the averaging records, and
performing filtering.”

work itself had to be tightly synchro-
nized to meet the deadlines imposed
by the design schedule. &
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INTEGRATED CIRCUITS

Control systems
and audio
drive DAC
resolution

Jeffrey Child, Associate Editor

hether the focus of your de- |
sign effort is on better
sound or better servo opera-

tion, the high-resolution digital-to- |
analog converter (DAC) you choose |
will directly affect your system per- |
formance. Today’s selection of high- "
resolution (16-bit and higher) DACs
for industrial control ranges from
general-purpose parts specified over
wide operational parameters to tar-
geted devices tailored for particular
application needs. Meanwhile, a
host of new audio DACs is also
making a splash. Among these are
audio-specific parts with multibit ar- |
chitectures and the cheaper, but
slower, sigma-delta parts that settle
at audio speeds.

Although arguably in a separate
category unto themselves, audio con-
verters have been a driving force in
high-resolution converter tech-
nology. The volumes required for the
consumer audio market have forced
DAC makers to improve their
processes and increase manufactur-
ing efficiencies. By leveraging such
improvements, they’ve been able to
cut the costs of general-purpose DAC |
products. \

B True 16 bits?

Among those designers who have al-
ready made the move from 12- and
14-bit to 16-bit DACs, many are
frustrated by the confusing spec-
manship played by DAC vendors.
What a vendor might call a 16-bit
device may not necessarily be accu-
rate to a 16-bit level operating over
the specified temperature range—or

ANALOG

DEVICES
AD7846

it may not be 16-bit monotonic. Mon-
otonicity is the resolution at which,
for every increase in the value of a
digital word applied to the input, the
output doesn’t go negative but stays
the same or increases.

Monotonicity is critical in closed-
loop servo control applications.
“Take a precision machine tool appli-
cation, for example,” says Pat O’Do-
herty, product marketing manager
at Analog Devices(Norwood, MA). “If
you're programming in codes to place
a drill bit, those codes must con-
stantly increase to move that drill bit
in one direction. It’s very important

not to have, at any point, a decrease |

in the output.”

Designed for closed-loop servo ap-
plications, such as control of ma-
chine tools and robotic systems,
Analog Devices’ AD7846 is 16-bit
monotonic over a temperature range
of 55 to +125°C. Built on a BiICMOS
process, the AD7846 includes signal
hold amplifiers (SHAs) to ensure a
low-glitch buffered output. The
part’slow 100-mW power dissipation
and small 28-pin package also makes
it suitable for portable applications.

" I AC for audio

In classic dc voltage-control applica- |
tions, specifications such as ac- |

curacy, monotinicity and linearity
are key. If you're doing signal recon-

struction, however, such as playing |

back digital audio from a compact
disc player or some other digital
source, ac specifications take prior-
ity. “Audio signal-to-noise ratio
(SNR) and total harmonic distortion

In closed-loop servo
control applications
such as this drilling
machine, D-A speci-
fications such as
monotinicity deter-
mine the degree of
precision at which
the tool can
operate. Analog
Device’s AD7846 is
16-bit monotonic
over a temperature
range of —55 to
+125°C. Its 100-mW
power dissipation
and small 28-pin
package make it sui-
table for portable
applications.

are the important specifications be-
cause those things will degrade the
spectral purity of the signal you’re
generating,” says Doug Grant,
strategic marketing manager at
Analog Devices.

The latest buzzword to pervade
the audio data converter world is
sigma-delta. Also referred to as
delta-sigma, or “bit stream,” this
conversion technique uses a very ac-
curate one-bit DAC to convert a se-
rial bit stream into a continuous
analog signal. With a slower overall
throughput than multibit DACs,
sigma-delta parts have generally
been restricted to audio speed appli-
cations. In fact, it’s the audio market
in which sigma-delta is able to
directly replace multibit technology.

Unlike the multibit DAC architec-
tures, sigma-delta is about 90 per-
cent digital and only 10 percent
analog (the modulator). As a result,
data converter vendors have found it
relatively easy to integrate one or
more sigma-deltas, as well as sup-
port circuitry, on one chip. Exempli-
fying this trend are the integrated
codecs (coder/decoders) announced
late last year by Analog Devices and
Crystal Semiconductor (Austin, TX).
These integrate A-D/D-A converters
and compression algorithms, all on
the same chip.

For its part, Philips/Signetics
(Sunnyvale, CA) offers the SAA7350,
a 20-bit DAC that uses sigma-delta
technology. Built using a CMOS
process, the SAA7350 provides a
choice of two system clock frequen-
cies synchronized to the audio sam-
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Analog Devices 1 Technology Way, PO Box 9106, Norwood, MA 02062-9106 (617) 329-4700 Circle 301

Burr-Brown 6550 South Bay Colony Dr, PO Box 11400, Tucson, AZ 85734 (602) 746-1111 Circle 302

Crystal Semiconductor 4210 S Industrial Dr, Austin, TX 78744 (512) 445-7222 Circle 303

Datel 11 Cabot Blvd, Mansfield, MA 02048 (508) 339-3000 Circle 304

Harris Semiconductor PO Box 883, Melbourne, FL 32902-0883 (800) 442-7747 Circle 305
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Micro Networks 34 Clark St, Worcester, MA 01606 (508) 852-5400 Circle 306
DAC71 16 V.C 1 Y +0.05 10/1 525 bipolar $32.50 industry standard
MN3290 Series 16 V.C 1 ¥ +0.1 81 525 bipolar $31 full mil-temp and
screening
Micro Power Systems 3100 Alfred St, Santa Clara, CA 95056 (408) 727-5350 Circle 307
MP7616 16 C 6 N 08 6 6 CMOS $16.71 —
MP7626 16 C 15 N 01,03 6 5 CMOS $27.30 low-glitch energy
MP7636A 16 0 1.8 N 0.1,03 6 5 CMOS $25.90 low-glitch energy
Signetics 811 E Arques Ave, Sunnyvale, CA 94088 (408) 991-2000 Circle 308
SAA7323 16 v 2 Y — — 300 CMOS $11.32 -
SAA7350 20 v 1 ¥ — - 375 CMOS $22.66 —
TDA1541AS1 16 C 05 X — 05 700 CMOS $11.87 stereo DAC, 8X
oversampling
TDA1545 16 C 1 Y — 0.2 20 CMO0S $3.14 stereo DAC, 8X over-
sampling, 3to 5.5V
operation
TRA1543 16 C 1 Y — 0.5 250 CMOS $3.14 stereo DAC, 4X
oversampling
TDA1547 20 v 02 Y — — 800 BiICMOS  $18 —
Sipex 22 Linnell Cir, Billerica, MA 01821 (508) 667-8700 Circle 309
DAC370 18 C 05 N 0.2 B 60 hybrid $166 4-quadrant multiply-
ing, mil version avail.
DAC377 18 \ 05 Y 0.15 20 400 hybrid $315 mil version avail.
HS3160 16 0.5 N 1 2 30 CMO0S $40 mil version avail.,
decoded arch.
4-quadrant mult.
HS9371 16 C 0.5 N 01 5 45 hybrid $75 mil version avail.,
8/16-bit interface,
double-buffered
inputs
HS9378 16 v 0.5 Y 02 16 425 hybrid $149 8/16-bit interface,
mil version avail.,
double-buffered
inputs
HS9390 16 C 1 Y 0.1 150 ns 900 hybrid $189 segmented architec-
‘ ture, mil version
avail.
SP7516 16 C 1 N 1 2 30 CMOS $30 4-guadrant
multiplying
SP9316 16 C 1 1\ 0.2 2 60 CMOS $36 4-quadrant multiply-
ing, high stability,
mil version avail.
SP9320 16 C 1 N 0.2 2 120 CMOS $45 double-buffered
inputs
SP9380 18 v 0.2 Y 0.1 50 600 hybrid $300 mil version avail.,
extremely stable,
18-hit monotonic
Sony Semiconductor 10833 Valley View St, Cypress, CA 90630 (714) 229-4189 Circle 310
CXD2552Q 18 V - N — — 275 CMOS $13 audio DAC, 96 dB
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INTEGRATED CIRCUITS

pling frequency (fs). The DAC will
accept digital input formats of 16 to
20 bits at audio sampling frequen-
cies from 16 to 53 kHz. The clock
frequency can be either 256 x or 384
x fs, with internal oversampling fac-
tors of 128 x or 192 X fs. The part
integrates third-order noise shapers

designed to boost the SNR to 118 dB. |

One problem with sigma-delta
converters has been the crosstalk
between digital and analog sections.

When designers at Apogee needed to
choose an audio D-A converter to use in
their digital audio monitoring system,
they decided that the sigma-delta con-
verters, although cheaper, didn’t have
the performance they needed. Instead
they chose the PCM63F, Burr-Brown's 20-
bit audio DAC. They liked the way its
dual-DAC per channel architecture pre-
vents glitches.

“That crosstalk has been limiting the
specifications of sigma-delta con-
verters,” says Craig Aine, Signetics
application engineer. “When placed
in a series, sigma-delta converters
can achieve incredible performance.
In fact, they should be able to blow
away the multibit devices without
any problem, but the crosstalk limits
their performance.”

To break the crosstalk barrier,
Signetics has done several things on
the SAA7350. To reduce common-
mode crosstalk, the part uses one-bit
differential-mode switch capacitor
DACs, as well as differential-mode
post-filtering op-amps.

Despite its crosstalk-limiting fea-
tures, the SAA7350 can’t adequately
operate in high-performance appli-
cations without its companion part,
TDA1547. Containing only switch
capacitor filters and post-filtering

op-amps, the TDA1547 isitself a one-
bit converter. To ensure that the
analog and digital sections are well
separated, 30 percent of the
TDA1547’s dieis open space. Design-
ers can rout the output of the
SAAT7350’s noise shapers to the
TDA1547. Because the TDA1547 is
built on a BiCMOS process, it can
use bipolar transistors in its digital
section to reduce digital noise. The
key hereistouse both parts toisolate
the digital processing in the
SAA7350 from the analog processing
in the TDA1547.

“When you look at the numbers
that you can achieve using this two-
chip solution, it’s incredible,” says
Aine. Equivalent performance
“would require at least a 24-bit mul-
tibit DAC (which is nonexistent), a
dynamic range of 109 dB and a
linearity deviation of less than 0.2
dB for input signals in the range of
—60 to —120 dB. There’s no way that
a multibit D-A converter is ever
going to get that close.”

B One bit versus multibits

Forengineers at Apogee (Santa Mon-
ica, CA), a maker of professional
audio equipment used in recording
studios, sigma-delta DACs just don’t
measure up. “Our experience is that
the supposed ‘high-resolution’ one-
bit DACs don’t sound as good as a
well-done multibit D-A converter,”
says Bruce Jackson, Apogee’s chief
engineer. “The one-bit sigma-delta or
bit stream D-A converters are
cheaper to produce and are, there-
fore, proliferating everywhere, but
in the critical listening applications
they just don’t make it.”

Having decided not to use a sigma-
delta device, Apogee engineers had
to choose from the available multibit
audio converters for their digital
audio monitoring system. “Our
choice was the PCM63P, Burr-
Brown’s 20-bit audio D-A converter,”
says Jackson. “What’s nice about
that part is that there’s no center

| most-significant bit (MSB) transi-
| tion. The transition across the MSB

is a least-significant bit (LSB) tran-
sition. The biggest error in D-A con-
verters typically occurs in the MSB
transition. So when you're listening
to low-level music it’s basically
bouncing from one side of the MSB
to the other side of the MSB. This
puts all sorts of glitch energy and
nastiness in the data stream.” Other

DACs get around this by offsetting
the MSB to a point where the low-
level music can’t be detected.

Burr-Brown (Tucson, AZ) took a
different approach on the PCM63P
by integrating two DACs on-chip to
sharethetransition task. Asaresult,
one DAC can go all the way up to the
center point while the other one goes
from the center point to the next
level. Because the second one starts
on an LSB transition, the chance for
error is reduced.

The PCM63P also offers a SNR of
116 dB and a —96 dB total harmonic
distortion, plus noise (THD+N). Ac-
cording to Burr-Brown, the THD+N
is essentially flat over the audio
bandwidth. The PCM63P’s current
output settles in 200 ns for a 2-mA
step—fast enough for 16x oversam-
pling in the audio range. ®

TELEPHONE
INTERFACE

Profile

LLow Profile
PProfile ILLow Profi
Low Profile

Modem DAA for
Production or Prototype

* Build prototypes with CH1840
(FCC/ 68 pre-approved)

® Production with CH1817 (UL 1459
recognized and FCC approvable)

® 0.3” high, 1.0in.2 (1.5 in.Z — CH1840)
Your Source for Modem Components

Tel: 408-752-5000
Fax: 408-752-5004

Cermetek Microelectronics, Inc.
1308 Borregas Ave. ® Sunnyvale, CA 94089
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SOFTWARE & DEVELOPMENT TOOLS

Software development support for
systems based on AT&T’s DSP3210
floating-point digital signal proces-
sor is available now as a bundled
package from Spectral Innovations
(Santa Clara, CA). Spectral has put
together a development board with
the DSP3210 for the Macintosh
NuBus.

