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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.
2800 Campus Drive 7 Clerewater Place, Lower Way
Minneapolis, MN 55441 Newbury, Berkshire RG13 4RF England
Fax: (612) 551-4002 Fax: (44) 635 871996
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Innovative Technology
In System Packaging

One Thing

Separates a Great System
Enclosure from a Good One.

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

If you're the engineer responsible
for the system packaging, you have
your hands full dealing with power
distribution, cooling, and safety con-
cerns such as UL, CSA and VDE
approvals. That’s where Electronic
Solutions can make your job easier!
You can rely on our experience and
expertise to quickly resolve the
design issues you're facing —at a
price that even your bean counters
will be pleased with.

Airflow testing. Our in-house
airflow /temperature testing facility

allows us to carefully examine the
environment inside a system enclo-
sure, testing the effects of wire har-
ness placement, fan size and loca-
tion, and the characteristics of the
airflow path itself. We can even test
your complete system to fine tune
air direction, cool hot spots, and
reduce audible fan noise and power
consumption.

Safety Agency Approvals.
Bypass the costly maze of paper-
work and testing! We can provide
enclosures that are already UL listed,
CSA certified, and GS approved
through TUV certification. That big
step allows you to install recognized
boards and peripherals and win

Tabletop,
Rackmount,
Sun bus DeskMate,
Mixed buses Bellcore and
Proprietary buses Custom
Multibus I Designs
Multibus II

Futurebus+

VXI bus
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agency approval of your finished
system with no additional effort or
cost! As a self-testing facility for the
agencies, we're equipped to handle
every aspect of certification to
reduce your costs and shorten your
time to market.

EMI/RFI Testing. We subject our
enclosures to in-house testing per
MIL-STD-285, providing an attenua-
tion profile of each unit. When it
comes time for you to pursue FCC
or VDE approval of your system, we
can perform these tests for you and
resolve any problems immediately.

Whether it’s off-the-shelf or
something special that’s off-the-
drawing board, there’s only one way
to get the enclosure that’s just right
for your system. That’s to call
Electronic Solutions and put our
experience to work for you.

Electronic
y |Solutions

UNIT OF ZERO CORPORATION

ZER

6790 Flanders Drive, San Diego, CA 92121

(619) 452-9333 FAX: 619-452-9464
Call Toll Free: (800) 854-7086
In Calif: (800) 772-7086




Why Settle for 12
'040 Board?

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

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

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

Compare Synergy’s SV430 perform-
ance to any other SBC. Compare bus &
speed, MIPs, support, flexibility, docu-
mentation, reliability, I/O intelligence
or any spec you can think of. We think
you’ll find the same thing we did—the

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

MByles/sec VME Write: 80 MBytes/sec DRAM DRAM
Transfers frad e Burst "t Random
VME64 doubles » Rates Accesses

bus performance
to 66 MB/s —and
the SV430 is the
only '040 board
that has it. But
we don’t need
VME®64 to win
this comparison.

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

1/0 Modules

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

Data from Motorola MVME65 data sheet dated 2/90, and
Force CPU-40 data sheet Al Rev. |. DRAM measurements
shown are with parity. VMEbus transfers are to a 60ns slave

VMES64 is a trademark of Performance Technologies. Inc

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

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

020 & 030

030 Only

’030 SBCs. Force offers compatibility only from

Read: 1

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

Wait States

’020/°030 Product
Compatibility Warranty
Software Synergy backs

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

our ‘020 and

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

ing your code.

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

you one.

, J/YNERGY

microsystems

Synergy Microsystems, Inc., 179 Calle Magdalena, Encinitas, CA 92024 (619) 753-2191 FAX: 619-753-0903
INSTANT DATA ACCESS (IDA) DIAL (617) 494-8338 DOCUMENT NO. 1042
@ CIRCLE NO. 3
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Real-Time Software Performance
Analysis and Test Coverage

= DUBB4BD .HAIN: LINK.H #6|Status

HMI’ Performance Analysis Card (PAC) provides real-time software performance analysis
and real-time software test coverage for all HMI-200 series in-circuit emulators. This
option operates completely transparent to the system under test and collects its data in
real-time to establish a true profile of the software execution.

Features:

* Hardware implemented

* Up to eight modules can be defined

* Histograms for each module are displayed

* Minimum, Maximum and Average time duration for each module displayed
= Coverage mode displays which pieces of the code did and did not execute
* Trace data has a time stamp

Benefits:

* More efficient code produces higher performance products for your company

* Better tested code eliminates bugs generated from untested code and creates
higher quality software for your company

* The Emulator and Performance Analysis together shorten the design cycle time
allowing your company to have its window of opportunity in the marketplace

Available Emulators:

68000 68302 6809/6809E 68HC001 8085

68008 68301/303 68EC020 8051 Family 64180/7180
68010 68330/333 68EC030 DS5000 780

68020 68331/332 68HCII including 8096/80196 Family 68HC16 Family
68030 68340 F1 and D3

Now supporting 68040 Series
Write or call for further information and free demo disk.

HUNTSVILLE MICROSYSTEMS, INC.
3322 South Memorial Parkway, Huntsville, AL 35801
(205) 881-6005
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- MCMs push design and test tools to the limit

Do multichip modules represent an exciting new technology
or an exotic curiosity? Until the vexing problems of testability
and yield are ironed out, few people are willing to hazard an
answer to this question. —Mike Donlin .....................c.c........ 59

- DSP boards reach performance highs

| Despite a slow start as a mainstream technology, DSP is

Ariel’s Tony Agnello performing tasks ranging from speech and image processing

on: DSPs in to embedded control. — Warren Andrews ........................... 69
Multiprocessing

DSPs are attacking COVER STORY

the issues in multi-

processing at all Making the 400-MHz computer a reality i
levels—chips, ‘

After clock distribution and caching architectures, the design
of high-speed digital systems demands careful component
selection and attention to physical layout. —Stephan Ohr ....... 83

board and systems. 25

EDESIGN STRATEGIES
Calculated risk and aggressiveness
pay off for Elan Graphics

When the Personal Iris deskside graphics workstation was

unveiled to the world back in October, 1988, Marc Hannah,
vice-president and cofounder of Silicon Graphics, had already ‘
begun thinking about his next design. .............cccoeeviiiiieeenn 101 |

BcoLumNs

MIXED-SIGNAL DESIGN —Stephan Ohr
A&M-S: The place toseeand beseen ..........cccoeeeeeieiieenn, 109

BPRODUCT FOCUS

Video op amps get flatter and faster

As the electronics world shifts from analog to digital, video
monitors are one of the last pure analog systems you're likely
to find these days. —Jeffrey Child .................cccovveivieiiiii 115

Page 115
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10ns BICMOS 1 Megs
from Motorola.
Everything elseis dead

in the water.

1 Meg BICMOS Fast SRAMs from Motorola
demonstrate a simple evolutionary principle:
survival of the fastest.

right for you. Either way you'll get the
built-in quality and reliability of
Motorola’s high volume, sub-micron

With 10ns access times at 1 Meg densities, < manufacturing,
nothing else even comes close enough to compare — Reel in the power of our BICMOS Fast SRAMs for
for speed and density. your next design, and get ready to throw everything
MCM6726 | MCM6728 | MCM6729" | MCM67282* | MCM6727 else back in the Wat,er' | ,
128K x 8 bit 256Kx4bit | 250Kx4bit | 256Kx4bit | 1megxIbit To I'eqlleSt technical information or a San]ple

10%12,150s | 10,12,150s | 10,12,150s | 10,12,150s | 10,12,15ns device, just mail in the coupon or FAX it to Motorola’s
MCM6706A MCM6705A MCMG708A | MCM6709A™ | MCM67082A* Fast SRAIW FAX 111]6 at 1_ 800_ 347_ MOTO (6686)

32K x 8 bit 32Kx 9 bit 04K x 4 bit 04K x 4 bit 04K x 4 bit

8,10, 12ns 10, 12ns 8,10, 12ns 8,10, 12ns 10, 12ns L N ML L o W T e E
. 30; .;:lmnab'e( A;:pm,eto e = | Let's make some waves, Motorola. CDs8ms2

L 1 Send me more on BiCMOS Fast SRAMs today.

And as 1f [hat Weren t enough tO scare Off the t Motorola, Inc. Fast SRAM Operations, P.0. Box 1466, Austin, Texas T\‘!lw‘ :
competition, these 1 Meg Fast SRAMs support both | Name Tie |
TTL and ECL 1/0. They also feature an advanced Wi | |
pinout, with power supply, ground, and /O pins : Ci Sate Zip : |
centered on the package for reduced inductance and | Phone ‘
: r , : Application
1Il]p[OV¢d gl”OLlI]d dnd power bl:lSSIHg' . ' ! Production Start Date Estimated Usage: 1992 1993 ‘

L()Okll]g for even more speed’ How about 8ns? That's 1 SRAM: 1 MegTTL1/0 I Meg ECL 1/0 256K TTL 1/0 ;
the access time on our 250K BICMOS Fast SRAMSs \ g%éé,‘&i}' E%‘ﬁ’.'{l P g'}‘_l'.‘; §‘”Ei’ g}) s |

N\ . . . . . 28Kx 8 5ns Sns 32Kx ¢ 2ns 1205 Only
Choose whichever speed-and-density combinationis ¢ — =2~ _ % 0 T 0 J

[f you like what's new, wait 'til you see what’s next.

@ MOTOROLA

(M) and Motorola are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc



NATIONAL KNOWS NETWORKING

In fact, National is the only silicon supplier to offer solu-
tions across all three major networking standards:
Ethernet, Token Ring, and FDDI. We know the market
demands improved connectivity, performance, quality,
— and network management. And at
National Semiconductor, we're providing market-driven

mixed analog + digital silicon solutions to make all this a

reality. Our first - silicon helped foster the

worldwide acceptance of LANs. In fact, well over 13 mil-

lion Ethernet adapter cards have been designed using
National’s silicon — more than all other suppliers combined.
National’s ST-NIC™ was the first single-chip _ con-
troller to put 10Mbps Ethernet on standard unshielded twisted
pair wire. And our newest 16- and 32-bit solutions are
making the first “Network Ready” PCs, MACs and periph-

erals a reality. National is also developing solutions

to simplify the role of RN,
Our Product of the Year Award-winning RIC™ + SONIC™
chipset is the first to fully support the IEEE 802.3 mandato-

ry and optional repeater management requirements. We're



also creating silicon solutions to ensure full interoperability
of _ and multiple protocol environments
and to deliver new desktop services and applications. We've
joined efforts with IBM, the leader in Token-Ring technol-
ogy, to make it easier for your customers to seamlessly
connect Ethernet and TOKEN=RING protocols. And we
recently introduced TROPIC™, the industry’s first fully-inte-
grated single-chip Token-Ring controller. That’s just the
first step in a joint IBM-National relationship that will

deliver new levels of flexibility to the world of networking.

National is also providing new levels of performance with

breakthroughs like _ technology and our

upcoming 2-chip FDDI solution. 100BASE-T is the first sili-

con solution proposed for across twisted pair
copper wire. These solutions will drive affordable FDDI
performance to the desktop. We're supplying proven
“National Standard Silicon” today. And together we're

networks are going in the future. For more information,

give National a call at 1-800-NAT-SEMI (EX'I 19".

We’'ll show you why no one knows networking like

Na tiona 1 S@l]‘lic()nd uctor. ©1992 National Semiconductor Corporation.

TANDARD.

z-gNational

Semiconductor
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Xilinx enters
PC-card market
with FPGAs in TQFPs

In the same pioneering spirit to
which it owes its past success, Xi-
linx (San Jose, CA) just an-
nounced that its XC2000 and
XC3000 FPGA families are availa-
ble in a thin quad flat pack
(TQFP). By doing this, Xilinx has
become the first FPGA supplier to
enter the PC-card market. “The
TQFP package provides up to
3,000 user-programmable gates in
the space of a dime,” notes vice-
president of marketing Lee Far-
rell. Measuring 0.5 mm in pitch,
14 x 14 mm in body size and with
a maximum height of 1.5 mm, the
TQFP fits onto the tiny PC cards
being used to add memory, storage
and I/O capabilities to the growing
numbers of notebook and hand-
held systems.

“The PC-card market has huge
potential, and we expect to sell
tens of thousands of our modem
cards a month,” says Xilinx user
Carl Perkins, president of New
Media (Irvine, CA). “Because the
market is not sound, the repro-
grammability feature of the Xilinx
FPGA makes it ideal for rapidly
changing standards and needs.”

It’s expected that by 1995 the
majority of portable systems will
be using from three to five PC
cards each, creating a $1-billion
market. Xilinx already has ten de-
sign wins worldwide for its FPGAs
in TQFPs.

It won’t be surprising if the next
“first” from Xilinx involves 3-V ca-
pability for its FPGAs.

—Barbara Tuck

Signetics and start-up
develop cell-based arrays

The recently announced Hi-IQ
(High-Integration Qubic) arrays
are neither conventional sea-of-
gates arrays nor are they embed-
ded arrays. Fabricated using Sig-
netics’ (Sunnyvale, CA) submicron
BiCMOS Qubic process, the cell-
based array family incorporates
the BINMOS-CBA architectural de-
sign of SiArc, a start-up specializ-
ing in silicon architectures and de-
sign tools for complex digital ICs.
With 0.7-mm (L-effective) feature
size and a bipolar transistor cutoff
frequency of 13 GHz, BINMOS

achieves significantly higher per-
formance than CMOS without the
inherent high cost of BiICMOS, ac-
cording to Signetics.

Hi-IQ arrays use two primary
cell types—small MOS compute
cells and larger MOS and bipolar
drive cells—to increase efficiency
and functionality over the typical
sea-of-gates implementation. Since
the density and performance of
generated SRAMs are competitive
with cell-based SRAMs, Signetics
claims it’s possible to implement
SRAM-intensive designs normally
requiring all-layer customization
in metal-mask-programmable Hi-
1Q arrays instead. “By blending a
new architecture with advances in
our BiCMOS process technology,
these arrays will change the way

| designers create systems on a

chip,” says Signetics marketing
manager of custom products Ray
Becker. —Barbara Tuck

Firms ink deal to make
advanced DSP chip

Analog Devices (Norwood, MA),
Electronic Designs (Hopkinton,
MA) and Westinghouse Electronic
Systems Group (Baltimore, MD)
have signed a multi-million-dollar
contract with MIT/Lincoln Labora-
tory (Cambridge and Lexington,
MA) to produce a single-chip DSP
for high-performance radar and IR
applications, image analysis, mis-
sile guidance, FIR filtering, and
high-performance graphics. Accord-
ing to Analog Devices, the CMOS
DSP devices will advance VLSI
process technology with 0.6-um ge-
ometry and 3.3-V operation, and
will lead to commercial products
for the open market.

Under the contact, Analog De-
vices is designing and fabricating
the ICs, which are based on the
company’s 100-MFlops ADSP-
21020 floating-point core. For its
part, Electronic Designs is imple-
menting the large on-chip mem-
ory. (Neither company would com-
ment on how much memory would
be required.) Westinghouse is man-
aging the program and providing
radar and electronic systems ex-
pertise. By late 1993, parts are ex-
pected to be delivered for building
a multiprocessing system such as
a 64-processor array with 6.4-
GFlops peak performance.

—Jeffrey Child

{
|
|
|
|
i
o
\
\

Ricoh claims fastest
learning neural chip

Japanese-based Ricoh has report-
edly introduced a neural net chip
that is the fastest of its kind. In a
single die, the chip implements a
256-synapse neural net of 16 syn-
apses by 16 neurons. The chip is a

| 200,000-gate array built using 0.8-

um CMOS technology. According
to reports, the device offers a for-
ward process speed of 3 billion con-
nections per second and a learning
speed of 1.5 billion connections per
second. The learning speed is
achieved using pipelines running
at 12 MHz. By the end of this
year, Ricoh expects that the chip
will be designed into several robot-
ics and factory-automation sys-
tems. Ricoh also has plans to use

' the chip in its own systems—as a

processing controller for a copier
machine, for example.

Called the RN-200, the new de-
vice is Ricoh’s second neural chip.
In 1990, the company developed
the RN-100, a one-neuron chip
with a total of eight synapses.
Running at 10 MHz, the chip
achieved speeds of 80 million con-
nection updates per second for for-
ward process and a learning
speed of 40 million connection up-
dates per second. —Jeffrey Child

Cadence develops model
for DEC's Alpha chip

Cadence Design Systems (San
Jose, CA) has sent a strong signal
to the EDA community by an-
nouncing the first simulation
model for the Alpha 64-bit RISC
microprocessor from Digital Equip-
ment Corporation (Maynard, MA).
Cadence plans to offer the fully
functional simulation model for
the DECchip 21064-AA in this
quarter, which will coincide with
DEC’s volume shipments of silicon.

The model was taken from Digi-
tal’s internal design database. It
works only with Cadence’s Verilog-
XL and VHDL-XL simulators and
can run roughly nine CPU cy-
cles/CPU second on a DECstation
5000.

Traditionally, complex micro-
processor models have been devel-
oped by the silicon vendor and
third-party modeling companies
such as Logic Modeling, not by

Continued on page 12
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You waited 16 years to drive.
3 weeks for the courage to ask her to the dance.
4 years to graduate.
2 years for the corner office.
9 months for the baby:.

Once again, the best things in life are worth the wait.

Coming in September.
The real tme development environment you’ve been waiting for.

Buscon/92-East in booth 215, Embedded Systems Conference in booth 402 (800)321-2636 S READY

SYSTEMS
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Continued from page 10

EDA vendors. The move by Ca-
dence signals that EDA vendors
may be getting more involved in
early model development, some-
thing that their customers have
been wanting for years.

—Miike Donlin

MCM group hooks up
global network

Dazix (Huntsville, AL), a subsid-
iary of Intergraph, recently
launched the Advanced Packaging
Consortium, a worldwide network
of multichip module (MCM) design-
ers and suppliers. The consortium,
which boasts membership of about
380 companies and 2,900 individ-
ual users worldwide, kicked off its
first meeting with a two-day con-
ference that highlighted the mate-
rials and processes used in MCM
development and production.

A unique feature of the network
is that it allows instantaneous
transfer of both textual and
graphical data among members—
data which can be used for presen-
tations, design reviews and multi-
site development of MCM
technology. The network’s data
management and conferencing ca-
pabilities were developed by Inter-
graph for NASA’s Freedom space
station effort and will now be used
to form what Dazix claims will be
the world’s largest technical net-
work of remote sites and engineers.

—~Mlike Donlin

Windows NT making
triumphant noises

The arguments over the relative
merits of and chances for Micro-
soft’s (Redmond, WA) new Windows-
NT operating system versus IBM’s
0S-2 2.0 continue to bubble. IBM
(Armonk, NY) is shipping its OS
but has so far met with a lukewarm
response. Meanwhile, Microsoft
staged an NT preview and confer-
ence in San Francisco for some
5,000 potential software developers,
who appeared to come away starry-
eyed. Not only did they get a chance
to sit at machines and put NT
through its paces, but they also got
a beta copy of the operating system
to take home with them. Microsoft
also passed out NT software devel-
opers’ kits to the attendees.

Whatever the differences be-
tween OS-2 2.0 and NT—and they
don’t appear to be enormous—it
looks like NT has definitely gener-
ated some excitement in the com-
munity of independent software
vendors. The OS-2 boxes available
in stores use unsettling words
such as “most” and “many” to de-
scribe the software’s ability to run
Windows and DOS applications.
NT claims to be able to run them
all. If it makes good on that
claim—and succeeds in not damp-
ing the excitement it’s already gen-
erated—it will probably emerge
the winner, even though it’s not
scheduled to ship until early 1993.

—Tom Williams

Intel to license 386SL
technology to crack
handheld market

Intel (Santa Clara, CA), which is
otherwise known for jealously
guarding its 386 and 486 proces-
sor technologies, is entering into
an agreement with VLSI Research
(San Jose, CA) in which Intel will
license the core technology of its
386SL processor. VLSI will then
use the core technology as a basis
for specialized processors for hand-
held products. Chips designed by
VLSI Research around the Intel
core will be manufactured at Intel
fab facilities, but will be marketed
by VLSI Research.

Intel is said to be investing $50
million to buy up about 20 percent
of VLSI Research. The arrange-
ment, which is a departure from
Intel’s usual way of dealing with
companies wanting to manufac-
ture 386-type products, may be a
move to head off AMD and Chips
& Technologies, companies which
already have 386 functionality
and are doubtless eyeing the
potentially lucrative handheld
market as well.  —Tom Williams

SCl on the move

SCI (Scalable Coherent Interface)
has cleared the final hurdle and
has officially become IEEE Stand-
ard 1596-1992. SCI is often
thought of as a bus, but in reality
it’s a packet-based protocol which
transfers information over a num-
ber of independent unidirectional
links. While the approach offers
many bus-like characteristics,

such as tightly coupled processor
communication, loosely coupled
I/0O, message passing, and cache
coherency, it does so at far higher
speeds than can currently be
achieved on buses. SCI is specified
at 1 Gbyte/s to transfer data over
a 16-bit-wide differential cable.
Other options call for the same
data transfer rate with a bit-serial
protocol over coaxial cable of up to
20 meters, or over fiberoptics for
up to several kilometers.

Because SCI relies on several in-
dependent point-to-point connec-
tions, multiple transactions can be
going on simultaneously, unlike
the case of a backplane bus, where
only one node can have the bus at
a given time. In addition, because
of its flexible interconnection
scheme, SCI can serve as an inter-
nal bus in a PC environment, a
multiprocessing server or a net-
work interface.

Hard on the announcement of
the specification, SCI transceivers
and protocol ICs are expected to
emerge. In fact, Vitesse Semicon-
ductor (Camarillo, CA) is cur-
rently completing a GaAs chip
designed by Dolphin SCI (Long
Beach, CA); a formal announce-
ment is expected soon. It’s also
been reported that a somewhat
slower CMOS version of the chip
will be available later this year.

While SCI has been slow to get
to market, its scalable architec-
ture and flexible protocols, which
let it interface to other buses,
make it a promising technology. In
addition, since the specification de-
fines module, crate, connector, and
power distribution systems based
on IEEE Standard 1301.1-1991
(“Convection-cooled with 2-mm
connector”), SCI is likely to
emerge as a strong competitor to
Futurebus+ in many applications.

—Warren Andrews
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= Small in Size -
Great in Performance
's 3U boards offer more CPU

power and functionality on less than
half of a 6U board.

Low Power CMOS
The 100% CMOS design guarantees
lowest power consumption:
e.g. our 68030 CPU board requires
only +5V, 0.85 A at 32 MHz!

-55°t0 +105° C
The cold CMOS design combined
with conduction cooling assures
operation at the extreme of +105° C.

100 G Shock

s stiffened 3U boards are almost
completely shock and vibration
proof. Jumpers and sockets have
been replaced.

Highest MTBF
's ruggedized boards have set
marks in VME: e.g. our 68030 CPU
boards has an MTBF of 740,000
hours! (MIL-HDBK-217, 20° C).

Broad Product Range
68040 CPU, 68030 CPU, dual 68302
communication conir., graphics,
MIL-STD-1553B, ARINC-429, SCSI,
ethernet, flash-disk, synchro-
resolver, digital I/O, analog /0, ...
VRTX-32, PSOS*, OS-9, ADA, C, ...

: 4 Styles — Low Cost
Four software-compatible styles
from economy to MIL-883/B cover all
environmental needs at best prices.

Controlled Quality

‘s quality assurance complies with §
AQAP-4 and MIL-1-45208.

=5 %-_-ﬂﬁu‘ﬁ?lf
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Industrial Computers
Sieglindenstr. 1912, D-8900 Augsburg 1
Tel +49 821 5034-0, Fax 5034-119

In the US contact: DYNATEM
15795 Rockfield Boulevard, CA 92718,
Irvine, Tel (714) 855-3235, Fax 770-3481

L 3 ; \
“Conduction Cooled Housing
with optional Liquid Cooling
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BEDITORIAL

“We've found the
person to pick up
where he [Dave Wilson]
left off.”

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

Dave Wilson is a tough
act to follow

Regular readers of Computer Design have probably noticed the
absence of Dave Wilson’s byline during the past couple of months.
Unfortunately, serious illness in his family called him back to Eng-
land and his contributions to Computer Design—and to the suc-
cess we've been enjoying lately—had to end after a brief 11
months with us. Fortunately, Dave found himself a comfortable ed-
itorial spot outside of London and is settling in to his new, but defi-
nitely more routine, lifestyle.

Among his contributions to Computer Design, Dave brought a
unique passion for talking to designers and readers and probing
beneath the surface of the press releases and marketing hype that
so often accompanies much of the information coming from ven-
dors and suppliers. He helped immeasurably in sharpening our fo-
cus on designer/user/reader input and was a driving force behind
integrating it with the usual input from vendors and suppliers
into every part of the magazine. That input’s added a unique di-
mension to our technology- and solutions-oriented “why-to” edito-
rial, and it’s another factor that we believe distinguishes us from
the traditional product-oriented, “how-to” design publications.

No doubt about it, Dave is a tough act to follow. But we think
we’ve found the person to pick up where he left off. More than
that, we think we’ve found the person to help Computer Design
move another step forward in its coverage of ICs and system de-
sign. That person is Don Tuite.

Don comes to us from Cypress Semiconductor, where he was a
technical article editor ghostwriting and editing magazine articles,
conference papers and technical backgrounders. (By the way, I'd
like to take this opportunity to apologize to John Hamburger,
Don’s boss at Cypress and a long-time friend of Computer Design,
for stealing Don away. He is too good to lose.)

Since receiving a BSEE in 1965 and an MS in technical writing
in 1966, Don has done stints as a documentation manager, TV
writer/producer, marketing communications manager, and public
relations manager. In short, he has experience in—and under-
stands—the engineering, management, PR, and publishing sides
of the electronics/computer business. That puts him in an ideal po-
sition to probe “beneath the surface of the press releases and mar-
keting hype.” But Don has one advantage that Dave Wilson didn’t
have; he’ll be based where the IC action is, in Silicon Valley. Don’s
presence there will give Computer Design an edge we've never en-
joyed before. You'll start seeing the results of that edge in the next
few months.
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SIGNAL PROCESSING. GRIZZLY?

Designing a signal processing system can
be a bear of a problem—immense, mean, and
unforgiving. Engineers grappling with con-
ventional analog or digital technologies face
risk and unpredictability at every turn, with
no guarantee of success. Designers invest
months of development time in a brutal
design process that's as lengthy as it is frus-
trating. Productivity and time to market are
devoured in the struggle!

SPROC Technology
Tames The Task

At the core of STAR Semiconductor’s
unique signal processing solution is the
SPROC™ chip, the first-ever programmable
signal processor using the “Sketch and
Realize”™ design approach. With a single
SPROC chip and a SPROClab development
system, signal processing becomes a tame
task.

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

n;ts A :

¢ without writing
software!

Stop laboring with trial-and-error debug
methods, cumbersome logic analyzers, or
software simulators to debug a design!
Engineers using SPROC technology down-
load designs directly onto actual silicon and
interactively debug systems as they execute
in real time! Using the SPROC chip’s unique
built-in probe feature, you can easily modify
design specifications
to tune system per-
formance during
execution.

With SPROC technology, engineers focus
on designing to create better products in less
time.

If you can't bear to see your productivity
mauled by the problems of signal processing
design, call STAR Semiconductor at
908/647-9400. We'll send you a brochure
and demo disk telling how to tame your next
signal processing project.

STAR Semiconductor Corporation
25 Independence Boulevard, Warren, NJ 07059
Telephone: (908) 647-9400 FAX: (908) 647-4755

SPROC Users Slash Development Time

APPLICATION TECHNOLOGY | DEV.CYCLE | CYCLE. . | (et YEAR)
Secure FSK modem analog 6 months 3 weeks $50,000t
Adaptive noise canceler DSP 6 months 1 week $57,500*
Power supply controller analog 6 months 1 day $60,000*
Closed-loop vibration controller analog 3 months 2 weeks $240,000t

tTotal system savings including project overhead, engineering resource, and system hardware costs.

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

SEMICONDUCTOR

: 3
1% B

The Signal Processing Company

STAR Semiconductor, the STAR LOGO, SPROC, SPROClab, and “Sketch and £
Realize" are trademarks of STAR Semiconductor Corp.
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The SPARC™ CPUengine - 40MHz™
Indistinguishable.

CALENDAR

\

| e
September 15 - 17 =
\

|

\‘

|

Buscon '92 East =

Hynes Convention Center, Boston, MA. 5”52,9“'32?3;5.557“
Buscon ’92 East is the event where the — ‘Sosiovusssicwsers.
products, technologies and components related to bus- and
board-level design can be seen. The technical conferences,
designed and coordinated by Computer Design and Military
& Aerospace Electronics, are highly focused, in-depth sem-
inars that explore the hottest issues from SCI to Futurebus+,
RISC and embedded PCs. Contact: Registration Depart-
ment, Buscon ’92 East, 200 Connecticut Ave, Norwalk, CT

s 06856-4990, (800) 243-3238, Fax (203) 857-4075. Circle 240

Member | R R N R RN

September 20 - 24
International Test Conference

Baltimore Convention Center, m INTERNATIONAL

TEST CONFERENCE

With two exceptions.
First, Pinnacle's
SPARC CPUengine-40MHz

is priced better.

$3995.00 to be exact. Baltimore, MD. This year’s .1992
theme for ITC, the conference for

Second, the price tag includes AT R, the test and design community, is “Discover the new world
O T A of test and design.” ITC will focus on the test and design
a one year warranty. i techniques that companies need to compete globally, with
e emphasis on the integration of test factors into product
Pinnacle Data Systems. 1350 West Fifth Avenue design. There will be 16 tutorials and more than 35 tech-
A nical sessions. Topics include: new test and design meth-
| We manufacture solutions. ol 3 ods, MCM testing, BIST design techniques, test synthesis,
‘ SPARC is a registered trademark of SPARC Int Inc. Sunis a registered trademark of Sun Microsystems, Inc | and more. Contact: ITC, 514 E Pleasant Valley BlVd, Ste
: CPUengine 40MHS s 3 roghtered indevark of Panacle Dvfa Sysems, e = 3, Altoona, PA 16602, (814) 941-4666, Fax (814) 941-4668.