The company has also ported
AT&T’s VCOS Multimedia Develop-
ment Environment (VMDE) to the
Macintosh. (VCOS is AT&T’s Vir-
tual Cache Operating System for
the DSP3210.) The MacDSP3210
board is oriented toward low-cost
multimedia applications, but could
be used for a wide variety of DSP
systems using the 32-bit floating-
point processor. | B &

In addition to its DSP3210 proces-
sor, the board contains a Motorola
68020 that runs a VCOS application
server. This server communicates

applications.

i Board, software tools speed DSP development on Mac host

The MacDSP3210 board and AT&T development software let designers use a Macintosh
host system to develop low-cost multimedia and digital signal processing systems and

* New generation 3865SX -20 & 25MHZ
-100% PC/AT compatible

* No platforms, no piggy-backs, just clean
streamlined one-side SMD technology

* Upto 16M of true dual-ported memory
* 1024x748 SVGA w/512K VideoDRAM
* 2 Serial Ports and 1 Parallel Port

* Real Time Clock w/Battery

* AT style keyboard Controller and Connector

* Floppy and Hard Drive IDE Controllers on-board
-4 ways to connect to Disk Drives

* Byte Swapping Hardware for interfacing to 68000 type CPUs
* Access VMEbus through Real Mode Window or Protected Mode

* Custom Gate Array technology provides
-Mailbox Registers with Interrupt and Semaphore support
-Interrupter, Interrupt Handler, System Controller, all SW configured

* Reset Switch, Speaker, PC/AT Bus on P2 and much more!

INTERGON INLC.
3000 Wilcr};l
Houston, Texas

1-800 68VME-AT

Also available VRG-486 33MHZ. !!
77042

Tel: (713) 780-7003  Fax: (713) 974-6059
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with the host environment via
Apple’s A/Rose real-time operating
system.

The DSP3210 processor runs at
between 25 and 33 MFlops and has
a full 32-bit address range and a
32-bit host port. It can share host
memory and pass data over the
NuBus. It can also reduce the need
for special DSP memory for some
applications that may run on desk-
top systems. The processor has
2,048 32-bit words of on-chip RAM
and is compatible with Intel and
Motorola processors.

The board also contains two
analog-to-digital and two digital-to-
analog channels that can interface
directly to four Mbytes of on-board
DRAM. The stereo analog con-
verters can operate with 16-bit res-
| olution at a sampling rate of 44.1
| kHz for compact disc-compatible

sound.

| The software development tools
that Spectral Innovations has li-
censed from AT&T include the
| VCOS multimedia development kit
(VDK), the VCOS multimedia desk-
top (VMD) and a set of DSP3210
design tools.
‘ The VCOS is a real-time, multi-
tasking operating system that uses
| a technique developed by AT&T,
\ called virtual caching, that lets

‘ B software tools




SOFTWARE & DEVELOPMENT TOOLS

DSP chips share existing system |
memory. VCOS has a kernel that
runs on the DSP3210, and the entire
operating system runs as a task
under the host operating system.

The VDK has tools for DSP algo- i
rithm and device driver develop- |
ment, and also for development of
the VMD. The VMD includes an ap-
plication server, the VCOS kernel \
and a module library. The module |
library provides a set of multimedia
modules for such things as speech
coding and recognition, modem/fax
interfaces, data and image compres-
sion, and graphics. The modules can
be used as examples or built into
larger applications. The design tools
include a C compiler, assembler,
linker, and simulator for the
DSP3210, along with a C library of
DSP routines.

B Low-cost systems

The MacDSP3210 board and its sup-
port software are intended for
developing low-cost systems and ap- |
plications. The VCOS development
environment is loaded on the board
and runs under the 68020 proces- |
sor, while the kernel executes on ‘
the DSP.

The kernel manages the pro- |
cessing, data communication and
context switching for real-time and |
non-real-time tasks; the applica-
tion server under the 68020 man-
ages communication between host

MacDSP3210 at a glance
* 25 to 33 MFlops DSP

e Direct interface to host memory

e Stereo digital-to-analog and
analog-to-digital channels

® Four Mbytes on-board DRAM

® 68020 processor for host/target
communication

e \/COS DSP real-time, multitask-
ing operating system

e Full set of development software
and example library modules

Spectral Innovations
4633 Old Ironsides Dr
Suite 401

Santa Clara, CA 95054 |
(408) 727-1314 \

Circle 352

and kernel. Once an application
development is complete, the four
Mbytes of on-board DRAM are no
longer needed, so a much less ex-

| pensive production system can be

manufactured.
Available 30 days after receipt of
the order, the MacDSP3210 board is

Simple. Elegant. Reliable.

Features

O Priority based scheduler with time
slicing and preemption options

0 Unlimited number of tasks,
queues, resources, and events

0 Fixed and Variable memory
management

0 Time-out option on all service calls

0 ROMable C source code included

O No royalties

0 MS-DOS compatible file system

80x86s, 80386/486 protected mode,
68xxs, 683xxxs, Am29000 RISC family,
Intel's 1960, SPARClite, MIPS,
TMS320C3x and the TMS320C2x.

%ucl_sus

Processors Supported for your embedded application.

:&%@&g
(800) 468-NUKE S e e s IS, OSTARD-TLE

priced at $3,995 and the full Macin-
tosh version of the VMDE is availa-
ble for $1,995. The assembler, C
compiler and simulator are also
available separately for $1,500.

— Tom Williams

RTX
Realtime Multitasking Executive

Simple solutions are generally better
solutions. Complicated solutions often
reflect poor design. Nucleus embodies
simplicity. Its elegant style and design
make it easy to use and understand.
Nucleusis thebest, most reliable choice

Let us prove it.

Call now for more information
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MAX 7000 family faster, denser,
more flexible than MAX 5000 parts

With the introduction of its Multiple
Array matriX (MAX) 7000 family,
Altera (San Jose, CA) is claiming to
cover a broader range of applica-
tions than any other complex pro-
grammable logic device manufac-
turer. Designers can use the 0.8-um
devices, ranging in density from
4,000 to 40,000 gates and having as
many as 288 pins, as alternatives to
gate arrays or for PAL and GAL
integration.

While incorporating the same
basic elements as the MAX 5000
family, the MAX 7000 includes en-

10,000 gates; gate utilization is at
about 50 percent. Altera states that
the 7256 achieves 70-MHz in-sys-
tem clock rates.

The second MAX 7000 family
member, the EPM7032, is the first
EEPROM-based EPLD from Altera.
The 32-macrocell, 44-pin 7032
shares the same architectural fea-
tures as the EPROM-based 7256.
The only difference is that an elec-
trical pulse erases the 7032,
whereas UV light is required to
erase the 7256. The 7032 has 12-ns
logic delays and delivers in-system

MAX 7000 macrocell

GLOBAL GLOBAL

SIGNALS TERMS

LOGIC ARRAY CLEAR CLOCK
D PARALLEL
- LOGIC
. EXPANDERS
2 (FROM OTHER
D—\ MACROCELLS)
REGISTER
i BYPASS X
D 8
- D oPAN | -
D . CLOCK/ o
PRODUCT | BNt [T e
H LEE SeLecT |[| cLrn
SELECT
MATRIX g
A e
a1 CLEAR | —t—
i SELECT
SHARED LOGIC @
Z‘l Z\LOQJ EXPANDERS
H— TO PIA<—
PROGRAMMABLE 16 EXPANDER
INTERCONNECT ~ PRODUCT

Macrocells within the MAX 7000 LAB provide both sequential and combinatorial logic
capability, ensuring the most efficient implementation of a wide range of logic

functions, according to Altera. Built into the MAX 7000 architecture are two types of
logic expanders, shared and parallel (shaded areas); they provide additional product

terms directly to any macrocell.

hancements that deliver twice the
speed, five times the density and
more flexibility than the MAX 5000
architecture, claims Altera. Sandeep
Vij, strategic marketing manager for
Altera, says that MAX 7000 family
members will be ahead of competing
products in speed, density and pin
count throughout this year.

Two MAX 7000 parts are availa-
ble now. The denser of the pair is the
EPROM-based EPM7256, a 256-
macrocell EPLD with 164 I/Os and

speeds of up to 83.3 MHz, according
to the manufacturer.

The MAX 7000 has an improved
Programmable Interconnect Array
(PIA), or programmble wiring path
between Logic Array Blocks (LABs),
that gives a 3-ns signal delay be-
tween any two logic elements on the
device. Although it’s fed by all mac-
rocell and I/O pin feedbacks, the PTA
routes only the signals required to
implement logic in each LAB.

For complex logic functions that

can’t be built with the five basic
product terms in each MAX 7000
macrocell, the new architecture pro-
vides extra product terms called
logic expanders. There are 16
shared logic expanders in each LAB,
each with an inverting output that
feeds back into the LAB. Use of
these expanders incurs a 6-ns logic
delay. Parallel logic expanders em-
ploy unused product terms from
macrocells in the LAB to construct
fast, complex logic. These expanders
cause only a 2-ns delay, according to
Altera.

Altera’s MAX+PLUS II software,
available for PCs and workstations,
supports the design of MAX 7000
EPLDs. The Windows 3.0-based de-
sign system includes schematic, text
and waveform design entry, as well
as automatic logic synthesis and de-
sign partitioning into multiple
EPLDs. Design verification options
include a full timing simulator,
timing analyzer and delay predictor.
For Sun and H-P/Apollo workstation
users, Altera offers the MAX+PLUS
II compiler, with EDIF netlist input
and output for use with tools from
Cadence/Valid, Mentor Graphics
and Logic Automation.

The EPM7256, packaged in a 192-
pin windowed, erasable, ceramic pin
grid array, is available now in
single-unit quantities at a price of
$395. The EPM7032, packaged in a
44-pin plastic-leaded chip carrier, is
available at a price of $14.75 in 100-
unit quantities. — Barbara Tuck Egan

Max 7000 family
at a glance

e 0.8-um CMOS EPLD family with
from 4,000 to 40,000 gates and
pin counts to 288

® EPROM-based EPLD with 10,000
gates and 164 I/Os

e Single, uniform signal delay be-
tween any two logic elements

e Extra product terms called logic
expanders

e Supported by Windows 3.0-
based MAX+PLUS Il toolset

Altera

2610 Orchard Pkwy

San Jose, CA 95134-2020
(408) 984-2800
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1

THE ALTERNATIVE TO BRUTE FORCE

Ziatech’s new STD 32 STAR SYSTEM™ provides a
simple-to-use, DOS-based, multiprocessing approach to
automating real-time control applications. And it doesn’t
require a complex multitasking operating system, an
expensive LAN, or the crushing of 7 PCs into a twisted bale
of heavy metal.

A WINDOW INTO REAL-TIME CONTROL

Each processor in the STAR SYSTEM contains its own
RAM, ROM, and DOS, while uniquely sharing disks, video,
and equal access to I/O. This lets system designers segment
a real-time control application into as many as seven
separate computing modules. In a Microsoft Windows
environment, the STAR SYSTEM becomes a Real-time
Windows computer that puts real-time where it belongs, on
processors separate from the user interface.

See us at Buscon '92, Booth #424

oo o

RSO

MULTIPLE COMPUTERS
MEAN FAST DEVELOPMENT

The ability to run separate development tools such as
Borland C++ or Microsoft QuickBASIC on each STAR
SYSTEM processor helps OEM products get to market fast.

MAKE THE ONLY MULTIPLE CHOICE

Call or FAX today for a free data sheet or to arrange an
on-site demonstration.

z|zATECH

CORPORATION

TEL 805-541-0488
FAX 805-541-5088

Product names of other companies may be trad ks of those

P
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OEM PRODUCT UPDATE

Canon
Laser Beam
Printer
Family

The Canon family of OEM
Laser Beam Printer
Engines comprises the
largest installed base in the
laser printer market. This
success has been built on
Canon’s well-documented

reputation for reliability and

low maintenance, innova-

tion and high quality = . i
images. LBP-LX Laser Beam Printer Engine
There’s a Canon engine A compact, affordable printer engine ideal for desktop Monthly prints: 750
for every OEM application. applications. Utilizes the disposable EP-L cartridge. Resolution: 3007400 dpi
Personal printers. Desktop Available in both Video (external OEM controller) and Print Speed (PPM): 4
publishing and printing. PCB (internal OEM controller) models. Dimensions: 16.7"W x 14.1'D x7.6"H

Spreadsheets. Engineering.

Graphics production. CAD/

e

CAM. A unique feature of LBP-SX LB(I;-TX
Canon’s table top models is LBP-RX ;

the patented EP cartridge
system. Housing virtually
all consumables, the EP
cartridge makes user
maintenance simple.

As an OEM associated
with Canon, you'll work
with a leader in laser
technology and engine
reliability. You'll get the

The most popular laser beam printer in the world.
Clamshell top cover permits easy access to paper path
and disposable EP-S image cartridge. Available in
Video and PCB models.

Hard-working laser beam printers featuring expanded
paper handling. The RX model offers duplex capability.
Dual cassettes hold up to 400 sheets and two types of
paper. EP-S cartridge in all versions. Available in
Video and PCB models.

> Monthly prints: 5000
product and technical Resolution: 3007400 dpi Monthly prints: 5000
support you need to serve Print speed (PPM): 8 Resolution: 300/400 dpi
existing customers and Dimensions: 18"Wx 19.5"D x 9.1"H Print speed (PPM):
respond to emerging TX Simplex 8
market opportunities. RX Duplex 7 (impressions)

For more information, Dimensions: TX 18"Wx195'Dx12.5'H
call 1-800-323-0766. Or RX 18"Wx25.0'D x 12.5"H
write to Canon USA, Inc.,

OEM Operations, Printer LBP-20 LBP-DX
Division, One Canon Plaza,

Lake Success, NY

11042-1113.

OEM Operations

Printer Division

Product specifications subject to
change without notice. Canon and

the Canon logo are registered
trademarks of Canon, Inc.

CIRCLE NO. 69

A heavy-duty laser beam printer for large-format
printing. Modular design allows multiple product
configurations.

30,000
300/400/480 dpi

Monthly prints:
Resolution:
Print speed (PPM):
Simplex: Letter 20
' 17 10
Duplex: Letter
11"« 17
Dimensions:

14 (impressions)
8 (impressions)
29"W x 24"D x 20"H

Our largest-format laser beam printer. Outputs
high-quality photographs, halftones and line art prints
on vellum or paper. Ideal for engineering and graphics
production. Handles 500-foot rolls of 24" wide paper or
cut sheet sizes up to D (24" x 36").