CIRCLE No', 7 , Circle 241

September 21 - 24
Embedded Systems Conference

Santa Clara Convention Center, Santa

Contact- 2 Clara, CA. The Embedded Systems Con-
m free S-OIde"ng ference and Exposition offers more than ~ EMBEDDED
and de-solderin SYSTEMS
1 A g 80 lectures, workshops and tutorials = CONFERENCE

Of SMD, DIP and pin grid components and about current tools, technology and theories in embedded
connectors in a matter of seconds with the programming. Full-day tutorials will include: object-
Leister-Labor “S” hot-air tool. Electronic oriented anglysis, meta models for system development,
control of temperature and air supply, ESD safe. event modeling for embedded systems programmers, and
Over 400 special nozzles available. more. Contact: Miller Freeman, 600 Harrison St, San

Francisco, CA 94107, (415) 905-2354, Fax (415) €irsiB 221

October 28 - 30

Analog & Mixed-Signal Design i e
Conference SN st 13

Hyatt Regency, San Francisco Air- A
port, Burlingame, CA. The Analog &
Mixed-Signal Conference is an inten-

sive, three-day educational seminar and exhibition. The
heart of the conference is a technical program organized
by Computer Design and targeted at engineers and engi-
neering managers working on high-speed digital, mixed-
signal and analog designs who need to better understand
design problems and the capabilities and limitations of the
analog and mixed analog/digital ICs, ASICs and CAE/CAD
tools they use, as well as the best approaches for imple-

Ask for free brochure UW 154 menting their designs. Contact: Betsy Anderson/Market-
ing Communications Manager, Computer Design, One
Brian R. White Co., Inc., 313 Henry Station Road Technology Pk Dr, Westford, MA 01886, (508) 392-2209,
Ukiah, CA 95482 phone: (707) 462-9795 Fax (508) 692-7780. Circle 243
Farmingdale, NJ 07727 phone: (908) 938-2700
CIRCLE NO. 8
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TI’s 7.5-ns *22V10. For those times you’re
torn between profit and performance.

Irying to get the best performance
on a tight budget can create a few
hang-ups. Texas Instruments has a
simple solution. Introducing the
TIBPAL22V10-7. TI’s newest high-
performance programmable logic
device that’s designed to fit the
bottom line as easily as it meets
your design specs.

High performance, low price
While competitive pricing is one of
our '22V10’s most outstanding fea-
tures (less than $17 when you pur-
chase 5,000 or more), you'll be even
more impressed by its performance.
At an incredibly fast 7.5 ns, our
'22V 10 supports system speeds up to
50 MHz with a variable term distribu-
tion that gives you more design free-
dom with complex functions. It’s an
excellent choice for high-end systems

using the latest microprocessors. And
since all this is achieved using our
proven bipolar process, the 22V10
provides a universal architecture
that’s easy to work with using familiar
design tools.

Accurate, dependable

and available today

Speed and ease of use mean nothing
if difficult programming keeps your
product from getting to market on
time. That's why our '22V10 is de-
signed for quick, dependable program-
ming with your present tools. In fact,
we’re running at a 99.4% first-time
programming success rate.

Best of all, our 7.5-ns "22V10 is
available in volume today with just-in-
time and ship-to-stock delivery pro-
grams tailored to meet your needs.
You'll also have the backing of our

© 19271 08-1287

global support network to help keep

— things running smoothly.
a

Hang in there —

a free sample is on the way
Simply return the attached reply card
or call 214-995-6611, ext. 3717, for
one free TIBPAL22V10-7.

‘9 TEXAS
INSTRUMENTS
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Considering

Multimedia or |
Interactive Systems ?

Consider MlCROBOARDS

Authoring systems for:
O DOS, Mac, UNIX, 0S-9, CD RTOS
O Player Hardware

Green Book
Orange Book

Red Book
Yellow Book

Standard and Custom OEM designs

& MICROBOARDS, Inc.

MBi Japan
Tel: 0474 (37) 9811
Fax: 0474 (37) 9821
- ___CIRCLENO.12 = A L
COMPUTER DESIGN

MBi America
Tel: (612) 448-9800
Fax: (612) 448-9806
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Pushing the Edge of Capacity...

1.65 GB in a 5.25-inch Form Factor.

» &

O
: . ; T EER
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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.

W : A 0 ¢ v - Edge-to-Edge Quality
) = I N 8 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

---------------

¥ 3 = —o————‘
—— i ;i Hitachi America, Ltd.
(=) Computer Division, MS500
Hitachi Plaza
2000 Sierra Point Parkway
Brisbane, CA 94005-1819

@ HITACHI

Our Standards Set Standards

eH921104:

tiRYYY

Authorized Distributors:

¢ ()NSAN 612- 9+Q~()053
Ky A X\

(A, IL, IN. K GENTRY ASSOC IATES

MN, MO, ND
\‘\”’l”h‘ gh, PA, SD. Wi i 8008/7)_22 RSQL \RIDB
D, Wi 5 (A1 00-777-
HITAC GA, LA, MD, Ms, N¢ \\("1(\ '\" (AZ, CA, CO,NM, OR 1T (\7\3{\’\78 S'('\“ 800-228878] P
T (CANADMN) : T, MA, ME, NH_ Ri,v7) SPECIALIZED systy,
-TD. 4168264100 (., T\ICHNQI )GY 800—68:28993
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Think of it as peer pressure [ . F= they provide everything you

at its finest. All these companies § ' Am29000 groEl need to speed up the design

want you to take some time off: [ S—_ ‘ ,,MM MR process, every step of the way.

From evaluation, to system
and hardware design, soft-
ware development, hardware
and software integration,
system debug—all the way

Time off your design cycle, and
your time to market. They're the
Fusion29K™ Partners, and their
support helps make the 29K™
Family of embedded RISC pro-

The 29K Family includes parts for every conceivable application—

Ccessors so fast and easy to use. from the brand new low cost, easy-to-use Am29200™ to the top-of-the- to prOd UCthﬂ .

line Am29050™ with on-chip floating point coprocessor.

Fusion29K Partners include The Fusion29K Partners
over 100 reputable companies with more than  have a whole arsenal of time and labor
200 different support products. Together, saving devices. You'll find emulators, simu-
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lators, CASE and CAE tools, C compilers, ~ With this much support, you may be able
machine and source level debuggers, logic  to take some time off for yourself.
analyzers, and manufacturing support of
all kinds. All of the highest quality and per-
formance standards.

And it won't take a lot of time to get
acquainted with these development tools,
since they include most of the hardware and a
software products you already know.

For more information onthe 29K Familyof  Acdvanced Micro Devices
embedded RISC Processors and Fusion29K 901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1992 Advanced Micro Devices, Inc.
support, call AMD today: 1-800-292-9263 EXt. 3. trand orprocuct ames sr smemerke o regisere racemaris f ths especive olers
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If you're looking for place to really get it. Digital.  combined with our total
realtime computing that'’s Our longtime leadership ~ commitment to standards,
really open, there’s only one in realtime computing, makes it possible to offer you

DIGITAL. THE OFP

© Digital Equipment Corporation 1992. The DIGITAL logo, DECnet, VAXELN, DECelx, rtVAX, TURBOchannel and VMS are trademarks and VAX is a registered trademark of Digital Equipment




T

the industry’s most complete,

product-rich, open realtime

W

B s g

environment. And, best of

all, it's available now.
Digital’s adherence to

standards provides you

with a truly open a8
Not only does it give you
flexibility in your choice of
realtime systems that afford
you unmatched portability
and interoperability, but it
also fully protects your
computing investments.
Digital’s support for a wide
range of standards includes
POSIX 1003.1, draft 1003.4,
TCP/IP, DECnet™/OSI,
Motif”® and the VME, SCSI
and TURBOchannel™ buses.

Plus, we now offer realtime

extensions to OSF/17
In addition to complying

;_1 ;

standards,

with open

&L

Digital

makes available a host

of development ¥ tools

that will Whoisi

1 j)fé)ductivity.

Besides expanding the
scope of our VAXELN™
Realtime toolkit for the
VMS™ environment, we're
introducing the same
capabilities for UNIX" envi—
ronments with our DECelx™
toolkit. Once again, our
open approach leaves the
choice up to you.

Digital’s open realtime
story continues with our
Network Application Support
(NAS) standards-based open

computing products. You can

share applications from
different vendors across
computing platforms. What
that means is no matter what
size computers you have in
your realtime environment—
from embedded processors to
mainframes, no matter what
operating system you're
using, Digital can tie it all
together. A better solution
because it’s an open solution.

Open standards. Open
development tools. Open
hardware and software. In
short, an open environment.
It's time you took advantage
of Digital’s open realtime
computing. To find out how,
just call 800-DEC-INFO

(332-4636), ext. Realtime.

EN ADVANTAGE.

Corporation. Motif and OSF/1 are registered trademarks of Open Software Foundation, Inc. Unix is a registered trademark of Unix System Laboratories, Inc. in the USA and other countries.
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IE LONGER
D PROSPER

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

THE NEW HYDRITECH BATTERY FROM 2> 5rocie:s

A
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BTECHNOLOGY VIEWPOINT

Tony Agnello on:

DSPs In
multiprocessing

s digital signal processors (DSPs) are applied

to increasingly challenging, compute-inten-

sive applications, multiprocessor architec-
tures are becoming common. In support of these
architectures, vendors of DSP chips, boards and de-
velopment tools are beginning to add hooks that
specifically address multiprocessing.

At the chip level, vendors are adding more powerful
I/0 and interconnect options that let designers com-
bine multiple DSPs more efficiently and with greater
flexibility. At the board level, vendors are packaging
multiple DSPs using a broad range of point-to-point
and shared-memory configurations. They’re also sup-
plementing the board’s system bus interfaces with a
host of specialized, high-bandwidth I/O channels that

can be used for both data acquisition and multiproces- ‘ Mbyte/s parallel I/O port with independent DMA.
sor communications. ‘ Increasingly, however, DSPs are providing addi-
And multiprocessor innovation hasn’t been limited ‘ tional capabilities designed to facilitate high-speed,
to hardware. To facilitate development of multipro- point-to-point communications between multiple
cessing applications, vendors are offering parallel- ‘ chips. The Motorola DSP96002, to take one example,
processing emulators, debuggers and optimized provides two 32-bit, non-multiplexed address/data
libraries. At an even higher level, they’re providing | memory buses, which in turn provide an effective
tools that can automatically generate code for multi- ‘ means of connecting multiple 96002s.
pleF DSE? basedtpn a block diagratm S%(;)cikf)icat(iion. R FO{ appli;:aéi(]))nSsPth:El}tl r%cll\}llisrgaml)%r‘igg bnur}nberslof
or the run-time environment, -based, real- closely couple s, the y Texas In-
time, multitasking operating systems offer synchro- ‘ struments takes a different approach. Like the
nization and intertask communications mechanisms | DSP96002, the 320C40 features a pair of 32-bit ex-

that can easily be extended to multiple DSPs. The
most advanced OSs even provide scheduling mecha-
nisms that automatically distribute tasks across mul-
tiple DSPs and provide load balancing.

‘ ternal memory ports. In addition, however, the
320C40 sports six high-speed parallel I/O ports with
independent DMA; these are ideal for implementing
‘ point-to-point links with other DSPs.

! s ) ‘ In many respects, the 320C40 is a throwback to the
0 Chip-level multiprocessing ‘ transputer, the original multiprocessing CPU. Over
One of the important ways chip vendors are adapting the last five years, considerable work has been done
their DSPs for multiprocessing is through more so- ‘ to support transputer-based multiprocessing. Regret-
phisticated I/O. DSPs have long supplemented their tably, the transputer has enjoyed rather meager suc-

memory bus interfaces with high-speed serial and | cess, due primarily to its poor interprocessor
paral]e] ports to support data acquisition and host ‘ communication rate. The transputer’s four 10-Mbit/s
communication. AT&T’s DSP32C is a good example, serial ports give it an aggregate I/O bandwidth of 5
providing a 25-Mbit/s serial port and a 16-bit, 12- ‘ Mbytes/s. The 320C40, by contrast, features six byte-

wide 20-Mbyte/s parallel ports, giving it an aggregate
‘ I/0 bandwidth of 120 Mbytes/s. This 24 increase in

Tony Agne//o s pres/dent of Ariel Corporatjon/ interprocessor bandwidth makes practical a broad
Highland Park, NJ range of high-speed, point-to-point DSP networks—
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for example, 4-D hypercubes, 2- and 3-D grids and
hexagonal arrays.

0 Board-level multiprocessing

Until recently, most board-level products carried only
a single DSP. Consequently, if designers wanted to
build a multiprocessor system, they did so by linking
multiple DSP boards via a common system bus. The
migration of DSP technology to larger form-factor
buses such as VMEbus, together with advances in
both VLSI and packaging technologies, has made it
possible to combine several DSPs on a single board.

In most board-level multiprocessor architectures,
each DSP executes programs out of high-speed local
SRAM, which it accesses via an external memory bus
interface. Inter-DSP communications are typically
handled via some combination of shared-memory and
point-to-point links.

Naturally, the DSP’s I/O architecture dictates
board-level multiprocessor options. AT&T’s
DSP3210, for example, is designed to use shared
memory for multiprocessing, though conceivably mul-
tiple 3210s can be interconnected via the chip’s single
serial port, albeit with very low communications
bandwidth. Motorola’s DSP96002, by contrast, pro-
vides two completely independent 32-bit-wide ports,
which are considerably more sophisticated than sim-
ple memory interfaces and lend themselves to a vari-
ety of multiprocessor architectures. And by providing
a transputer-like interconnection scheme, TI's
320C40 facilitates any combination of shared-mem-
ory and point-to-point architectures.

Ariel has taken advantage of both these capabilities
in a quad-320C40 VMEbus board known as Hydra.
Each DSP on the Hydra accesses two banks of private
SRAM memory via separate 32-bit external memory
interfaces. One of these memory interfaces also con-
nects each DSP via an isolation buffer to a shared-
memory bus of up to 64 Mbytes, which is shared
between the four DSPs and the VMEbus. In addition,
each DSP is linked directly to the board’s other three
DSPs via dedicated byte-wide links called communi-
cation ports. Communications between DSPs can be
conducted either through the communication ports or
via shared memory.

B system-level multiprocessing

In addition to providing an effective means of linking
multiple DSPs on a particular board, the extended
1/O capabilities of today’s DSPs provide an effective
means of linking multiple boards. Frequently, mul-
tiple-board systems rely on system-bus interfaces
such as VMEbus, with shared memory to provide a
host interface and to support interboard communi-
cations. Unfortunately, such interfaces lack the
bandwidth required to support large numbers of
boards, and are frequently tied up handling normal
host-bus traffic.

Multiport DSPs such as the 320C40 make it possi-
ble to create arrays of unlimited size because they let
you establish deterministic point-to-point communi-
cations between large numbers of DSPs on multiple
boards. These point-to-point links not only provide
higher bandwidth than most system buses, but they
also avoid the overhead associated with bus conten-
tion and arbitration.

Ariel also adopted this approach in designing
Hydra. On each Hydra board, three of the six parallel
ports on each DSP are used to link it to each of its
three DSP neighbors. The other three ports on each
DSP are made available through an external VMEbus
front-panel connector. Using these 12 ports (three per
DSP), you can establish direct connections between
any two DSPs on any two Hydras.

The New Jersey Institute of Technology (Newark,
NJ) has leveraged the Hydra’s I/O capabilities to
develop a 64-processor system, which will be used to
study advanced neural networks. Configured as a
four-dimensional hypercube, the system uses 16 Hy-
dras to achieve a peak performance of 17.6 billion
operations/s.

The NJIT system is unusual because it combines
traditional hypercube message passing with shared-
memory communications. In the system, message
passing is used to provide communications between
neighboring DSPs, either on the same or on different
boards. Shared memory, on the other hand, is used
for transmitting information between remote nodes,
managing shared resources and broadcasting infor-
mation to multiple DSPs on multiple boards. To-
gether, these two communications mechanismslet the
NJIT system efficiently simulate a broad range of
neural networks.

0 software support the key

Even as more diverse DSP I/O capabilities expand
multiprocessor hardware options, the real challenge
will be developing application software that can take
advantage of these architectures. Fortunately, paral-
lel-processing development tools and run-time en-
vironments are emerging to help simplify this process.
Among these are parallel-processing emulators,
shared libraries that are optimized to execute on
multiple processors and real-time operating systems
with support for multiprocessor scheduling and load
balancing.

Ideally, developing a C application for a multi-
processor DSP network shouldn’t be much more dif-
ficult than developing one for a single processor.
Essentially, the programmer writes the application
as a series of tasks, assigns the tasks to the appropri-
ate DSPs and defines the communications mecha-
nisms between the tasks.

While these tasks may be compiled to run on the
DSP in a bare-bones mode, there are advantages to
running under a real-time operating system such as
Spectron’s Spox, 3L’s Parallel C, and Perihelion’s
Helios. The biggest advantage is that these OSs sim-
plify design by providing standard OS services—real-
time, preemptive multitasking and memory
management. They also provide synchronization and
interprocess communications mechanisms, such as
mailboxes and variable- and fixed-size FIFOs, which
simplify the coordination of multiple tasks, both on a
single processor and across multiple processors.

One way that both Parallel C and Spox simplify
multiprocessor development is by supporting virtual
channels. Virtual channels let you implement inter-
process and intertask communications without spe-
cifying physical connections in your application
programs. The actual communications mechanism is
determined by a driver, which you select via a con-
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figuration table.

The advantage of this technique is that it lets you
change the system configuration without changing
the source code. If you want to change the connection
between two DSPs—for example, from shared mem-
ory to a direct communications port link—you simply
select a new device driver in the configuration table.

In addition to providing convenient interprocess
communications mechanisms, some DSP OSs are
beginning to add advanced multiprocessor capabili-
ties that enable them to automatically schedule, dis-
tribute and interconnect tasks running on multiple
DSPs. An example is Perihelion’s Helios real-time OS.
Originally developed for the transputer, Helios now
supports mixed networks of transputers and
320C40s.

With Helios, you develop your applications as a
collection of tasks that are linked via virtual commu-
nications channels, just as you would for a single
processor. You then provide the OS with network
configuration information such as the parallel-pro-
cessing programming model (sockets, farming or com-
municating sequential processes) and system
resources (such as, the number of processors, commu-
nications and I/O options).

Once you've developed your program and specified
the system configuration, Helios automatically dis-
patches tasks to the appropriate DSPs and estab-
lishes the appropriate communications mechanisms
(for example, a FIFO, adaptive routing or parallel
message transfer). Moreover, if you want to add DSPs
or change the system configuration, you don’t have to
change your source code or redefine the system’s
communications links. Helios automatically redis-
tributes the tasks to multiple DSPs and reroutes the
communications channels.

Consider, for example, the addition of a DSP to a
uniprocessor system running a program with two
tasks. In the uniprocessor system, Helios might es-
tablish communications between the program’s two
tasks via a mailbox in local memory. When a second
processor is added to the system, Helios can automa-
tically move one of the tasks to the second processor.

If the two DSPs are linked via their parallel ports,
Helios might also change the communications mech-
anism between the DSPs from a shared-memory mail-
box to a FIFO-based, point-to-point parallel link. The
designer simply tells Helios that a new DSP has been
added and how it is connected. Based on that infor-
mation, Helios automatically determines an optimal
message-passing strategy and task distribution.

B shared-memory multiprocessing

Operating systems such as Helios are optimized for
scheduling and routing applications that are devel-
oped for large numbers of interconnected point-to-
point DSPs. For small numbers of DSPs executing out
of shared memory, AT&T’s VCOS (Visible Caching
Operating System) offers an interesting approach.
VCOS, which was developed for multimedia appli-
cations, consists oftwo parts: a real-time multitasking
kernel that runs on the DSP and an applications
server known as VCAS (VCOS Application Server)
that runs on the host computer. VCAS is responsible
for scheduling and loading tasks from personal com-
puter or DSP local memory onto AT&T’s DSP3210.

VCOS provides interprocess synchronization primi-
tives and manages the sequencing and execution of
both real-time and non-real-time tasks in a time-
sliced manner.

Neither VCAS nor the VCOS kernel provides any
specific multiprocessing capabilities. This capability
is provided through a separate software component
known as the VCOS Resource Manager (VRM), which
maintains the information needed to perform task
distribution and load balancing.

When a PC-resident application requires a DSP’s
services, it makes a function call to an Application
Programming Interface (API), which asks the VRM
for information about the function or task, such as the
current system load and each task’s compute require-
ments. The VRM, in turn, tells VCAS which DSPs are
available and where the tasks can be loaded.

To boost performance and maximize bus bandwidth
utilization, VCOS uses a technique known as visible
caching. Visible caching lets you lock the instructions
and data required for each processing frame (prior to
the execution of the frame)in a cache on the DSP3210.

By caching thisinformation, VCOSis able to ensure
a 100-percent hit rate for each frame, minimizing
external memory accesses. At the same time, moving
data a block at a time rather than a sample at a time
enables VCOS to minimize bus arbitration overhead
and leverage high-speed memory access modes, such
as page mode. Together, visible caching and block
processing let VCOS greatly reduce the bus band-
width required for each DSP. This, in turn, lets it
efficiently support a greater number of DSP3210s in
a shared-memory architecture.

0 A high-level approach to parallel programming

Development tools such as parallel-processing emu-
lators, compilers, shared libraries, and operating sys-
tems provide software developers with a solid foun-
dation for building parallel-processing applications.
Increasingly, however, a new breed of even higher-
level development tools is emerging that separates
designers from the underlying details of the DSP
hardware.

One example of such a tool is Comdisco’s MultiProx,
which supports both Motorola DSP96002- and TI
TMS320C40-based multiprocessor platforms. Using
MultiProx, you describe your applications by inter-
connecting blocks that represent functions such as
FFTs, filters and I/O. You then draw bounding blocks
around the portions of each diagram that you want
implemented on a particular DSP. MultiProx, in turn,
will automatically compile the block diagram and
establish the communications mechanisms needed to
execute the program on multiple DSPs.

Tools such as Comdisco’s MultiProx are an impor-
tant step in helping to insulate you from the details
of the underlying DSP hardware. As multiprocessor
configurations become more complex, high-level tools
will be critical in making the raw MFlops inherent in
big bunches of DSPs available to mainstream com-
puter users.
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We've just tested the
pertormance of our new
1960 CF processor.

Make no mistake. This is no
middle-of-the-road processor.
; It’s our new superscalar

" 1960" CF chip. And it delivers
" blistering speed to your high-end
printing, imaging, communications
and networking applications. Simply put, it
outruns every 32-bit embedded processor on

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

the market—and we have over 25 bench-
marks to prove it.

You see, only our 1960 RISC architec-
ture brings superscalar processing with
multiple operations per clock to embedded
applications. Our new 1960 CF processor is
highly integrated with optimized data and
instruction caches for throughput up to



twice that of our 19960 CA chip. Which makes further speed up your design process.

it the most advanced technology available for So step on it. Call 800-548-4725 and ask
embedded applications. for literature packet A9AS0 for complete

If you’re already using our 1960 CA proces-  benchmarks. And learn what your applica-
sor, you can quickly shift up to higher perfor- tions can do with a faster engine.
mance with full code and pin compatibility.
And, of course, we offer a comprehensive -
array of Solutions960 development tools to I ntel ®
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ASIC choices increase
for mixed 3-V/5-V designs

Barbara Tuck, Senior Editor

eading ASIC vendors have
been preparing for the rush to

notebook, palmtop and pen-
based computers by introducing low-
voltage cell-based and gate array
products. Among the latest to turn
out 3-V libraries for portable and
handheld computing systems is
AT&T Microelectronics

voltage technology is lower perfor-
mance for 3-V devices compared to
5 V. For AT&T’s new 3-V, low-power
LP600C CMOS standard-cell li-
brary elements, for example, the
typical delay for a two-input NAND
gate at 25°C with a fanout of two is
0.88 ns, while the same gate in the

its 0.5-um process to accommodate
mixed-voltage I/Os.

I Making the change

In the meantime, to achieve in-
creased reliability and extended bat-
tery life, as well as to utilize the
lower-cost plastic packaging made
possible by the reduced power con-
sumption of 3-V devices, system de-
signers have had to make the tran-
sition from 5-V to 3-V systems. ASIC
technologies such as AT&T’s 0.7-um
libraries—characterized at 5 V as
well as 2.7 to 3.6 V and supporting

JEDEC 8.0 for CMOS,

(Allentown, PA), whose
0.7-um (0.6-um L-effec-
tive) standard cell librar-
ies let you mix and match
3-V and 5-V cells and mac-
rocells on the same chip.
While not as flexible as
AT&T’s offering, stan-
dard cell libraries from
NCR Microelectronic
Products (Fort Collins,
CO) and new gate arrays
from Atmel (Colorado
Springs, CO) and Texas
Instruments (Dallas, TX)
also let you build mixed-
voltage systems.

While designers are
waiting for all the pieces
to make systems that are
exclusively 3-V, ASIC
vendors have been offer-
ing chips for dual-voltage
systems. Although low-
voltage DRAMs, SRAMs,

3-VOLT
RAILS

Multiple-power busing

JEDEC 8.1 for TTL and
the proposed JEDEC JC-
16 for battery-operated
systems—plus 3-V/5-V

i M e W e W o

£ 3-VOLT 3
£ SECTION 3=

ASIC macrocells should,
for the time being, help
you build systems that
have to operate for many
hours on batteries. Kevin
Kolwicz, department head
of ASIC technology and li-
braries at AT&T Bell
Laboratories, says that if
you work with AT&T, you
can easily mix 3- and 5-V
cells and macrocells, min-
imizing power with 3-V el-
ements while pushing the
performance of critical
paths as needed with 5-V
elements.

“This offering dis-
mantles the ‘Berlin Wall’
separating power-sensi-
tive design from high-per-

microprocessors, and
logic devices are availa-
ble, 3-V peripherals are
hard to find. Before
shrinking geometries to
0.5 pm—as Toshiba

America Electronic Com-  ¢jmer.

Designers using AT&T's 0.7-um CMOS LP600C and HS600C stan-
dard cell libraries can mix 3-V and 5-V cells and macrocells on
the same chip. Macrocells characterized at both 3 Vand 5 V in-
clude an 8-bit controller, UART, DMA controller, interrupt con-
troller, real-time clock, memory mapper, and programmable

formance design,” re-
marks Dan Di Leo,
AT&T’s ASIC marketing
director. “You don’t have
to sacrifice performance
at 3 V. Compact 0.6-um
circuitry is one reason.

ponents (Irvine, CA) has
done with its optimized-

for-3-VTC180G gate arrays (two-in- |

put NAND gates with fanout of two
have a gate speed of just 210 ps)—
most ASIC vendors are delivering
transitional solutions based on 5-V
processes and characterized for op-
eration at about 3 V.

Each standard cell in AT&T’s new
library has been completely charac-
terized for delay behavior over a se-
lected range of Vpp, input slew
rates, temperature, process varia-
tions, and capacitive loads.

A drawback of this current low-

5-V high-speed HS600C library has
a delay of just 0.48 ns. And while
system speeds for the LP600C li-
brary go to about 70 MHz, the 5-V
HS600C library features system
speeds above 100 MHz.
Nevertheless, once vendors go to
0.5 pm and optimized-for-3-V pro-
cesses with higher performance,
most, like Toshiba, won’t offer the
flexibility of dual-voltage systems,
although SGS-Thomson Microelec-
tronics (Paris, France and Agrate,
Italy) plans to relax design rules in

And where part of a cir-
cuit simply can’t run fast
enough at 3 V, you can put in 5-V
cells.”

l Tools mix it up

What does all this mean for design
tools which up until now have had
the luxury of assuming a global
power supply? To support 3-V/5-V
systems, AT&T offers single-pass
timing calculation for accurate sim-
ulation, translator cells for interfac-
ing 3- and 5-V core logic blocks with
0 dc power to maximize battery life-
time, a family of 3- and 5-V /O cells
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The L r Beam Printef
Engine packs 17 page-per-minute
printing power into a compact desk-
top unit. With its impressive through-
put, high-volume paper capacity and
acclaimed Canon reliability, the
LBP-NX is the solid choice for OEMs
who demand uncompromising, heavy-
duty performance for their customers.
The LBP-NX features versatile
two-tray paper handling, job offset for
multiple users, and optional duplex
capability to meet the demands of
today's business. Plus Canon's ultra-

| Paper Delivery:

Print Speéd: 17 pages per minute

Paper Handling:
envelope, OHP transparency,

|
Letter, legal, A4, executive, ‘
label stock :
Optional envelope feeder

Optional duplex module

Face up (50 sheets)
Face down (500 sheets) |

EP-N Cartridge

Yield: 8,000 pages (at 5% coverage) ‘
Dimensions: 17.9"W x 22.4'D x 19"H
Weight: 96.8 Ibs.

© 1992 Canon U.S.A., Inc. Canon and the Canon logo are registered trademarks of Canon, Inc. Product specifications are subject to
change without notice. The Engines that Drive the Industry is a trademark of Canon U.S.A., Inc. For more information, write Canon
U.S.A., Inc., OEM Operations/Printer Division, One Canon Plaza, Lake Success, NY 11042
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fine toner has a smaller par-

ticle size than conventional toners,
producing exceptionally sharp text
and graphics. Canon includes this
new technology in the patented, user-
replaceable EP-N cartridge which
houses virtually all consumables.

Canon is seeking OEM partners
with value-engineering and marketing
insight. To see how Canon
can give you a powerful
edge, call 1-800-323-0766
and ask for the Canon
OEM Laser Beam Printer
Design Guide.
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Power dissipation vs
clock frequency

guaranteeing
accurate func-
tionality at 3.3
V, according to
NCR. Careful

2.6

POWER DISSIPATION - W

characterization
of each cell
to determine its
unique perfor-
mance ensures
that the ASIC
and the system
in which it re-
sides will func-
tion exactly as
specified. With
the new library,
you can mix 3-
and 5-V I/Os to
interface to a
mixed-voltage
system.  You

Vec=5V

T T oy T T
30 40 50 60 70
CLOCK FREQUENCY - MHz

80 90

Ty =25°C, FO = 2, AND 20% AVERAGE SWITCHING RATE.

100 can’t mix 5 V
with 3 V in the

core, however.

This graph from Texas Instruments illustrates how, in a 50,000-
gate design with an average of 20 percent of the gates switch-
ing during each clock cycle, dropping the supply voltage from

5 V to 3 V can reduce power dissipation as much as 70 percent.
Tl claims its 0.8-um CMOS TGC1000LV gate arrays achieve up to
three times the battery life for portable and personal communi-

cations systems.

Michael W. Mor-
rissey, vice-pres-
ident of NCR,
says, “The new
3-V library will
provide a solu-
tion for develop-
ers who need
low-voltage

for interfacing with other devices,
netlist audits for verifying connec-
tivity between 3- and 5-V logic, and,
most significantly, concurrent cell
placement for 3- and 5-V logic during
layout to minimize die area and
routing parasitics. Synchronous and
asynchronous SRAM compilers, a
ROM compiler and a register-file
compiler are available with the 0.7-
um libraries. And if you're working
with AT&T’s older 0.8-um 900C
CMOS standard-cell library (46
MHz at 3 V, 67 MHz at 5 V) and
0.9-um BiCMOS HD750BC library
(91 MHz at 3V, 133 MHz at 5 V), you
can mix 3- and 5-V cells as well as
CMOS and BiCMOS on the same
chip.

NCR, now part of the AT&T fam-
ily, is also committed to supporting
customers with mixed-voltage sys-
tems. NCR’s first low-voltage li-
brary, the 0.95-um (0.7-um L-effec-
tive) VS700LV CMOS 3.3-V
standard-cell library (the 3-V ver-
sion of NCR’s workhorse VS700H
submicron library), has undergone
an extensive specification process

ASICs, espe-
cially those customers who already
have 5-V ASICs in their systems and
want to upgrade to 3 V or transition
to a mix of 3- and 5-V chips. They
will be able to migrate a design from
the 5-V to the 3-V library very easily,
with only resimulation to the low-
voltage design requirements.” If
you're developing a new product,
Morrissey says this library will help
you get to market at less cost.

NCR’s VS700LV library requires
less than half the power required by
its 5-V counterpart. If you need em-
bedded RAM, NCR is offering a 3-V
customer-configurable RAM and
plans to add other macro functions
to the library. The company has in-
corporated JEDEC Standard 8.0 for
CMOS and 8.1 for TTL into the li-
brary-specification process to en-
sure compatibility with standard de-
vices being released for low-voltage
products.

ia balancing act

Atmel went through a fairly elabo-
rate design process, according to
John Ford, marketing manager for

ASIC products, to balance the per-
formance of 5- and 3-V library ele-
ments in its new 0.8-um three-layer-
metal ATL80 gate array family (11
arrays with routable gate counts to
180,000 gates and up to 490 pins). A
two-input NAND gate with a fanout
of two, at 25°C and 5V, has a 200-ps
gate delay; at 3 V, that delay goes up
to only 270 ps. “Three-volt technol-
ogy can’t have a huge sacrifice as-
sociated with it,” says Ford. “It’s got
to be optimized enough that it will
be an attractive option.” The ATL80
family library is specified from 5.5 to
3 V, and the devices will operate
down to 2.4 V. Some I/O can operate
at 3V, some at 5V, and the core at
either 3Vor5V.

TI has developed a CMOS base
cell to improve the low-voltage per-
formance of its new 0.8-um CMOS
3-V TGC100LV gate arrays. The en-
hanced base cell gives reliable per-
formance in high-speed, high-den-
sity memory structures and in
low-power logic gates when oper-
ated from supplies as low as 2.7 V,
according to TI. “The conventional
base cell does not provide effective
memory density, reliable memory

Where do the low-voltage
standards stand?

Three separate task groups of the
JEDEC JC-16 Committee on Low
Voltage and Interface are currently at
work.

The task group addressing a 3.3-V
unregulated standard reports that a
ballot to establish the supply voltage
operating range as 2.6 Vto 3.6 V re-
cently failed. The task group agreed
to letter ballot an alternate pro-
posal—2.7 V to 3.6 V.

The task group working on a 2.X-
V standard has agreed to letter bal-
lot a proposal for setting the supply
voltage range to 2.5V 0.2 V. A pro-
posal to set the supply voltage range
in unregulated applications to 2.0 V
to 3.3 V has recently failed passage
via a committee letter ballot. An al-
ternate proposal of 1.8 Vto 2.7 V
has been suggested.

The task group assigned to the re-
vision of Standard 8.1 for LVTTL has
had its work presented and ap-
proved for submission to the JEDEC
Council with minor edits.
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Is CodeTAP’ the ultimate tool for
the software engineer’s environment?

You be the judge.

We took the most pow-
erful and popular in-circuit

features of an emulator.

an important part of our
integrated 16- and 32-bit
development solutions. At a
very attractive price.

Then we PARTRBR 55534 But'desplte its
designed them into | supportedbyCodeTAP: | small size, Cod€TAP
» Intel AMD i
?1 SgurC¢ lexgel 1 Scn o Andtec is powgrftll enough
ebugging too 80386 0 access to your

small enough to fit | 8ocigercss
80C186/C88EA, XL, EB, EC

in the palm of your

target hardware in
real-time. And fast

hand and between the
tightest circuit boards.
What emerged was an
entirely new class of
personal debugging tools
we call CodeTAP (Target
Access Probe). Along with
our emulators, CodeTAP is

enough to keep up with the
full bandwidth of today’s
MiCrOProcessors.

CodeTAP lets you do it
all right at your desk. So you
can get more work done
and keep control of your
development schedule.

And you won't have to
interrupt your work for the
next engineer in line.

To see how ideally
CodeTAP fits your environ-
ment, call us and we'll give
you a demonstration at your
own desk. Call 1-800-
042-6139 (in Washington,
call 206-861-8300).

And judge for yourself.

i

i

Applied
Microsystems
Corporation

Where it all comes together.
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functionality or reasonable memory
performance when powered by low-
voltage supplies,” explains ASIC
marketing manager Dave Berrill.
“The new base cell is the most effi-
cient yet reported when it comes to
implementing memory.” Metalized
single-port SRAMs use only one

Prime Real EStH |
Available in a Great Locatic

Locate your next product on a VME MXbus™ SideCard™ adjacent to a
Mizar CPU card and you get your product to market faster because you start with
an off-the-shelf CPU that comes up with the debugger the first time you power it

base cell per bit. TI’'s CMOS base cell
is useful in systems based on the
JEDEC 3.3-V, £10 percent, regu-
lated voltage standard and the pro-
posed JEDEC JC-16 for battery-
operated systems, as well as the
5-V, £10 percent supply of stan-
dard applications.

on. And if you want to use a commercially available real-time OS, it is probably

already ported to the board.

By building your custom design on a proven hardware and software
foundation you also minimize your design risk. But you need not sacrifice any

design flexibility because Mizar supplies a variety of configurations based on
Motorola processors, including the 040. And the VME MXbus™ accommodates
single high 3U, conventional double height 6U, as well as unconventional 9U

and custom configurations.

Call us today to take advantage of this opportunity to put your next design
in a great location. It’s a unique solution from Mizar that you can build on.

MIZAR

1419 Dunn Drive ® Carrollton, TX 75006
1-800-635-0200 FAX214-242-5997

1992 Mizar Digital Systems, Inc

Mizar is a registered trademark of Mizar Digital Systems, Inc. Other names are trademarks of their respective manufacturers
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The TGC1000LV and the
TGC1000 series of gate arrays,
which support 5-V operation if
higher performance is required, in-
clude 12 base arrays with up to
455,000 gates and 70 percent utiliza-
tion. The TGC1000LV provides a di-
rect interface to both 3-V and 5-V
systems. The products support mixed
3-V and 5-V systems architecturally
through separate output I/Os and spe-
cialized library macros. The macros
will accept 5-V input signals when a
device is powered by 3 V.

Like AT&T, TI is offering comple-

| mentary CMOS and BiCMOS prod-

ucts. The new CMOS arrays and TI’s
BiCMOS TGB1000 arrays share
common CAD tools, design flows
and libraries. The low-voltage ar-
rays are also supported by the Syn-

| opsys Test Compiler. Memory and

datapath compilers are available.
Among other low-voltage sub-
micron ASICs on the market are the
LSI Logic (Milpitas, CA) 0.6-um
CMOS 300K family of gate arrays,
cell-based and embedded arrays
with libraries characterized at 3 V,
3.3 Vand 5 V. For 3-V operation in
consumer applications, power dissi-
pation for 300K devices is 0.4
uW/gate/MHz, datapath average,
and 1.1 uW/gate/MHz, random logic
average. LSI Logic’s 0.5-um 500K
ASIC family at 2.7V, 3 Vand 3.3V
is scheduled for release in late 1993.

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.
AT&T Microelectronics
(800) 372-2447 . Circle 256
Atmel
(719) 576-3300 Circle 257
LSI Logic
(408) 433-8000 el - . Circle 258
NCR Microelectronic Products
(303) 226-9500 ........ ) + 10001 Chdle 259
SGS-Thomson Microelectronics
(214) 466-7346 Circle 260
Texas Instruments
(800) 336-5236, ext. 700 . ........Circle 261
Toshiba America Electronic Components
(714) 455-2000 . ... Circle 262




Use our low power,
low voltage memory and
buy more time.

| extending battery life and

system operating time. Since

I the parts run cooler, they also
increase system reliability. And

) we offer the latest packaging

| technologies such as TSOP and

If you design battery operated systems such
as laptop and notebook computers,
Micron’s low power, low voltage
memory components can buy
you more time.
Micron’s extensive

line of leading edge, PQFP.

low power, low So call Micron today at
voltage DRAMs and 208-368-3900. And find out how
SRAMS are designed to buy more time.

Micron. Technology that works
for you.

to give you optimum 3.3 volt
operation in battery powered systems,

Part Memory - Part Memory

Number Configuration Availability Number Configuration Availability
3.3 Volt, Low Power, Extended Refresh DRAMs 3.3 Volt, Low Power Specialty SRAMs

MT4C4001] VL 1 Meg x 4 3Q92 MT5LC2818  Latched 16K x 18 Now
MT4LC4001 $* 1 Meg x 4 4Q92 MT58LC1618 Synchronous 16K x 18 Now
MT4LC4001 L 1 Meg x 4 4Q92 MT5LC2516  Latched 16K x 16 Now
MT4C4256 VL 250K x 4 Now MT58LC1616 Synchronous 16K x 16 Now
5 Volt, Low Power, Extended Refresh DRAMs 5 Volt, Low Power, Low Voltage Data Retention SRAMs
MT4C1004] L 4Meg x 1 Now MT5C1001 LP 1Meg x 1 Now
MT4C4001] L 1 Meg x 4 Now MT5C1005 LP 250K x 4 Now
MT4C8512 L 512K x 8 3Q92 MT5C1008 LP 128K x 8 Now
MT4C16256 L 256K x 16DW! 3Q92 MT5C2561 LP 256K x 1 Now
MT4C16257 L 256K x 16DC* 3Q92 MT5C2564 LP 04K x 4 Now
MT4C1024 L 1 Meg x |1 Now L MT5C2565 LP 64K x 4 OF’ Now
MT4C4256 L 250K x 4 Now MT5C2568 LP 32K x 8 Now
MT4C1664 L 64K x 16 FPM* Now
MT4C1670 L 64K x 168C* Now
*Self Refresh 'DW— Dual Write Enable ’DC- Dual CAS SFPM— Fast Page Mode 'SC— Static Column SOE- Output Enable

MICRON

TECHNOLOGY, INC.
2805 E. Columbia Rd., Boise, ID 83706 (208) 368-3900
Customer Comment Lines: U.S. 800-932-4992; Intl: 01-208-368-3410

© 1992 Micron Technology, Inc.
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PCI promises solution to local-bus bottleneck

Warren Andrews, Senior Editor

he demand for graphical user
I interfaces (GUIs) and other

high-bandwidth peripheral
functions in PCs has reached a point
where traditional EISA, ISAand MCA
buses can no longer keep up with the
I/O requirements.

In an effort to keep up, designers
are interfacing peripherals directly
to the processor bus. This solution,
however, often proves awkward and
requires a lot of glue logic to adapt
the bus to peripheral functions. In
addition, peripherals can bog down
the processor bus with I/O traffic
when it should be handling process-
ing-related tasks. To further compli-
cate matters, processor buses tend
to change with different generations
of processors, making such ap-
proaches a temporary solution as
well as a bottleneck in the design
process.

There have been attempts at a
better solution. The most notable
comes from the Video Graphics
Standard Association (VGSA—San
Jose, CA), which hasits VL local bus
now in the final stages of develop-
ment. A new local-bus specification
from Intel (Santa Clara, CA),
dubbed PCI (Peripheral Component
Interconnect), is also emerging and
will be directly competitive with VL.

W Going its own way

Intel was an early member of the
VGSA group, but departed early to
pursue its own ideas. The company
now claims support from almost 40
major players, including Compagq,
Dell, Digital, Hewlett-Packard,
IBM, Microsoft, National Semicon-
ductor, NCR, Siemens Nixdorf,
Texas Instruments, and VLSI Tech-
nologies. This could set the stage for
conflict, but much depends on the
actual level of commitment from
those in the Intel camp.

The proposed PCI specification
defines a processor-independent,
multiplexed, 80486-like data and ad-
dress bus complete with enhance-
ments for PC features. The multi-
plexed approach keeps pin count to a
minimum to conserve board space
and limit design complexity. It pro-
vides a peak bandwidth of 132
Mbytes/s, using 32-bit address and !

| latency—60-ns write access latency

data lines. The bandwidth can be
doubled by increasing the datapath
to 64 bits. PCI also provides low

to slave registers from a master
parked on bus—for I/O devices and
networks and includes parallel bus
arbitration, allowing for multiple
bus masters with peer-to-peer
access.

Processor and memory technolo-
gies have outstripped the capabili-
ties of traditional buses, leaving de-
signers to fend for themselves in
providing high-performance graph-
ics, LANs and I/O on PC mother-

that PCI is not a mechanical, a
power, a connector, or a loading
specification, even though some
maximum guidelines are offered.
The specification also doesn’t give a
single frequency for a bus clock, nor
does it specify the arrangement of
bus loads, nor does it consider layout
issues. The disclaimer is to let de-
signers know that PCI is not in-
tended as a multiprocessor or gen-
eral-purpose expansion bus,
although it can be used with connec-
tors for adding features.

What PCI defines is a pin-level
interface that’s intended to connect

PCI system block diagram
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Intel’s PCl specification calls for a high-speed motherboard peripheral bus to handle
high-performance graphics as well as more demanding I/0. With a peak bandwidth
of 132 Mbytes/s, PCl achieves the level of performance required for the latest mega-

pixel approaches without interfering with th

e host CPU/memory bus.

boards with custom interfaces. PCI
was designed to provide a standard
electrical interface and a set of rules
for adding low-cost peripheral ICs
directly to a PC motherboard with-
out the need for complex glue logic.
In addition, the approach insulates
designers from the continual
changes in processor and memory
technologies and architectures by
providing a standard interface.
Intel’s developers, however, stress

directly to components (ICs). It in-
cludes interface protocols, as well as
ac and dc electrical specifications.
And while it includes timing para-
meters, they're specified for maxi-
mum bus loading and frequency;
this gives you the freedom to use the
parameters with reduced bus loads
or frequencies. The specification
also calls for what Intel refers to as
“innovative reflective wave signal-
ing” to reduce costs while achieving
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“Why can't 1 get a full Mil-Spec,
conduction-cooled VME board
with advanced commercial

functionality?”

“You can!
From Radstone.”

Leave it to Radstone to combine the enormous processing
power of the 68040 microprocessor with full Mil-Spec
reliability on a single VME board. With the CPU-40, Radstone
brings the high performance, functionality and flexibility
previously available only in advanced commercial VME
processor boards to high-rel NDI Mil-Spec applications.

Powerful, Flexible, Expandable

This high speed, single-board computer has features like a
25 MHz 68040 microprocessor, SCSI and Ethernet ports, up to
8 Mbytes of dual-ported RAM, up to 4 Mbytes of 32-bit wide
Flash EPROM and much more. It also boasts the first Military
Expansion Bus for other functions like MIL-STD-1553B, serial/
parallel I/O, VSB or customer-specific functions.

And that’s not all. The CPU-40 is available in conduction- and
air-cooled full Mil-Spec or ruggedized models, and software

development models. All five models are 100% software
compatible to meet all your applications precisely.

Ultimate Boards/Total Systems

And there’s even more in the Radstone arsenal. Full Mil-Spec,
ruggedized and development boards for graphics, intelligent
I/0, memory...plus ATR chassis, rugged enclosures and
software support. A total embedded systems capability.

When you need the high performance and functionality of
commercial boards...with full military reliability...at an off-
the-shelf price...call Radstone. We invented Mil-Spec VME
...and we're continually perfecting it.

Radstone Technology Corporation

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

Eastern Region: (201) 391-2700

Central Region: (708) 304-0202
Western Region: (408) 727-4795
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the performance goal of 33-MHz
operation.

0 Forces driving PCI

Graphics was one of the computing
areas driving the new interconnect
standard, and PCI handles graphic

132 Mbytes/s. Expansion of the data
bus to 64 bits is included to permit

even faster transfers. For multime- |

dia functions, the specification lets
peripheral devices operate concur-
rently with CPU/memory operation,
while still addressing the arbitra-
tion requirements of a multiple-

functions at its peak bandwidth of |

PDOS
VMEPROM

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.

) DWW ]

Tm om ma ma
CALL 1-800-YES-PDOS =2~ 2 2 = =

— = S
: ~
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: Allmos 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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master environment.

For network and disk I/O devices,
PCI provides low latency and lets
the system offer a guaranteed mini-
mum bandwidth. It also features
programmable-burst-size bus arbi-
tration for single accesses, resource
locks and support for look-ahead ar-
bitration. In addition, PCI offers
synchronous operation at up to 33
MHz, and is designed to be compat-
ible with standard ASIC processes,
separate configuration space and
support for soft configuration, soft
address mapping and three-party
DMA.

l Covering all the bases

The PCI specification is an inclusive
document covering all aspects of
what a peripheral bus should do—

| and then some. In addition to the

regular bus transfer, control and ar-
bitration functions, it deals with
such features as parity, exclusive ac-
cess, message passing, and other
special bus extensions. It also in-
cludes options for other features.
The specification, for example, cov-
ers support for cache, since entry-
level or laptop systems may include
part or all of the system memory and
cache on PCI.

The caching support for shared
memory is implemented by two op-
tional pins, which transfer cache
status information between the
bridge/cache and the target of the
memory request. The bridge/cache
snoops all memory accesses on PCI
and determines what response is re-

| quired by the target to ensure sys-
| tem memory coherency. To avoid

snooping overload, the bridge may
be programmed to signal a “clean
snoop” immediately on frequently
accessed address ranges which are
configured as non-cacheable.

Overall, PCI is a complex specifi-
cation, and it will probably require
significant support if it’s to achieve
the universal acceptance Intel hopes
for. It’s this same complexity, how-
ever, that makes it so appealing to
so many players.

First, it provides the kind of per-
formance needed for megapixel
graphics systems and other high-
speed I/0O subsystems. Second, it
takes a major load off designers by
taking the processor/memory bus
out of the I/O interface picture.
Since PCI is processor-independent,
processor buses and attendant




The Most Dithcult

Step In Making Your 386 PC

A Real-Time Machine.

By simply inserting this diskette into your
PC, you turn your 386 into one of the
most powerful real-time development and
application platforms available to engi-
neers. OS-9000 makes it that easy! That's
because OS-9000’s powerful real-time fea-
tures turn your 386/PC into a real-time
machine. And that means real time in no
time for you.

(QUESTIONS

FOR
SERIOUS
386/PC
USERS

o

- el

CRITICAL FEATURES

CHECKLIST

Compact (53K), fully ROMable, multi-
tasking, pre-emptive real-time kernel

Uses UNIX process and |/0 models

Complete UNIX and resident
development environments

Optimizing ANSI C compiler,
assembler/linker/source level debugger

Run DOS applications under 0S-9000

Robust 1/0 (hard and flexible disk, tape,
SCSI Common Command Set, support
for PC-DOS format disks)

Industry-standard networking (optional)
¢ Ethernet (IEEE 802.3)
¢ NFS Version 2 (client/server)

Powerful graphics support (optional)
* X Window System V11R4 running
on VGA hardware (client/server)
¢ OSF/Motif Version 1.1.1 running
on VGA hardware (client/server)
e RAVE for real-time graphics and
multimedia

Get All The Answers.

Still have questions? Call our

toll-free number to receive your free

copy of Questions & Answers for Serious
386/PC Users to find out how you can have
real time in no time. Or call Microware to
order your complete “plug-and-play”
0S§-9000/386 package for only $995.

Call Microware Today!

1-800-475-3000

In California, call (408) 980-0201

— uctovye—

MICROWARE SYSTEMS CORPORATION

1900 N.W. 114th Street ® Des Moines, lowa 50325-7077
England / Benelux: (44) 703 601990
France / Spain / Italy: (33) 42.58.63.00
Germany: (49) 6221-862091 * Sweden: (46) 18-192990
Switzerland: (41) 56-83-3377

MORE CHOICES * MORE OPTIONS ¢ TOTAL SUPPORT
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memory architectures can continue
to be the family jewels of high-per-
formance design without having any
interference from I/O interfaces.
Another major benefit of the ap-
proach is that it extends the life of
many peripheral chips and chip
sets, because they now will share a

standard interface with the proces-
sor bus on one hand and the I/O bus
on the other, without having to
| change with each new generation.
This actually extends the life of a
design in industrial or longer-lived
implementations, as well as saving
| precious design time in upgrading to

THE ULTIMATE
SPEEDING TICKET

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 1/0
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(ARD eSS
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next-generation processors in such
applications.

I The other edge

But Intel’s PCI may prove to be a
two-edged sword. While its complex-
ity and performance are the very
features that make it attractive,
they also increase design and layout
di dculties. Intel suggests that “sys-
tem designers will provide their own
proprietary solutions in these areas.
Itis possible that such solutions may
become standardized to some ex-
tent.” This obviously leaves the door
open to possible suggested or recom-
mended practices covering a variety
of potential problems.

Another potential problem is
what Intel refers to as a “bridge,”
which sounds a lot like a bus control-
ler. Such a bridge (or bus controller
chip, chip set, board, or module)
performs many functions, includ-
ing acting as a buffer between the
CPU and PCI buses while main-
taining the PCI bus in synch with

| the processor. It must also handle

bus arbitration and some level of
cache coherency between buffers on
the peripheral bus and those in the
rest of the system and between
memory and caches on the PCI bus
itself.

VGSA’s VL bus, by comparison, is

| relatively simple and can be manu-

factured now with existing silicon
and no change to current peripheral
chips. But it only supports a limited
number of peripheral devices—four
or five compared with the nine of
PCI—and doesn’t offer the flexibility
or performance of the Intel offering.
The differences between the two
approaches, however, are suffi-
ciently great that there probably
won’t really be any showdown be-
tween them. VGSA’s approach will
serve the short-term needs of sys-
tem vendors until the silicon re-
quired for PCI matures. Then, it’s
expected that PCI will step in and
take its place among many other
significant computer standards to

| emerge during this decade. ™
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.
Intel
(408) 765-8080 Circle 263

Video Graphics Standard Association (VSGA)
(408) 249-1830 Circle 264




Pick up the number one
real-time operating system.

Lotus Agenda
oy g

And run witht.

In today’s competitive market, it’s impor-
tant to run with the best. And when it comes to
real time, the iRMX® operating system is the
clear favorite.

You see, IRMX has a 13-year track record
for proven reliability. In fact, only DOS runs on
more X86 systems. Now, iRMX for Windows
provides the first real-time operating system with
guaranteed response time that runs DOS and

standard-mode Windows on the 1386™ and 486"

architecture. That’s right, true real time on a PC!
iIRMX for Windows brings more than just

affordable hardware to real time. It also gives
you a head start on development with access to
the huge installed base of DOS applications and
tools. In fact, you even have the option to run
Windows'" (including Windows 3.1).

So take the first step, call (800) GET-IRMX
(800-438-4769) and ask for Lit. Pack. #2B. And
start running real time with your favorite DOS
and Windows software.

intgl.

*Outside the U.S.A and Canada, FAX (503) 696-4633. © 1992 Intel Corporation. iRMX is a registered trademark and i386 and 486 are trademarks of Intel Corporation.

FIRMX runs on IBM and Compaq compatible 1386 and 1486 based PCs. 77All other products shown or mentioned are trademarks or registered trademarks of their respective owners.
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Tom Williams, Senior Editor

ver the last decade, “proces-
OSors, memory and disks have

all increased in speed and ca-
pacity by one to three orders of mag-
nitude,” notes Paul Sweazey, “Ring-
leader” of the advanced technology
group for Apple Computer (Cuper-
tino, CA). What hasn’t advanced is
the ability to move data

Ring datapath speeds
200-Mbyte/s transfers

developed by National. As imple-
mented by Apple, QuickRing re-
quires a slight design modification—
a notching—in the top of a NuBus
board to accommodate the cable con-
nector and on-board connector
traces. Beta Phase, which designed
the internal cabling and connectors

nal frequency, well within its capa-
bilities, Byer says.

I ...and add a chip

National’s contribution is its
QuickRing chip, which acts as a
switch at every node on the ring. A
“twisted ring” arrangement ensures
that the physical distance between
all nodes on the ring is the same.
This solves the problem of how to use
a ring topology with cards that are
also plugged into a backplane—in

this case, the NuBus.
On one side of the board is the
chip, which acts as a

between boards in a sys-
tem. “That’'s why really
high-performance sys-

Twisted-ring topology

switch for the incoming
and outgoing signals; on
the other side is a loop-

tems tend to be ‘pizza

back segment. This seg-

boxes’ or very, very expen-

sive,” he adds. “It’'s not
that modular isn’t still
good; it’s that modular
doesn’t work because the

OuT IN
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ment ensures that each
transmitter sends the
signal through two con-
nectors and one card be-
fore encountering a re-

performance of the bus
connecting the modules

ceiver, guaranteeing that
there’s equal distance be-

didn’t scale with every-
thing else.”

Of course, very expen-
sive systems do imple-
ment high-speed internal
datapaths. The trick is to

B)
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IN out IN
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tween all nodes on the
ring—and that there’s no
long return path bypass-
ing all the cards between
the ends of a row. The

datapath of the ring in

do it cheaply. Now Apple,

this design includes six

working with National
Semiconductor (Santa
Clara, CA), along with
cable and connector
manufacturer Beta

Phase (Menlo Park, CA),

The arrangement of QuickRing (below) differs from that of a ring
for boards plugged into a backplane (above). The standard back-

plane ring has a long return segment that’s “twisted” with Quick-
Ring to ensure equal spacing between all nodes.

serial lines plus clock.
The signals pass into
the receive port of
National’s QuickRing
chip, one of which sits at

has developed a cost-ef-

fective, point-to-point connection
technology that can move data
among boards in a system at 200
Mbytes/s. Apple’s QuickRing tech-
nology will be held by the company
for about six months, but then the
chips and connector technology will

tem designers for use in personal
computers, workstations and other
systems where high-speed transfer
of large amounts of data is needed.

One application envisioned ini-
tially by Apple is for use in multime-
dia graphics and video. The data
rate would make possible full-mo-
tion color image processing and an-
imation in real time.

l Take a cable...

QuickRing is based on a cable and
connector technology developed by
Beta Phase, and on a switching chip

become generally available to sys- |

for the new Cray machines, uses |
“microstrip geometry,” a flexible
photolithographiccable design that
allows a high aspect ratio between
the size of conductors and the space
between them relative to the dis-
tance to the ground plane.

The result is signal crosstalk of
less than one percent. According to
Beta Phase general manager
Charles Byer, “You can’t achieve
anything near that with standard
pin-and-socket connectors.” Beta
Phase also designed a connector
that maintains the pin spacing
while clamping securely onto the
traces on the board. Having devel-
oped cabling systems capable of
speeds of up to 500 MHz and with
signal densities of up to 500
lines/in., Beta Phase has found
QuickRing connectors, with 66
lines/in. density and 200-MHz sig-

each node of the ring;
signals then pass out of
the transmit port via 1 kbit of inter-

| nal buffering. Also, there are two

33-bit ports for on-board memory
read and write. The chip can simul-
taneously read and write four bytes,
plus have a bit for framing into and
out of memory at up to 50 MHz,
which equals the 200-MHz band-
width of the ring. The chip monitors
the data stream as it passes through
and decides what data is meant for
it; it pulls this data off, depacketizes
it and writes it to memory. It simply
passes through data meant for an-
other node.

The internal protocols with which
the chip packetizes and multiplexes
the data onto the ring are hidden
within the chip and are as invisible
to the designer as to the user, says
Apple’s Sweazey.

“It’s important to remember,” says
National’s marketing manager for
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Your application is
first in line with the MVC 16-
line Async Commux. It's got
processing capacity to
spare, thanks to a 16 MIPS
RISC, so system power goes
to your users —not 1/0.

Character processing
and buffering is managed
on-board by our RISC, so
driver calls and host over-
head are kept to 2 minimum. >
All 16 lines can operate at
38.4 KBaud. That’s over
61,000 characters per sec-
ond throughput, double the
rate of other VMEBus async
controllers.

The MVC’s advanced
features benefit both the
integrator and programmer.
Port and VMEbus parameters
are soft-configured and set
line-by-line. Modem control
is standard. Full software
support is also included,
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connectors

along with diagnostics and
a Streams driver.

Advanced memory
architecture and high-speed
buffering eliminate overruns
and port domination. Mem-
ory is expandable from 128KB
to IMB, so the MVC handles
today’s requirements and
future application needs.

With over 11 years
experience producing
advanced storage, communi-
cations and memory prod-
ucts, Macrolink delivers the
powerful and flexible MVC
in 8 and 16 line configura-
tions. Call us today. We won't
keep you waiting.

Macrolink Inc.,

1500 North Kellogg Drive,
Anaheim, California 92807.
Phone (714) 777-8800,
FAX (714) 777-8807.
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BTECHNOLOGY DIRECTIONS

COMPUTERS & SUBSYSTEMS

high-performance bus products,
Phil Hughes, “that QuickRing is not
a control bus; it’s a data pipe.” As
such it isn’t intended for random
access of data in memory. Each
transmitter sees the nodes farther
along the path as logical FIFOs, and
data moves in one direction around
the ring. The backplane bus is still
used for loading control programs,
setting registers and randomly ac-

ment path involved. The current im-
plementation of QuickRing allows
up to 16 nodes. The chips are de-
signed for a maximum efficient
packet size to be put onto the ring.
When bandwidth is available, the
chip will put on an amount of data
up to the maximum packet size.
Packets have headers to identify the
destination node. The chips are re-
sponsible for putting data on the

QUICKRING

QuickRing block diagram

QuickRing is de-
signed to work in
a system that also
incorporates a
backplane bus.

BACKPLANE
BUS

SCSI

The high-speed
datapath handles
large, fast data

CPU

\

transfers among

VIDEO

modular boards,
while the back-
plane bus serves

&>

for instructions
and control. A

DMA bridge to
the main CPU

/

memory bus could
also be included.