Monthly prints:

5000
Resolution: 400/508 dpi
Print speed (PPM):

D size (24"x36") 3
Ciize (18'x24") B
Dimensions: 30"W x 39"D x 46"H

INSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1027
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B Register-rich FPGA for pipelined designs

The CLi6000 series of SRAM-based
FPGAs, introduced by start-up Con-
current Logic (Sunnyvale, CA), is |
fabricated in 0.8-um CMOS and can
accommodate system performance
of up to 70 MHz, the company
claims. Density for the repro-
grammable arrays ranges from
1,200 to 10,000 gates, with utiliza-
tion anywhere from 50 to 100 per-
cent for register-intensive designs,
according to Concurrent. The first
member of the family is the 132-pin,
5,000-gate CLi6005, with 108 I/Os.
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For design flexibility, Concurrent Logic
developed a symmetrical array of identical
cells for its CLi6000 FPGAs. Except for “re-
peaters,” or connective units spaced every
eight cells, the array is continuous and
completely uninterrupted from one edge
to the other. Repeaters are aligned in rows
and columns, thereby partitioning the
array into 8 x 8 blocks of cells.

The CLi6000 series has a sym-
metrical, register-rich architecture
that lends itself to register-inten-
sive, pipelined designs. The
CLi6005 is a symmetrical array of
3,136 cells. Since each logic cell can ‘
function as a register, 3,136 regis-
ters are available for applications |
such as noise reduction, pattern rec- ‘
ognition or video compression and |
decompression. Connective units or ‘
repeaters divide each bus—both
local and express—into segments
spanning eight cells. They can be ‘
programmed to provide any one of
29 connecting functions.

Along the top edge of the CLi6005
array is logic for distributing clock ‘
signals to the D flip-flop in each logic |

cell. The distributed network is or-
ganized by column, permitting
columns of cells to be independently
clocked. Through the global clock,
the network provides low-skew dis-
tribution of an externally supplied
clock to any or all the columns of the
array. Along the bottom of the array
is logic for asynchronously resetting
the D flip-flops in the logic cells.

Concurrent Logic’s suite of design
tools for the CLi6000 series includes
schematic capture and simulation
using Viewlogic System’s Viewdraw
and Viewsim, logic optimization,
schematic regeneration, automatic
or manual placement and routing,
and pre- and post-layout timing
analysis. Concurrent also offers a
library of over 200 fully specified
hard and soft macros. CLi6000 de-
sign tools run on any 80386- or
80486-based IBM or fully-compat-
ible PC with MS-DOS Versions 3.0
to 4.01. Versions for use on Sun
Workstations will be available in the
second quarter of 1992.

The CLi6005 is available in an
84-pin PLCC and a 132-pin PQFP.
Engineering samples are available
now, with commercial quantities ex-
pected in April. Price in volume will
be $180.

CLi6000 design tools are offered
in four modules. The Basic Design
Package, including the Design
Manager, Viewdraw schematic cap-
ture, interactive layout editor, and
macro library, is priced at $3,995.
The Timing Analysis Tools Package
is $2,995. — Barbara Tuck Egan

The CLi6005 FPGA
at a glance

¢ 0.8-um CMOS SRAM-based
symmetrical array

® Register-rich architecture for
pipelined designs

¢ 5,000 gates and 3,136 cells

* Toggle rate to 150 MHz and
in-system speed to 70 MHz

® 132-pin device with 108 1/Os

Concurrent Logic
1270 Oakmeade Pkwy
Sunnyvale, CA 94086
(408) 522-8700
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Think
serial.

Communicate in your choice of
protocols using IndustryPack™
1/0 modules. [P-based serial com-

munication gives you more choices in
fewer slots for less money.

2 Choose from
25 IndustryPacks
and seven carrier

" boards to create the single-slot
olution that meets your commu-

© nication requirements.

Pack up to 32 lines in one slot.
Whether you need asynch, synch, or T1.
Interface RS-232, RS-422, RS-485,
non-standard or even optically isolated
— IPs support them all.

And single-slot solutions start at
under $48 per line for VMEbus, Nubus
and ATbus.

Best of all, 68030-based intelligent
carriers give you the highest perfor-
mance, most versatile communication
boards available anywhere.

If you're ready to think serial, put
your call to GreenSpring at the head of
the queue to receive a free catalog. Or
fax us your requirements today.

e |P-Serial

e |P-Octal 232

e [P-Octal 422

¢ |P-Octal Opto Serial

GREENEB SPRING

1204 O'Brien Drive, Menlo Park, CA 94025
(415)327-1200/FAX(415)327-3808

THE CHoice With A FuTuRE
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40 MB/SEC

OTHER QUALITY VMEbus
EMORIES AVAILABLE ARE:

THE CI-VMEmory
LOW-COST VMEbus BYTE
PARITY MEMORY with 4, 8, or
16MB in one 6U VMEbus slot

THE CI-VSB EDC
Dual-port VMEbus/VSB memory
with Error Detection and Correction,
single-bit error detection/correction,
double-bit error detection, 4MB up
to 64MB in one VMEbus/VSB slot

o Chrislin Industries, Inc.
l 31312 Via Colinas, Suite 108
Westlake Village, CA 91362
TEL: (818) 991-2254 FAX: (818) 991-3490
CALL TOLL FREE: (800) 468-0736

§ NEW PRODUCT HIGHLIGHTS

INTEGRATED CIRCUITS

MCU series delivers 16-bit punch

in an 8-bit package

Designers hunting for something
new in 8- and 16-bit microcontrollers
haven’t had many options recently,
aside from slightly revamped deriva-
tives. With its new H8/500 series of
high-performance microcontrollers,
however, Hitachi seems determined
to break this trend by offering a
completely new architecture tar-
geted for systems that need 16-bit
processing in an 8-bit package.
Following the path of Hitachi’s
H8/300 MCU family introduced last

tachi made sure the H8/500 is espe-
cially suited for high-level language
use. To accommodate the large over-
head of code typical when using
high-level languages, the device pro-
vides up to 62 kbytes of on-chip ROM
and a 16-Mbyte address range. And,
with up to two kbytes of RAM, the
H8/500 can handle operations, such
as parameter passing, that occur
often when high-level language code
is used. The chip’s highly orthogonal
instruction set optimizes C compiler

H8/500 MCU architecture

WAIT STATE
CONTROLLER

/O PORT
1

ROM

2 o
I

:? /0 PORT
9

SERIAL
COMMUNICATIONS <:j‘
INTERFACE
INTERRUPT
CONTROLLER
PWM TIMER (:: ___________
:> DATA TRANSFER
CONTROLLER
10-BIT AD
CONVERTER
| 8-BIT TIMER <:
16-BIT FREE <:
RUNNING TIMER e
CPU CORE
WATCHDOG <::
TIMER H

DATA BUS LOWER 8-BIT

DATA BUS UPPER 8-BIT

While the H8/500’s CPU core and internal CPU-to-memory data bus are 16 bits wide,
the chip’s data transfer controller can be programmed to automatically move 8- or 16-bit
values between any type of on-chip peripheral including timers, interrupt controllers,
memory, and general-purpose I/O. Address bus not shown.

year, the company’s H8/500 series |
targets designers interested in up-
grading beyond standard 8-bit per-
formance without a significant cost
penalty. Unlike the H8/300, how-
ever, the H8/500 is built to rival
16-bit MCU performance.

Although the assembler code is
compatible with the H8/300’s, the
H8/500 uses a less RISC-like in-
struction format. Instructions are
variable in length (from two to seven
bytes) and are not of fixed size.

B suited for C

Because more and more designers
are writing embedded code in C, Hi-

use and increases execution speeds.

While the controller’s external
data path is eight bits wide, it has a
full 16-bit internal CPU. The
H8/500 has a minimum instruction
cycle time of 200 ns and a 10-MHz
clock rate. In benchmark tests, the
H8/500’s performance is about 60
percent higher than that of the most
widely used 16-bit microcontrollers,
and two to three times higher than
standard 8-bit parts.

The key to the H8/500’s perform-
ance is its innovative instruction for-
mat. This format increases the
CPU’s performance by enabling the
effective address to be calculated

CIRCLE NO. 71
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and the data to be fetched while the
instruction is being decoded.

| Peripheral packed

Hitachi squeezed a wide selection of
high-performance peripherals on to
the H8/500. The 10-bit A-D con-
verter on-board offers a 13.8 ps con-
version speed. Also impressive is
the internal, full-duplex serial com-
munications interface that trans-
fers data at up to 2.5 Mbits/s.
Other peripherals include eight
on-chip timers, interrupt controllers |
and general-purpose I/O. The data
transfer controller on the H8/500
can perform direct memory
accesses. This controller can be pro-
grammed to automatically move 8-
or 16-bit values between any of the
on-chip peripherals and on-chip
memory without CPU intervention.
Available now, prices for the H8/500 |
microcontroller vary depending on |
memory size, peripheral configura-
tion and package choice. The H8/520,

the lowest-cost family member priced
at $11.45. Prices for the H8/536, with
62 kbytes of ROM and two kbytes of
RAM, begin at $34.10. Package types
available include 84-pin PLCC.and
80-pin PQFP. — Jeffrey Child

H8/500 at a glance

® 10-MHz, 8-bit external, 16-bit
internal microcontrollers

* Up to 62 kbytes of ROM

e Suited for high-level language
use

® 200 - 300 percent faster than
any 8-bit microcontroller

¢ Broad selection of peripherals

Hitachi America
2000 Sierra Point Pkwy
Brisbane, CA 94005-1835
(800) 448-2244

Circle 359

8086/88, 80x86/88
80386

B Fast, reliable operation

® Compact and ROMable

m PC peripheral support

m DOS file access

m C language support

B Preemptive scheduler

B Time slicing available

m Configuration Builder

m Complete
documentation

(Shipping/handling extra)

Call for prices for
other processors.

No Royalties
Source Code Included
manualonly  $7sus KADAK Products Ltd.
AMX 86 $3000 US 206-1847 West Broadway

REAL-TIME
MULTITASKING
KERNEL

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

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

Vancouver, B.C,, Canada
V6J 1Y5

Ak Telephone: (604) 734-2796
AF Fax (604) 734-8114
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DUSTRYPACKS

Think
parallel.

Digital I/0 IndustryPacks™ give
you more ways to connect more
lines in less space for less
money. Up to 192 parallel lines fit in
one VME or ATbus slot — up to 96 lines
in a Nubus slot.

Whether you need optical isola-
tion, high voltage/high current drive,
interrupts on every input or simply lots
of reliable, inexpensive 1/0s, chances
are that one of our six convenient
digital IndustryPacks will meet your
requirements.

All TPs work in all slots, so you can
easily create the interface solution you
need from over thirty IndustryPacks

4 and TP carrier boards.

saving space
and money has
you thinking parallel,
call or fax GreenSpring Computers for a
free catalog today.

e |P-Digital 24

o |P-Digital 48

e |P-Dual PI/T
 IP-ADID

e |P-Opto Interrupter

e |P-Opto Driver

&
| / N N

R T A A I R

1204 O'Brien Drive, Menlo Park, CA 94025
(415)327-1200/FAX (415)327-3808




YOU ARE CORDIALLY
| INVITED TO TAKE ADVANTAGE

L e

COMPUTER
PERIPHERALS
% 6

YOUREINVITED S T TAKE AVaNTAGE

of the Leading Regional Peripherals Conference
featuring new technology presentations and product displays
Take your Advantage now.

Request your Complimentary Invitation and Computer Peripherals ICC Agenda

UNITED STATES Q Ft. Lauderdale, FL - 1/14/92 Q Copenhagen, Germany - 9/17/91
QO Newton, MA -9/5/91 Q SanJose, CA-2/4/92 Q Frankfurt, Germany - 9/24/91
Q Tysons Corner, VA -9/12/91 O Nashua, NH -4/8/92 U Barcelona, Spain - 10/2/91
Q Dallas, TX -9/26/91 O Minneapolis, MN - 4/23/92 O Amsterdam, Holland - 1/16/92
QO Raleigh, NC -10/3/91 Q Austin, TX -5/14/92 Q Miinchen, Germany - 1/21/92
Q Portland, OR - 11/6/91 EUROPE Q Milano, Italy - 1/23/92
Q Irvine, CA-1/7/92 O London, England -9/12/91 Q Paris, France -1/28/92
el
If you are involved in the purchase,
design, or specification of peripheral
products, you should be here! Place your business card
here - Copy - Then vt e RIS
Providg your confgrence selection l?y fax this sheet back to us.
returning this section by Fax or mail.
D ICC a company of
3]35?(331‘1‘95'1 / i e FAX: (714) 957-0903 The Dun& Bradstreet Corporation
: irway Avenue, # C- 4 o
Costa Mesa, CA 92626 TEL: (714) 957-0171 Dutiiaeatle & seglsbered
of A. C. Nielson Company
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INTEGRATED CIRCUITS

0l Fast, wide, two-way TTL/ECL translators

Designers of CMOS and bipolar TTL
systems can achieve greater per-
formance by using ECL parts in por-
tions of their designs where speed
is critical. Key to this approach may
be a new bidirectional TTL/ECL
translator/driver implemented in
BiCMOS from Cypress Semiconduc-
tor—the CY10E/101E383.

Each CY10E/101E383 TTI/ECL
translator-driver can support 10 in-
dependent channels in each direc-
tion. Propagation delay in the TTL-
ECL direction is 3 ns, in the
ECL-TTL direction it’s 4 ns. The
device is designed with ample
ground pins to reduce bounce and
has separate ECL and TTL power
and ground pins to reduce noise
coupling between logic families. The
part can be powered by a traditional
dual power supply or a single-volt-
age +5V TTL supply, while still
providing full single- or double-
ended ECL I/O. It’s offered in stand-
ard 10K/10KH (10E) and 100K
(101E) ECL-compatible versions
with —5.2V or —4.5V power supply.
The TTL /O is fully TTL compatible.

B ECL used anywhere
The differential (double-ended)
ECL signaling offered by the CY10E/
101E383 lets you use the chips for
backplane signaling, even when you
don’t use ECL anywhere else in the
system. The ECL differential mode
helps minimize noise in backplane
buses in three ways: low voltage
swing minimizes slew rate, reducing
electromagnetic interference; trans-
mission line design rules for ECL are
clearly established, making it
simple to implement terminations;
and double-ended signaling vir-
tually eliminates susceptibility to
common mode interference, min-
imizing shielding requirements.

The device has internal 2kQ pull-
down resistors on each ECL output.
They are tied to Vee to decrease the
number of external components. For
system testing purposes or for driv-
ing light loads, the resistors are
used as the only termination,
thereby eliminating up to 20 exter-
nal resistors. The part meets the
standard 10K/10KH logic levels
with the internal pulldown while
driving 50Q loads to —2V.

The CY10E/101E383’s ECL
differential I/O lets TTL-based sys-

tems exchange data transmissions
at up to 300 MHz via ECL over long
cables in noisy media such as un-
shielded ribbon and twisted-pair as
well as coaxial cables. The ECL
differential I/O cancels out common
noise, allowing the use of less expen-
sive cables such as ribbon or
twisted-pair. Specifically, common-
mode noise reduction decreases
crosstalk in twisted-pair cable, and
the reduced skew between differen-
tial outputs lessens electromagnetic
interference. The result is high-
speed, high-integrity data transmis-
sion over inexpensive media.
Cypress claims that the CY10E/
101E383’s 20 channels offer greater
density than the four to six channels
available in competing solutions, al-
lowing the part to replace three to
five devices. The part itself is avail-
able in an 84-pin surface-mountable
plastic leadless chip carrier (PLCC)
package. In quantities of 100, the
unit price is $37. — Dave Wilson

CY10E/101E383 at a glance

® ECL differential /0 mode
minimizes noise

® Greater density than competing
parts

e TTL-ECL propagation delay
of 3 ns

e Dual power supply or single-
voltage +5V TTL supply

Cypress Semiconductor
3901 North First St

San Jose, CA 95134

(408) 943-2600

Circle 355

Trademark Information

UNIX is a registered trademark of
AT&T Bell Laboratories.

PAL is a registered trademark
of Advanced Micro Devices, Inc.

SMART-POWER is a registered
trademark of Nartron Corp.

CDA and BurstRAM are
trademarks of Motorola, Inc.

SCOPE and ASSET are trademarks
of Texas Instruments, Inc.

IRIS POWERVISION is a trade-
mark of Silicon Graphics, Inc.

RealTimeX is a trademark of
Concurrent Computer Corp.

Zone Bit Recording is a
registered trademark of

Seagate Technology, Inc.

Think
nonlinear?

Nonlinear thinking helps solve
problems, but... if your require-
ments include data acquisition or
signal processing, you need one of our
highly linear A

A/D or D/A S
converters.

T Fit up to 80
‘ ~ analog channels into
one VMEbus or ATbus slot — up to 40

per Nubus slot. Directly connect most
sensors including thermocouples and
current loops. Programmable gain and
low drift guarantee precision data.

If you need 16-bit DACs or 16
separate DACs, choose from five preci-
sion ADC and DAC IndustryPacks™ to
build your analog subsystem in less
space with less heat, drift, software or
expense than alternative solutions.

If you're ready for linear solutions
to your data acquisition or signal
processing needs, call or fax us your
requirements today. Think efficiency. ..
think GreenSpring!

e |P-ADC

* |P-DAC

e |P-ADID

e [P-DenseDAC
* |P-16DAC

ngIiENPSIiI%In\(S}

1204 O’Brien Drive, Menlo Park, CA 94025
(415)327-1200/FAX(415)327-3808
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Autorouters target surface-mount,
high-speed PCBs

The Specctra autorouters incorporate complex design rules into the autorouting algo-
rithms to account for SMD-specific manufacturing constraints. Soldering requirements,
component densities and through-hole options are considered during routing.

Cooper and Chyan’s latest version of

its shape-based autorouter, Specctra
Version 3.01, boasts the flexibility to
take advantage of the latest ad-
vances in device technology while
retaining the rules needed to use
older, less-costly packaging options
whenever possible. Autorouters in

particular must also have built-in |

intelligence to place traces that ac-
commodate the technology of choice
during the route while following
rules for manufacturability; Specc-
tra 3.01 has this ability as well.
The new release is composed of two
products, SP20 and SP50. The SP20
provides autorouting solutions for the
special requirements of high-density
surface-mount device (SMD) PCBs
with complex design rules, while the
SP50 adds features such as crosstalk

and wire length control that handle |

the special requirements of high-
speed PCBs. Both Specctra products
provide automatic functions that let
you incorporate manufacturing re-
quirements into the autorouting
process.

Surface-mount technology re-
quires that you follow specific design

|
|

rules during the component place-
ment and routing processes, or the
resulting PCB will be inefficient or
unmanufacturable. The router, for
example, must take into considera-
tion the escape distance from a sur-
face-mount pad to the first bend
point in the wire. A wire bend that’s
too close to the surface-mount pad
increases the risk of an acid trap
that could cause a solder bridge be-
tween the wire and the SMD pad. To
remedy this condition, Specctra pro-
vides a special clearance rule to con-
trol this distance and avoid shorts
and manufacturing defects.

i Soldering considerations
Another SMD constraint involves

the distance between a surface- |

mount pad and the first via in the
wire attached to that pad. A process
that applies heat, such as wave
soldering or board rework, may
radiate heat through the via and
keep the SMD pad from maintaining

| sufficient heat during the process.
SMD components may “float” be- |

cause of this, resulting in open or
intermittent connection between the

| component lead and the pad. The

distance from an SMD pad to an adja-
cent via that’s not in the same net,
however, isn’t as critical because
there’s no direct connection between
the SMD pad and the via. The Specc-
tra autorouters provide a specific
clearance rule that controls the dis-
tance from an SMD pad to the first via
in the same net and a more general
rule for the distance between SMD
pads and vias of different nets.

In some instances, SMD tech-
nology lets you place through-hole
or “buried” vias on or under surface-
mount pads, permitting maximum
space utilization during autorout-
ing. Manufacturing results for
boards using vias on or under SMD
pads are improved when the via is
placed completely within the SMD
pad boundary, eliminating possible
solder bridging to adjacent pads and
wires. Specctra’s special “fit” para-
meter selects a via from those avail-
able to fit within the boundaries of
the SMD pad. If the router can’t find
a via that fits, a via is placed outside
the pad boundary.

Specctra autorouters are available
on most Unix workstations, including
Apollo DN4000, DECstation, H-P 700
and 9000 series, IBM RISC System
6000, and Sun Sparcstations. Both
autorouters are available now. The
SP20 is priced from $29,900, the SP50
from $44,900. — Mike Donlin

Specctra at a glance

* Two products are available in
the Specctra autorouter Version
3.01—SP20 and SP50

* SP20 provides autorouting
solutions for high-density
surface-mount PCBs

¢ SP50 adds a set of design rules
for fast circuit considerations
such as crosstalk and wire
length control

e Runs on Unix workstations from
Apollo, DEC, H-P, IBM, and Sun

e The SP20 is priced from
$29,900; the SP50 from $44,900

Cooper and Chyan Technology
1601 Saratoga-Sunnyvale Rd

Suite 255

Cupertino, CA 95014

(408) 366-6966
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#STD32 bus gets high- performance graphlcs card

'I‘hough the STD32 standard is still |
in its infancy, Zwick Systems
(Nepean, Ontario) is already offer-
ing a high-performance graphics
card based on this 32-bit alternative
to STD80. Called the Zwick
Graphics Engine (ZSTD-778), the
company’s new card is based on the
32-MHz version of Texas Instru-
ments’ TMS34020 Graphics Sys- |
tem Processor. The board features |

The on-board dual-port memory |
serves for both program and video
memory and is dynamically allo-
cated at run time. The VRAMs sup-
port the TMS34020’s special func-
tion cycles, including color mask
load, block write, and write mask.
The board is configured with RS-
343-compatible RGB outputs, with
separate TTL, HSYNC, VSYNC,
and programmable HSYNC-on-

e 2 -
Zwick graphics engine
¢ STD32 BUS 3
' { !
BASE EAB2/SA16 DATA
INTERRUPT
ADDRESS | —» HOST BUS
DECODER INTERFACE SENERAIOR BUFFERS
FPP LOCAL FLOATING-POINT GRAPHICS SYSTEM J PLL
MEMORY || PROCESSOR PROCESSOR CLOCK
(64K x 32) 34082 34020 SYNTHESIZER
LOCAL BUS ¢ ¢ \ N
¢ ‘ ,
} : Voo
PROGRAM/DISPLAY VIDEO INTERFACE
o MEMORY L PALETTE
(512K x 32) 34075
GME BUS ¢ o e
> ss

One of the first high-resolution graphics engines to emerge on STD32 provides flexibility
by using a multiple-bus architecture. It uses its own local bus in addition to the STD32
host bus. It also provides a GME (Graphics Memory Expansion) bus which is essentially
an extension or pin-out of the graphics processor. The GME also lets the board operate
with other subsystems adhering to the GME specification.

up to two Mbytes of high-speed |
dual-port video memory and full
support for 32-bit extended archi-
tecture with complete STD80 back-
ward compatibility.

| Variety of formats |

The Zwick board provides a broad
variety of standard video display
formats, ranging from 640 x 480 to
1280 x 1024 60-Hz noninterlaced,
and 1024 x 768 43.49-Hz interlaced.
It also has a flexible programmable |
frame buffer organization offering
anywhere from one to 32 bits per
pixel. In addition, the Video Inter-
face Palette permits the selection of
256 colors from a 16-million-color
palette and has a 24-bit “true color”
mode with 8 bits per pixel of graphics
overlay on the true color input.

green capability. It uses an industry-
standard DB9 card-edge connector
for ease of system integration.

The Zwick Graphics Engine also
offers an optional floating-point pro-
cessor—TT's TMS34082—with up to
256 kbytes of local high-speed
memory. Operating at 40 MFlops,
this processor increases system per-
formance in calculation-intensive

| applications such as 3-D imaging

and fractal graphics. Further
advantages can be gained by adding
local SRAM to the floating-point
processor bus, so that it can act in-
dependently of the parallel proces-
sor in the system.

The makers of the board have in
addition provided a high-speed
GME (graphics memory expansion)
bus, which includes an extension of

the graphics processor’s local bus
and supports operation with other
special-function GME-bus-com-
patible modules such as Video
Frame Capture, Image Compres-
sion, Memory Expansion, and
SCSI2 interface cards. The GME
offers the advantage of removing
most of the graphics processing
overhead from the system, reducing
traffic and freeing the STD32 sys-
tem bus for other operations.
Drivers supporting the Texas In-
struments Graphic Architecture
(TIGA) are available and let the card
take advantage of hundreds of ex-
isting software programs.

Zwick Systems expects that
availability of the new card will
open up many new opportunities
for the STD32 architecture. Al-
ready there are nine companies
supporting the bus, with products
ranging from CPU cards to highly
flexible I/O cards. Zwick’s
Graphics Engine is the first card
to provide high-performance
graphics to 8-, 16- and 32-bit sys-
tems based on either the STD80 or
STD32 specification. The card is
priced at just under $1,000 in OEM
quantities. — Warren Andrews

ZSTD-778 at a glance

e Full STD32 architecture
e STD80 compatibility

e Resolution up to 1280 x 1024,
60 Hz, noninterlaced

® Programmable frame buffer
organization

® 256 of 16 million colors, or 24-
bit “true-color” capability

e Two-Mbyte, high-speed video
memory

® Optional floating-point processor

Zwick Systems

17 Fitzgerald Rd

Suite 104

Nepean, Ontario, Canada
(613) 726-1377
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0l Full-featured Sparcstation 2 surfaces on VMEbus

One of the industry’s first full-fea-
tured Sparcstation 2 products in a
standard 6U VMEDbus format comes
from board maker Themis Computer
Systems (Pleasanton, CA), better
known for its 680X0 CPU boards and
its broad array of communications
products. The new board, based on
the Sparc M bus architecture, uses
40-MHz integer and floating point
processors to achieve a full 30 Mips.

Themis announced two versions
of its SparCard product: the 2LC,
designed as a low-cost single-board

chip makers, including Fujitsu, Cy-
press, Texas Instruments, or LSI
Logic. Second, it will also let us
quickly migrate to any M bus-based
multiprocessing scheme, such as
[the one] currently implemented in
Cypress’605 CMU. And finally, M bus
provides a 64-bit data path which
will let us migrate, when required,
to handle 64-bit transfers.”

Sun won the race to be first to
market with a second-generation
Sparcstation VME board (its 2E
board), but it’s likely that other

The first SunOS
Sparcstation-com-
patible VMEbus
CPU to emerge
outside of Sun is
this 2SE high-per-
formance single-
board computer
from Themis. The
board, the first to
be designed
around the

Sparc M bus,
features SCSI and
Ethernet ports as
well as a selection
of memory options.

computer, and the 2SE, providing a
complete workstation environment,
including a pair of SBus slots. In
addition, says Themis president Bill
Kehret, a third version that will
offer full multiprocessing support
will be available later this year. All
three versions will fully support

SunOS for Unix applications and |

either Wind River’s VxWorks RTOS
or Lynx Systems’ Posix 1003.4 Ver-
sion 9-compliant LynxOS.