MEMORY

IMAGE
PROCESSOR

cessing data. “Theoretically,”
Hughes notes, “you could hook
QuickRing into the CPU memory
bus via a DMA bridge.”

l Beyond 200 Mbytes/s
Both National’s Hughes and Apple’s
Sweazey point out that the 200-MHz
bandwidth is the maximum data
rate between any two segments. By
pipelining and overlapping data
transfers, it’'s possible to obtain a
higher overall system data through-
put than 200 Mbytes/s. For example,
if in a four-node system there was a
transfer at 80 Mbytes/s between
nodes A and B, and at the same time
an 80-Mbyte/s transfer between
nodes A and C, the total bandwidth
load between A and B would be 160
Mbytes/s. If there were also an 80-
Mbyte/s transfer between B and C
(160 Mbytes/s total), the overall sys-
tem throughput would be 320
Mbytes/s.

The overlap of data transfers
takes place in the time domain up to
the full bandwidth limit of any seg-

J

| ring and seeing to it that it comes off

in the proper order. The program-
mer, then, can deal with simple
transfer commands and can concen-
trate on processing the data once it’s
arrived, as well as sending it on
when it’s ready.

There are, of course, trade-offs in |
using this method versus a back- |
plane bus. One of these trade-offs is |
latency. Although the ring is very
fast, you're dealing with a round-
trip scenario, so the maximum
latency to get at data is the longest |
distance around the ring—less than
1 us per block. On the other hand,
the latency is predictable. You don’t

connector technology could have far
broader applicability. “There’s a
growing disparity between density
and signal speed available from ICs
and what’s available through stan-
dard connector technology,” Byer
says. Witness the trend toward
building processors with internal
and external clocks, so they can pro-
cess data more quickly internally
and still transfer it via circuit
boards. Microstrip connectors could
conceivably be routed along critical
high-speed datapaths on circuit
boards.

In addition to the interboard ver-
sion of QuickRing, Apple is looking
to Beta Phase for a longer cabling
technology—on the order of one me-
ter—that would allow interconnec-
tion between two or three systems
located very close together.

According to Hughes, National
plans to be delivering QuickRing
chips to Apple developers by the first
quarter of 1993. He adds that the
first QuickRing products would ap-
pear on the market by mid-year.
National will be free to release the
chip to the general market by the
fourth quarter of 1993.

Beta Phase’s Byer notes that the
connector and cable technology isn’t
proprietary to Apple. His company,
however, is committed—along with
its partner, Molex (Lisle, IL)—to
supply Apple’s needs first through
the initial period.

have to worry about bus contention
and handshaking. A backplane bus
becomes less efficient as it reaches
saturation, while the ring becomes
more efficient because there’s little
or no overhead to the data transfer.

I More needed from interconnects
Both Beta Phase’s Byer and
National’s Hughes agree that the
microstrip geometry of the cable and

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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Think Low Power.

Think Mitsubishi Gate Arrays.

Whether you're designing your next gate array, or your first, you've got to
think about system power requirements. Your very next thought should be:
Mitsubishi Gate Arrays.

Our 0.8um arrays give you four speed/power options to control total chip
power consumption. Four transistor sizes within each macro allow optimization
for either high speed or low power. The result is power dissipation as low as
2.4uW/MHz/gate, at 5V. And, with Mitsubishi’s 3V library, you can achieve
even lower power dissipation. You can switch more nodes in
the array, control the power and still use lower-cost, plastic packaging.

Add to all of this 400,000 gates, 512 1/Os, and Mitsubishi’s exclusive
pPitch TAB™ packaging with pin counts as high as 576.

We also offer design kits for industry’s most popular workstations, from logic
synthesis, to simulation, to automatic test pattern generation (ATPG). So you can design on your
own workstation or ours.

With both local design support and the global resources of a stable, well-capitalized company,
Mitsubishi is one of the world’s top 10 semiconductor suppliers. We've been in the ASIC business
for over 15 years and we're continuing to invest in technologies for the next decade.

When you think gate arrays, think low power. Then think Mitsubishi. You'll be glad you did.

Phone (408) 730-5900, ext. 2106.

2= MITSUBISHI

ELECTRONIC DEVICE GROUP
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BTECHNOLOGY DIRECTIONS

CAE/CAD TOOLS

Mike Donlin, Senior Editor
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manual routing of problem traces.
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PCB routers keep up with
tougher design constraints

* Layer1
Layer 4
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In this screen shot of the Dazix auto-interactive router in action, the dotted green line
shows a trace routing path passing over trace obstructions (red lines) with a yellow

dot where the system would place a via. The yellow dotted line indicates the remain-
der of the path to be connected. This information lets you make informed choices for

sign, the debate about which is

better, engineer or autorouter,
has been going on for at least 20
years. EDA vendors have long held
that using the power of the computer
to lay traces on a board is worth the
cost of the tool, while many board
designers claim that automatic tools
are inefficient and can increase the
price of a board.

“There are a lot of technology ad-
vances that are making autorouters
a necessity,” says Keith Felton, se-
nior product manager in the CAD
group at Racal-Redac (Mahwah,
NJ). “High-speed signal integrity
control, advances in packaging and
shorter time allowances for engi-
neering changes are all making the
task of routing a board increasingly
difficult. An auto-interactive router
is the best tool to meet these chal-
lenges, because it combines the com-
puter’s ability to keep track of de-

In the complex realm of PCB de-

sign rules with the engineer’s ex-
pertise to produce an efficient, man-
ufacturable PCB.”

| Finding the right angle

Racal-Redac’s latest entry in the
router arena is a graphical, auto-in-
teractive router built around the ar-
chitecture ofits gridless Bloodhound
autorouter. The new release, 3.0,
features angle-free routing and
graphical min/max delay con-
straints routing with real-time anal-
ysis capabilities. “There’s a trend to-
ward wusing new packaging

| techniques, such as offset pin layout,

to reduce device size and maximize
lead-outs,” Felton explains. “The in-
creased use of ASICs, FPGAs and
PALs has caused a dramatic in-
crease in device pin counts. This,
coupled with the physical compac-
tion of systems on boards, has led to
a huge rise in data I/O channels and
the need to accommodate these I/Os

in connectors of ever decreasing size.
To achieve this density, an offset pin
layout technique is often used for
board layer minimization, but it
means that traditional orthogonal

| routing is no longer practical.”

According to Racal-Redac, most
routers have gotten by with a 45°
routing capability, but today’s latest

| devices need 30°, 60° or even angle-

free routing features. To meet the
needs of PCB designs with advanced
device packages, Racal-Redac’s
router will automatically switch to
angle-free routing mode whenever
required.

As impressive as such router fea-

| tures are, designers are still reluc-

tant to turn routing completely over
to a computer. Interactivity, there-
fore, is essential, and most EDA ven-

| dors provide some level of editing

capability in their routers. Racal-
Redac’s router provides this interac-
tivity, while keeping design rules

| firmly in the design. Its Route Editor

provides min/max delay constraints
routing while you edit the route. This
feature immediately identifies criti-

| cal signals that have propagation de-

lay constraints and lets you visualize
the boundaries of the constraints
with a pair of octagons. To obey the
constraints, you have to construct a
route within the boundaries of the
largest octagon, but outside the

| boundaries of the smaller octagon.

The display shows you the required
target constraint values and the
router’s current value status.

¥ Reconciling differences

| Because interactivity is high on the

wish list of so many designers, it
seems an obvious feature for EDA
vendors to provide. Unfortunately,

| it’s a feature that’s easier described

than provided. “Most routers that
have editing capabilities use sepa-
rate algorithms for the automatic
batch routing and the interactive ed-

| iting portions of the software,” says

Walter Katz, director of advanced
routing at Dazix (Huntsville, AL).
“This limits the interactive capabili-
ties rather severely. If you want to
stitch in a path, for instance, you
have to specify all the vertices along
the way, which can be time-consum-
ing. Even then the router might not
have the push-and-shove or rip-up-
and-retry features that the batch
router would have, so the trace might
meander around the board.”
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You Caanry Building
Your Own Real-Time
Operating System,

Building your own operating system for a real-time appli-
) g S) PI

cation can cost you up toa year in expensivc pr()gramming

time. And lost business opportunities. In a fast-moving market,

™

it simply doesn’t make sense to build. Not when VxWorks
from Wind River Systems lets you move right in.
VxWorks gives you all the components and tools you need
to start developing applications immediately. Which cuts your
A costs dramatically. And be-
cause VxWorks offers a more

Sun 68K A o ’ y

HP SPARC full-featured development
DEC MIPS platform than any other off-
IBM 1960 the-shelf operating system, it

VxWorks supports multiple platforms. — gets your pl'()dll('t to market

1992 Wind River Systems. Inc. Wind River Systems,

VxWorks, wind and the Wind River Systems logo are trademarks of Wind River Systems.

Or You Can
Feel Right At Home

With VxWorks.

faster. It’s the one true turn-key solution, fully compatible with
industry standards right out of the box.

Wind River Systems pioneered off-the-shelf high-speed
UNIX® networking for real-time applications. And VxWorks
still leads with the most complete, robust networking available.
The lean, efficient wind™ kernel gives it unsurpassed multi-
tasking speed and functionality.

So before you invest the time and money trying to build
your own real-time operating system from the ground up,
find out more about
VxWorks. And feel right
at home from day one.

1-800-677-1586.

WIND RIVER
SYSTEMS

Real-Time Solutions for The Real World

Inc. UNIX is a registered trademark of ATGT.
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CAE/CAD TOOLS

Integrating the autorouter with
the editor is difficult because the
batch router’s algorithms are usu-
ally an established product in an
EDA vendor’s suite. “Irying to tie a
new algorithm, such as one for inter-
active capabilities, into a router
that’s been around for a while takes
quite of bit of expertise,” Katz points

2|

on a grid, it will take an inordinate |
amount of memory to handle the nu-
merous traces and pads of a complex
PCB. Though innovative grid-han-
dling techniques let gridded routers
such as the Dazix tool work with |
mixed-technology PCBs, some ven- |
dors claim that only a truly gridless
router has the flexibility and memory |

£

Visula File Edit Tools Settings Reports Macros ilaye: o

(Conpotent)

Semi-auto(net98)

Initial

Unde f ined
1000

400

500

Net track length (in)
Max. net delay  (pS)
Min. pin delay (ps)
‘Max‘ pin delay (p8)

Current

constraint).

In this photo of Racal-Redac’s Route Editor 3.0, twin graphical octagons highlight the
minimum and maximum delay constraints for critical nets. To stay within these
constraints, you construct a route staying outside the inner octagon (minimum delay
constraint), but staying inside the boundary of the outer octagon (maximum delay

out. “And if you’re a tool vendor who
wants to unveil interactive features
in a timely fashion, you're probably
going to find it easier to just write a
separate algorithm.”

The Dazix auto-interactive router
lets you route by component, win-

speed design rules are automati-
cally obeyed by the tool when
routing nets with scheduling,
min/max trace length and matched
length requirements, as well as
differential pair constraints and
stub length controls.

i Avoiding gridlock

Although the Dazix router is tar-
geted at complex, high-speed PCB
designs, its competitors point out
that, because the Dazix tool is built

dow, net, or “from-to” points. High- |

efficiency to handle complex, fine-
pitch architectures.

“True gridless routing requires less
memory because it doesn’t use as
many reference points to place a |
trace,” says Shelley Boose, director of
marketing at Cooper and Chyan
Technologies (Cupertino, CA). “Our
router uses a shape-based approach
which looks at a line across the screen

table-driven crosstalk control, auto-
matic balanced-pair routing and
length-controlled routing—capabili-
ties designed for high-speed PCB de-
sign. According to Boose, “Sensitive
nets requiring ground shields are
normally manually routed to spe-
cific requirements and then fixed in
place before any routing is at-
tempted. These fixed nets become
barriers during autorouting. In con-
trast, the SP50 uses a technique
that autoroutes the net and the
guard traces at the same time, while
letting you define special clearance
requirements for the shielded nets.
This approach lets boards with
shielded net requirements be com-
pletely autorouted.”

| Avoiding noise

In a further bow to the needs of
designers of high-speed PCBs,
Cooper and Chyan has teamed up
with Quad Design Technology (Ca-
marillo, CA) to link the SP50 router
with Quad Design’s XTK crosstalk
analysis tools. Using this technol-
ogy, crosstalk prevention is a three-
step process. Before layout, you use
the XTK toolset to determine the
coupled noise characteristics of the
circuit. This step is accomplished us-
ing small sample circuits on a test
board along with the electrical char-
acteristics needed by XTK to per-
form analysis. The resulting data is
used to develop a table of length-vs-
gap rules utilized by the SP50 to
control parallelism.

After developing the rules, you
autoroute the circuit with the SP50,
which can follow the tabular paral-
lelism rules. Once autorouting is
completed, use the XTK tools to take
measurements of crosstalk in the
finished circuit. This final check as-
sures you that the model used by the
router agrees with the electrical
analysis provided by XTK. If discrep-
ancies are found, you can change the

as a rectangle that’s so many millime-
ters wide by so many millimeters
long. While a gridded router sees hun-
dreds of points on a line, we treat it as
one shape. The advantage of this ap-
proach is that it provides the flexibil-
ity to deal with mixed-trace pin spac-
ings, while using far less memory
than gridded routers do.”

Cooper and Chyan’s newest
router, the Specctra SP50, features

route with the interactive editor. ®
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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NEW & NOW

The Complete

SYSTEM 32 combines Ironics” proven hardware,
Microware’s tried and true OS-9™ Professional,
with refinements that make SYSTEM 32 a product —
not a project!

Power Tools — full ANSI C compiler and source
debugger, UNIX “look-and-feel” libraries, and online
tutorials get you up and running — fast!

ICEBOX™ System Case — the best VME enclosure
in the world, optimized for accessibility,

power, and cooling.

“Can Do” CPU— our
25MHz, 4MB 68030
host CPU gives you
4 Serial Ports,

1 Centronics/

Parallel Port, 68382
FPP support, and
onboard SCSI and
VSB interfaces —

standard!

IRONICS INSTANT
REPLAY" Bundle
Turns SYSTEM 32
Into An Image Capture,
Retrieval.,

Storage, and

Display System

IRONICS INCORPORATED e 798 Cascadilla Street Ithaca, New York 1

IRONICS SYSTEM 32™
08-9™ Real-Time VMEbus
Development/Target
System

0S-9 System

Add Ethernet, X-Windows, or Both — our indus-
try standard networking and user-interface connec-
tions put the world at your fingertips.

Bolt-On Imaging and Graphics Capabilities —
grab, transport, store, pre-process, retrieve, and
display images with bundles like Instant Replay.

MultiProcessing, Ready When You Are — no one
knows MultiProcessing engines and
software like Ironics. From a single
CPU to a rack full of ©040’s, SYSTEM

32 answers your need for speed.

Custom Systems, To Go — if your
system needs are out of the ordinary,
you’ve come to the right place!
Ironics’ veteran System Integration
Group can handle anything from
mild to major customs.

Call our VME Product Hotline Today.
-800-334-4812

b~

IRONIGS
Incorporated

wl!

850 USA » 607-277-4060 Fax 607-272-5787

System 32, Instant Replay. and Icebox are trademarks of Ironics, Inc. All other brands or products are trademarks of their respective holders
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Tools help move applications
between different GUIs

Tom Williams, Senior Editor
w graphical user interfaces
(GUIs) for many different
platforms and operating systems, it
would be easy to despair of solving
the problem of porting applications.
As it turns out, the application pro-
gramming interfaces (APIs) of GUIs
tie them very closely to the display
functions of the system, as well as to
almost all the other OS services.
Since the application gets to all the
system services via the

ith the proliferation of |

A system using the OSF Motif fla-
vor of X Windows has a layered API
in which the application makes calls
to different levels for different ser-
vices. Window management calls go
to the Motif and Xtool layers, while
display functions use the Xlib li-
brary of graphics primitives. System
services such as file I/O call the Libc
client library layer, which interfaces

to Unix.
In MS Windows, on the other

DOS, such as memory management
and task switching, as well as ad-
vanced intertask communications
such as dynamic data exchange
(DDE) and object linking and
embedding (OLE).

Bristol’'s Wind/U library consists of
window manager functions, graphical
device interface (GDI) functions and
system services functions. When the
MS Windows application is recom-
piled and linked with the Wind/U li-
brary, the latter maps MS Windows
function calls to the equivalent Motif
and X Windows calls.

B Windows vs. Motif

According to Ken Blackwell, Bris-
tol’s chief technical officer, there’s a
disparity between the

APIL, it should be possi- functionality of MS Win-
e XVT portable GUI ol S ik e
G(}lJIs tvibal1 t}:;{ Suppos- deveIOpment tOOIS f\‘IVin(i(_)ws lil.E;S Hiltl’Ch mor}e]e
edly stable S. unctionality. It’s muc
of course, pothing is 5 A o richer.’.’ Of course, as an
ever quite as 51mple asit MS WINDOWS operating system the un-
?}?S?d% singfeﬁdlffe{ent derlying E;‘ni)éhis rr_ltlflch
s have different ca- more powerful than either
pabilities, looks and LIBRARY FOR i e DOS or DOS combined
feels. But because to- e MACINTOSH with Windows. But for the
day’s GUIs are well-de- APPLICATION |l independent software
fined, vendors of appli- PROGRAM vendor moving an MS
cation porting utilities ik LB PO Wind lication t
3 PRESENTATION 0s-2 1n' OwWS applica .1on 0
are finding ways to move o MANAGER Motif, the underlying OS
almost the full capabil- INTERFACE levels “aren’t much of an
ity of an application de- issue, because the API de-
veloped on one platform, ng@%ﬁg“ UNIX OR VMS fines the functionality,”
OS or GUI to another. according to Blackwell.
Certain Windows fea-
I Two approaches el i tures not supported by
Two approaches to the OPEN LOOK Motif, such as combo
problem are presented N boxes, have been added
by Bris!:ol Technology APPLICATION using widgets from the
(Ridgefield, CT) and PROGRAM LIBRARY FOR UNIX OR Xtool layer of X Windows.
XVT Software (Boulder, b et DOS SYSTEM MS Windows DDE is
CO), each solution mapped to Unix remote

appealing to a different
class of software devel-
oper. Bristol’s approach
takes the application
calls to the Microsoft
(MS) Windows API and
translates them into
calls to the OSF Motif

The XVT GUI Portability Kit lets developers write C or C++ pro-
grams to XVT's abstract GUI level. GUI, OS and hardware-specific
libraries translate the XVT GUI calls to the characteristics of their
respective environments. For C developers, the XVT-Design pack-
age lets you lay out windows, menus and dialog boxes in graphic
form and produce the abstract API code for later conversion to the
environment of choice.

procedure calls, and Bris-
tol’s Blackwell says that
OLE will be supported in
an upcoming release. In
addition, the Wind/U
package adds a printer
support feature that can
be used by all the applica-

flavor of X Win-
dows/Unix. XVT, on the
other hand, provides an API at a
more abstract level. The developer
writes code that can later be linked
to facilities letting it run under six
different APIs, including those for
Macintosh, Open Look, OS-2, OSF
Motif, and Windows.

hand, the application calls a single
Windows API, which provides all
window management and graphical
device services and routes calls for
file I/O into the underlying DOS
level. The MS Windows API also pro-

| vides OS services not available from |

tions on the system.

The MS Windows GDI
deals with graphic devices including
printers and plotters, as well as dis-
play devices, and is, therefore, more
general than the Xlib layer. A mod-
ule called Xprinter has been added
at the Xlib level—below the part of
Wind/U that maps GDI calls to the
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DISTRIBUTED PROCESSING
WITH THE QNX® FLEET™ NETWORK.

BECAUSE COMPUTERS WERE MEANT TO RUN TOGETHER.

Maybe it’s not natural to expect
a network of microcomputers to

perform like a supercomputer.

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

POSIX AND MORE

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

And with good reasons.

Like POSIX compliance.

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

Not to mention our technical

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

FAULT-TOLERANT
NETWORKING

With most networks,

a hardware failure spells disaster.
But not with QNX.

If a card or cable fails on

a dual-net FLEET setup, QNX will
automatically re-route data
through the other network
before you — or your application —

can even blink.

LoAD-BALANCING
ON THE FLy

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

EFFICIENT PERFORMANCE

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

on FLEET for optimum efficiency.

®

REALTIME OPERATING SYSTEM

EXTENSIBLE
ARCHITECTURE

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

stop drivers dynamically,

without even rebooting.

TRANSPARENT
DISTRIBUTED
PROCESSING

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

the FLEET network.

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

to just say “FLEET.”

Go with the QNX FLEET network.

Nothing runs like it.

To find out how your
applications can thrive in
the QNX environment,
call 1-800-363-9001
(ext. 103).
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The Bristol approach

MS WINDOWS APPLICATION

WINDOW GDI SYSTEM

MANAGER FUNCTIONS SERVICES

FUNCTIONS FUNCTIONS

Xm
Xtool
Xlib ] Xprinter
—

Libc.a
Unix

display via Xlib. Xprinter can accept | X Windows is still pretty much a
Xlib calls from either a converted | “roll-your-own” proposition.

Windows application or an X Win-
dows application; it supports Post-
script printers. Support for the | To write a single application and |
Hewlett-Packard PCL printer lan-
guage will be added soon. “We will
also license this portion directly to X | different set of problems from
Windows developers,” says Black-
well, because printer support under

i Taking the high road

have it run on a variety of APIs, OSs
and hardware platforms creates a

porting an existing MS Windows ap-
plication to the OSF Motif version of

The Wind/U library from
Bristol Technology maps
application calls to the
MS Windows API to the
different API layers asso-
ciated with the OSF
Motif version of X Win-
dows. System services
such as file 1/0, which
MS Windows maps to
DOS functions, are sent
to the client library,
which interfaces X Win-
dows to Unix. Printer
support is added to X
Windows with Xprinter,
which lets the MS Win-
dows GDI write directly
to a Postscript printer.

X Windows. First,
you don’t start out
with existing code.
The XVT Portability
Toolkit from XVT
Software is designed
to offer you a thin
API at an abstract
level. Writing an ap-
plication to this API
lets the same appli-
cation be character-
ized via libraries
linked for the differ-
ent GUI environ-
ments.

According to XVT
president  Marc
Rochkind, “XVT is
an invention of a
new API intended to

be higher level and divorced from

any bias toward one toolkit or an-
other, much the same way a pro-

gramming language should be di-
vorced from bias toward any
machine.” For instance, the XVT
API doesn’t draw and operate its
own scroll bars. It declares an inter-
face to the native scroll bar imple-
mentation. Similarly, you don’t cre-

I
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It Is Technology.

VenturCom’s VENIX™ family of operating systems
is the only realtime USL UNIX System V for Intel
based platforms. Not a clone. Not just a realtime
executive on top of UNIX.
Real UNIX provides designers with SVID and
POSIX standards, access to NFS, X-Windows, Motif,
streams, complete development tools and DOS tasks under
UNIX. Plus, close tracking of future technologies.
Realtime adds performance and functionality to UNIX
O/S with full kernel preemption, priority scheduling, contiguous
file system, average interrupt latency of 50 ps, bounded context
switches, memory locking, asynchronous I/O and much more.
VENIX and Embedded-VENIX products are used by
Rockwell, Toshiba, General Electric, Honeywell and other
leading edge companies. Ask us for our free Realtime UNIX/
VENIX Technical Overview.

V VenturCom

Real Time/Real Unix
215 First Street, Cambridge, MA 02142 (617) 6611230
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development wit
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Green Hills compilers.

The Green Hills 680x0 compiler’s & e

. rating is 35% faster than Sun’s#ative C oomp11 :
Using the new procedural inlining optimization, the
rating jumps to a staggering 80% improvement.

e Native devel-
,* standard

Advanced C, C+ +, FORTRAN and
Pascal Language Support

e Full ANSI C X]J311 support with switch selectable
K&R C support.
e A true C++ Compiler for cross development.

¢ FORTRAN 77 with VAX VMS and DoD MILSTD-

1753 extensions.

e Pascal ISO Level 1 support.

o All compilers are inter-language callable.

® Native compilers are supported for 680x0, 88000,
386™ & i860™ microprocessor hosts.

Available Now!

Oasys tools are available on over 35 UNIX based
workstations and systems including DEC (VMS/
Ultrix), Sun, HP/Apollo, IBM (0S/2 and AIX), and
DG. Call us for the complete list.

Other Cross Tool Kits include:
88000, 80386, i860 and Microsoft C.

Worldwide Support: Australia—Forefront Computing Sves 03-785-1122
Benelux—Computing & Systems Consultant 040-434-957 France—RTS
01-6986-1958 Germany —Stollman 040-890-880 Israel—Ankor Computers Ltd.
972-3-5483737 Italy—Instrumatic 02-353-8041 Japan—ERIC 03-668-8866, MCM
03-487-8477 Norway—OTE Komponent 02-30-6600 Singa re—Automated
Systems Ltd 02-789-9566 Spain—Decisa 01-204-4500 Sweden—Traco AB
0893-0000 Switzerland—Zuhlke Engineering AG 01-730-7055 UK —Real Time
Products 021-236-8070
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Green Hills 68000/10/20/30/40 Optimizing
Cross Compilers (C, C+ +, Pascal, FORTRAN)

¢ Superior register allocation, inlining and loop
unrolling techniques.

e Support for position independent code and data.

* 68881, 68882, 68332 support.

ANSI C run-time source library included for cross

development.

OaS?s B Universal Debugger

* Source level remote debugger for embedded
programming.

e Multi-targeted and multi-window (supports 680x0
and 88000 targets).

e Extensive macro language.
e Customize communications to your target.

Oasys 680x0 Assembler/Linker
e Macro Assembler, Linker, Librarian, Cross
Reference and Symbol File Format Utilities.

Oasys 680x0 Simulator

¢ Invaluable for debugging software without target
hardware.

Call Now for a FREE
MULTI Debugger Demo Disk!

(for SUN-4 SPARC only)

(617) 862-2002
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Single Source, Total Solutions

Trademarks acknowledged to AT&T, CaseTools Inc., Data General, Digital Equij
Cor ion, Green df . Inc,, HP/Apollo, IBM, Motorola Inc., Mlcmso&me Corp., Sun
chrosystems and XEL, I

86 and i860 are cradema.rks of Intel Corp.

CIRCLE NO. 32




BTECHNOLOGY DIRECTIONS

SOFTWARE & DEVELOPMENT TOOLS

ate windows with XVT by
laboriously calculating coordinates;
you simply create a window with a
single call. The environment-spe-
cific library provides the actual win-
dow code.

For those of you who want to vi-
sualize what you're doing graphi-

Real-Time DSP

#
%,

audio.

" ke

ffordable real-time Digital
Signal Processing becomes a
reality with Vigra's high-performance digital
audio boards for VME and SBus. You'll find
exclusive features such as programmable
coding and sampling rates from high-fidelity
DAT or CD performance down to telephone
bandwidths (16-bit linear to 4-bit ADPCM).

Each board has a 56001 DSP for each audio
channel, plus multi-ported store-and-forward
RAM, on-board firmware in EPROM, and direct
audio inputs and outputs. Vigra’s unique DSP
expansion bus provides an easy method for
adding multiple channels and customized
analog front ends.

For post-acquisition processing, use Vigra’'s
Audio Editing Toolkit (0 make seamless
splices and dazzling dubs — ideal for preparing
interactive audio such as flight simulation, voice
synthesis and communication response systems.

Vigra’s board audio/DSP product line and
custom capability assure you just the right
match for your application. Call us today, and
discover why Vigra is the leader in board-level

cally, XVT provides a package called
XVT-Design that lets you lay out
windows, dialog boxes and other
items interactively using a mouse.
The completed XVT design then
generates C code that calls the XVT
API functions. That code is merged
with the other application code,

LR
b

VIGRA

4901 Morena Blvd., Bldg. 502, San Diego, CA 92117 (619) 483-1197 FAX:(619) 483-7531
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which can then be characterized for
the specific environments in the
same manner as code written di-
rectly for the XVT API.

I A short-term solution

XVT’s Rochkind sees his company’s
goals as different from those of Bris-
tol. “The MS Windows API is, we
think, a temporary solution, be-
cause it’s not at a high enough level
to represent a long-term API that
can respond to changes in the tech-
nology, such as object-oriented
APIs,” he says. Bristol’s approach is
to aid developers who have existing
applications written in MS Win-
dows and who want to move them to
the OSF Motif environment. It also
helps those who have been support-
ing two versions of the source code
and who now only have to maintain
one version with links to the two
environments.

Porting to environments other
than OSF Motif will create different
levels of difficulty for the Bristol ap-
proach. Moving to Open Look mostly
involves changes in the part of the
library that talks to the Motif layer.
Moving to other OSs, such as a Mac-
intosh’s, would involve far more en-
vironment-specific changes. Bristol
probably won’t move in that direc-
tion, because Microsoft itself is re-
ported to be working on a way to
move MS Windows applications to
the Macintosh.

Still, GUIs as well as OSs are not
going to stand still. Taligent from
Apple/IBM can be expected to have
an impact, and more object-oriented
GUIs will doubtless appear.
Developers are going to need tools
such as those from Bristol and XVT
to save their enormous investment
in existing code and to let them con-
centrate on the functions of their
applications while being able to run
in these different environments. ®

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.

Bristol Technology

(203) 438-6969 Circle 248
XVT Software
(303) 443-4223 Circle 249
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- When it comes to embedded
systems design, nobody offers
better solutions than FORCE.

But, we have to admit, we
had a little help. From you.
At FORCE, we get inside the

- heads of our customers to learn
about their requirements.

The result is the world’s
# most advanced CISC and SPARC*

based VME single board compu-

-~ ters, including the latest SPARC
CPU-2E boards.
What else did you have in
mind? How about bus exten-
~ sions—like SBus and our own
' FLXibus? Plus SunOS™ and the
widest variety of real-time oper-
ating systems and kernels.

And whenyourdesigns need
to evolve to the next generation,
count on FORCE for the best in
VMEG64/Plus™ or Futurebus/Plus”
Because better products come
from better knowledge.

For a partner that can get
your application up and running
fast, call 800-237-8863, ext. 10. In
Europe, call 49.89.608-14-0.

And thanks for keeping an

FLXibus, VME64/Plus and Futurebus/Plus are trademarks of FORCE Computers, Inc. All other brands or products are trademarks of their respective holders.
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MCMs push design and
test tools to the limit

Do multichip
modules represent
an exciting new
technology or

an exotic curiosity?
Until the vexing
problems of
testability and
yield are ironed
out, few people
are willing to
hazard an answer
to this question.