“One of the keys to the perform-
ance of our SparCard compared with
other VMEDbus offerings,” says Keh-
ret, “is the fact that the main inter-
nal bus is designed around the high-
performance, 64-bit M bus—the
same one used in Sun Microsystems’
recently announced server, Galaxy.”

i Advantage: flexibility

“This offers us a number of advan-
tages,” he adds. “First, it will let us
easily scale our design up as newer
and better processors become avail-
able from any of the major Sparc

manufacturers such as Themis and
Force will strip Sun’s board of the
performance honors. The Themis
board is based on the latest 64-bit M
bus architecture, while the Sun 2E

uses an earlier proprietary 32-bit |

internal bus structure with no
ready upgrade path to future
higher-performance processors.

' B Host of features

Themis’ low-cost OEM solution, the
SparCard 2LC, includes most of the
features OEMs need for embedded
applications. The 40-MHz processor
is supported by a 64-kbyte cache, 8-

to 32-Mbyte DRAM, Ethernet, SCSI, |

a pair of serial channels, and, of

course, a full VMEbus interface. In |

addition, it has a host of other fea-
tures that designers would expect to
find in a single-board computer.
The VMEDbus interface is imple-
mented with the Fujitsu Microelec-
tronics MVIC IC. The card is priced
at $5,995, and, according to Kehret,

| offers twice the Mips performance of

Motorola’s 68040-based MVME167.
Kehret adds that the company has
not yet completed the Specmark
testing, but he expects the board to
perform at the same relative level or
better.

The SparCard 2SE is designed to
provide more of a workstation en-
vironment than the 2LC. In addition
to all the features provided on the
other member of the family, the 2SE
can handle up to 64 Mbytes of
DRAM, features two SBus slots and
includes on-board SCSI 2. It sells for
$7,995.

Both boards also include byte par-
ity, two kbytes of SRAM backed up
by battery power, a memory man-
agement unit, a 64-Gbyte virtual
address space, and 256 contexts.
The boards also have three pro-
grammable timers, a real-time
clock/calendar, boot EPROM plus ID
ROM, and a front-panel diagnostic
indicator. — Warren Andrews

SparCard 2SE at a glance

e 40-MHz Sparc MPU

¢ \VMEbus block transfer up to
50 Mbytes/s

e Up to 30 Mips
® 64 kbytes cache memory

* Integrated floating-point
COpProcessor

® 64 Mbytes DRAM

* Two-kbyte battery-backed-up
SRAM

* Two SBus slots
® On-board SCSI 2

* Front-panel diagnostic indicator

Themis Computer
6681 Owens Dr
Pleasanton, CA 60056
(510) 734-0870
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1386, 1486 single
board comput-
ers—versatile,
powerful

Built around a 25-
33MHz 80386DX, the
versatile [386 features
32K cache (I386/25), or
128K cache (I386/33),

with up to 32MB of 70ns SIMM DRAM, plus either an 803837DX
Coprocessor or a Weitek 3176 Numeric Data Processor. The 1486
offers superior processing power for any system configuration
using either the 80486DX (25 or 33 MHz) or 80486SX (25MHz) CPU,
with optional 256K cache. Both incorporate an IDE hard disk inter-
face, a floppy disk controller, two serial and one parallel port, and a
programmable Watchdog timer. Contact I-Bus, 9596 Chesapeake
Drive, San Diego, CA 92127. Tel. (800) 382-4229, Fax (619)
268-7863.
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Model 4820 —
maximum slots,
maximum disks

Now for the first time,
OEMs and Systems
Integrators can im-
plement designs in-
corporating up to 20
full-length AT cards,
using the new 4820 enclosure from I-Bus to advance current limits
of passive backplane enclosure technology. Rack mount, tower and
desktop configurations provide an adjustable mechanical hold-down
bar, plus front access to up to five half-height drives or two full-
height drives and one half-height floppy drive, in a shock-mounted
drive bay. Options include 275W or 375W power supplies. Contact
I-Bus, 9596 Chesapeake Drive, San Diego, CA 92127. Tel. (800)
382-4229, Fax (619) 268-7863.
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Customer input guides Model 16l
Enclosure design

Design and development of the revolutionary
new 161 PC Bus System from I-Bus has been
totally governed by customer input — as the
16I's unparalleled array of features demon-
strates. The 161 offers 16 full-length AT slots,
with an adjustable mechanical hold-down bar.
275W or 375W power supplies are optional. Or,
if the backplane is segmented (8X8), two sepa-
rate 150W power supplies are provided, one
dedicated to each segment. Power supplies are
easily replaced on their own service module.
Up to eight half-height drives or four full-
height drives (or any combination) are located
in a shock-mounted drive bay, accessed from
the front via a slide-out drive drawer for easy
drive addition or replacement. Rack mount,
tower and desktop configurations are avail-
able. Contact I-Bus, 9596 Chesapeake Drive,
San Diego, CA 92127. Tel. (800) 382-4229,
Fax (619) 268-7863.
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13865SX — high
performance package

Incorporating a 20 or 25MHz 803865SX CPU
and using VLSI, surface mount and CMOS
technologies, the 1386SX is the most compact
[-Bus single-board computer. Also, it operates
on less than 6.5W of incoming power. The
[386SX features 64K cache, a programmable
Watchdog timer, advanced power-fail detect
circuitry, 1.5MB of Flash EPROM/EPROM,
an IDE hard disk interface, a floppy disk con-
troller, plus two serial and one parallel port.
Contact I-Bus, 9596 Chesapeake Drive, San
Diego, CA 92127. Tel. (800) 382-4229, Fax
(619) 268-7863.
CIRCLENO. 79

So Why Should Your CPU Source
Also Be Your Enclosure Source?

*All I-Bus systems are certified UL478,
CSA 22.2, TUV/IEC-950, FCC Class A
and customer-specified FCC Class B.

All trademarks are the property of their
respective companies.

We can give you at least five reasons.
But the most important is I-Bus technology.
I-Bus is a computer company, providing
systems solutions to systems problems.
And we'll put the finest in proven - and
evolving - PC technology to work for
you: commercial and industrial enclo-
sures* from 6 to 20 slots; 12-16MHz
286 CPUs and 20-25MHz
386SX CPUs with solid-state
disks; 25-33MHz 386DXs,
486DXs and 4865Xs, all with
cache - even fully integrated
486s with hard disk and

SVGA interfaces.

And don’t forget TO.P.S.™

If you're an OEM or Systems
Integrator using PC techno-
logy in your products designed
for the real-time marketplace,
I-Bus TOPS™ - Total OEM
Program Support - guarantees
you the finest in Design, Manu-
facturing and Engineering
Services; Systems Integration
Services; Product 'Life-Cycle"
Support, and complete Customer
Support. All backed by what we
call ""Superior PC Technology.

Call 800-382-422
for a FREE .
video look at —
T.O.PS.™ and see
how our PC technology

and leadership can help

ensure yours.

T SR
L5US s
il St G sma
PC Technologies

9596 CHESAPEAKE DRIVE
SAN DIEGO, CA 92123
(619) 569-0646

(800) 382-4229

FAX: (619) 268-7863
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RE BANG

Save Money
‘AMore Channe Per Board

‘ HIGH 'DENSITY VMEbué 1/0 'BREAKTHROUGH"-'

VMIC has done it again with our new High Density 1/0 Series VMIVME

- 1128, 2128, 3113, and 4132.. You save money with more channels per -

‘board and a lower cost per channel.

- ONE BOARD / ONE SLOT EACH /- ALL WITH BUILT-IN TEST .
"« VMIVME - 1128: 128 Bits of High Voltage Digital Inputs
e VMIVME - 2128: 128 Bits of High Voltage Digital Outputs
* VMIVME - 3113: 64 Channel, 12 Bit Scanning ADC
e VMIVME - 4132: 32 Channel Analog Outputs .= - .
* Barrier Terminal Strips NowVAva._lI_qt.)le " CIRCLENO.81.

-~ 1-800:322-3616

-12090 South Memorial Parkway

Huntsville, Alabama 35803
205) 880

0444
FAX (205) 882-0859




Power
transistors—
where rubber

meets the road

uch of the growth in mixed-signal tech-
nology will stem from putting mechan-
ical devices—motors, relays and sole-
noids—under microprocessor control.
Semiconductor manufacturers in this
area are distinguished by the ability to handle large
voltages and currents. This is invariably the job of
power transistors.

In almost all servo-control loops, the output trans-
ducers draw currents large enough to require power
transistor drivers. This is especially true for motors
and solenoids, where the transducer uses some kind
of magnetic field to produce mechanical motion. You
typically produce a magnetic field, for example, by
putting current through a wire coil. It sounds simple
enough, but—as a reminder for those who’ve come to
assume the microprocessor can do anything—it’s not
a job for digital CMOS transistor pairs.

0 carrying the load

The major problem is in the load that the transistor
must carry. If you leave a “dead short” across the
source and drain terminals of an MOS transistor (or
across the emitter and collector of a bipolar transis-
tor), it will latch in the “on” state, overheat and die.
Many knowledgeable engineers will argue about
whether a motor coil or audio speaker actually con-
stitutes a “dead short,” since the impedance of the
wire coil will still be several ohms, and will actually
depend on the intermittent frequency of the signal
you put through. (Even a straight copper wire
soldered across source and drain will have a re-
sistance of 0.1 to 0.6 Q, and may not constitute a “dead
short.”) But driving even an intermittent signal
through a low-impedance load will require transistors
with much more current drive capability than is
typically available with CMOS LSI processes.

These load currents will be as small as 100 mA for
motors in handheld consumer equipment such as
cassette players and cameras, or as high as 200 or 300
amps in next-generation electric cars. The trend line,
suggests Randy Frank, an engineer with strategic
planning responsibilities for power products at Mo-
torola Semiconductor (Phoenix, AZ), is to bring the
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microprocessor and control circuitry closer together
with the power devices that handle the large voltages
and currents. At one side of the current scale, it’s
possible and desirable to put control circuitry together
with power transistors on the same chip—an integra-
tion popularly known as “smart power.”

The larger the voltages and currents the power
device must handle, however, the more limited the
control circuitry will be. Consequently, at the opposite
end of the current scale, where on-chip control cir-
cuitry is limited, there’s still a tendency to make the
power transistor “microprocessor friendly.” This is
accomplished, says Frank, by reducing the turn-on
requirements for the power device and building in
current sensors and other feedback mechanisms.

One example of a smart power product is a micro-
processor Motorola produced for Canon Cameras as
part of its “CSIC” (customer-specific integrated cir-
cuits) program. A variation of the popular 68HC05
controller family, this part has a full H-bridge motor
drive on-chip. The transistors will handle up to 300
mA at 6 V, and are used to control automatic focus
and film-advance motors on handheld cameras.

B Smart power for disk drives

Equally dramatic are the smart power products
developed by SGS-Thomson Microelectronics
(Agrate, Italy and Phoenix, AZ) for hard disk drive
motor controls. The latest-generation 2.5-in. drives,
the next-generation 1.8-in. drives and the over-the-
horizon 1.3-in. drives will all depend on increasingly
higher levels of semiconductorintegration to decrease
control board real estate, power consumption and
cost. While disk drive electronics typically reflect two
separate systems—one for reading and writing data,
another for controlling motors and actuators (i.e.,
head positioning)—there’s an increasing need to bring
these two together on one chip.

This is because the track and bit densities of the
data on the disk surface are increasingly dependent
on specialized motor control techniques. With zoned-
bit recording, for example, the bit density on the inner
tracks of the disk can be increased by slowing down
the rotational speed of the disk—ordinarily 3,600
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rpm—while the inner tracks are written. Embedded
servo technology, meanwhile, increases track densi-
ties but requires the read-channel electronics to de-
tect servo pulses in the data stream and reposition
the read-write head according to the amplitude of
these pulses. With the current state-of-the-art, the
separate read-channel and motor-control electronics
are each highly-integrated chips, but the technology
direction is to bring separate channels together as one
chip in late 1993 or 1994.

Already, SGS-Thomson is delivering an SO-pack-
aged device that controls both the actuator and
spindle motor to the largest American and Japanese
2.5-in. drive makers. The device implements the servo
control circuitry and power transistor motor drivers
on one chip, using what the company calls its BCD
process. This smart power process combines CMOS,
bipolar NPN, lateral PNP, lateral DMOS, vertical
DMOS, and high-voltage (up to 60 V) transistors.

National Semiconductor (Santa Clara, CA) pro-
duces a similar product, the HPC46100, a highly
integrated servo engine with an on-chip 8-bit analog-
to-digital converter (ADC). The HPC46100 boasts
Integral Peripherals, pioneer of the 1.8-in. form factor,
among the first customers for the part. Others
developing integrated motor controllers are Allegro
Microsystems and Cherry Semiconductor.

0 Cost issues

Larger voltages and currents require larger transis-
tors to avoid latch up or burn out. These transistors
are often 10 times larger than typical digital CMOS
devices. Smart power chips integrating both micro-
controllers and power drivers are often much larger
than either stand-alone controllers or discrete power
transistors. While smart power experts such as Mo-
torola, National Semiconductor, SGS-Thomson, and
Texas Instruments have perfected manufacturing
processes to minimize the number of masking steps—
up to 15 for integrating high-density CMOS logic—the
large die sizes will not be economical to fabricate
without high manufacturing yields. Yields, in turn,
cannot be perfected without high volumes.

Projected volumes for small form factor disk drives,
used in laptop and notebook computers, are in the
millions. As a consequence, SGS-Thomson can deliver
its combination actuator and spindle motor controller
for $7, says product manager Sandro Cerato in Italy.
In fact, the volumes on an integrated solenoid driver
developed by SGS-Thomson for Olivetti portable elec-
tronic typewriters (yes, typewriters) were so high that
SGS could easily claim a world leadership position in
the production of smart power components.