Mike Donlin
Senior Editor

i,

L

T~

)

nology to solve your system
performance problems, mul-
tichip modules (MCMs) are
either the answer to your prayers or a Pandora’s box of design, manufac-
turing and test problems. The idea of mounting bare dies on a substrate
seems like the solution to interconnect delays that slow a system’s perfor-
mance, but wary designers worry that the cost of an MCM could outweigh
its benefits, particularly when you consider the high cost of prototyping,
the difficulty of testing and the possibility of low yields. Design tool vendors
and test companies have been releasing products to address these concerns,
but an evolving technology such as MCMs dictates that no tool can have all
the answers at once. This means that costly errors await designers who
think of MCMs as warmed-over ASICs, tiny PCBs or hybrids.

At first glance, MCMs appear to be an extension of ASIC, PCB and hybrid
technologies—particularly of hybrids, which have been around for more
than 30 years. But a closer look reveals that MCMs use different substrate
and interconnect materials and introduce difficulties in package design,
thermal management, signal integrity, testability, and ultimately cost
which are far more complicated than the problems raised by a traditional
hybrid device. The burden of helping designers solve these problems has
fallen on EDA vendors, who've been busy adapting existing tools and
developing new ones to solve the unique problems caused by MCMs. These
tools can’t come soon enough to engineers who are wondering whether
MCMs are feasible for their designs.

“Every time a new technology comes along, there’s the usual rush to
implement it and the usual headaches for early adopters,” says Don Kuk,
director of advanced packaging at Dazix (Huntsville, AL). “It’s reminiscent
of when designers jumped on the surface-mount bandwagon a few years
ago and soon found that implementing it could be more trouble than it was
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MCMs can run the
gamut from rela-
tively simple de-
vices mounted on
low-cost substrates
to complex, multi-
layer systems on
silicon. The MCM in
the foreground is a
low-cost QFP mod-
ule with the lead
frame built into
the PCB substrate.
The MCM in the
inset is a complex
digital signal pro-
cessing device
which uses a nine-
layer, thick-film
substrate to inter-
connect 44 IC dies
with 1,850 wire
bonds.
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BMULTICHIP MODULES

worth. It’'s the same with MCMs.
People embrace exotic, high-perfor-
mance technologies before they real-
ize the pitfalls and often blame the
EDA industry for not being there to
support them. I'm concerned that a
mad rush to use a technology prema-
turely can ultimately do more harm
than good. Our competitors overseas
are taking a more conservative ap-
proach, using low-cost, laminated
substrates while we're pursuing
thin-film and silicon technologies
that are only applicable for
about one to two percent of
the design community.”
Caveats such as this bring
up the question of exactly
when to adopt a next-gener-
ation technology, as op-
posed to a tried-and-true
ASIC or a densely packed
PCB approach.

Fortunately, there are ma-
jor efforts under way to help
you decide when MCM tech-
nology is appropriate for
your designs. One such pro-
gram, the Multichip Sys-
tems Design Advisor
(MSDA), has just begun at
the Microelectronics and
Computer Technology Cor-
poration (MCC—Austin,
TX). MCC is a cooperative
enterprise whose mission is
to strengthen and sustain
the competitiveness of mem-
ber companies by addressing
R&D issues in evolving tech-
nologies, such as MCMs. Its
members include a diverse
group of companies from the aero-
space, computer, EDA, electronics,
and manufacturing industries. The
MSDA project, instituted at the be-
ginning of this year, focuses on pro-
viding the CAE tools needed to de-
sign and manufacture multichip
systems. The tools developed under
the project will provide designers,
who may not necessarily be packag-
ing and test experts, with the mech-
anisms for performing technology
trade-off assessment while satisfy-
ing test requirements from the sys-
tem down to the chip level.

“This project doesn’t aim to rein-
vent existing design tools, but to fill
gaps where tools are presently not
available,” says Peter Sandborn,
senior member of the technical staff
at MCC and MSDA project manager.
“The idea is to help people narrow
the playing field when they’re mak-
ing technology decisions. The MSDA
tool will collect information about
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design choices, bonding methods,
technical design rules, and packag-
ing methods, and then give an as-
sessment based on performance,
cost, thermal data, routability, and
delays on critical nets. This will give
you the ability to perform ‘what-if’
analyses and choose the appropriate
technology for your design.”
Sandborn explains that the pro-
ject began as an aid for member
companies, who often started a de-
sign in one technology only to find

B

Members of the Dazix/Intergraph design team, Tom Ponder
(left), design engineer; Don Kuk (center), director
of advanced packaging; and Wade Patterson (right), direc-
tor of advanced electronic design, review a completed
MCM-L design project. “I think the next generation of
MCM tools will focus on tight integration of design discip-
lines throughout a project’s cycle,” says Kuk. “That suite
would ideally take in constraints on the front end and ap-
ply them throughout layout and routing with good ties to
manufacturing

out that another would have been
better suited to the task. “It’s hard
to do early analysis with existing
point tools because they're too de-
tailed,” Sandborn points out. “So
we're developing a tool that will act
as an advisor, with the combined
expertise of design, packaging, test,
and manufacturing engineers.”

Because MCMs demand a tight
integration of tools and expertise
from so many different disciplines,
EDA vendors are touting the advan-
tages of concurrent engineering
more than ever. An MCM must have
input from everyone in the design
cycle—from concept to manufactur-
ing—or else an expensive prototype
won’t work. Debug and repair are a
risky proposition because of the del-
icate nature of MCMs, so the bur-
den of getting a design right the
first time looms large in MCM
development.

Another fledgling program de-

signed to bring various design dis-
ciplines together is the recently an-
nounced Technical Alliance for Mul-
tichip Engineering (Tame) initiated
by Harris EDA (Fishers, NY). The
Tame program is an alliance of com-
panies that offer products and ser-
vices key to the use of MCM technol-
ogy. “Tame is obviously aimed at
promoting MCM designs,” says Tony
Mazzullo, director of product mar-
keting at Harris. “We’re looking to
provide access to services such as
design software, technol-
ogy consulting, design ser-
vice bureaus, university re-
search organizations, fab-
rication companies,
semiconductor suppliers,
and test service companies.
Some people have asked us
how this effort is different
from what’s going on over
at MCC. While MCC is a
worthwhile organization,
they’re not aimed solely at
promoting MCMs. And
MCC demands some pretty
hefty dues from member
companies. Tame is free for
qualified members.”

If there’s one thing
MSDA and Tame have in
common, it’s the idea that
emerging technologies re-
quire cooperation from
companies in previously
separate disciplines.
“MCM design has to be a
collaborative effort,” says
Frank Boyle, product mar-
keting manager for MCM
design tools at Cadence Design Sys-
tems (San Jose, CA). “The task is
going to demand cooperation be-
tween EDA vendors, silicon houses,
MCM foundries, and customers, or
costly mistakes will be made.”

| Choosing the best tool

Perhaps the most significant things
to consider when approaching an
MCM design are thermal manage-
ment, testability and manufactura-
bility. The EDA vendors who have
unveiled MCM tool suites have at
least partial elements of these three
disciplines embedded in their tools.
Most suites are also adaptations of
existing products—either IC, PCB
or hybrid tools. Many designers are
partial to PCB tools because they
produce designs that are correct by
construction—the interconnect is
driven from the schematic or netlist
and if all connections are routed, the
design is correct. But PCB tools



don’t possess the necessary routing
rules that are unique to MCMs and
must be modified to work properly.

“Many PCB systems are still us-
ing outdated Lee algorithms,” says
Pam Russ, applications engineering
director at Racal-Redac (Mahwah,
NJ). “These are fixed-cell-type rules
that have already reached their lim-
its in surface-mount technology.
Routers using these algorithms are
gridded and each time the routing
grid is made smaller, the memory
required to store the grid locations

routers are set up for an arbitrary
number of layers and ask you if you
want to add layers when things get
dense. In our thin-film designs, you
can route almost anything on two
layers. But in MCM technology, the
router can’t route under bond pads
or arbitrarily jog over another line.
When you have a circuit running at
a few hundred megahertz, a router
simply can’t handle all the design
rules.”

Because the rules for MCMs are
complex, EDA vendors will undoubt-

Cadence’s Allegro-MCM tool lets you define and store material characteristics and
provides a basis for all subsequent thermal and signal integrity analysis. In this
photo, the selection menu in the window on the right lets you choose a material for
substrate or interconnect and displays its associated dielectric data. Replacing one
set of materials with another gives you “what-if” analysis capabilities prior to begin-
ning a design.

increases exponentially.”

In addition to solving the routabil-
ity problems that MCMs generate,
router vendors have to provide
rules-driven tools or the routed de-
vice might be unmanufacturable.
And because the design rules for
MCMs are different from PCBs, ex-
isting routers have to be modified.
“It took us months to get a router to
work on our designs,” says Bruce
McWilliams, president of nCHIP
(San Jose, CA), an MCM supplier.
“Even though many commercially
available routers could handle the
task of laying out the interconnect,
they didn’t understand our unique
design rules. For instance, most

edly tackle pertinent problems at
each stage of the design process.
Rules-driven layout, for instance,
can ease the burden on routing
tools by placing components in lo-
cations that take routability and,
ultimately, manufacturability into
account.

In Racal-Redac’s Visula tool suite,
for example, the automatic and in-
teractive placement routines adhere
to a number of rules that can be
defined early in the design process.
The basic algorithm is tree-based
and considers every pin on the net
for placement, as opposed to a con-
nection-based algorithm that only
looks at point-to-point connections.

Though the rules-driven tools can
lend valuable assistance to a de-
signer, it’s important to keep the
tools interactive or designers will be
reluctant to use them. “Auto-inter-
active placement tools have the
power of the automatic tools but give
control to the layout designer,” says
Racal-Redac’s Russ. “The tools can
consider, for instance, thermal and
mechanical constraints during
placement.”

These mechanical or manufactur-
ing constraints aren’t usually built
into most EDA suites, but tool ven-
dors are adopting them for their
MCM software because they’re a
critical part of design and layout.
Dazix’s tool suite, MCM Engineer,
supports the industry-standard
manufacturing data format, GDSII.
With MCM Engineer, you specify
which elements are to appear on a
given mask and the system gener-
ates the required GDSII data files.
The software also provides a mech-
anism that lets you read data into
MCM Engineer format, so old de-
signs can be loaded and modified.

i Managing heat

The very nature of MCMs dictates
that thermal management consider-
ations are of prime importance.
After all, the rationale behind
adopting an MCM design strategy
is to increase performance. This ne-
cessitates packing components close
together, which in turn makes ther-
mal management a key part of a
design. Because silicon will be con-
nected directly to a substrate, many
of the traditional ways of dealing
with excess heat, such as mechani-
cal heatsinks, will be impossible or
unwieldy to use. “We do extensive
thermal analysis during layout,”
says Bill Sullivan, MCM design and
development manager at AT&T
(North Andover, MA). “We try to de-
termine if we can put the silicon on
a dielectric layer or on a substrate,
or cut a hole in the substrate, or even
design in a heatsink.”

Because of the importance of ther-
mal management, most MCM tool
suites have temperature evaluation
software that gives thermal maps of
components after they've been
placed in the design. These tools,
whether proprietary or purchased
from companies such as Pacific
Numerix (La Jolla, CA), usually use
a finite-element method to model
heat transfer across components.
MCM Station from Mentor Graphics
(Wilsonville, OR), for example, uses

COMPUTER DESIGN AUGUST 1992 61




BMULTICHIP MODULES

a tool called AutoTherm to analyze
thermal behavior.

When modeling forced convection
with AutoTherm, you define a flow
boundary around an MCM and spec-
ify any number of flow inlets (with
inlet air speed and temperature)
and flow outlets. The tool then cal-

hibitseamlesssimulation, designers
will have to use the “divide-and-con-
quer” approach to solve their prob-
lems. Fortunately, there are point
tools which address the unique prob-
lems of MCM designs, particularly in
the field of transmission line analysis.

“The key difference in MCM de-

Average intercon-
nect line widths of
MCM:s span the

gap from one mi-
cron for ICs to
1,000 microns for
thick-film hybrids
and PCBs. This il-
lustration gives a
comparison be-
tween average
wire lengths and
line widths for var-
ious technologies.
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culates convection coefficients for
every point on a substrate, using the
local flow velocity and standard data
or any custom formula you specify.

| Simulating reality

All of these tools are aimed at one
thing—trying to predict the behav-
ior of an MCM before you have to
make it. Because MCMs are expen-
sive and difficult to repair, simula-
tion of electrical and physical behav-
ior is particularly important. “Right
now, most simulation tools give
pretty good results, but they’re cum-
bersome to use, says nCHIP’s
McWilliams. “The big problem is try-
ing to simulate an MCM as a com-
ponent. To do that you need a be-
havioral model of every chip and
have to merge that with intercon-
nect models and simulate every-
thing as one function. As far as I
know, no EDA vendor can do that.
For the present, we do some Spice-
level and some behavioral-level sim-
ulation and some transmission line
modeling to predict what’s going to
happen. Integrating all of that to-
gether is difficult.”

While EDA vendors are wrestling
with integration problems that pro-
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sign is the small dimensions of the
wires involved,” says Larry Rubin,
president of Quad Design Tech-
nology (Camarillo, CA). “A lot of
these wires are extremely fine in
width and height, which means
their cross-sections are small. This
means you have higher ohmic loss
and, at high frequencies, skin effects
loss. In addition, there’s more poten-
tial for crosstalk between layers, so
you need to look at the three-dimen-
sional aspects of transmission line
modeling.” Quad Design’s 3-D field
solver analyzes crossovers, corners
and connectors that can’t be ana-
lyzed by traditional 2-D field-solver
tools.

In addition to transmission line
effects created by tightly packed cir-
cuits, you must also pay closer atten-
tion to power and ground relation-
ships in the close confines of MCM
topology. A tool called PG-Plane from
OEA International (Santa Clara,
CA) has just been released that
promises to help you deal with these
effects. The tool is a 3-D inductance
simulator for analyzing power and
ground bounce due to simultaneous
switching noise on MCMs, PGAs and
other dense devices.

“Simple methods of calculating or
measuring effective inductances
won’t give the correct solution to
this problem,” says Ersed Akcasu,
president of OEA, “because the val-
ues change and depend on which
outputs are switching at any one
time in the circuit.” According to
Akcasu, PG-Plane gives you the
Spice deck to study the problem un-
der a variety of simultaneous
switching conditions.

I Models are key

Though there’s little disagreement
about the importance of simulation
in MCM design, there’s a lot of con-
troversy about how and where to get
the device models to drive that sim-
ulation. Silicon vendors are the log-
ical suppliers of such models, but
getting them to cooperate is an up-
hill struggle. Traditionally, silicon
vendors don’t provide device models
or test vectors for bare dies. Not only
would such data give away propri-
etary process information, but it
also wouldn’t be terribly useful for
most of the design community,
which uses packaged devices. This
is bad news for MCM designers.

“Getting bare die test vectors from
silicon vendors is like pulling teeth,”
says Vern Little, product marketing
manager at Pacific Microelectronics
Centre (Burnaby, British Colum-
bia), an IC and MCM supplier.
“Some companies won't supply in-
formation on test vectors, some
won’t give it for I/O pads or intercon-
nect. We've found the formula for
success is controlling everything
ourselves and writing our own mod-
els. You have to get to know the
silicon vendors who will help you
out. Anyone who thinks they can
buy a device from company A, an-
other from company B and a third
from company C and string them all
together is going to end up with an
MCM that doesn’t work.”

To be fair to silicon vendors, it’s
important to note that testing bare
dies is a tricky proposition. Most
silicon manufacturers are set up to
do a low-speed test on wafers, cate-
gorize them according to spec and
then do a full-speed test on the pack-
aged die. Testing bare dies is slow,
difficult and potentially harmful to
the silicon, and most silicon vendors
are reluctant to invest the resources
necessary to provide tested die or
test information because the market
is still so small.

“Some companies use mechanical
probes to test their silicon,” says



EDA suppliers

have made great
strides recently to-
ward providing ca-
pable toolsets for
MCM design.
When nCHIP
made its initial de-
sign tool pur-

: L chases three years
ago, comprehensive design systems for
MCMs weren't available. We had to
patch together a variety of tools origi-
nally developed for different aspects of
IC and PCB design. Building the system
involved significant tuning of the tools,
as well as writing many of our own in-
terfaces and translators.

Since then, MCM-focused design sys-
tems have become available, making it
much easier to get started in MCM de-
sign. Tools are useful, however, only
when they are working with good data,
so data availability should be considered
as early in the design cycle as EDA tool
and MCM technology selection.

I pata required

Design data—particularly data on the
ICs—is always on a project’s critical path
at the start of a design. The impact that
data gathering has on the overall design
schedule can be highly dependent on
the parties involved and the relation-
ships that are established early in the
program. Ideally, the module (or system)
architect, the MCM supplier and the IC
manufacturers will all take an active in-
terest in the success of the product.

The IC data required for a good
MCM design is more comprehensive
than that required for most board or sys-
tem designs. The usual data sheet infor-
mation is needed, of course, as are logic
and timing models. In addition, physical
information on the bare die is needed
(dimensions, bond pad locations and
metallurgy), as well as accurate /O
driver characteristics. Such data always
exists at the IC supplier, but it's not al-
ways simple to acquire.

We have found that IC suppliers are
usually willing to provide the necessary
information, but the data isn't typically
available from published materials or
even from the marketing person’s desk
drawer. Bare die sales aren't yet routine
for most manufacturers, so the support
infrastructure may not be in place. Sup-

Design tools: necessary, but not sufficient

pliers must often do some legwork to
figure out where the data is, and then
sanitize it before release. Because of
this, it's valuable to establish a good rela-
tionship with IC suppliers. Furthermore,
bare die users need to understand that
seemingly simple requests aren’t always
easy to respond to; patience and persis-
tence must be carefully balanced.

Even the IC information that's pub-
lished and available should be examined
carefully. Items like logic models, testa-
bility information and power dissipation
data assume added importance for
chips that are to be used in MCMs. Be-
cause the die will be in a different and
less accessible environment, good simu-
lation and design-for-test techniques are
critical. There's a tendency for modules
to be overdesigned both electrically and
thermally. If accurate information on the
ICs is available and applied with good
judgment, better-informed, more cost-
effective design decisions can be made.

An example of the value of careful
application of good data is a fast proces-
sor module we recently built for a sys-
tems customer. The MCM was going to
be used in a desktop system, so audible
noise restrictions limited the amount of
airflow that could be used for cooling
the module. A thermal calculation based
on worst-case power consumption fig-
ures from the IC data sheets indicated
that a thermally enhanced MCM pack-
age would be required to keep the chips
reasonably cool. However, packaging the
ICs in an MCM sharply reduces the inter-
connect capacitive load driven by the
chip outputs. For CMOS designs, power
dissipation is directly related to output
loading. Further investigation showed
that the actual MCM power would be
substantially lower than the data sheet
figures implied. As a result, it became
clear that a less expensive package with-
out thermal enhancements could easily
meet the system requirement.

In the early stages of design, the IC
data typically required is the most diffi-
cult information to obtain. But good in-
formation about the other MCM compo-
nents, namely the substrate and the
package, is also critical. That data is usu-
ally easily available from the MCM foun-
dry, but early discussions about the con-
tent and format of data exchange are
advisable. In many cases, electrical simu-
lations of critical paths will be performed

by both MCM buyer and foundry. To ac-
commodate this, the foundry must be
able to provide both finished simulator
output and raw interconnect electrical
characteristics in usable formats.

| System requirements

A final, and typically neglected, cate-

gory of data is in the realm of system re-

quirements. A few examples are:

e detailed definition of the system’s ther-
mal environment (airflow, ambient tem-
perature),

emaximum allowable crosstalk and
ground bounce (noise margin budget),
and

¢ mechanical envelope (module footprint
and weight constraints).

Module designers can always strive
for “best possible” if no absolute limits
are available, but that can result in an
overdesigned product that is more ex-
pensive and longer in development than
necessary. If all the constraints can’t be
met, choices will have to be made; the
choices will be better if trade-offs are
made with specific goals in mind. The
MCM supplier can often be helpful in
assessing the relative importance of dif-
ferent issues in the overall design.

The general design process for an
MCM is quite similar to the process
used for ASIC design, although at a less
mature stage of development. Designs
usually start with a netlist, which is
placed, routed and simulated before the
design is signed off. After sign-off,
masks are made, substrates are fabri-
cated and prototypes are assembled.
The concept is familiar to those experi-
enced with ASIC design; the only differ-
ence is that the collection of macros or
cells in an IC is replaced by a collection
of ICs on a substrate.

As the market develops, MCM design
will evolve from “ASIC-like, but more
complicated” to “ASIC-like, but sim-
pler.” Die libraries with the information
needed for MCM design will be availa-
ble from IC manufacturers and third-
party library vendors. Technology design
kits will be supplied by MCM foundries
for their products. EDA tools will handle
MCM designs with ease, taking die, sub-
strate, package, and system charac-
teristics into account. And system and
subsystem designers will consider
MCMs as much a part of their toolkits
as they do now with ASICs.

Stan Drobac, vice-president of products and services, nCHIP, San Jose, CA
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BMULTICHIP MODULES

TVRual

g — J— i Chris Talbot, product marketing

B3 et el midnen) ks | manager at Schlumberger (San
i Jose, CA). “That method takes
time—you can only test about one to
10 pads a second. Noninvasive
methods like E-beam probers are
much faster, anywhere from 100 to
1,000 pads a second. MCM design-
ers can use that method to test the
substrate, but then you have the
problem of obtaining known good
silicon.”

Testability is actually a threefold
problem. MCM designers need meth-
ods to test their substrates for con-
nectivity faults. Then they need
known good dies which have been
tested by silicon vendors so they can
be sure they're putting good parts on
their substrates. Finally, they need a
method to test the finished MCM.
Representatives from silicon ven-
dors, MCM fabs and EDA vendors
have been wrestling with these prob-
lems over the last few months, trying
to hammer out agreements and stan-

Because zero inductance for power and ground can’t be assumed in high-speed cir- dards, but progress has been slow.

cuits, full 3-D modeling of power and ground planes is required to predict simulta- “It’s a classic chicken-and-egg
neous switching noise or ground bounce. This picture of the PG-Plane tool from OEA problem,” says John Isaac, ad-
International shows both a profile and a 3-D view of a power and ground plane vanced packaging product manager
with pins connecting to the substrate. at Mentor Graphics. “The industry

Breakthrough multichip modules

© 1992 AT&T

64 AUGUST 1992 COMPUTER DESIGN




isn’t going to go to high-volume, low-
cost MCM production until it solves
the test-and-rework problem. And
they’re not going to put the re-
sources into solving those problems
until there’s a high demand for the
answers. It's going to take a lot of
cooperation among the various play-
ers to get production up to speed.”

Until these issues are resolved,
MCM designers will have to come up
with creative ways to test their sili-
con and finished devices. “We’ve de-
veloped a lot of methods on our own,”
says Dick Pommer, product develop-
ment at Litronics (Costa Mesa, CA),
a PCB and MCM design firm. “We’ve
had some luck with mechanical
probes and we’ve developed a thin-
film test head for the substrate.
We’ve tried single-point capacitance
probes, but haven’t had good results.
They can miss a pad or slide off and
create shorts.”

While all these problems are
being ironed out, most designers are
taking a wait-and-see approach to
MCMs. Surely the technology is ap-
pealing. Squeezing more perfor-
mance out of existing designs by
eliminating packaging and intercon-

for breakneck speeds.

nect constraints seems like an ele-
gant way to overcome performance
barriers. But the test and manufac-
turing obstacles are daunting.

Help is on the way in the form of
test methodologies such as bound-
ary scan and built-in self test
(BIST). And there are at least two
companies that are supplying tested
silicon for MCM designs—Intel
(Hillsboro, OR) and Micron Semi-
conductor (Boise, ID). But until
more EDA vendors, silicon houses
and MCM fab facilities get together,
MCMs will remain a technical curi-
osity for all but the largest of system
manufacturers.

“Right now MCMs are a big pro-
totype exercise,” says Mike Baglino,
assembly and test manager at Ter-
adyne (Boston, MA). “We don’t know
if the industry will begin to produce
some less exotic MCMs, like two- or
three-chip modules on a ceramic
substrate, to get things started, or if
MCM development will be slow until
complicated devices get into produc-
tion. It’s all still very experimental,
and no one’s really sure how it will
shake out.” ]

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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That's AI&I" “Customerizing”

If beyond 50MHz performance is where
youre heading in workstations, AT&T’s multi-
laver Multichip Module (MCM) solution is the

most reliable, viable way to go.
POLYHIC pack&gmg, developed
by AT&T Bell Laboratories, com-
bines copper thin film with our
patented polymer. It delivers one
of the industry’s lowest dielectric
constants (2.8) to minimize access

times between CPU and memory devices. And
low-loss POLYHIC technology helps prevent

timing problems on critical paths.

Every AT&T MCM is comprehensively test-
ed to meet critical function requirements.

mm»

running faster.

1800 372-2447, ext. 900.

ATel

Microelectronics

CIRCLE NO. 37

Designs work right the first time because Bell

Labs’ design expertise assures that your crucial

high performance requirements are met. And
- POLYHIC MCM modularity helps

you get system designs up and

Should the going get rough, AT&T
engineers are on stand-by to advise
you. Analyze your circuits. Even
recommend a solution to take you
to the next generation of high-end worksta-
tion performance. That’s “Customerizing.’

For more about the POLYHIC power of
AT&T’s MCMs, call AT&T Microelectronics at
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Coming in September from COMPUTER DESIGN...

SBus News

A quarterly supplement devoted exclusively to SBus technology, standards,
case studies, new products, and industry and market news.

here are hundreds of
I thousands of SBus slots in

the field and the number is
growing at an accelerating pace.
And SBus isn't just for desktop
workstations. It's popping up
everywhere, from high-
performance servers to embedded
Sparcstations in industrial-control
and factory-automation appli-
cations it’s popping up in all the
areas where COMPUTER DESIGN
readers are working. That's why
they need SBus News.

In each issue of SBus News

you'll find—

Technology Parade—The impact
of developments in hardware and
software technology on all SBus
levels—system, board and
component.

Spec Sightings—Activity in the SBus specification
itself, interviews with individuals shepherding the spec
through the IEEE standards process, and how other
standards activities may affect SBus.

Case Studies—A look at both generic and specific
applications (such as imaging in medical diagnostic
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Market Perspectives—An
examination of market factors
and their impact on various
segments of the industry, as well
as individual company studies.
Literature Review—A roundup
of the quarter’s latest collection
of available literature, including
application notes, applications
manuals and catalogues.

New Product Parade—A
comprehensive list of new
products released during the
quarter, including hardware,
SBus-specific software, and
SBus platform vehicles.

If you're involved with SBus
products, as well as VME,
Futurebus+ and other relevant
architectures, this is a unique

opportunity to reach important decision-making

senior engineers and design engineering managers in a
rapidly developing market.
To find out more about advertising, contact your

COMPUTER DESIGN sales representative

equipment, or signal processing in scientific research)

for SBus-based systems.

Contributed Articles—One-page contributed pieces
that cover specific aspects of SBus markets and
technology (both hardware and software).

l:llMPllT[Il Technology

PENNWELL PUBLISHING COMPANYs ONE TECHNOLOGY PARK DRIVE , WESTFORD, MA , 01886 « (508) 692-0700 nESIE“

CIRCLE NO. 38

or call Tim Tobeck, Associate Publisher/
National Sales Manager, at (508) 392-2116.
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Second in a series of Special Reports on Future Computing...

Neural Computing

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

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

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

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

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

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

Neural Network Market Forecast
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Source: The Schwartz Associates, Mountain View, CA.

prototyping tools available to start applying this powerful
new approach to computing and embedded control.

PENNWELL PUBLISHING COMPANY « ONE TECHNOLOGY PARK DRIVE « WESTFORD, MA 01886 « (508) 692-0700

CIRCLE NO. 39
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Like the April Future Comput-
ing Report on Fuzzy Logic,
this report on Neural Comput-
ing is expected to draw un-
precedented readership and
inquiry response.

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

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

works, don't miss this unique advertising opportunity. To
find out more, contact your COMPUTER DESIGN sales
representative or call Tim Tobeck, Associate Publisher/
National Sales Manager at (508) 392-2116.
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Key commands
accessible via simple
pull down menus
will give you the
best view of DSP
development.

When using more
than one DSP
board, multiple
instances of Views™
may be invoked.

You can view
registers, data
memory and
disassembled
program memory
simultaneously.

Edit and view
Source Code
through programs
such as Microsoft
Word for Windows.

If you think DSP is hard to develop,
maybe you should go Windows shopping.

When you shop around, you’ll find only one DSP solution that includes a Microsoft

Windows 3.0 debugger interface.
The one from Spectrum Signal Processing.

Spectrum is putting DSP to work making application development quicker and easier

than you ever thought possible.

By taking DSP software development to the next level of productivity, Spectrum now

gives you the simplest, most complete solution to your DSP applications.

Our View96™ and ViewS5x™ development solutions include everything from Windows
monitor debuggers, to a host of software tools including C compilers,

assembler/linkers, libraries and operating systems.

leader in DSP technology.

(Eastern U.S.) or 604-438-7266 (Canada).

T

SPECTRLUM
AL W

Putting DSP to work

Our software
selection includes all the tools
needed to get you up and running fast.

©1992. Spectrum, DSP-Link, View96 and View5x are trademarks of Spectrum Signal Processing, Inc. All other trademarks are trademarks of their respective holders.

See us at Buscon Booth #504 CIRCLE NO. 40

So if you’ve been skeptical about putting DSP to work, call
Spectrum now and find out why everyone is looking into our
Windows: 1-800-663-8986 (Western U.S.), 1-800-323-1842

Plus you’ll find bus and I/O flexibility, on-board A to D and D to A
conversion, our DSP-Link™ for peripherals and much more. All backed
by the complete technical support you’ve come to expect from the



DSP boards reach
performance highs

Despite a slow
start as a main-
stream technology,
DSP is performing
tasks ranging from
speech and image
processing to
embedded control.

Warren Andrews
Senior Editor .

Standard-bus, board-

level digital signal process-
ing (DSP) technology has
achieved mixed success in
the commercial and indus-
trial worlds over the past few
years. At many times, it’s
shown the promise of becom-
ing a mainstream technology, only to flounder while awaiting the “next”
level of enhancements. Now the technology seems to be on the verge of yet
another, and perhaps more significant, upswing, as hundreds of military
and commercial applications demand the level of performance possible only
with DSP techniques.