Where volumes are lower, or where cost is an issue,
smart power components have difficulty competing
with discretes and microcontrollers in separate pack-
ages. Siliconix (Santa Clara, CA), for one, markets
power transistors and switches in SO packages for
applications which need the space-conserving advan-
tages of smart power but a lower entry cost. There
are applications, however, in which even the most
inexpensive power discretes cannot compete in cost

with mechanical switches and relays. Al Kelsch,
National’s power IC product manager, says a $1-and-
change transistor switch used to activate power door
locks on high-end automobiles is several times more
expensive than the flimsy mechanical leaf switches
Detroit has used to do the same thing. Slowly, some
of the automakers’ most advanced products—such as
the Cadillac Elante—are incorporating power devices
on a single multiplexed bus running through the door
hinge. These devices control motorized windows,
power door locks and interior lighting in the car.

B Smart power: hot in the 1990s

Convincing automotive and household appliance
manufacturers to replace electromechanical controls
with electronics will be one of the hottest issues of the
1990s, says Art Fury, founder and president of Mod-
upower (Santa Clara, CA). Fury, one of the most
visible advocates of smart power during the 1980s,
believes appliance manufacturers will be resistant
and slow to embrace electronics, but will follow the
leadership of commercial heating, lighting and air
conditioning (HVAC) equipment manufacturers.
Under pressure from consumers seeking to minimize
electric power consumption in homes, appliances such
as air conditioners and washing machines will show
the same shift toward electronic control.

Full use of electronic control, though, will not be
possible without a redesign of the entire servo system.
To give an example, implementing an electronic wash-
ing machine will require that standard one-speed ac
inductive motors be replaced with variable-reluc-
tance motors. The chief advantage of the variable-re-
luctance motor is that it offers very high torque at low
rotational speeds. Instead of putting an ac voltage
across the motor coils, the variable-reluctance motor
is powered by a train of dc pulses. The speed, direction
and torque of the motor are all controlled by the
frequency and duty cycle of these pulses.

The pulse stream must be driven by fast-switching
(50 kHz-1 MHz) power transistors—essentially the
same kind of devices that go into current-generation
switching power supplies. In fact, Modupower’s own
product line—dc-to-de converters using National’s
smart power devices to produce a variety of regulated
computer system voltages—will eventually pair dis-
crete power transistors with switch-mode regulators.
The resulting DIPs will provide higher current capa-
bility than is typically available from one-chip dev-
ices, but at a lower cost than a fully-integrated smart
power IC. “It looks simple,” jests Fury, “but it ain’t.”

An additional benefit of replacing mechanical
drivers with power transistors and ICs is that the
latter provide instantaneous feedback and, in many
cases, remote diagnostics. Even “midrange” power
transistors—TO0-220 devices rated for 60 V and 20
A—will provide current and temperature sensing that
can be used to detect overload conditions. A de motor
jam, for example, will force both the current consump-
tion and temperature of the power transistors to shoot
up dramatically. On-chip circuitry—as few as 10 or
12 additional components, says Motorola’s Randy
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Frank—will provide these “smart discretes” with pro-
tection mechanisms such as voltage clamps and cur-
rent limiting, as well as a means of signaling the
microprocessor controller.

Some of the largest and most powerful transistors
are used on the power buses running through the
joints of construction steam shovels and the Lockheed
C5A aircraft. The all-electric battery-powered car will
use some of the largest power semiconductor devices.
“The di/dt’s and dv /dt’s here,” says Frank, “are ‘big
numbers.” 7 While the acceleration/deceleration
curves for the electric car will be controlled by digital
signal processors, the dc-to-dc boost converters and
motor drivers must be capable of producing several
hundred amps at voltages between 230 and 300 V. At
a cruising speed of 40 MPH, the main motor of an
electric car such as General Motors’ Impact will con-
sume a continuous 20 A—more than the central air
conditioning of your house on a hot day in Phoenix.

Amajor problem with this technology is minimizing
the size and weight of the semiconductor devices. The
dominant means of increasing the voltage capacity of
the semiconductor—its safe operating area—is to
increase the oxide thicknesses and epitaxial layers

between gate, source and drain (although this makes
the device increasingly difficult to turn on). The dom-
inant means of increasing current capacity and min-
imizing on-resistance is to put power MOS transistor
cells in parallel. But at the voltages and currents
required by electric cars, you get something that
sounds more like a pan pizza than a computer chip.

Consequently, the IGBT—the insulated gate
bipolar transistor—is making a comeback for this
application, says Mike Jenkins of IXYS Corporation,
which is also developing parts for electric cars.
Though the IGBT is limited by lower switching
frequency than MOSFETS, it is considerably cheaper
because it produces a smaller die size.

The consequences of running too much current
through an undersized transistor should be obvious.
It’s like revving a car engine too high. An eight-year-
old boy once questioned me about driving in foreign
countries. “If you drive a car too fast on the German
autobahn,” he sputtered with obvious glee at his
thought, “the engine blows up—right?” Right.

Stephan Ohr is a consultant with Indian Forest Research
and editor of the monthly newsletter, Mixed Signals.
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ISN'T IT TIME
YOU CONVERTED?

Face it, now that your new system is approved for production, your work is really only half
over. Now’s the time to convert those FPGAs and EPLDs into low-cost, highly efficient
gate arrays.

It’s easier than you think, no matter what “they” say.

Atmel will transfer your user-programmable logic to mass-produced gate arrays, pain-
lessly and quickly. We’ll match your system timing nanosecond for nanosecond using your
design files. We'll cut your production costs substantially. And, we’ll make it easy. Need proof?

PROOF

Atmel

Gate Array

BEFORE R e

$175.00 Component Cost $15.00
8 square inches Component Area 2.5 square inches
90 mA Supply Current 10 mA
40 MHz Performance 40 MHz

How can Atmel manage this? Because we’ve been designing and manufacturing both user-
programmable logic and factory-programmed gate arrays from day one.

Just give us your JEDEC files or netlist and we’ll put your logic into the best gate arrays in
town. We’ll make you a convert.

INSTANT DATA ACCESS (IDA) DIAL (817) 494-8338 DOCUMENT NO. 1024

AIMEL

ATMEL CORPORATION R Tel. 1-800-292-8635
2125 O'Nel Drive _ Tel. (408) 441-0311
San Jose, CA 95131 The people who make the difference. FAX (408) 436-4200
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PC-based analog

simulation

hile most engineering areas are plen-
tifully supported by companies pro-
ducing personal computer software,
analog simulation isn’t. PC-based
analog simulators are available, but
only a handful of companies provide detailed support
for this specialized and compute-intensive application.

Like many PC-based CAE tools, analog simulators
come in various levels of integration and have specific
focuses. Some packages such as EEsof’s Libra and
Touchstone, Etron’s RF Notes, Microwave Spice, and
Omnisys are designed specifically for RF designers
and high-frequency applications. Meta-Software’s
HSpice is ideally suited for ASICs. Venable Industries
Model 220 is aimed at switching power supply and
servo designs while RLM Research’s AFDPlus is dedi-
cated to filter design and analysis.

General-purpose simulators also exist, the most
common being from Interactive Solutions (Promise),
Intusoft (ICAP), Meta-Software (HSpice), Microsim
(PSpice), Viewlogic (AA Architect), and Visionics (EE
Designer III).

Integration levels range from discrete simulators
which require third-party schematic capture and
netlist translator tools to fully integrated design cap-
ture, netlist, simulate, display, and document tools.
You have the choice of an integrated environment
where all intertask interfaces are taken care of, or a
segmented environment where you must format the
design database in different stages to pass along to
the next stage. The integrated solutions from compa-
nies such as P-CAD, Viewlogic Systems, and Visionics
are easier to install and use, since all the interface
work has been done by the CAE vendor. Sometimes,
however, desired features may be lacking and you
may want to cherry pick and put together your own
mix of tools.

B A matter of trust

A major issue for PC-, workstation-, and mainframe-
based analog simulators alike is the question of trust
in the results. While digital simulators have done a
fairly good job of squashing out prototypes and bread-
boards, this just isn’t the case with analog simulators.

Even though a designer may simulate before building
a breadboard, a prototype is usually still built before
a production run is attempted.

Simulation runs are good for determining if gains are
set properly, filters are adjusted correctly and transis-
tors are biased in the proper operating regions. But,
while analog simulators are good for theoretical circuit
verification, a real-world circuit is often the only way
satisfy you can be certain that what’s on paper is what
you will get functionally. This is especially true with
high-frequency and RF designs. Here, few simulators
are equipped to accurately predict real-world behavior.

Underlying the entire accuracy question are the
models chosen and the level of detail in each model.
While every analog simulator comes with a com-
ponent library of standard parts, these are general-
purpose models with parameters optimized for a
predetermined trade-off in simulation speed and
accuracy. A false sense of security can result when
you pick a component from a supplied library and
place it on your schematic, thinking that including
it is analogous to soldering it to a breadboard.

There’s no perfect Spice model, and it’s often
necessary for you to become intimately involved
with the model being used and the parameters set
for that model. Many software vendors try to lead
designers to the false conclusion that it’s acceptable
to just plug a model into a design and simulate
away. But, the choice of model, and even the choice
of subcircuit element models, drastically affects the
run-time and accuracy of the simulation result.

Becoming intimately familiar with a model and its
structureisn’tall that bad and can be useful in helping
optimize a design. When a simulation run detects that
a part isn’t responding in the desired way, you can
simply modify the model parameter of the part until
the simulation runs as desired, then choose a part
which matches the model’s parameters.

While many packages let you simulate the digital
portions of a design in one pass and the analog
portions in another pass, true mixed-mode simulators
which can perform both simulations and time-align
the results on a single output plot or waveform trace
graph are a rare breed.
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It’s only recently that PC-based analog simulation
systems have addressed mixed-mode simulation.
Mixed analog and digital designs often require two
separate but intertwined simulators which run like
square dance partners, each swinging the other until
a common timeslice has occurred where results can
be tabulated.

In many cases, you can debug a design using the
digital and analog simulators separately. As designs
get more critical, however, a mixed-mode simulator
becomes more desirable, especially when it comes to
the often delicate interfaces between analog and dig-
ital circuitry.

While purely analog circuits are generally only
susceptible to crosstalk, mixed analog and digital
designs are prone to hits from clocks and digital
transitions from low to high and high to low. Sharp
edges found in digital systems induce noise across the
spectrum which can be picked up and can affect
sensitive analog circuits.

I A few players

PC-based analog simulators are proving themselves
and are gaining more acceptance, especially as capabili-
ties and resolution increase and prices stay low enough
to tempt many to
try them. P-CAD,
Viewlogic Systems
and Visionics pro-
vide bundled CAE
tools that include
an analog simula-
tor. (P-CAD bun-
dles Microsim’s
PSpice with its
tools and takes
care of all the
netlist formatting
and interfacing.)
These simulators
are general-pur-
pose dc-transient-
response and ac-
aipl a5 ieg
simulators which
can be used with
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generates waveforms from selected nodes based on
user-defined input stimuli. PSpice is useful for deter-
mining proper responses to filter design, amplifier
stability, noise and impulse response and immunity,
and much more. Monte Carlo analysis lets a designer
vary parameters on a random basis, showing yield
deviations from tolerance differences between com-
ponents. The Probe program in PSpice lets you probe
on selected nets and display stimulus waveforms next
to resultant waveforms at different points in the
analog signal path.

Although initially available only for PC-based plat-
forms, PSpice is now offered for Apple’s Macintosh
machines, Digital Equipment Corp.’s VAX systems
and Sun’s Sparc systems. Prices range from $2,500 to
$8,200 for PC-based systems and up to $29,000 for
DEC- and Sun-based systems. You can see that soft-
ware for PC platforms is one-third the price of that
for higher-end machines.

| PSpice now tackles mixed-mode

PSpice has recently been introduced with support for
mixed-mode simulation. The new Design Center soft-
ware uses just one graphical interface with pull-
down menus and provides a fully integrated sche-
matic capture
program for
analog, digital
and mixed
simulation.
Waveforms can
be displayed
simultaneous
ly along a com-
mon time axis,
and over 5,700
device models
(4,000 analog
and 1,700 digi-
tal) exist in the
company’s li-
brary of com-
ponents sup-
plied with the
program.

A nice fea-
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ing discrete analog
simulators have
products ranging from the general purpose to the
highly specific. They may include schematic capture
or link to other schematic capture tools through
netlist translators (or both). Some of these companies
include EEsof, Etron, Interactive Solutions, Intusoft,
Meta-Software, Microsim, Tesoft, and others.

The most widely used product to date is MicroSim’s
L PSpice program, which accepts Spice netlists and
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net names into

the simulator.

This eliminates the time-consuming iterative loop of

exiting one program and entering another to edit the

design and then resimulate. Other advanced features

include analog behavioral model support, sensitive

and worst-case simulation capabilities, statistical
analysis, and device characterization.

Another improved Spice derivative is ICAP soft-

ware from Intusoft, available for 286, 386, 486, and
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Macintosh ma-
chines and featur-
ing behavioral
modeling, mixed-
mode capabilities,
Monte Carlo analy-
sis, and sensitivity
analysis. Intusoft
has demonstrated
that the key to ef-
fective analog
simulation re-
volves around the
models of the simu-
lation components.
You can choose
higher-efficiency
models for more ac-
curacy, and lower-
efficiency ones to
reduce simulation
time when certain
parameters are not
important.

ICAP also inte-
grates a schematic

ntusoft’s embedded schematic tools permit simultaneous display of schematics
and waveforms at selected nodes of the circuit.

as can under-
sized and over-
sized poly inter-
connects.

In addition,
HSpice can proc-
ess subcircuit
multiplication
quickly and effi-
ciently. This is
useful for repeti-
tive circuit ele-
ments such as
ROM, SRAM
and DRAM,
where identical
cells have the
same charac-
teristics except
for interconnect
characteristics,
which HSpice
handles sepa-
rately. Full-chip
1.4-million tran-
sistor SRAMs

capture program
with its simulator.
While it and most other analog simulators can accept
netlists generated by third-party tools, integration of
the schematic capture tool streamlines the back and
forth iterations of design and verification. It also
simplifies stimulus and response queries, since you
can place iconic probes and signal generators directly
into the schematic.

Intusoft boasts that ICAP’s open nature makes it
capable of accepting any netlists from other schematic
capture programs or even from other analog simula-
tors that conform to Berkeley Spice 2G.6 format. In
addition, you can display, manipulate and plot on the
PC using the company’s IntuScope program, results
from other simulators making ICAP an ideal low-cost
simulation analysis tool, even when workstation-
based simulators exist in-house.

ICAP is the fastest PC-based Spice simulator and
also among the most memory-efficient—and, in fact,
is comparable to workstation-based simulators,
claims Intusoft. By taking advantage of protected
mode programming and extended memory, the com-
pany says there’s no real limit to the size of the circuit
that can be simulated—about 1,000 components can
be handled per megabyte of expanded memory. The
reasonably priced ICAP software costs $890 to $1,181
and is sure to make headway, especially since most
other analog simulation software costs so much more.

Focusing on key issues such as high-accuracy mod-
els and the ability to calculate nodal capacitances, the
HSpice program from Meta-Software is an advanced
analog simulator which has proven itself in the ASIC
world—so far to the 0.7 micron level. HSpice features
a unique ability to handle process scaling and shrink-
ing—for example, FETs and diodes whose parasitics
are affected by process shrinks can be recalculated,

and various
DRAMs are am-
ong the test cases HSpice has successfully handled.

HSpice has been greatly enhanced over plain
Spice to include code that implements special tech-
niques handling nonconvergence problems that can
plague many Spice simulators. Where there’s non-
convergence, HSpice applies proprietary tech-
niques to resolve the problem. If nonconvergence
still persists, HSpice provides you with useful diag-
nostics that list problem nodes, elements and per-
tinent troubleshooting information.

Including steady-state, transient and frequency-
domain support, HSpice has been successfully used
to analyze high-speed circuits with time intervals
below 1 ps and frequencies above 100 GHz.

HSpice is available on most platforms, from the 386
PC to Cray, with Amdahl, Apollo, Convex, Digital, HP,
IBM, Intergraph, Silicon Graphics, Solbourne, and
Sun support—to name a few. HSpice also boasts
interfaces to various design environments, including
Cadence, HP, Mentor, Valid, Viewlogic, Seiko, and
Zuken.

Jon Gabay is a freelance editor with extensive design ex-
perience. He has written for all of the specialized
CAE/CAD publications at one time or another; including
High Performance Systems, Engineering Workstations
and, most recently, Design Automation.
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SYSTEM

SHOWC CASE

THE EASY CHOICE

Micro-Link’s VME203 SBC makes your
design choice easy. Available in several
configurations, VME203 prices start at less than
$1,025 in 100 piece quantities. Options include
68EC030 or 68030, FPU, 1 or 4 MB of DRAM
with transparent refresh, burst mode Cache,
up to 1 MB of EPROM, two RS-232 serial ports,
and clock speeds of 16, 32 and 40 MHz. VME203
software support includes Microware 0S-9 ®,
CrossCode ®, C/FreeForm™ and Microbug 1.

Call For Your Free Configuration Guide:

1-800-428-6155 US & CANADA
1-317-846-1721 INTERNATIONAL
CIRCLE NO. 166

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

E
U.L. Listed

AVANTI CIRCUITS, INC.

17650 North 25th Avenue
Phoenix, Arizona 85023

(602) 863-7729 & 234-1556
Fax (602) 375-1909
BBS /Modem (602) 234-1737

CIRCLE NO. 167

Multibus I1

Parallel System
Bus Analyzer

PSBA-100 A productivity
enhancement tool for the system
integrator, field service engineer,
software, and hardware ('n;{m(’w

‘ . \1 ind-alone, ~|ng,l~ Imnd uvmpuh r \l
¢ 6U form factor, installs in a single slot
‘ * Built-in, terminal-based user interface
| Supports all four address spaces
| * Data capture based on Multibus II protocol
‘ ¢ Fully programmable filter logic uses
templates based on Multibus II protocol ‘

¢ Filter logic supports 16 trigger levels

l'llc For more

PRC Inc information
1410 Wall Street and free Demo
Disk, Call

(402) 293-3900
CIRCLE NO. 168

Bellevue, NE 68005

Z80 STD USERS!

Cost Effective Upgrade
Clock S s to 10 MHz
1 Mbyte On-board Memory

Increase your system performance and
reliabﬂl?{ white reducing your costs by replacin
three of the existing cards in your system wit
one Superintegrated Z80
Systems.

A Superintegrated Card in your system
protects your software investment, requiring
only minor changes to your mature Z80 code.
You can increase your processing performance
by up to 300 percent in a matter of days!

Approx1matl 35 % of sach Superintegrated

Card has been reserved for custom 1O
tunctions including A/D, D/A, Industrial /O,
Parallel Poris, Serial Ports, Fax and Data
Modems or almost any other form of 1O that
you are currently using.

Calt or Fax today for complete information on

this exciting new line of Suﬁeﬂntegra:ed Cards
and upgrade your system the easy way!

ard from Zwick

Zwick SySTEMS INC.
Tel 613-726-1377, Fax 613-726-1902

CIRCLE NO. 169

Instant Microcontroller

Instant C

Instant New Product

Use our Little Giant™ and Tiny Giant™ miniature
microprocessor-based computers to instantly com
puterize your product. Our miniature controllers
feature built-in power supplies, digital I/0, serial I/O
(RS232 / RS485), A/D converters (to 20 bits).
solenoid drivers, time of day clock, battery backed
memory, watchdog, field wiring connectors, and
more! Designed to be easily integrated with your
hardware and software. Priced from $159. Core
modules as low as $59. Low cost, interactive Dy
namic C™ makes serious software development
easy

Z-World Engineering
1724 Picasso Ave., Davis, CA 95616 USA
Tel: (916) 757-3737 Fax: (916) 753-5141

Automatic Fax: (916) 753-0618
(Call from your fax, request catalog #18)

CIRCLE NO. 172
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Small Color Super-VGA Monitors
5" Trinitron CRT

10" Hitachi CRT

800x600 Resolution

.26mm Dot Pitch
Industrial Enclosures
Open Frame Chassis

Rack-Mount Assemblies
Call 1-800-327-9962 For Details

pdgrai?‘h

83 Second Avenue
Burlington, MA 01803
(800) 327-9962
(617) 229-4800
Fax: (617) 272-3062
CIRCLE NO. 170

THE FIRST PC BASED
PBX BOARD

P L
* Handles 4 trunk lines and 12 Y?l°ph0ne< per board
expandable to 48 telephones per PC.
* Can program any telephone set to individual specifications
« Standard PBX capabilities at a fraction of the cost
* Concurrent operation with other PC programs
* Easy to use menu driven screen displays.
* Integrates with voice mail, fax or modem cards

CHLGIT] o0 e o
DISCOUNTS AVAILABLE| T2 00 0 eee 1180
FAX: (714) 668-0215

3730 S. Susan St., Ste. 250
Santa Ana, California 92704
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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 CADKEY
PADS PCB MASTERCAM  PCAD
SMARTCAM MICROSTATION & MORE

Limited Time Offer $399 plus S&H
(609) 390-2799

24 HR. FAX HOTLINE
(609) 390-3750

IMAGINE THAT

TM-Trademarks property of respective owners

FULLY INTEGRATED, RACK MOUNT AND
RUGGED SUN SPARC WORK STATION

STANDARD FEATURES INCLUDE

* SPARK ENGINE 2 CPU WITH 16MB RAM

® 2107MB HARD DISK, 150MB TAPE DRIVE

* 644MB CDROM, REMOVABLE HARD DISK

* 1.44MB FLOPPY, 2 RS-232 AND S BUS PORTS

* SCSI-2 AND ETHERNET INTERFACE

* 16 INCH RACK MOUNT COLOR MONITOR

* KEYBOARD, MOUSE AND SunOS 4.1

FOR CUSTOM CONFIGURATIONS AND FURTHER DETAILS

e IBI SYSTEMS INC.

6842 NW 20M AVE, FT. LAUDERDALE, FL 33309
305-978-9225 FAX: 305-978-9226

CIRCLE NO. 173
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SYSTEN

SHOWUC

ASE

PROM PROGRAMMER

750 8 ZIFs

Keypad LCD

+Quick pulse pgms. eight 1 Mbit EPROMs in 40 sec
«Stand-alone or PC-driven «1 Megabit of DRAM
*RS-232, parallel in & out ports *Made in U.S.A
*Binary, Intel hex, & Motorola S formats A9 Identifier

100 user-definable macros *2 year warranty
«Information, call (916) 924-8037 «Single pgmr. $550

NEEDHAM’S ELECTRONICS

4539 Orange Grove Ave. » Sacramento, CA 95841

w (M-F, 8-5 PST) -
VISA
=

CIRCLE NO. 175

IND-286 SBC

AT Compatible DISKLESS
SBC Includes DOS in ROM

Complete 16MHz 80C286 Single Board
Computer for embedded PC appli-
cations features a 4M-byte PROMDISK
disk emulator with battery back-up and
an MS-DOS 3.3 compatible disk oper-
ating system in ROM

Features Include:

0 4M-byte DRAM O XT Size Board
[ Keyboard Port (1 80287 Socket
Q2COM, 1LPT L) WatchDog
2 IDE Disk Port Timer
[ 4M PROMDISK O Floppy Port
3 100% PC/AT 3 Opfional Video

Compatible Daughter Bd.

Other Products:

*IND-88 PC/XT Single Board Computers
¢ PROMDISK III & IV Disk Emulators

* EPROM/RAM Memory Board

* FLASHDISK Driver for Microsoft FFS

e FlexScan I & II Bar Code Decoders

® Custom PC Compatible Hardware & Software

s = micro
S=E=E= = computer

=EE= specialists, inc.
2598 gfonune way viste, ca 92083

phone: 619/598-2177 fax: 619/598-2450

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.™

e 10, 12, 16 MHz 80C 186
e CMOS design

* 512K RAM

* 384K EPROM

 STD BUS Expansion

» COMI R5232/485

e COM2, LPT]

* RTC Avail

* 80C 187 Avail

o OEM discounts

\ MICRO/SYS

1011 Grand Central Ave., Glendale, CA 91201
(818) 244-4600 FAX (818) 244-4246

CIRCLE NO. 176
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icCeMASTER
Your Window
To Emulation
Productivity

user con guwble

m FAST! Downlood --
<3sec. typ. ot 115KB

m Source Level debug
m A 4K frame trace butfer with advanced searching capabilities

m iceMASTER connects easily to your PC, requires no disassembly, or expansion
slots. Works on any PC (DOS or OZ/Z), MicroChannel or EISA. Even laptaps !

w iceMASTER is versatile: iceMASTER-8051, iceMASTER-8HC1 1 and
iceMASTER-COP8 support most family derivatives.

m Rental and 10-day trials available.
m 68HC1T AD,EF; BXC528; 8XC552; 8XC51 5Aand BXCS17A support
u Call today for free demo disk and ask about a free

8051 Macro Assembler! (800) 638-2423

,"iiMela

Wiy enetiBemtlyn  Sihren e | Tk b

ox 1329 Chondler, Az 852441329
AX (602) 9261198 TELEX. 49980

CIRCLE NO. 178

m P - : .

The DSM (Data Storage Module) for
high-performance real-time systems.
* 2-slot mass storage solution

» Self-contained, no external wiring

e Integrated VMEbus disk drive controller

¢ Floppy or SCSI drives or combination of both
* Up to 200 Mbytes of data

Il MATRIX
A CORPORATION

CIRCLE NO.

The DB-PCOMM high-speed 32-bit

Parallel Communications Module.

* Data transfer rates above 30 Mbytes/sec

* VSB interface data path

 Synchronous or asynchronous data transfers

« DMA controller manages continuous,
random, and block transfers

1203 New Hope Road, Raleigh, NC 27610
Phone: (800) 848-2330, FAX: (919) 231-8001

179

REAL-TIME
NETWORK

The SCRAM-
Net™ Network
combines the
real-time speed of
replicated shared
memory with the
flexibility of a fiber optic LAN to get micro-
second response from multi-vendor comput-
ers. It offers distinct advantages in critical
simulations. Brochure highlights system’s
features.

Systran Corp.
4126 Linden Avenue, Dayton, OH

45432-3068 USA.
Phone (513) 252-5601 or

1-800-252-5601.
CIRCLE NO. 181

QLLC
ADCCP

X.25
SDLC
HDLC

PAD

TCP/IP
3270 BSC
‘FRAME RELAY

» C source code

* ROM-able

» Full porting provided
* No OS required

Urbana, IL 61801
(217) 337-4471

Specialists in Computer Communications
FAX 217-337-4470

GCOM, Inc.
1776 E. Washington

CIRCLE NO 182

ASTEP BEYOND.

/s
gﬂ‘x%{ ‘15!871

m 4 Motws fouc
Ol $3831

CIRCLE NO 183
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- % Pk S

““The Best 8051 Emulator’”

Complete, Low cost, =

Distributed

_| Thermocouple

= | Temperature

- Measurement Package.
|

5 ft. cable

| Literature on new “Thermo-
coupler” temperature measure-

PaSEE iEM 91/92 ment systems is now available.
ges D 1300-1303 = The Thermocoupler is a com-
plete system providing precise thermocouple measure-

for the 8i ment for as little as $30 a channel. No external signal )
:S ::s:g is":u'a'om 051 Sy conditioning is required. The Thermocoupler returns real Intelligent VME 1/0 Controller
552/562/652/859, 80532, 8384, data in Fahrenheit, Celsius or microvolts. Cold Junction : :
:";:"'m"" °::°°:' “;232":: Compensation and linearization built in. The system w/Optional Mezzanine Modules
plug-it r X. =
. Up B 8 ME e e s iation, supports hundreds of thermocouples, located up to 5000 * 20/25MHz 68020 microprocessor
B Full Source-level Debugger wicomplete C-variable support. feet from the host computer, using a single twisted pair * 1 or 4Mbytes DRAM
W 64 bit wide, 256k deep trace, with time stamp. cable. Long, expensive, thermocouple wire runs are i B g
W Bond-out/hooks pods for 8051, 83C552, B3C451, 83C652, eliminated. Thermocoupler software collects data in the * Mezzanine modules for analog, digital,
E3C751, AXCARAIE1TBS Cro2 AXCSIFA/REIF Gy Snd nore background, allowing the use of CmC or any other 1/0, memory, Ethernet, SCSI and more..