This latest surge in activity is occurring because significant hunks of
technology, missing in earlier generations of DSPs, are now being put into
place. Yet some areas are still slow in coming up to the maturity level needed
to make DSPs widespread. “We're just now starting to see engineers coming
out of school that are comfortable with DSP,” says Jeffrey Milrod, product
manager at Ixthos (Silver Spring, MD), a DSP board maker. Besides a
shortage of experienced designers, another impediment to widespread
acceptance of DSP technology has been a lack of good, solid design tools.
And despite the efforts of major DSP IC manufacturers, C compilers and
software tools often fall short of what’s needed.

Nevertheless, DSP approaches are gaining ground because the existing
problems are countered by positive trends in at least three directions. First,
designers are leaning toward the use of multiple DSP processors in a
system. This often means multiple processor boards in a cage, as well as
multiple processors per board. Second, software tools and DSP operating
systems are emerging which will greatly simplify the task of harnessing
DSP horsepower for a broader variety of applications. And third, DSP
technology is becoming sufficiently widespread that more application-spe-
cific designs are starting to emerge. These combine front-end signal condi-
tioning with a powerful DSP processor and a full-fledged analog back end,
all on a single board.

Another factor that will have a positive impact on the use of DSP over

The growing trend
toward using
multiple DSP chips
in a single system
is apparent in this
DSP board from
Heurikon. It
includes six 32-bit
floating-point
chips on a single
6U VMEbus card.
The board uses
AT&T's DSP32C.
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BSIGNAL PROCESSING

thenextseveralyearsisthegrowing
interestofpersonal computer, work-
station and industrial control de-
signers in multimedia approaches.
The recent agreement between
Apple and AT&T for AT&T’s 3210
DSP device, as well as the proposed
joint project of IBM and Texas In-
struments to develop a similar device
for IBM PCs are two examples.

And finally, designers are begin-
ning to look at DSP solutions for
some problems that have tradition-
ally been solved with mechanical or
analog fixes, such as active automo-
bile suspension.

H The RISC alternative
While these factors are working in

BOARDS

When it’s not clear at the outset
what’s needed, the fact that the i860
comes from the RISC world and can
handle operating-system-type func-
tions easily also makes it an attrac-
tive choice.”

And when RISC solutions aren’t
quite enough, highly specialized ar-
ray processors can be invoked (see
“Integrating vector and scalar DSP
boards in frequency-domain process-
ing applications,” p 72). In such ap-
plications, particularly in highly fo-
cused spectrum analysis, you have
to deal with filters in the frequency,
rather than the time, domain. And
when very high I/O rates are also
involved, traditional approaches
can’t cope. Array Microsystems

workstation products at Spectrum
Signal Processing (Burnaby, British
Columbia). “The 1860 is a good solu-
tion in a specific area, where all
that’s being done is continuous oper-
ations. The i1860’s the fastest float-
ing-point device out there, without
question, but its interrupt latency
can be measured in days. And with
all its registers to store, it can’t re-
ally do context switching for real-
time applications effectively.”

But often, RISC solutions such as
the i860’s are thrown at problems
because of the high level of floating-
point performance. “In many cases,”
says Ixthos’ Milrod, “those applica-
tions just need more power. But
what’s surprising to me is that, in

favor of DSP’s wider accep-
tance, RISC-based ap-
proaches to solving many
DSP problems abound,
most of which take advan-
tage of the processing
power of the Intel i860.
“For those applications
that need real high-level
performance,” says Barry
Isenstein, product plan-
ning manager at Mercury
Computer (Lowell, MA),
“starting at a half-GFlop
and going up, with high I/O
rates, lots of memory and
multiple channels, a RISC
approach is the best, and
perhaps the only, solution.”
“A good part of the archi-
tectural challenge in put-
ting together a machine
with the type of throughput
and performance needed in
the DSP world is dealing
with the memory architec-
ture,” he adds. The system
has to be capable of feeding
the processor, but without
cost becoming unreason-
able. This means using
DRAM. Mercury, for example, pro-
vides a minimum of two Mbytes in
its leading application accelerator,
with options for up to 64 Mbytes.
But the ability to address a large
memory is only one of the pluses of
the 1860 approach to DSP. The i860
uses address pipelining, which lets
it issue three instructions before us-
ing the first. It also has register
scoreboarding. Both features com-
bine to let the chip process data at
speeds which outstrip even the
fastest conventional DSP devices.
“In addition,” says Isenstein, “the
programmability of the i860 makes
it appealing to many designers.
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Spectrum Signal Processing’s Ross Mitchell looks at one of the
company’s latest signal processing boards. The company

pioneered VME DSP boards, but it now offers a broad selection
of boards in a variety of formats, including SBus.

(Colorado Springs, CO), for exam-
ple, provides boards with custom-ar-
ray processor chips to handle these
higher processing needs.

B The flip side

But no one approach solves all prob-
lems. RISC approaches, including
those that use the 1860, have draw-
backs as well as advantages. “High-
throughput DSP applications fre-
quently have a real-time
component, as opposed to the type of
continuous processing done by accel-
erator/coprocessor approaches such
as those of the i860,” says Ross
Mitchell, business unit manager for

many cases, problems
are not strictly a ‘flop-
page’ problem, but re-
ally a systems-level I/0
real-time-response
problem.” Milrod cites
the example of an appli-
cation where a user has
a large number of sen-
sors that have to be cor-
related. “Even though
the correlation itself
was a very simple algo-
rithm and could proba-
bly be done with no
problem in a 68000,” he
continues, “it could not
get all the data in and
out and talk between
channels and still get
real-time response. To
handle all these require-
ments took the re-
sources of multiple
DSP devices.” He says
that such distributed
processing is driving
many of today’s solu-
tions for a broad range
of applications.

Milrod goes on to
make the distinction between dis-
tributed and parallel processing.
“Parallel processing, the kind of ap-
proach used in the transputer and
often found on devices such as Texas
Instruments’ TMS320C40, is the ap-
proach one would use when the ap-
plication simply calls for more
power.” But distributed processing,
more of a loosely coupled approach,
lets the system perform a lot of
smaller tasks or computations and
coordinate them through some kind
of host processor

There’s no question that a growing
trend in the industry is to keep
throwing more processors at a prob-
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four TI TMS320C40 DSPs to
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any 6U VMEbus coprocessor card.
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__compute-intensive multiprocessor
| 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.
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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.
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433 River Road Highland Park, NJ 08904
(908) 249-2900 FAX :(908) 249-2123
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Integrating vector and scalar DSP boards in frequency-domain processing applications

With the matu-

ration of Intel’s
i860 RISC processor
and its related soft-
ware, and the re-
cent introduction of
Texas Instruments’
TMS320C40 digital
signal processor
(DSP), use of commercially available DSP
technology for high-performance appli-
cations is now possible. In spite of these
advances, however, applications requir-
ing real-time frequency-domain conver-
sion (FFT) of image and radio frequency
spectrum data call for significantly more
computational horsepower.

One limitation of these processors is
that the i860 and C40 are scalar in na-
ture, optimized to process one point at a
time. High-performance applications in
imaging and high-frequency spectral
analysis require that data sets be pro-
cessed as a single unit or vector. Many
board-level vendors have developed
hardware products based on these scalar
processors and market them as vector
processors. This has been accomplished
by layering “vectorizing” software on
the board to emulate a vector processor.
With this approach, though, perfor-
mance is still limited to the inherent ca-
pability of the scalar processor.

I psp system design options
One alternative to meeting the demands
of these higher-performance DSP applica-
tions is to design systems which use mul-
tiple scalar DSP boards. Although you
can achieve a very high number of Mips,
Mops or MFlops with this approach, it's
difficult to apply 100 percent of the theo-
retical computational power to the appli-
cation. Commercial software supporting
parallel distribution of processing tasks
across multiple boards or systems isn't
available, and the user consequently is
burdened with a complex programming
task. Although companies such as Cray,
Intel and Thinking Machines are invest-
ing immense resources in developing par-
allel-processing software, applications
are still limited to the proprietary super-
computing environment and have yet to
transfer to open systems platforms.
Another alternative utilizes only func-
tion-specific FFT vector processors in fre
quency-domain applications. Function-
specific processors typically perform an

FFT seven to 20 times faster than the
scalar processors mentioned above. Un-
fortunately, function-specific vector
processors are limited in their algorithm
flexibility and have almost no scalar pro-
cessing capabilities.

Since high-performance DSP applica-
tions are neither 100 percent scalar- nor
completely vector-processing oriented,
combining the benefits of both ap-
proaches would yield an optimized solu-
tion. The function-specific processor can
best be used as a coprocessor to offload
the compute-intensive FFT task from the
scalar processor. The scalar processor
can then be used to evaluate FFT results
on a bin-by-bin basis and perform other
post-processing functions.

El High-performance applications
Applications for this type of combined
board-level solution include systems that
require lossless data capture and pro-
cessing, minimized slot and power con-
sumption and maximized spectral
resolution with dynamic range. These
high-performance applications include
digital receivers, military radar, communi-
cations, electronic countermeasures
(ECM), medical imaging, test instrumen-
tation, and video processing.

In wide-band signal analysis, the vec-
tor processor calculates the spectrum of
the signal. The scalar processor then an-
alyzes the FFT output bins to detect the
presence of a signal within subsets of
the wide-band frequency range. The sca-
lar processor can then tune a receiver to
that frequency to listen for or collect
more data. This process of coarse analy-
sis followed by fine-grain analysis is an
important consideration in many intelli-
gence-based applications. The system
also profits from implementing the ultra-
high-performance FFT function in a sin-
gle card slot.

Another application example is that
of an adaptive filter system, which re-
quires the filter transfer function to be
updated in real time based upon the fre-
quency content of the incoming signal.
In this environment, a vector processor
is programmed to perform a finite im-
pulse response (FIR) filter in the fre-
quency domain. A scalar processor ana-
lyzes the FFT output and determines if
modifications are required to the trans-
fer function. If changes are required, the
scalar processor will generate the new

transfer function, which will be used in
the execution of the FIR filter.

Frequency-domain filters are pre-
ferred when the number of filter taps is
large or when precision notch filters are
required. This process requires that the
filter response be transformed into the
frequency domain along with the signal
data. The filter is performed by multiply-
ing the FFT of the incoming signal with
the FFT of the transfer function. An in-
verse FFT returns the filtered signal to
the time domain.

i System integration issues

In a parallel-processing environment,
hardware integration is complicated be-
cause a single vector must be intel-
ligently distributed among multiple
boards in real time. By comparison, the
integration of a combined function-spe-
cific vector processor with a scalar DSP
board is uncomplicated. The physical in-
terface between the boards is only de-
pendent upon transferring complete
vectors between the vector and scalar
processors. Due to the independent
functionality of each board, the system
requires only a very simple point-to-
point synchronous interface, which can
transfer data at up to 80 Mbytes/s.

Software integration is easier with the
combined vector-scalar processing archi-
tecture than it is with parallel-process-
ing architecture, because the vector-sca-
lar solution implements a serial-
processing flow. In serial processing,
the segregation of tasks is well-defined
and the functional software for each
board can be developed independently.
In a parallel-processing flow, software
can't be developed independently, be-
cause each board is interdependent
with all other boards in the parallel-pro-
cessing system.

System designers struggling with the
unending trade-off between perfor-
mance and resolution should consider
using function-specific processor boards
in their high-performance DSP applica-
tions. With the combination of a func-
tion-specific board and a scalar proces-
sor, they can realize the benefits of both
performance and resolution in a com-
pact system. Although there is a wide
variety of scalar processors available to-
day, none are as efficient as the combi-
nation of the scalar and function-spe-
cific processors.

Anthony DiRenzo, vice-president of board products, Array Microsystems, Colorado Springs, CO
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lem—whether in a parallel or dis-
tributed architecture, a RISC or a
DSP. Early designs included one or
perhaps two DSPs on a board.
Today, there are several offerings
with four processors on a single 6U
VME card, and at least two compa-
nies, Communication Automation
and Control (Allentown, PA) and
Heurikon (Madison, WI), are using
six DSP chips. Even in the RISC
world, the tendency is to include
more than a single processor.

BOARDS

While RISC-type processors will
continue to be great fits for a variety
of applications, new chip designs and
dramatic improvements in software
and design tools continue to make
inroads into many would-be RISC
applications. “Many DSP designs
veered to RISC because they couldn’t
find full-function ANSI C compilers,”
says Bill Maxwell, president of
Quantiwave (Marlborough, MA).

Maxwell cites the example of a
designer using an i860 for neural

DALLLLLLLALLLLL

Ariel joins the mul-
tiple-processor
floppage mart
with its VME
offering, which
includes four
Texas Instruments
320C40 ICs. The
company claims
200-MFlops
performance and
over a billion
operations per
second. The
mezzanine board
lets Ariel increase
the complement
of DSPs to achieve

“We're starting to see some really
big systems out there, as well as
some smaller ones, and to some ex-
tent the performance requirements
can change rapidly,” says Mercury’s
Isenstein. “The solution is to let sys-
tems be scalable, so users can select
the performance level required and
step up or down from that without
major redesign.”

B Need for more power continues

This doesn’t dilute the need for more
processing power on a single card.
In fact, Mercury plans to accomplish
just that in the near future. But, as
Isenstein explains, “The limiting
factor in processor density on a sin-
gle card is power consumption. Even
on standard 6U VMEbus, a slot is
specified at 15 W. Most vendors push
that limit to 25 W, while others
stretch to double the 15-W specifica-
tion to 30 W.” Isenstein believes that
the heat generated could severely
impact system reliability—particu-
larly in high-reliability medical and
government applications.
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net simulation. “Neural nets are ba-
sically a lot of multiplies and adds,”
he comments, “and for this, DSP
chips are extremely well-suited. The
reason the i860 was used, despite
the superiority of DSP over RISC
approaches for such neural net sim-
ulation applications, was the avail-
ability of a full-function C compiler.”

But that scenario is slowly chang-
ing, as chip makers and third-party
software houses start to put the
pieces together. While gradual im-
provements are being made in com-
pilers for AT&T, Motorola, TI, and
other families of DSP devices, Ixthos’
Milrod thinks that the 21020 float-
ing-point chip from Analog Devices
(Norwood, MA) has a leg up on most
of the other contenders. “I think
Analog Devices’ C compiler repre-
sents a change in the traditional type
of compiler design,” says Milrod.
“The TI and Motorola C compilers,
from my perspective, are really hard
to use, with a lot of bugs, and haven’t
been the kind of mature compiler
technology that most engineers have

come to expect when programming
such devices as the 68000 and i860.”

“Analog Devices,” Milrod contin-
ues, “being the last guy to the table,
has been able to see the mistakes of
the other makers and has kept ev-
erything in-house.”

l Real men don't use Pascal

The tendency to use C compilers for
traditional DSP applications is
partly due to some old—and not al-
together incorrect—notions about
assembly code. “The need for writing
application code in assembly has
largely evaporated, now that good
compilers and libraries are availa-
ble,” says Milrod.

Libraries have become so sophis-
ticated, says Anthony Agnello, pres-
ident of DSP board maker Ariel
(Highland Park, NJ), “that they not
only look at very specific functions
such as a DTMF [dual-tone multi-
frequency] function, but the library
cells now provide broader functions,
such as an entire V.32 modem.” Such
libraries, continues Agnello, are eas-
ier to use and cover far more appli-
cations than those in the past.

But despite the improvement in
tools, according to Milrod, “there are
many designers and programmers
from the old school of DSP. They
don’t trust the compilers and, even
if they do trust them, they believe
they won’t get any code that’s us-
able. Some of these designers are
from the school that insists on the
superiority of assembly code.” And
though the tightest program loops
will always be hand-coded, there are
many around who still believe that
“real men don’t use Pascal.”

“I think that’s changing,” Milrod
adds, “and we’re encouraging every-
one to write code in C and only break
down modules if they have to.” Li-
braries are hand-coded, provide op-
timized performance for particular
applications and now include func-
tions for a very broad category of
applications.

But libraries aren’t the only por-
tion of DSP technology tuned to a
specific function. “There’s a growing
trend toward incorporating more
front-end and back-end functions
onto DSP cards, essentially making
them more application specific,”
says Agnello. Most DSP boards
have at least some analog-to-digital
and digital-to-analog capability, but
more and more are including some
specialized signal conditioning
hardware and software to focus on
a specific application.
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VMEbus CPU and DSP boards team up for embedded control applications

VMEbus digital

signal processing
(DSP) boards are fre-
quently used as co-
processors in DOS
and Unix systems
to accelerate com-
pute-intensive func-
tions such as graph-
ics, speech analysis and image compres-
sion. Increasingly, however, DSP boards
are finding their way into embedded ap-
plications such as closed-loop control
and simulation that require determinis-
tic real-time response.

To address these applications, system
designers are beginning to integrate
general-purpose CPU and DSP boards
under a common real-time operating
system in a closed-loop configuration.

In a typical scenario, the CPU board acts
as a main controller, running the main
application program and servicing inter-
rupts. The DSP board serves as a co-
processor, executing compute-intensive
tasks and performing data acquisition.
Communications and data transfer be-
tween the two boards are conducted
via interrupts.

DSP boards are ideal for a variety of
real-time, closed-loop control applica-
tions. Consider, for example, vibration
cancellation for an active suspension
used to house a space-based telescope.
In such an application, the DSP would
be used to generate motor control sig-
nals that compensate for vibrations in
the structure. When the structure vi-
brates, a laser interferometer supplies
the CPU/DSP board tandem with posi-
tion information for the structure. The
DSP, in turn, translates the position infor-
mation into compensating signals for
piezo motors that control the structure.

DSPs are also ideal for real-time simu-
lation. The effectiveness of a sonar sys-
tem, to take one example, could be de-
termined by using a DSP to simulate a
variety of acoustic environments. Simi-
larly, the effectiveness of an on-board
flight control system might be deter-
mined by using the DSP to simulate the
space environment. In both cases, an ap-
plication program running under
VxWorks would be used to determine
the characteristics of the environment,
with the DSP generating the actual sig-
nals driving the target system’s sensors.

One factor that simplifies the integra-

tion of a DSP board into a real-time con-
trol loop is that most DSPs provide very
fast interrupt response. Many, in fact, re-
spond to interrupts more than an order
of magnitude faster than conventional
microprocessors. For example, the AT&T
DSP32C provides a worst-case interrupt
latency of under 200 ns.

DSPs provide fast interrupt handling
because they don't have to save as
much context as general-purpose micro-
processors. When the DSP32C receives
an interrupt on one of two interrupt
pins (one for high, one for low priority),
for instance, it automatically saves the
state of its arithmetic unit and pipeline
into shadow registers. At the same
time, the DSP vectors to an interrupt ser-
vice routine that resides in an on-chip,
relocatable exception table. Both opera-
tions occur in a single clock cycle.

If the handler for the interrupt is sim-
ple enough—for example, a serial I/O
port read—then it can be incorporated
directly into the two-word exception ta-
ble entry. More complex handlers can
be implemented by inserting a jump in-
struction to a location in the DSP’s on-
chip RAM into the table entry.

B CPU/DSP communications

The principal challenge in combining
VMEbus CPU and DSP boards in real-
time closed-loop systems is providing
for high-speed, two-way, deterministic
communications between the boards.
Ensuring real-time response for host-to-
DSP communications is relatively easy
for two reasons. One is the DSP’s fast in-
terrupt response. The other is that DSPs
often run relatively few tasks and no
real-time OS. Consequently, there is less
competition for the DSP’s resources and
a greater likelihood that the handler will
be executed promptly once the DSP is
interrupted.

To invoke a DSP routine on Heurikon'’s
HKDSP/A/32C, for example, the host-
based VxWorks or Lynx application makes
a system call such as IOCTL (I/O control)
and supplies parameters for the routine
that it wants to invoke. This system call in-
vokes a device driver, which issues a VME-
bus interrupt and writes to a memory-
mapped control register on the V32C.
Writing to this control register, which pro-
vides one bit for each of up to six DSPs,
causes the hardware interrupt pins for the
appropriate DSP or DSPs to be toggled.

Because each of the DSPs is treated
as a separate device, it's possible for
multiple DSPs to communicate with mul-
tiple host processors simultaneously.
The host can transmit any data associ-
ated with the interrupt by writing to ei-
ther the DSP’s parallel I/0 port or to the
V32C's shared memory, which is
mapped into the VMEbus and host pro-
cessor’s address space.

0 DSP-to-host communications
Ensuring real-time response for DSP-to-
host communications is more challeng-
ing, because the host typically runs
multiple tasks under the control of a
multitasking OS. Consequently, the han-
dler for the interrupt may have to wait,
depending on its relative priority and
the task that was executing at the time
of the interrupt.

In a conventional Unix system, for ex-
ample, the handler must wait for the
current task’s time slice to expire.
Moreover, because the user can't set
the handler’s priority (Unix sets the prior-
ity based on the system load and the
task’s prior run time), there is no way to
ensure that the handler will be executed
in a timely manner, even after the CPU
becomes available.

Real-time operating systems such as
HKLynx and VxWorks simplify matters
because they are pre-emptive and en-
able users to set the handler’s priority.
With HKLynx the programmer imple-
ments the handler as a thread (task),
which waits on a location in memory
known as a semaphore. When the DSP
board sends a VMEbus interrupt, an in-
terrupt service routine clears the sema-
phore, which causes the thread to be
placed on the active task list. By setting
the thread’s priority higher than that of
the system’s others processes, the pro-
grammer can ensure that the thread will
be serviced as soon as the CPU be-
comes available.

By integrating a DSP board with a
CPU board, designers can address com-
pute-intensive applications that are be-
yond the reach of conventional CPU
boards. At the same time, integrating
them under a common pre-emptive,
real-time OS with support for user-defin-
able priorities lets them forge a real-
time link that opens a broad range of
closed-loop, real-time applications.

Steve Tesmer, DSP product marketing manager, Heurikon, Madison, WI
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This tendency toward applica-
tion-oriented approaches is epito-
mized by Data Translation’s (Marl-
borough, MA) DT 3801
instrumentation board. Based on a
TMS320C40 and designed as a to-
tal test solution, Data Translation’s
device includes an analog waveform
digitizer subsystem for analog sig-
nal input, an analog waveform syn-
thesizer subsystem for analog signal
output, a dynamic digital input sub-
system, a dynamic digital output
subsystem, and host communica-
tions over a standard bus.

But Data Translation’s instru-
mentation isn’t the only place appli-
cation-specific DSP boards are
showing up. “Ariel, for example,” of-
fers Agnello, “makes two very appli-
cation-specific products, its Speech
Station and Sys ID boards.” The
Speech Station, he says, is a speech
spectrogram analysis board that
lets speech researchers use a spec-
trogram, cut and paste speech seg-
ments and give both FFT (fast Four-
ier transform) as well as LPC (linear
prediction coding) analysis.

Sys ID is an FFT-based, two-chan-
nel device that outputs a stimulus,
such as a chirp, that’s programmed
by the user. The board then records
the system’s response on one or both
of its input channels and examines
the complex frequency response.
The board outputs the stimulus syn-
chronously and repeatedly so that it
can do time-domain averaging. Any
spurious noise in the system is un-
correlated and tends to disappear,
while the signal tends to be rein-
forced. This lets the board provide
measurements with dramatic dy-
namic range—exceeding 100 dB.
The technique, according to Agnello,
is widely used for everything from
monitoring hair cells inside the
cochlea of the ear to measuring the
vibration of suspension bridges.

Ixthos has taken a somewhat dif-
ferent approach to application-spe-
cific boards. “We’ve created our own
mezzanine standard, which we call
the IXI bus,” Milrod says. “It’s essen-
tially a pinout of the data bus of the
AD21020 with some of the flags, in-
terrupts and control signals. We’ve
made that available to users, and
we, as well as some of our customers,
have developed a number of front-
and back-end signaling add-on
cards.”

Ixthos has just introduced one
such board with four Analog Devices
AD1849 sound port chips. These are
signal-conditioning chips, each of
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which includes a codec, two 16-bit
inputs, two 16-bit outputs, gain con-
trol, attenuation on output, anti-ali-
asing filters, and sigma-delta capa-
bility for programmability. In
addition, to foster more pre-condi-
tioning, the card features a 2101
fixed-point processor to do any pre-
filtering or post-processing and take
the load off the host floating-point
DSP.

There’s little question that DSP
technology will continue to find uses
in specialized areas with needs for
traditional signal processing. These
needs are addressed by general-pur-
pose as well as special-purpose
boards, including both RISC- and |
DSP-based products. But such spe-
cial applications are just the tip of
the iceberg. DSP boards are starting
to emerge in an ever-broadening |
range of applications. With new soft-
ware tools, it’s now easier to design
vector processing systems with DSP
than it is with RISC machines. And
it’s easier to link several DSP chips
together—for example, TI’s
320C40—than it is to join other
RISC-based processors.

DSP technology is also starting to
gain a foothold in the embedded con-
trol area, as well as finding use as
an intelligent UART. Some applica-
tions are taking the technology to
extremes, using DSP-based boards
as CPUs. But these developments
are just a beginning, and as semi-
conductor companies leapfrog each
other with processor developments, ‘

Your VME solution for real-time
digital signal processing . . .
The Heurikon HKDSP/V32C:

« Single or dual channel configurations
for maximum flexibility

« Scalable performance to 150 Mflops

» Modular 1/0 interface tailored to
your application

« High level development tools reduce
time-to-market

« Off-the-shelf application software support
» Custom design and integration services

1-800-356-9602 8310 Excelsior Drive » Madison, WI 53717

Heurikon is a Computer Products Company. Phone 608 831 0900 « FAX 608 831 4249
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even more applications for DSP
technology will emerge. n |
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PC display

That’s AI&I “Customerizing’

“Customerizing” means being  display, provided by an AT&T
ready today with a total 24-bit ~ True-Color VGA Graphics
graphics solution—a complete ~ Controller that supports reso-
package to enhance your multi-  lutions as high as 1024 by 768.

media PC applications. Integrated Solution
It’s an industry first from AT&T's chip set is designed for
AT&T Microelectronics. A a 5-chip motherboard that con-
true-color graphics chip set sumes only 30 square centi-
with complete driver support,  meters, and incorporates two
including 24-bit window memory devices.
drivers. Today! Flexibility? AT&T's chip set
Developed to give you offers three RAMDAC options

one-stop, hassle-free, true-color  —24, 16/18 and 8/6 bit-so you
shopping. And priced to take a  can differentiate your applica-
surprisingly small bite out of a  tion with various price/perfor-

PC design budget. mance points.

16 million colors Development time? Our
Offering quick and easy complete manufacturing kit
implementation, our chip set helps you sharply reduce
includes a True-Color VGA design-in time and cost.
Controller and highly-integra- For more on how you
ted RAMDAC:s. can give your product a 24-bit

This high-performance edge at the lowest possible
system, capable of generating system cost, just give
over 16 million colors, makes AT&T Microelectronics a call

possible a virtually unlimited at 1 800 372-2447, ext. 903.
range of shading possibilities. FAX: 215 778-4100.

The system also delivers (In Canada:
photographic-quality graphics 1 800 553-2448, ext. 903)

Microelectronics
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we're Under the Gun.

The Fire Control Processor for the M1A2 Abrams Main
Battle Tank: one example of Vista Controls' fully mil-qualified
RISC-based board-level systems solutions for fire control and
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ocean, Vista Controls stands ready to supply you with the
highest performance VME cards available for fire control,
communication, and control systems.
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Making the 400-MHz
computer a reality

After clock distribution and caching architectures, the
design of high-speed digital systems demands careful
component selection and attention to physical layout.

Stephan Ohr, Contributing Editor

I t’s no secret that the high-performance workstations of today—especially

the RISC machines—are based on the supercomputers of yesterday. The

vector processor Seymour Cray designed for Control Data Corporation

embodied all the principles we’ve come to associate with RISC micropro- !
cessors: a simplified instruction set, a register pipeline for instructions and |
data and an extremely fast clock. In fact, Cray built a huge register chain
around the CPU because he regarded main memory, with its addressing,
access and refresh cycles, as oppressively time-consuming.

Today’s computer designers are building personal computers and graph-
ics workstations that embody the same assumptions:
avoid addressing memory, do as much work as you can
with a fast SRAM cache and,
if you really want perfor-

mance, keep your clock

cycles as short as possi-

ble. PCs which use a 50-

MHz clock are starting to
feel commonplace, and al-
ready we're starting to hear

~
-
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about “clock doublers” which let a
CPU run twice as fast as its bus
interface—not to mention Intel’s P5
and MIPS’ R6000, which run at 66.7
MHz, and the high-end Sparc proces-
sor that’s being designed to run at 80
MHz. What’s more, technologists at
Intel’s workgroup computing divi-
sion (Hillsboro, OR) believe the tech-
nology exists to build a 50-million-
transistor microprocessor running at
400 MHz, and that desktop

ECL. The logic levels of the two tech-
nologies aren’t compatible, and level
translators will consume clock cy-
cles and power. BiCMOS will be
used to facilitate higher fanout load-
ing rather than to increase speed,
and digital GaAs will have a place
in mainframes and minis—as well
as in supercomputers.

The third issue is physical layout,
and the design tools which help vi-

however, will need to contribute
models showing the effects of lead
length and package type on the per-
formance of their parts.

H integration reduces delays

If there’s a single goal for high-speed
design, it can probably be expressed
as the need to keep propagation de-
lays short. Computer system archi-
tectures, as a consequence, will take
advantage of the high levels

PCs embodying such tech-
nology will be commonplace
by the year 2000 (see
“Toward a 400-MHz, 50-mil-

300
lion-transistor microproces-
sor,” p 85).
There’s no question about
what we’ll do with all that w00k

processing power. The prob-
lem is what these ultra-high
clock rates may do to our
designs.

Memory and I/O buses
may not be able to run at the
same speed as the CPU,
forcing us to design comput-
ers as concentric circles,
hierarchically organized ac-
cording to data transfer
rates. We may need to de-
velop and harness special-
ized IC technologies to en-
sure that all components
run at the same speed—at
least within the same circle.
And unless we want to make
new contributions to the al-
ready crowded radio fre-
quency bands, we'll need to
pay much more attention to
physical layout.

CLOCK FREQUENCY (MHz)

o

Intel processors

of semiconductor integra-
tion as a means of reducing
the interconnect delays that
result in moving a signal

SALICIDE

chip-to-chip. According to
Hal Dozier, vice-president
of advanced development at
supercomputer maker Con-
vex Computer (Richardson,
TX), the level of IC integra-
tion was key in his com-
pany’s decision to use gal-
lium arsenide (GaAs)
devices in the company’s
high-end C-3 computers.
There are two models in
the C-3 series, the C3800
and C3400, each configured
with up to eight parallel
processors. While both ma-
chines will do the same
job—they’re binary compat-
ible, in fact—the peak rat-
ing for a C3800 performing
64-bit, double-precision,
floating-point operations is
about 1 GFlops (960
MFlops, to be more precise).
The peak rating for a C3400

1975

1980 1985

YEAR

1990 1995

2800 performing the same opera-

tion is 400 MFlops. The dif-

B Three paths to success

The success of a high-speed
design, then, is pegged on
three issues. Architecture is
the first concern. You need to
control what happens at
each clock cycle—what sys-
tem elements need to be
closely tied to the system
clock and what elements can
function asynchronously. Special-
ized high-speed components will be
applied to clock distribution and to
the interfaces between processor
and cache, cache and main memory.
In fact, one significant trend is the
emergence of processor-specific
SRAM components.

Next, component selection will be
an issue at very high clock rates. You'll
need to choose between systems that
utilize high-speed CMOS and those
that use a bipolar technology such as
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Intel believes that smaller processor geometries, coupled
with special fabrication technologies, will make possible
microprocessors with 50 million transistors operating at
200-MHz clock rates—400 MHz with the help of “clock dou-
blers.” While machines such as this may be common in the
year 2000, the increase in system clock rate from 50 to 66
and 75 MHz will pose some severe design challenges in

the near term. Intel’s processors, along with their fabrica-
tion technologies, are plotted here by clock frequency and
year of introduction.

sualize the analog effects of physical
layout. Required aren’t just critical-
path and other timing analyzers,
but tools that model the impedance
effects of IC lead lengths and PCB
trace widths. The effects of imped-
ance mismatch—the “invisible mon-
sters” of noise, ringing, crosstalk,
and ground bounce—will destroy a
high-speed design. Increasingly
valuable will be the modeling tools
that let you visualize these monsters
on a workstation screen. IC vendors,

ferences between the two
models are a function of
their instruction cycle time:
the C3800 is a GaAs ma-
chine with a 16.7-ns cycle
time, the C3400 is a BiC-
MOS machine with a 40-ns
cycle time.

Dozier was the project
chief on the C3800, which
was built with GaAs parts
from Vitesse Semiconductor (Ca-
marillo, CA). There were two advan-
tages to using the Vitesse parts, he
says. First, the interface circuitry is
very similar to ECL, which provides
1-V logic swings, from —0.8 to —1.8 V.
This avoids the need for level-shift-
ers, and makes for an easier transi-
tion from the earlier C-2 to the C-3.
Secondly, Vitesse offered a relatively
high level of integration for GaAs
parts. “Vitesse did an excellent job
of pushing GaAs density up,” says



Toward a 400-MHz, 50-million-transistor microprocessor

The demand for

higher-frequency
MIiCroprocessors
will continue to
rise. This will result
in CPU frequencies
of 400 MHz by the
end of the decade,
and some changes
in computer implementation will be re-
quired unless we want all of our digital
designers to hold radio frequency li-
censes. This dramatic increase in CPU
frequency will depend upon advances in
process technology, manufacturing,
packaging, and design techniques—but
not one of these areas will present a
substantial impediment to the construc-
tion of a commercial desktop PC with
an aggregate performance exceeding
2,000 Mips. Machines such as this
should be available in volume by the
end of the decade.

Semiconductor process technology
has accounted for the dramatic increase
in transistor budgets and clock fre-
quency scaling over the past 20 years.
Geometry reduction has been used ex-
tensively since the early 1960s to simul-
taneously improve chip density and de-
vice performance. Advances in
lithographic and dry etching techniques
have already reached the submicron
level, improving the density of transis-
tors per unit area at a rate of 25 percent
per year.

H Transistor count still doubling
The obvious consequence of reduced
transistor geometry and increased die
size is that the total number of manufac-
turable transistors per die is increasing—
at a rate of about 40 percent per year.
This rate falls within Gordon Moore’s
1975 prediction, which called for a dou-
bling of transistors every two years. This
suggests that logic devices with 50 to
100 million transistors will be manufac-
turable by the end of the decade.

A 50- to 100-million-transistor device
operating at 400 MHz must also clear
new hurdles in packaging and power
management. The power dissipation of
a microprocessor, for example, increases
with the square of its operating fre-
quency, so this end-of-decade micro-
processor may require more power than
we can economically provide.

Several trends, however, are likely to

alleviate this dilemma. Power supplies
will move from the current 5.0 V to 3.3
V, and possibly even to 2.5V to 1.8V
by the end of the decade. This will re-
duce the power, both internally to the
chip and in the input and output buff-
ers. The reduced supply voltage also
means smaller voltage swings for signal-
ing, enabling higher-speed operation.
The input and output buffers will con-
tinue to drive the external “real-world”
capacitance. For this reason they’ll have
to be very much larger than the micro-
processor core transistors and won't be
able to operate at the core’s frequency.

Reduced parasitic capacitance packag-
ing will also be required. One possibility
may be to mount the microprocessor
die onto a silicon substrate that has
matched impedance drivers built into it.
Finally, local refrigeration techniques
may be needed to extract power dissi-
pated by the microprocessor. It's impor-
tant to note that CMOS, when cooled,
increases in speed; this may yield even
higher performance.

A 50- to 100-million-transistor device,
operating reliably in a cooled, special
package at 400 MHz, will pave the way
toward higher levels of addressability
and data size. Microprocessors have
moved quickly from the original 4-bit
4004, to 8 bits, 16 bits and 32 bits. This
follows similar trends in minicomputers
and mainframes.

There's also been a migration of archi-
tectural and system features onto a sin-
gle die. For example, mainframes had
support for memory management
through the 1970s, when paged virtual
memory was introduced with the VAX
minicomputer; these features have now
migrated into the microprocessor. Data
transfer between the processor and
memory is an important bottleneck in
computer designs. IBM introduced the
cache memory with its 370 series of
mainframes, and this feature too has
been integrated into the microprocessor.

Based on this trend toward including
and integrating architectural features,
let me propose a new law of computing
and semiconductors: “Every concept
proven useful in mainframes or min-
icomputers has migrated or will migrate
onto the microprocessor.” There's been
much discussion lately about RISC tech-
nologies—simpler, faster instructions, su-
perscalar architecture and pipelining.

These techniques were pioneered for
the mainframe and minicomputer, and
all are expected in the microprocessor
shortly.

| Decoupling the CPU

As clock rates continue to increase, the
need to decouple the CPU core speed
from its external bus speed is becoming
essential. This technique has, again,
been used with mainframes, and was re-
cently introduced with the ‘speed-dou-
bled’ Intel 486 DX2 microprocessor,
whose CPU core, internal cache and
write buffers operate at 50 MHz while
the bus operates at an easy-to-design
25 MHz. Expect to see multiple clock
divisors in the future, with the 400-MHz
frequency only visible to the CPU core,
while external frequencies are in the
range of 50 MHz to 100 MHz.

Running the microprocessor core at a
higher frequency than its external bus
can create performance bottlenecks if
the core makes excessive demands on
the bus unit. Cache memory filters
many requests for system memory, but
only simple write-through caches have
been implemented on microprocessors
to date. An increased transistor budget
will let a larger, higher-performance
write-back cache be implemented.

A conservative estimate of the size of
a general-purpose CPU is about four mil-
lion transistors. This estimate is based
on increasing transistor counts to in-
clude various microarchitecture exten-
sions for a 64-bit processor and compat-
ible floating-point unit, such as cache
for branch targets, multiple execution
units, larger page-translation buffers,
and stack-top caches. Such a CPU
should perform at approximately 700
Mips at 400 MHz. Within our budget of
50 million transistors, we could include
four of these CPUs, each with a 256-
kbyte cache, a special-purpose graphics
unit, two vector units—and still have
two million transistors left to implement
a designer-friendly bus interface unit.

Very high-frequency design will be
contained within the microprocessor
component itself, but there will still be
many design challenges to support its
external bus. The high-frequency, cache-
coherent, multiprocessor system bus of
today will become the component bus
of tomorrow.

Pat Gelsinger, general manager of microprocessor division six, Intel, Hillsboro, OR
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The MACH" Family From AMD:
The Fastest, Most Predictable High Density PLDs Available Today.
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PAL devices. They're bigger and better, with densities
ranging from 900 to 3600 gates, all in our submicron
CMOS technology.

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

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

And each MACH part can migrate easily to a pin-

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

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

of a lot safer.

Advanced Micro Devices

© 1992 Advanced Micro Devices, Inc. 901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. PAL is a regis-
tered trademark, and MACH and MASC are trademarks of Advanced Micro Devices, Inc. All brand or product
names mentioned are trademarks or registered trademarks of their respective holders.
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Dozier. “With 20,000 to 30,000 gates
per chip, it’s almost as dense as
ECL.”

Supercomputers such as the Con-
vex C-3 are essentially vector pro-
cessors, in which one or two in-
structions operate on an extremely
long set of operands (a number
string). The key to keeping the data
moving through the CPU is to
“bump it” register to register. The
Convex keeps up to 128 operands in
one register. When you’re building

are loaded and executed in rapid
succession. The long register chains
of the vector processor are replaced
with shorter pipelines. Large caches
are used for instructions and data,
and “subcaches”—cache tag RAMs
(T-RAMs)—are used to keep track of
the information in cache.

| Running at different speeds

To be sure, not every part of a sys-
tem needs to run at the same speed.
But those parts of a system that

long register chains, Dozier ex-
plains, the length of the intercon-
nect path between chips can impose
unwanted delays. By using GaAs
chips with a high level of integra-
tion, the interconnect delays can be
minimized.

Similar principles are showing up
in the design of new-generation
workstations and PCs. As is the case
with supercomputers, new designs
in these areas must deal with ex-
tremely short clock cycles. Worksta-
tions also make the supercomputer-
like assumption that main memory
accesses are slow and are to be
avoided until absolutely necessary.
Unlike supercomputers, however,
workstations must reflect more of a
general-purpose architecture, in
which many different instructions
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Hal Dozier (fore-
ground) examines
a color plot of a
GaAs chip. The
vice-president of
advanced develop-
ment at Convex
Computer says
that the key
factor in his
company'’s
decision to use
GaAs devices in
its high-end C3
machines was

the level of IC
integration that
could be achieved.

must run fast—the CPU, cache and
cache tag logic—must run very fast.
It’s important that all elements
within this “inner circle” be syn-
chronously tied to the same clock.
In this realm, every nanosecond is
significant.

With such timing constraints,
three types of specialized compo-
nents are proving invaluable for
high-speed design of caches,
datapaths and control logic. One
type consists of low-skew clock dis-
tribution chips, which are used to
precisely synchronize inner-circle
components to the same fast clock.
Another type consists of processor-
specific SRAMs, which shave nano-
seconds from the cache-access cycle
by incorporating cache control logic
on-chip. High-speed cache and data-

path design need support from cus-
tomizable logic. A third type of com-
ponent, consequently, consists of
specialized PALs and PLDs—even
7400-series logic components—
which are optimized for speed.

At high clock rates, the fanout
loading on the system clock and the
length of the wiring path between
clock elements can create significant
timing differences between these el-
ements—a situation described as
clock skew. Assume, for example,
that the logic elements in a caching
system or datapath all trigger on the
rising edge of the system clock pulse.
While the clock frequency remains
the same in all parts of the system,
inductances and capacitances in the
clock distribution tree will vary the
phase of the clock pulse along differ-
ent branches of the tree. It is possi-
ble, then, for system elements to trig-
ger asynchronously, paving the way
for delays and timing errors. The
possibility for error increases if mul-
tiple clock generators are used in an
effort to minimize fanout loading.

| “Logic”al alternatives

You can consider alternatives avail-
able with standard high-speed logic,
such as Fast, fast CMOS technology
and similar logic families. With
propagation delays in the range of 3
to 6 ns, Fast family logic can be used
in the datapath as latches, buffers
and registers. But there’s a problem
with using Fast family parts for
clock distribution, according to
Randy Frederick, who manages the
FCT family for Integrated Device
Technology (IDT—Santa Clara,
CA).

In principle, these parts have a
clock skew specification as small as
500 ps. The problem is that this spec
is contingent on the ambient tem-
perature of the device, and even
min-max figures for clock skew will
produce widely divergent results
without temperature derating. A
better solution, suggests Frederick,
is to use a dedicated clock driver, in
which clock skew is specified edge-
to-edge as well as part-to-part.

Low-skew clock drivers, such as
the IDT49FCT805/806, provide
multiple outputs with controllable
phase relationships. The maximum
skew between clock outputs from
the same package is specified as 1 ns.
The maximum skew between con-
nected drivers in different packages
is 1.5 ns.

Another clock control technique is
to treat the clock generator and each



High-speed cache design demands novel components

Caching

schemes for data
and instructions are
| among the availa-
ble techniques for
improving worksta-
tion and personal
computer perfor-
mance. Yet in-
creases in processor clock rates have
made system design more difficult by
taking away much of the timing margin
necessary for reliable operation. Archi-
tectural techniques that provide zero-
wait states at 25 and 33 MHz, such as
interleaved cache banks, may prove
troublesome at 50 MHz and above. Not
only is there a loss of granularity, but
the asynchronous SRAMs become more
expensive and the control logic be-
comes difficult to implement. One evolv-
ing solution to this problem is novel
cache components, such as processor-
specific SRAMs.

Timing margin problems are most
acute in the datapaths that are close to
the processor. While clock rates for
mainstream systems are up to 40 MHz,
more sophisticated designs are being im-
plemented at 50, 67 and even 75 MHz.
Some processors—for example, the
Intel 486 DX2 and the MIPS R4000—
even use internal clock rates that are
twice the frequency of the external bus
clock. And one version of the Alpha-
Micro from Digital runs at three times
the external bus clock. This clever de-
sign technique builds very high-perfor-
mance systems, while maintaining prac-
tical costs for both the interface and
external components.

B Faster clock rates

Whether the external interface follows a
straight or submultiple clocking scheme,
increasing clock rates leave very little
timing margin near the CPU. A 50-MHz
clock, for example, allows only a 20-ns
cycle time. The 67- and 75-MHz inter-
faces provide 15- and 13.3-ns cycle
times respectively. Asynchronous SRAMs
have benefited from advances in sub-
micron CMOS and BICMOS, which have
produced 32k x 8 and 64k x 4 devices
which operate at 10 ns, and 128k x 8
and 256k x 4 devices which operate at

15 ns. The price premiums associated
with these parts, however, may be pro-
hibitive for most desktop computers.
Frequently, the only economical way to
implement a cache at these cycle rates
is with specialty memory or processor-
specific SRAM components.

Although some high-speed proces-
sors, such as the MIPS R4000 and
Hewlett-Packard's Precision Architec-
ture, offer flexible interfaces that can
take advantage of asynchronous fast
SRAMs, many other systems clearly ben-
efit from the processor-specific ap-
proach. Examples of processor-specific
SRAMs include 32k x 9 devices for the
Intel 486 and P5, 16k x 16 devices for
older versions of the Sparc, 128k x 9 for
newer versions of the Sparc, 32k x 9
SRAMs for the Motorola 68040, and
16k x 9 x 2 or 8k x 20 SRAMs for the
MIPS R3000/3500. The speeds of these
processor-specific SRAMs vary between
10 and 25 ns, but the real story is that
generic SRAMs would have to work
much faster to perform the same task.

0 speeding up SRAMSs

As an example, consider what happens
with the 50-MHz version of Intel’s popu-
lar 486. To guarantee zero-wait state op-
eration during burst reads, a sub-10-ns
cache SRAM is needed—a difficult prop-
osition for 32k x 8 SRAMs, the pre-
ferred 486 secondary cache compo-
nents. Of the nominal 20-ns cycle time,
5 ns are taken as the propagation delay
of a PAL counter delay, 4 ns are required
for setup, and 2 ns are lost with skew
and derating. The SRAM cache must op-
erate in a 9- or 10-ns window.

Some SRAM manufacturers have at-
tacked the problem by incorporating the
burst counter inside the SRAM, bringing
back 4 or 5 ns and relaxing the required
access time to approximately 14 ns. This
strategy minimizes component count by
eliminating the typical expensive external
PAL, and can reduce the cost of cache
SRAMS in many systems.

Another alternative which supports
zero-wait state writes in the 486 archi-
tectural environment is to integrate self-
timed write logic inside the SRAM.

Since writes are completed internally
and referenced to a clock edge, the

need to operate from an asynchronous
write pulse is eliminated.

The result of this process is the trans-
formation of an ordinary fast SRAM into
a tightly coupled, processor-specific
component that solves a number of
speed-related problems for the de-
signer—and the establishment of a new
set of specifications. Since the internal
timing logic now operates syn-
chronously with the cache memory, the
key design parameter is no longer ac-
cess time (Taa), but rather clock-to-data
time (Tcd). Ted for 486-specific cache
SRAMs is as fast as 10.5 ns, making
them useful for 67-MHz systems, where
the need for tailored cache SRAMs is
even more critical.

Cache tags are yet another example
of specialized SRAMs that facilitate the
implementation of no-wait state caches
in 50-MHz systems. These very fast
SRAMs incorporate an address compara-
tor on-board that permits the quick
identification of blocks inside the cache.
The critical parameter here is Tadm—ad-
dress-to-match. Cache tags are now
available in Tadm speeds as fast as 10 ns,
and in sizes as large as 8 kbytes.

RISC processors also benefit from the
use of tailored SRAMs. The MIPS R3000
and R3500, for example, use split exter-
nal instruction and data caches. At 40
MHz, both cache banks are accessed
within the 25-ns clock period; the ad-
dress for each cache is latched on alter-
nate clock edges. A bus contention
problem emerges, however, as one
bank is enabled while another is dis-
abled, which increases pressure for
faster access speed. A typical cache im-
plementation uses 30 16k x 4 SRAMs
with a speed of 7.5 to 8.0 ns—a costly
solution that utilizes substantial board
space. New bicameral (two-bank) MIPS-
specific 16k x 9 x 2 SRAMs eliminate
the bus contention problem, while re-
ducing the necessary access time to 12
ns and the parts count to seven compo-
nents. The approximate space savings is
70 percent, and the cost reduction is
easily 70 percent.

The future introduction of more pro-
cessor-specific SRAMs and fast logic
building blocks will continue to track in-
creases in processor clock rates.

Manuel Alba, strategic marketing and applications manager, Integrated Device Technology, Santa Clara, CA
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branch of the distribution system as
a transmitter-receiver combination,
and to regenerate the clock pulse at
each branch using a phase-locked
loop to capture the original clock
pulse. Such a regeneration scheme,
recently introduced by Vitesse, lets
multiprocessor systems—hypercube
architectures, for example—be syn-
chronized to the same clock. Maxi-
mum clock skew for multiple con-
nected Vitesse parts is 1.25 ns.

Intel’s OEM computer group,
which manufactures PCs for compa-
nies such as Digital and Unisys, is
using a similar “copy clock” tech-
nique in its modular, scalable PC
architecture, although it doesn’t
foresee the use of GaAs in its PCs.
Intel’s clock distribution scheme in-
sists that all elements of the CPU
and cache subsystem run syn-
chronously. Ordinarily, asynchro-
nous elements, such as the memory
and I/O subsystems, are synchro-
nized to the CPU by regenerating
the system clock—across the back-
plane of the PC, if necessary.

l Timing is almost everything

Like clock skew, the timing relation-
ships between the CPU and cache
remain critical in a high-speed sys-

tem. The cache is intended to repli-
cate information that’s in main
memory, but it makes it easier—by
making it faster—for the CPU to get
to this information. The cache typi-
cally has two elements: a small,
ultra-fast cache tag which deter-
mines what’s in the cache, and the
cache itself, a larger entity which
replicates information that’s in
main memory. The speed of the
cache tag RAMs, or T-RAMs, is most
critical. T-RAMs are typically 8k x 8
bits, and have a clockless (asynchro-
nous) 10-ns access time. The SRAMs
used for caching are somewhat
larger, and use access times defined
by the system clock—for example,
20 ns for a 50-MHz clock—but aren’t
necessarily synchronous with it.
While the Convex C3800 super-
computer uses self-timed SRAMs—
5.5-ns devices—as the crossbar to
vector memory, these devices tend to
be too expensive to use as cache
memory in workstations and PCs.
Workstation and high-performance
PC designers, as a consequence, are
coming up with what Manuel Alba,
strategic marketing and applica-
tions manager from IDT, calls “ar-
chitecturally creative” solutions to
cache timing problems. For exam-

ple, T-RAMs and cache memory
SRAMs specifically optimized for
486-based systems are beginning to
appear. Ordinarily, the 50-MHz 486
allows a 20-ns access cycle. Because
the 486 has its own on-chip cache,
any secondary cache would be used
for data writes to memory. A proces-
sor-specific SRAM such as the
IDT71B589 uses self-timed write cy-
cles. The organization of the SRAM
is 32k x 9 bits, and it offers what’s
called a ‘clock-to-data’ parameter
(metric) of 14 ns. (The IDT71B589
offers a 10.5-ns access in BICMOS.)
The major advantage of these parts
over conventional SRAMs is that all
the functional blocks—all the signal
generators—necessary for a 486
processor to write to an SRAM cache
are incorporated in the specialty
SRAM.

A similar part, a cache device for
the MIPS R3000 RISC microproces-
sor, is the IDT71B229. This part pro-
vides a divided “bicameral architec-
ture” (16k x 9 x 2) in which the cache
is used for both instructions and
data. It lets you simultaneously ac-
cess both parts of the cache with no
wait states at 40 MHz. The only
alternative to the convenience of ar-
chitecturally creative solutions such

Processor-specific
P = X SRAMs, such as
(A) Read timing with ATT7C157 cache RAM U ATICIS2, 2
16k x 16 bit cache
RAM optimized
for Sparc applica-
CLOCK tions, include on-
chip address
o nmrorsy [><VALID ABDRESS><( ><NEXT ADDRESS ><__ | registers and data
| latches. Cache
DATA OUT data can be writ-
(FROM ATT7C157) <<_PRIOR SRlAM ouUTPUT ><_ >‘<VALID SRAM OUTPUT ><_ B bt ma
- e e : L from the first
20-ns cache access time from clock clock e dge (see
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as these, says Alba, is to use general-
purpose SRAMs with sheer speed
(see “High-speed cache design de-
mands novel components,” p 89).

i Losing time from the budget

Without specialized SRAM caches,
the timing budget for even a 40-MHz
system may be unmanageable.
There’s a 25-ns window in which to
perform a cache write operation,
confirms Charles Hochstedler,
memory product planning director
for AT&T Microelectronics (Allen-
town, PA). “There’s just not a lot of
time left to use a generic device in
that setting,” he explains. Typically,
5 ns is lost to clock skew and inter-
connect delays. On a standard
SRAM system, 6 ns will be lost going
through the address registers, and
another 5 ns will be lost at the data
latch point. This leaves only 9 ns to
perform the necessary SRAM ac-
cess. By putting the address regis-
ters and data latches on-chip with
the SRAM, suggests Hochstedler,
approximately 11 ns can be saved,
leaving up to 20 ns to perform the
SRAM access. (Also, two $35 parts,
such as ATT7C157s, 16k x 16 cache
RAMs optimized for Sparc applica-
tions, can replace eight $40 8k x 8
standard SRAMs, letting you build
a less expensive cache.)

In addition to processor-specific
SRAMs, we're also seeing a trend
toward cache RAMs organized with
wider word widths, says
Hochstedler. Previous-generation
parts, organized as 32k x 8 (or 32k
x 9, if you include a parity bit),
needed to be multiplied and clock-
synchronized to couple properly
with 32-bit processors. Emerging
now are parts organized as 64k x 16
(or 64k x 18) for 1-Mbit caches. We'll
also see SRAMs that are 128k x 36
for 4-Mbit devices. These wide-word
devices minimize the cache parts
count, provide easier clock synchro-
nization and optimize timing bud-
gets by reducing the capacitive load-
ing on cache data lines. While
high-performance 486-based sys-
tems are already utilizing 128k x 36
cache RAMs, 586-based systems will
likely use a 72-bit-wide device,
Hochstedler speculates. He also
thinks the currently used 12-ns T-
RAMs will be superseded by special-
ized 10- or 8-ns devices.

You may still need to construct
high-speed interfaces between CPU
and cache or register pipelines and
the control logic for the pipelines.
One alternative is to use custom

logic in conjunction with very high-
speed SRAMs. For this purpose, you
can use very fast PALs, such as
those available from Lattice Semi-
conductor, FPGAs from QuickLogic
or standard cells from Bipolar Inte-
grated Technology (BIT).

Inevitably, there is a trade-off be-
tween logic complexity and toggle

velopments have dramatically ele-
vated the level of integration for
GaAs, to over 100,000 gates per
chip. ECL densities are also increas-
ing, though not quite at the same
rate.

“To me, high frequency is 500
MHz and above, although 50 MHz
seems to be the threshold where

200
TOGGLE FLIP-FLOPS

JOHNSON COUNTERS

Speed vs logic function complexity

16-BIT LOADABLE COUNTERS
SUM-OF-PRODUCT STATE MACHINES

32-BIT UP/DOWN COUNTERS

ACCUMULATORS

COMPLEXITY

\

At QuickLogic, there’s a trade-off between logic complexity and toggle rates. Each
layer of logic between input and output can cost almost a full clock cycle in propa-
gating a signal through the device. Simple flip-flops, for example, can be pro-
grammed to operate at close to 200 MHz. Johnson counters used for one-shot state
machines can operate at up to 150 MHz. The 16-bit loadable counters require one
logic cell delay and reduce maximum toggle frequencies to a little better than 100
MHz. Complex sum-of-products state machines require two cell delays rather than
one. The four-cell-delay parts—those embodying arithmetic functions, for example—

are limited to 40 MHz.

rates. Each layer of logic between
input and output can cost almost a
full clock cycle in propagating a sig-
nal through the device.

| Technology choices

Because of increased clock frequen-
cies, the technology choices for cus-
tom memory arrays and interface
logic are more imposing. Higher
speeds generally require trade-offs
in power consumption and levels of
integration. Traditionally, bipolar
technologies such as ECL have been
preferred for speed, while the main
advantage of digital CMOS has been
high packing density and low power
consumption. GaAs offers extremely
high speed, but has been plagued by
low levels of integration and has
required special interface logic.
This is now changing. Process de-

things get nasty,” says Todd Pear-
son, the strategic product planner in
Motorola’s logic division (Mesa, AZ).
He insists that processor clocking
schemes are more important in this
frequency range than the technol-
ogy choices. CMOS, he believes, is
useful up to 100-MHz clock rates.
Although you can also use TTL at up
to 100 MHz, “we try to talk design-
ers out of it,” says Pearson.

ECL and GaAs operate in the
same high-frequency ranges; the
choice of one or the other, Pearson
says, will depend on the required
power dissipation. For modest levels
of integration (MSI and SSI logic),
ECL is the best choice. Because of
its lower power dissipation, GaAs is
a better choice for LSI and VLSI
devices. BICMOS has been coming
on and will be competitive with
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GaAs in the 100- to 200-MHz range,
but ECL will remain the workhorse
technology. This is because clock dis-
tribution is the most important sin-
gle influence on system behavior
and performance, and ECL clocks
are easier to manage.

Bipolar Integrated Technology
(BIT—Beaverton, OR), which spe-
cializes in custom ECL circuits and
application-specific standard prod-
ucts (ASSPs), isn’t convinced the
speed-power product necessarily fa-
vors GaAs. BIT sees power dissipa-
tion of its P201 family of ECL de-
vices as being on the order of 380
uW/gate when operating at 50
MHz—about the same level as the
Vitesse FX Series (200 uW/gate) and
significantly lower than other ECL
processes. BIT product manager
Abhi Talwalkar attributes the dif-
ference to the small geometries
used with the company’s P201-se-
ries arrays.

One advantage of ECL over GaAs
is that it produces ‘softer’ clock
edges. GaAs is one of the few tech-
nologies in which a transmitted
square wave is still very much a
square wave at very high frequen-
cies, but this can be problematic in
many applications. Ultra-fast edge
rates mean that logic transitions
(low-to-high and high-to-low) will be
steep—too steep, in fact, for logic
systems whose activity depends on
capturing a transition or edge.

0l Rounding off the edges

Fast edge rates were a problem for
PEP Modular Computers of Kauf-
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beuren, Germany (and Pittsburgh,
PA), a VMEbus board manufacturer
which is pioneering a 400-Mbyte/s
serial data transfer mechanism.
Called “Autobahn,” the transfer
technique uses a 1.8-GHz clock to
transmit NRZ-encoded data. Two
bits are transmitted at every clock
cycle—one bit when the clock edge
rises, a second when the clock falls.
Data is transmitted in 8-bit seg-

ments, with a ninth bit inserted as
a means of synchronizing transmit-
ter and receiver with a forced logic
transition. Because the technique is
keyed to transitions, it could easily
be confounded by sharp transitions
or ringing. Early prototypes de-
signed with GaAs were abandoned
in favor of Motorola ECL parts, says
PEP’s vice-president and technical
director, Gunter Riicker. The softer
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Many manufacturers, among them IDT, are enamored with BiICMOS, and believe that
adding bipolar output drivers will extend the usable clock frequency for CMOS de-
vices. Motorola, on the other hand, sees CMOS and ECL as the workhorses for high-
speed digital technology. The diagram shows Motorola’s view of the technological
future.



Tool requirements for high-speed digital systems

As computer de-

signers respond to
higher performance
requirements and
shorter clock cycle
times, they begin

> orienting their
: / methodologies and

) toolsets toward
high-speed design. These methodolo-
gies require that the electrical and me-
chanical design of a circuit be consid-
ered concurrently with logic design and
simulation to ensure the system func-
tions at its intended speed and is manu-
facturable. The densities posed by IC,
MCM and PCB layouts, combined with
the complexity of the underlying logic,
mean that an even greater number of
physical effects need to be included in
the analysis.

Design styles are being reorganized
to facilitate the overall verification pro-
cess. By producing designs that can be
mechanically proven to be correct in a
straightforward manner—that is, if
there’s a mechanical process for verify-
ing electrical integrity—this “design for
verifiability” philosophy can yield signifi-
cant benefits in the quality, manufactur-
ability and time-to-market of high-
speed digital systems.