Prices: 32K Emulator 8031 $1790; 4K Trace $1495* (‘s ony) software package for display or analysis of real time 5, . 2

CALL OR WRITE FOR FREE DEMO DISK! data. Data logging. VPU-25 is a cost-effective design platform

(800) 426_2872 (203) 354_9395 for addlng 1/0 and networking capabilltles

nDHa §1 €. Cameboll Avenue c.wgs.gzmm to industrial/prpcess control applications.
B 5757000 ) Connecticut PO BOX 186 Call SBE, Inc.:

CORPORATION (408) 8661820 |scee o va you Y microComputer Brookfield,CT 06804 1-800-347-2666
CIRCLE NO. 184 CIRCLE NO. 186

iNTEL iSBC-80/24A Users

JDR Microdevices®

2233 Samaritan Lane, San Jose, CA 95124

AIR
COMPRESSORS

VACUUM PUMPS FREE!

« Quiet (from 35dBA/M) 84-PG.
« Lightweight (1.5-10 1bs) CATALOG!

U Opefagg?éa{:)gfsz"s &' Hg Our new catalog is
If you are concerned about Availability 1'42-‘:)928-1 94CFM air flow filled with great buys
Zendex has come to your rescue with the ZX-80 / 24A & : 40 troddls on ‘hoﬁsandsdm i
computer products!

* 100% Hardware and software compatible =4 microto standard P P
% Plug in your existing PROMs ; power
% Twice as much on-board memory space > L *PCs *Motherboards *Monitors «Drives
% Available with 6MHz clock o " *Keyboards +*Modems +Cables and
* lnclu}lcs an on-board thf'hdng Timer e Free catalog Coznectors «Printers *Software
i m'\i‘ h"“]»‘\‘rgl_\l‘;ls}‘:;“(:‘fof‘v“‘l“b"‘ . 2 +Programmers  +Prototyping products
% No n}isolclc iNTEL p%{rls used *Test equipment +ICs & Much more!
% List price $575

(f') MEDO Call for a free 84-pg. catalog  Key

PH 510 836 3000 P 510 858 1574 \EEEEN | | 800-538-5000
CIRCLE NO. 187 CIRCLE NO. 188 CIRCLE NO. 189
: BACKGROUND MODE EMULATOR New for the 8051

Professional "C” Developers Kit!

6833 2 ® Fastest "C" Execution, Most Compact Code.
® Mixed Memory Models.

68340 ® RTOS & Memory Banking Extensions.
® Accommodates All 8051 Derivatives.
® RTX-51 (Real-Time Multi-Tasking for 8051)

68HC ] 6 included, and BL51 Banking Linker/ Locater

(Manages up to 1 Meg of code) available!

and 68330, 68331, 68333 ® Source Level Debugger/Simulator with
= 3 - Complete hardware festing and C source level Emulator Interface and Monitor.
SBX ANALOG I/0 debugging for thousands less than an ICE. Call Today:
GET A COMPETITIVE EDGE! e (408) 296 -8051

Density - up to 16 A/D inputs & 8 D/A outputs on one 6] 7 28-5588 for your‘Frec
single width card. Speed - throughput rates up to 59 kHz. ( ) 8 Evaluation Package.'
Intelligence - many preprogrammed modes. Input filters,
prog. gain amps, sample-holds, FIFO 1/0 buffers & many m Embedded 888 Saratoga Ave #2
other features too numerous to mention here. Support San Jose, CA 95129
ROBOTROL CORP T Tools Corp. FAX: (408) 296-8061
925 W. San Martin Ave, PO Box 990 - . - heth_____
San Martin, CA 95046 10 Elmwood St. Canton, MA 02021 FRANKLIN
(408) 683-2000
CIRCLE NO. 190 CIRCLE NO. 191
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IDEA'92 - APRIL 13, 14, 15 & 16, 1992 SAN JOSE CONVENTION CENTER
SAN JOSE, CALIFORNIA

Announcing a Free IDEA That Will Put You Ahead of Your Competition

IDEA "92 offers something that no other exposition does: the complete solution to And you'll test drive the hot new products from the industry’s leading suppliers,
your ASIC, FPGA, and EDA design issues. And the information and training that will induding HP, Motorola, Cadence, IBM, LS|, Xilinx, Compass Design Automation, and
put you way ahead of your competition. Mitsubishi.

d if you register now, you can attend our exhibit for free. Don't miss this opportunity to attend our exhibit for free, learn from the industry’s
Through our program of training courses and seminars, you'll leam how to renowned experts, and interact with your peers in an environment designed to
successfully integrate state-of-the-art ASIC, FPGA, and EDA technologies for system address the issues you face every day.
design. You'll hear expert users discuss the latest developments in:

= Logic synthesis = New FPGA architectures

ST Rin-paimme ASK. macdelng Call 1.800.848.IDEA

® Migration from FPGAs togate arrays  ® Test synthesis for program and registration information.

Register for IDEA’92 and gain a competitive edge.

CIRCLE NO. 84




= When you visit the Windy City this
X eCt e O OWln February, chances are you'll appreciate a
little warmth. So why not try a little ICEE?

# o o ° ICEE is the new International Control

lf t Chl Engineering Exposition, being held Febru-

y()u V I Sl Cag O ary 24-27, 1992 at McCormick Place,
Chicago.
1 While we can't promise the weather
ne e ruar will be perfect, we can guarantee you'll
. find over 200 exhibitors ready to show
you the hottest ideas in the Control
Engineering field. Including industry
leaders such as Allen-Bradley,
Westinghouse and Lucas.

And, if that's not enough, the 11th
annual Control Engineering Conference
will run during the exposition. Featuring
a world-class panel of experts, you'll learn
new ways of improving product quality,
time-to-market and your strategic manu-
facturing objectives.

So, it seems like the choice is clear.

Be at ICEE next February or be left out
in the cold.

Includes FREE
admission to all
National
Manufacturing
Week Events

« National Design * Environmental
Engineering Show Technology Expo

« Facilities Security & * National Electrical
Protection Exposition Equipment Exposition
-
« National Plant Engineering & Maintenance Show

Save $25!

Bring this coupon to the
show for FREE admission

L--_—------—---J

_Yes, | want to register for
FREE admission to the 1992
Control Engineering Exposition
& Conference.

Simply fill out an on-site registration
form and present it, with this coupon,
to an Attendee Typist and you’ll receive
your FREE Trade Visitor Badge.

For Conference Information, call
Customer Service at (203) 964-8287.

ININS IR ESRENEA ST EONNEA L

CONIROL
ENGINEERING

EXC PU@ES I RTRIRONN
CONFERENCE

A National Manufacturing Week Event Sponsored by Control Engineering magazine

---—-——---—-—-—-—1

Sponsored by the Co-sponsored by the Or%amzed by
National Association " Nfanoma\ Electrical : ahneré Febmary 24_27, 1992
of Manufacturers anufacturers Association xposition Group .
i McCormick Place North
Chicago
NAAN CiG 8 p
Endorsed by the Valve Manufacturers Association, the Industrial Computing Society, and the Fluid Controls Institute l_ R —
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Europe

Microelectronics
Components
Boards

Systems

EUROPEAN SALES OFFICES

FINLAND SPAIN

Intel Intel
Ruosilantie 2 Zurbaran, 28
00390 Helsinki 28010 Madrid

Tel.: (358) 0544 644
Fax: (358) 0544030
Telex: 123332

FRANCE

Intel

1. rue Edison - BP 303
78054 St. Quentin-
en-Yvelines Cedex
Tel.: (33) (1) 3057 7000
Fax: (33) (1) 3064 6032
Telex: 699016

UNITED KINGDOM
Intel

Pipers Way

Swindon, Wilts SN3 1RJ
Tel.: (44) (0793) 69 60 00
Fax: (44) (0793) 64 14 40
Telex: 444 447/8

NETHERLANDS

Intel

Postbus 84130

3099 CC Rotterdam
Tel.: (31) 10.407.11.11
Fax: (31) 10.455.46.88
Telex: 22283

ISRAEL

Intel

Atidim Industrial Park-
Neve Sharet

P.O. Box 43202
Tel-Aviv 61430

Tel.: (972) 03-498080
Fax: (972) 03-491870
Telex: 371215

ITALY

Intel

Milanofiori Palazzo E
20090 Assago Milano
Tel.: (39) (02) 8920 09 50
Fax: (39) (02) 34984 64
Telex: 341286

Tel.: (34)-1-308.25.52
Fax: (34)-1-410.75.70
Telex: 46880

SWEDEN

Intel

Dalvagen 24

17136 Solna

Tel.: (46) 87340100
Fax: (46) 827 8085
Telex: 12261

SWITZERLAND

Intel
Zurichstrasse

8185 Winkel-Rueti bei Ziirich

Tel.: (41) 01/86062 62
Fax: (41) 01/86002 01
Telex: 825977

GERMANY

Intel

Dornacher Strasse 1
8016 Feldkirchen

Tel.: (49) 089/9 09 92-0
Fax: (49) 089/9 04 3948
Telex: 5-23177

Intel

Abraham Lincoln
Strasse 16-18

6200 Wiesbaden

Tel.: (49) 06 11/76 05-0
Fax: (49)0611/7186 15
Telex: 4-186183

Intel

Zettachring 10 A

7000 Stuttgart 80

Tel.: (49) 07 11/7287-280
Fax: (49) 07 11/7280 137
Telex: 7-254 826
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8-Channel, 16-Bit Analog I/0 Board
With Direct Interfaces to Popular Array
Processor and DSP Boards

Featwes

= Up to 100 KHz/Channel Sampling Rate
wu Four or eight 16-Bit Differential
Analog Inputs

= Optional Four 16-Bit Analog Outputs
(Daughter Card)

= Simultaneous Sampling
u Programmable On-Board Sampling Clock

= Convenient VMEbus Access of ADC or
DAC Data

w Direct Serial and Parallel Interfaces for
Array Processor and DSP Boards

licanons
= Sonar Signal Processing
w Digital Audio
w Vibration Analysis

m Seismic Signal Processing

u Large BW Track And Hold Amplifiers
Permit Undersampling of Signals
(Band Limited) of Frequency up to 500 KHz

m Precision Applications Requiring Matched
Channels, Negligible Sampling Aperture
Jitter and Low Inter-channel Crosstalk

Ruggedized Version Also Available

CALL US TOLL FREE
1-800-267-9794

Tel: (613)-749-9241 Fax: (613)-749-9461
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SBE Fits,

Matching your high-speed data
communications requirements with
a quality supplier has never been
easier. Whether you're a manufacturer
of mini/superminicomputers, work-
stations or high-performance data
communications products, on/y SBE
provides a perfect fit.

Only SBE offers a complete line of
intelligent high-performance com-
munications controllers for all major
interface technologies: FDDI, Token
Ring, Ethernet and High Speed Serial.
Only SBE adds premium features,
without a premium cost, for the best
price/performance in the industry.

For fast action, call: 1-800-347-COMM
Germany: 0130-810588 4
United Kingdom: 0800-378-234

SBE, Inc., 2400 Bisso Lane, Concord, CA 94520
CIRCLE NO. 88

solutions; availability
Multibus and SBu:
development assistan
ing product suppo
Discover how SBE’
high-performance controllers can
meet your LAN and WAN interface
requirements. Turn to SBE today.

Communications &
Real-time Solutions




HOW SUN SNAPPED \\
UP THE LEAD IN SPARC
MULTIPROCESSING.

Sun Microsystem's” new 90 SPEC thruput

multiprocessing SPARCserver is powered
by our new SPARCore Modules.

We have consistently delivered a performance
advantage in SPARC RISC chipsets. Now, we
are introducing SPARCore™ high-perfor-
mance uniprocessing and multiprocessing
Modules. Cypress modules provide you (and
Sun) with significant competitive advantages

based on innovative technology: CYM600IK Uniprocessor
Ogy SPARCore Module

1. Short-Cut to Market. With this much
complexity running at 40+MHz speeds,
there are non-trivial issues to integrating
the CPU chipset. Using our fully integrated,
tested SPARCore modules, you save time,
not to mention manufacturing and testing

N . CYM6002K Dual Processor
costs. We deliver fully tested modules, with SPARCore Module

MPU, FPU, MMU, and Cache, for the price \

of the chipset.

2. Plug and Play on MBus. You design
your system to the MBus standard, and you

can plug in modules offering a range of B o) ’
speed/power options, to keep your product CYM6003K Uniprocessor - ~
current without major redesign. This SPARCore Module for )

Multiprocessing systems

modular approach provides a designed-in |
upgrade path to keep you on the leading edge.

SPARCore

ROSS TECHNOLOGY

Call for your Free SPARCore
Whitepaper and Data Sheets.
Hotline: 1-800-952-6300."
Ask for Dept C1TW.

i,

'-;-2: CYPRESS SPARCserver 690MP
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*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. .
© 1991 Cypress Semiconductor, 3901 North First Street, San Jose CA 95134. Phone: 1 (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. ™

SPARCore is a trademark of Cypress Semiconductor. SPARC is a registered trademark of SPARC International, Inc. \
Products bearing the SPARC trademark are based on an architecture developed by Sun Microsystems, Inc.