B Timing verification
One example of this approach is in the
area of timing verification. Modern CPU
designs are likely to have many thou-
sands of logic memory elements, such
as flip-flops and latches. Each of these
must have setup and hold timing con-
straints satisfied on its inputs under all
possible process parameters and operat-
ing conditions. Short cycle times force
the verification process to include inter-
connect effects such as transmission line
delays. The use of timing simulation ap-
proaches will, in general, have limited
practical utility for this type of verifica-
tion. Compared to the number of test
vectors required for node coverage in
such a fault simulation, the number of
test vectors required to stimulate every
possible circuit path is huge.

By employing a strictly synchronous
design methodology, however, it is pos-
sible to utilize static timing verification

tools to perform the necessary checks.
These tests can be performed rapidly,
exhaustively and without the need for
test vectors. The use of this type of syn-
chronous methodology is becoming in-
creasingly popular for large, high-speed
designs.

Except for the fastest systems, opti-
mizing digital system performance has
historically involved a reduction of the
propagation delay of the logic elements
comprising the system. At higher clock
rates, however, interconnect delays in-
creasingly dominate the cycle-time bud-
get. This is becoming true at all levels of
the design hierar-

chy—at IC, MCM, A “design for

PCB, and system verifiability”
levels—although philosophy
for somewhat dif- can assist in
ferent reasons. the timely

At the IC level,
loading effects due
to metallization

creation of
high-quality
capacitance are typ- and manufac-
ically most impor- turable h'.gh'
tant, whereas trace  speed designs.
resistivity phenom-

ena such as ohmic i

loss and skin effect

are often more dominant for MCMs. At
the PCB and system levels, transmission
line effects such as signal velocity propa-
gation bounds are typically the limiting
factors, due to the large physical dimen-
sions involved.

i Signal distortion, degradation

In addition to accounting for the inter-
connect issues associated purely with
delay, consideration must be given to
signal distortion and degradation due to
interconnect effects. Such transmission
line artifacts as overshoot, undershoot,
pedestals, ringing, and multiple thresh-
old crossings are exacerbated by the
fast transition times exhibited by very
high-speed logic. These effects can
strongly influence the behavior of digital
circuitry and must be understood to
guarantee optimum high-speed opera-
tion. At very high frequencies, addi-
tional effects such as dielectric disper-
sion and frequency-dependent losses
due to current crowding must be taken
into account as well.

The use of transmission line simula-
tion tools as part of the high-speed de-
sign methodology can assist in establish-
ing appropriate pre-layout design rules
for signal distribution and termination
strategies, and can serve as a post-lay-
out signal integrity check on all system
nets.

0 Analyzing the noise

A third area for consideration in high-
speed design is the analysis of noise.
Noise can arise from a variety of
sources, including intersignal coupling
(crosstalk), ground bounce effects and
electromagnetic interference. Each of
these effects is intensified by the use of
high-speed, high-slew-rate logic. Analyz-
ing crosstalk requires parametric analy-
sis and simulation of multiconductor
transmission line configurations in the
presence of signal transients to deter-
mine passive line crosstalk amplitudes.
Ground bounce analyses require an un-
derstanding of the relationship between
output pin transitions and device
power/ground lead current transients,
resulting in ground and supply voltage
shifts due to inductive effects at the
leads. High-speed EMI effects can be
caused by PCB surface traces acting as
miniature antennas and radiating into
neighboring equipment.

As with signal delay and distortion,
the use of transmission line simulation
tools for noise analysis as part of a high-
speed design methodology can both aid
in the establishment of design rules for
such layout parameters as trace separa-
tion and maximum parallelism and serve
as a post-layout verification step by al-
lowing an exhaustive system-level net-
work simulation.

The effective design of high-speed
digital systems can be facilitated, then,
by adopting design rules and methodol-
ogies that support the automated verifi-
cation of system performance and cor-
rectness as early in the development
process as possible. A “design for verifia-
bility” philosophy, used in conjunction
with appropriate CAE design and analy-
sis tools, can assist in the timely creation
of high-quality and manufacturable
high-speed designs.

Lawrence M. Rubin, president, Quad Design Technology, Camarillo, CA
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edges produced by ECL, says
Riicker, make it easier to capture
data at these ultra-high speeds.
Mercury Computers (Lowell,
MA), a manufacturer of vector-pro-
cessing add-in boards, uses slew-
rate control buffers in conjunction
with fast Intel PALs. The boards are
capable of 320-MFlops peaks, and
their PALs are used for datapath
control. Even with a modest 40-MHz
clock rate, says Mercury principal
engineer Bob Frisch, it’s important
to ensure that wiring delays are al-

business unit of Mentor Graphics
(Wilsonville, OR). He sees CMOS as
still being key to more than 80 per-
cent of digital systems. Even with
CMOS, though, you're likely to en-
counter problems with non-termi-
nated devices whose rise and fall
times are less than 1 ns. What’s
more, if you're working at 50 MHz,
says Ben-Meir, you still need to look
at activity in the 250-MHz range
and above because of the harmonics
generated by an unterminated 50-
MHz signal. Regardless of the pro-
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Used in conjunction with Mentor’s Board Station or MCM Station layout tools, Quad
Design’s signal analysis suite is designed to interactively reveal transmission line ef-
fects—ringing, crosstalk, noise, and others—on particular signal lines. Designers can
easily visualize the results of changing the width or length of a trace, rounding a cor-

ner or inserting a bypass capacitor or termination resistor into the layout.

ways shorter than transition times.
Ordinarily, a high-speed CMOS sig-
nal will propagate through a wiring
path at a rate of about 1 ft/ns. Heavy
fanout loading, however, can slow
propagation to about 1 in./ns, creat-
ing the possibility of a logic transi-
tion occurring faster than the wiring
path can propagate it. This will
show up as ringing on the signal
line. The slew-rate control buffers,
however, work to elongate the tran-
sitions. “The softer the edge rate,”
says Frisch, “the better off you are.”

“CMOS today is where ECL was
two, three years ago,” adds Jacob
Ben-Meir, a marketing manager in
the high-density interconnect (HDI)
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cess technology used, the design of
high-speed systems remains contin-
gent on physical layout.

B invisible monsters

Without careful attention to layout,
you get a series of analog phenom-
ena jokingly referred to as invisible
monsters. Engineers may confess to
seeing spurious signals that appear
out of nowhere, clock edges that per-
petually shift and logic devices that
run hot with only a small fanout
loading. At very high frequencies,
there are no limits to the precau-
tions that need to be taken to pre-
vent transmission line effects.

The Convex C3, for example, uses

a stripline technique which sand-
wiches printed circuit conductors
between two ground planes. The
previous-generation supercom-
puter, the C2, employed a microstrip
technique in which the groundplane
is used on only one side of the circuit
board. The stripline technique, says
Convex’s Dozier, results in some-
what lower crosstalk.

Intel, to give another example,
provides “reference layouts” to help
you when working with its 66-MHz
P5 processor. The company also pro-
vides simulation models which take
into account loading and impedance
effects.

l Toolsets for designing

There are essentially two kinds of
design tools required for high-speed
system designs—primarily printed
circuit and MCM designs. One tool-
set consists of very sophisticated
timing analysis tools. Such modules
are built into a tool suite for PCB
layout called Visula HPE (for High-
Performance Engineering) from
Racal-Redac (Mahwah, NJ).

The other category is analog sim-
ulation tools: designed to reveal the
“invisible monsters” of ringing,
crosstalk, ground bounce, and other
transmission effects resulting from
impedance mismatch, untermi-
nated lines and casual layout. Many
of these monsters are a consequence
of density and packaging technol-
ogy, as well as high clock speed.
Mentor’s Ben-Meir points out that
there are up to 600 I/O pins on some
of the newest ASIC devices—a high
potential for crosstalk.

A majority of layout tools are
driven by electrical connectivity
rules, rather than physical design
elements like lead length, trace
width and spacing. Even perfor-
mance-driven layout tools which of-
ten use timing as the criterion for
judging performance will be inade-
quate, according to Steve Carlson,
manager of methodology consulting
with Synopsys (Mountain View,
CA), a maker of IC synthesis tools,
if they don’t translate timing into
physical elements. “I'll debate with
anybody who says their timing con-
straints work better than their
physical constraints in determining
an optimum implementation,” says
Carlson. “The real trick is to trans-
late the logic domain into the phys-
ical domain.”

New-generation PCB layout tools,
however, are attempting to provide
tighter integration between physi-



cal layout variables and electrical
connectivity. The Allegro-PCB tool-
set from Cadence Design Systems
(San Jose, CA), for example, models
the parasitics generated by analog
and high-speed digital board lay-
outs. But designers need to specify
parallelism rules—that is, the max-
imum length of parallel lines al-
lowed to prevent signal crosstalk be-
tween the lines. Layout engineers
also need to specify layer restric-
tions—whether a board will be laid
out with microstrip or stripline tech-
niques. And they need to specify ter-
minations for high-speed devices
and subsystems (see “Tool require-
ments for high-speed digital sys-
tems,” p 97).

Mentor Graphics has partnered
with Quad Design (Camarillo, CA)
on analysis tools for high-speed and
high-density board layout. Used in
conjunction with Mentor’s Board
Station or MCM Station layout
tools, Quad’s signal analysis suite is
designed to interactively reveal
transmission line effects—ringing,
crosstalk, noise, and other effects—
on particular signal lines. Tool ven-
dors such as HyperLynx (Redmond,
WA) are making similar transmis-
sion line analysis packages accessi-
ble to PC users.

Lossless lines are modeled as in-
ductance, capacitance and resis-
tance models; lossy lines, more typ-
ical of the higher-frequency
interconnects, are described with
impedance. By changing the width
or length of traces, rounding a cor-
ner or inserting a bypass capacitor
or a termination resistor on the lay-
out, you can eliminate such mon-
sters—and the analysis tools will
reveal the impact of each incremen-
tal change.

None of this works, however,
without the availability of good mod-
. els. Designers working with MCM-L
(laminated) technology must have
models for stripline and microstrip
interconnects, as well as PCB dielec-
trics. The MCM-D (silicon-on-sili-
con) technology is characterized by
very short interconnects, which
should be modeled as a distributed
resistance-capacitance network.
Contec Microelectronics USA (San
Jose, CA) has done considerable
work in Spice, modeling the packag-
ing and interconnect effects for very
high-speed devices. Quantic Labora-
tories (Winnipeg, Ontario) similarly
has an entire library of transmission
line models for PCB traces and
cross-sections. But if you're working

with MCM-D packaging, you must
have usable models for devices as
bare dies. Industry consensus is
building that, with increased depen-
dence on CAE modeling and simula-
tion tools, IC vendors need to pro-
vide accurate models of their
high-speed parts—both in their
packages and as bare dies for use in
MCMs.

B Model alliance formed

To encourage the availability of
models—at least, of those that can
be used with the HSpice Signal In-
tegrity (HSI) toolkit—Meta-Soft-
ware (Campbell, CA) has formed
what it calls the Signal Integrity
Alliance. The alliance includes IC
vendors such as AMD and Xilinx
who are willing to encourage design-
ers to use their parts by providing
accurate HSpice models of their
high-speed drivers. The HSI toolkit
will include a suite of models and
analysis components for MCM and
PCB design. This alliance will also
include companies that provide
Spice models of connectors and
transmission line models for PCB
and MCM elements. |

For more information about the technolo-
gies, products or companies mentioned

in this article, call or circle the appropriate
number on the Reader Inquiry Card.
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nalog transmission-line ef-

fects such as ringing, noise,
crosstalk, and ground bounce are
some of the invisible monsters de-
signers must worry about when
they start clocking systems at 50
MH:z and higher. The monsters
are worrisome because they can
destroy the integrity of a digital
signal, making it unreadable. All
the experts surveyed for this report
aduvise designers to pay careful at-
tention to PCB (and MCM) layout,
to use analysis software to visual-
ize the transmission line effects of
a particular layout and to itera-
tively (or interactively) adjust the
layout to minimize signal degra-
dation. But as this report shows,
a considerable number of design
choices must be made before you
get to the layout stage.

If you are building high-speed
computer systems, you must make
strategic choices in system archi-
tectures and in components. In the
next few years designers will work
with 50-, 66- and 75-MHz clock
rates. Large caches will be used
for instructions and data, repli-
cating some of the supercomputer
register chains, and design atten-
tion will focus on cache and data-
path design.

As an emerging trend, we’re see-
ing self-timed specialty SRAMs
used for cache implementation.
These include both processor-spe-
cific SRAMs—SRAMSs specifi-
cally designed to interface with
the Intel 486 and P5, and the
Sparc—and SRAMs with extraor-
dinarily wide word widths (up to
72 bits). For very high-speed cache
design, engineers will need to im-
plement custom logic and make
choices between CMOS, ECL and
GaAs devices.

St Dh—
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Now You Can See True Colors
Without Getting Soaked.

New full-featured RAMDACs from Brookiree
deliver 24-bit true color for cost-conscious PC
designers. Introducing four new RAMDACSs
that span the spectrum of PC applications,
from 640x480 VGA systems to 1280x1024
workstation-quality graphics. They’ve got the
right features, the right prices and are available
right now.

True Color in a VGA Environment
Unplug Sierra. Plug in our totally compatible
Bt481 or Bt482. You'll get 24-bit performance
at 16-bit prices.

These new RAMDACs support 15-bit
TARGA, 16-bit 5:6:5 and 24-bit true-color for-
mats. They even allow you to switch between
VGA and true color on a pixel-by-pixel basis.

Choose the Bt481 if you prefer an external

hardware cursor. Or pick the Bt482 for its
on-board 32x32x2 cursor — ideal for faster
windowing environments.

Workstation Graphics at PC Prices
Introducing the Bt484 and Bt485, our newest
mouth-watering RAMDACs. They combine true
color with higher resolutions for higher perfor-
mance graphics subsystems. And they're eco-
nomical, too.

Bt485 operates at up to 135 MHz to drive
pseudo color to 1280x1024 resolutions and
gamma correct true color to 1024x768. It has
a 64x64x2 cursor and all the serialization
and timing to directly interface to a VRAM
frame buffer.

Bt484 provides maximum flexibility with
its programmable pixel port to provide 256

to 16.8 million colors, on-board 32x32x2
cursor and supports both interlaced and non-
interlaced monitors.

Resolution
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Call Brooktree at 1-800-VIDEOQ-IC for tech-
nical details and pricing today.

Brooktree Corp., 9950 Barnes Canyon
Road, San Diego, CA 92121, (619) 452-7580,
FAX (619) 597-0673.
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 DESIGN STRATEGIES: WORKSTATIONS

Calculated risk and
aggressiveness pay off
for Elan Graphics

The Elan Graphics design team—from right to left, standing: Chandlee Harrell, director of graphics
technology; Luther M. Kitahata, manager, graphics system software; left to right, sitting: Dr. Marc
Hannah, vice-president and chief scientist; Stephen J. Moffitt, manager of graphics software. Ab-
sent from photo: Ta-Wei Chien, director of VLSI engineering. In the center of the photo is the Elan
Graphics CPU board.

When the Personal Iris deskside graphics workstation was unveiled to the world
back in October, 1988, Marc Hannah, vice-president and cofounder of Silicon Graphics
(Mountain View, CA), had already begun thinking about his next design. Offering the
fastest workstation graphics for its time and using the fastest CPU available, the
Personal Iris was a tremendously successful product. But the workstation market waits
for no one. With this in mind, Hannah and the company’s entry systems design team
adopted an aggressive strategy and set out to challenge the toughest competitor of all:
themselves.

With the success of the Personal Iris, the team felt it had gained enough room to take
greater risks on the next design. Dubbed the Iris Indigo RISC PC, the new design was
targeted as the ultimate desktop visualization machine. The objective of the overall
product line was to bring the price under $10,000 for the low end, while maintaining
the performance of the Personal Iris, and to push the performance to the limit for the
high-end configuration, while keeping the price under $30,000.

The high-end configuration of Iris Indigo was named Elan Graphics. To achieve the
desired level of performance within desktop space and price limitations, the team

Jeffrey Child, Associate Editor
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Sponsored by the Rochester Section of the IEEE

THE FIFTH ANNUAL IEEE

ASIC CONFERENCE AND EXHIBIT

&  ASIC92

September 21 - 25, 1992
ROCHESTER, NEW YORK

The 1992 ASIC Conference and Exhibit will provide ASIC and system level designers as
well as R&D and manufacturing managers, and educators with knowledge of the tools and
techniques required in all phases of ASIC design and implementation. The conference

offers:

- A forum for the ASIC R&D community and vendors to share their experiences
- An in-depth introduction to ASIC implementation for system designers
- Executive overviews of ASIC trends, strategy, economics, and competitiveness

HIGHLIGHTS

- Papers from Industry and Universities
- Educational Workshops
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- Analog and Mixed Signal Designs

Educational Workshops
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- VHDL - Design and Simulation

- FPGA Design

- Designing Multichip Modules

- Mixed Analog/Digital Design

- Designing with ASIC Megacells

- Modeling Sub-Micron ASIC Macrocells

Hal Alles

Samuel Liu

Bruce R. Bourbon
John Weldy

Mentor Graphics Corporation
Silicon Integrated Systems Corporation
Vertex Semiconductor Corporation
Eastman Kodak Company

CIRCLE NO. 53




I DESIGN STRATEGIES: \WORKSTATIONS

employed the most advanced tech-
nologies and methodologies availa-
ble. According to Chandlee Harrell,
director of graphics technology and
program manager for the project,
“One of the key goals of the Elan
Graphics program was to be very,
very aggressive. We really pushed
the limits of architecture design and
we really pushed technology—par-
ticularly in VLSI processes, design
methodologies and packaging tech-
nology.” The resulting design con-
tains 25 custom ASICs, totaling
over 700,000 custom gates—15x the
level of integration of the previous
product.

| Aggressive architecture

Stated in the simplest terms, the
function of the Elan Graphics sub-
system is to receive graphics com-
mands from the host computer and
send them to a high-resolution
screen. Residing in the host com-
puter’s memory, these commands
are part of Silicon Graphics’ Iris
Graphics Library (GL), a set of over
300 function calls. Users and appli-
cation developers use these calls to
simplify the task of programming
highly interactive real-time
graphics.

Given the wide variety of graphics
algorithms available and the di-
verse ways in which they’re used,
the Elan Graphics architecture
needed to perform optimized pro-
cessing of the various types of algo-
rithms, as well as handling several
types at once. One of the keys to
achieving this was the Geometry
Subsystem, composed of four
Geometry Engine (GE7) ASICs (see
“Elan Graphics: how it works,” p
104).

According to Harrell, who con-
ceived the GE7 chip, the GEs oper-
ate in parallel using a single-in-
struction/multiple-data (SIMD)
architecture. In other words, com-
mands are sent out to each GE and
the ASICs process them in unison.
GL commands from the host system
are sent to Elan Graphics subsys-
tems over a 32-bit I/O bus. The com-
mands go to a Command Parser that
takes and distributes them to the
various GE7 chips.

“Geometry Engines are floating-
point processors,” explains Harrell.
“They take a description of a 3-D
object and rotate it, scale it to differ-
ent sizes, add lighting to it. Our Elan
Graphics boxes let you look at ob-
jects from different angles and
change colors. The floating-point en-

gines do the calculations to move
things around. The 3-D objects are
then mathematically compressed
into a 2-D plane so they can be dis-
played on a monitor. Next, the
Raster Engine, another custom
ASIC, takes the mathematical de-
scriptions of objects and draws them
into a Frame Buffer. The Frame
Buffer stores the RGB data value for
every dot on the screen. This data
value is continuously read out of the
Frame Buffer through a RAMDAC,
and then it’s fed out to the screen.”

More goes on in the Frame Buff-
ers than just simple buffering, ac-
cording to Stephen J. Moffitt, man-
ager of graphics software. “A lot of
the window-management opera-
tions are done in the X-Map ASICs,”
he says. “They let you run different
kinds of windows all at once. You
could be running a 24-bit window,
while another window is running in
color-index mode. The X-Map chips
supply an ID for each pixel that de-
termines which mode the pixel isin.” |

Moffitt stresses that one of the |
goals of the architecture is to enable \
graphics applications to be written
so they take maximum advantage of ‘
the system by balancing the number
of instructions running on the host ‘
with those running on the graphics ‘
system. “Some applications may be ‘
doing more intensive work on the
host, which means graphics com-
mands can be taken care of very
fast,” says Moffitt. “Or, if the appli-
cation is sending down a lot of
graphics commands, the host would
normally have to wait for the graph-
ics to complete. Microcode from Elan
Graphics is essentially grabbing the
GL commands as fast as possible, so
you have a host running at one \
speed, sending commands down the
pipeline while graphics are executed ‘
at their own rate.”

0 Putting Elan into chips ‘

To achieve the mix of integration ‘
and performance the company
wanted, it was clear early on that |
the Elan Graphics design would re-
quire custom silicon. The design
team had to push its Geometry En-
gines between datapaths, special |
busing structures and data stores to ‘
let the algorithms run fast. They
needed to create a Raster Engine |
that was heavily pipelined to let the |
system make use of available video |
RAM bandwidth. “We designed our
own chips because the stuff availa-
ble off-the-shelf didn’t live up to the ‘
kind of performance we thought we
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Elan Graphics: how it works

Aiming to achieve an order-of-mag-
nitude leap in graphics processing
power over the highest-performing
workstations currently available, de-
signers at Silicon Graphics needed 25
custom processors for their Elan
Graphics architecture. These chips are
arrayed across five subsystems: the
Command Engine (or Parser), the
Geometry Subsystem, the Raster En-
gine (or Subsystem), the Frame Buff-
er, and the Display Subsystem. Visual
data from the RISC host system is pro-
cessed through five pipelined graph-
ics subsystems before being displayed
on the screen.

The RISC-based Iris Indigo host
CPU provides the Elan Graphics sub-
systems with descriptions of 2-D and
3-D objects. These objects, in the
form of Iris Graphics Library com-
mands, are bundled with world-coor-
dinate data. Described are the
object’s geometric position with re-
spect to the viewer, together with var-
ious light sources, color, surface
properties, and surface-normal vec-
tors used for complex lighting calcula-
tions. Elan Graphics takes these
objects and performs transformations
and other graphics operations to cal-
culate specific pixel values for each of
the 1.3 million pixels on the 1280 x
1024 high-resolution display.

Specific duties of each subsystem
are as follows:

0l command Engine

Elan Graphics is connected to the
host CPU via the 32-bit GIO-32 bus
and the Iris Indigo graphics interface
channel. The Iris commands, com-
bined with world-coordinate data,
are passed across the GIO-bus and
written into the graphics output FIFO
within the HQ2 chip. Latencies in the
computation speeds between the
CPU-based application program and
the Graphics Engines are buffered
through the FIFO.

The Command Engine (CE) moni-
tors the output of the FIFO and
passes the stream of commands and
data down to the Geometry Subsys-
tem. The CE analyzes the command
stream to determine the types of
graphical primitives being received
and to uncover the boundaries be-
tween these primitives. Based on this
analysis, the CE delegates primitives
to each of the four Geometry En-
gines (GE7s). As data is read from

- -
Elan graphics architecture
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the FIFO into the specified GE7, the
Command Engine adds any other re-
quired graphics parameters to form a
complete packet of parameters for
the GE7s to process.

H Geometry Subsystem

The vital organs of the Geometry Sub-
system are the four GE7 Geometry
Engines, which are floating-point
datapath ASICs.

Under the control of a centralized
sequencer, the custom-designed
GE7s execute together as a single-in-
struction/multiple-data (SIMD) ma-
chine. The sequencer addresses a
wide microinstruction memory space,
the contents of which are distributed
to each of the four GE7s simul-
taneously. Each GE7 operates on a
separate primitive, with the four
GE7s operating on four primitives
concurrently.

0 Raster Engine

The Raster Engine performs the oper-
ations required to boil a vector or tri-
angle description down to the individ-

ual pixels to be written to the Frame
Buffer. The core of the Raster Engine

is Silicon Graphics' custom third-gener-
ation Raster Engine chip (RE3). The
RE3 accepts initial pixel values and pa-
rameter slopes from the Geometry
Subsystem and iterates either a vector
or a triangle.

B Frame Buffer

Elan Graphics includes an optional 24-
bit Z-buffer which stores the Z-axis co-
ordinate for each pixel. When hidden-
surface removal is performed, the Z
coordinate of an incoming pixel is
compared to the current depth value
already stored in the biplanes. Color
values are updated if the incoming Z
coordinate is closer to the user’s view-
point, and, therefore, visible.

9 Display Subsystem

The last part of the Elan Graphics archi-
tecture, the Display Subsystem, receives
pixel information from the Frame Buff-
er, routes it through the appropriate
display mode, and sends it through the
RAMDAC converter for display.
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really needed,” says Harrell. While
Silicon Graphics was an early user
of the TMS320C30, a graphics proc-
essor from Texas Instruments, the
team felt the chip had too many
bottlenecks; it also lacked the per-
formance required by the Elan de-
sign. “We also looked at the 1860,
which had come on the market at
that time,” recalls Harrell, “and
there were a lot of bottlenecks in
that part as well. We didn’t feel sat-
isfied with the performance we could
get with it.”

Once Harrell, Hannah and others
had defined the architecture, it was
time to determine what design work
would be needed to make the chips.
Ta-Wei Chien, director of VLSI engi-
neering, played a major role in se-
lecting the aggressive methodolo-
gies and technologies that would fit
the design strategy.

B A VHDL first?

“We looked at the problem and said,
‘In this scheduled time frame how
can we achieve this kind of aggres-
sive architecture? ” says Chien. At
the time there were two methodolo-
gies available for synthesis—Verilog
and VHDL. “We chose VHDL be-
cause we believed it would be the
standard.” Using tools from Synop-
sys, VHDL synthesis was carried
out to do the basic chip design, and
it was also used to do simulation.
“We started in 1989—the Indigo
product is probably the first VHDL
design-based workstation,” claims
Chien.

VHDL synthesis and simulation
were critical to achieving the team’s
integration goal of making a huge
number of gates work together.
While its previous product line used
50,000 design gates, the Elan
Graphics design team employed
700,000 gates, or 3 million transis-
tors—and these were not simple
gate configurations. “We're really
pushing the edge of the technology,”
says Harrell. “The HQ2, with its
80,000 gates of control logic, was
very hard to design. The GE7 is an
embedded master/slave ASIC—a
new technology. And the RE3, at
100,000 gates, was the biggest chip
at that time. For a chip that runs at
a clock rate of 50 MHz, that’s a lot
of gates.”

Because the chips were so big and
complex, the ASIC technology
choices were important, but time
constraints were also a factor. “Most
of the chips we designed were gate
arrays, because we needed quick

time-to-market,” says Chien. “Gate
arrays are easier to change and
debug at the last moment.”

One chip, the GE7, however, re-
quired a different approach. Instead
of being a gate array, a mixed-array
technology was used for it. “The
basic idea is that we have a floating-
point unit coupled with a lot of mem-
ory in a standard cell,” states Chien.
“And the surrounding control logic
we can put in as a gate array.” The
result is a mixed technology using
both gate arrays and standard cells.
“So we have the performance we
want, as well as the density we
want, and we can get to market
quickly,” he adds.

Another issue was selecting a chip
vendor to build the chips. After talk-
ing with several, the team settled on
LSI Logic and used its 1-um CMOS
gate array technology. “We needed a
vendor that had automatic test pat-
tern generation [ATPG] capability,”
says Chien. Silicon Graphics was ac-
tually LSI Logic’s first customer for
its ATPG process.

| Simulating it all

The VHDL simulation played a key
role in the design process. Simula-
tion was done at different levels—
simulation of the VHDL single-chip
model, as well as simulation of the
VHDL multichip models within the
larger VHDL model. When those
models appeared to work, they were
translated into LSI Logic netlists to
ensure that the vendor netlist per-
formed in the same way as the
VHDL netlist.

Using a complete system simula-
tion methodology required involve-
ment from not only the hardware
and chip designers, but from the
software designers as well. The en-
tire system was run as one simula-
tion model, and the team was able
to run real code through it. “We
mixed VHDL with C code and cre-
ated sockets. The key benefit of this
level of simulation is that it lets you
identify all the interface problems
that you may have missed and the
various architectural ‘gotchas’ that
you might not notice when going
through the initial design,” says
Harrell. The VLSI groups, the hard-
ware systems, software groups, all
had to come together to make this
happen.

Luther M. Kitahata has empha-
sized the point that getting together
early in the design process with soft-
ware people really makes for a bet-
ter system mix. Kitahata is the
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graphics system software manager
responsible for the operating system
graphics support and X Windows
systems support. “The simulation
environment lets us start writing
code before hardware is available,”
he says. “Since we [the software en-
gineers]| participated in setting up
the hardware simulation, it was
great because a lot of software peo-
ple were able to gain an intimate
knowledge of how the hardware
worked.”

A situation came up during the
design cycle that clearly demon-
strated the value of early involve-
ment by software engineers. Most of
the emphasis was originally put on
the Graphics Library portion of the
system, when it was becoming fairly
obvious that X Windows was on its
way to becoming a standard. Be-
cause of the simulation, it wasn’t too
late to modify the graphics architec-
ture to make Elan Graphics into a
good X Windows system as well. For
example, hardware was included
that supported multiple types of
screens; also offered was the ability
to switch between screens. The ker-
nel was modified to allow for X-re-
lated issues—such as handling
high-speed transfers of pixels, for
example.

While Moffitt agrees that simula-
tion was a good way to integrate
hardware and software, he points
out that the technique still has some
limitations. “The goal was to make
the simulator as close to the hard-
ware as possible,” says Moffitt. “As
we found bugs, we were updating
the simulators to match the hard-
ware. Since these are behavioral
simulations, not gate-level simula-
tions, they’re not going to be exactly
like the hardware.”

It wasn’t possible to simulate
some aspects of system behavior.
“We could test the context-switching
microcode, but we didn’t do the sim-
ulation of the interface between the
Frame Buffer and the microcode,”
he says. “We also didn’t add a return
path. Sometimes you have to get
state information out of the micro-
code in the Frame Buffer. That
wasn’t part of the simulation pack-
age, though we may add that next
time around.”

Despite its limitations, however,
the simulation offered a look into the
operation of the larger chips that
would have been impossible other-
wise. For example, simulation pro-
vided a view into the operation of the
RE3 chip, with its 100,000 gates.

Using VHDL simulation, the team
created an image on the screen that
looked exactly like the one that came
out of the hardware, pixel for pixel.
Did anything unexpected come up
during the simulation? “It was un-
expected that the process worked,”
jokes team leader Harrell. “Seri-
ously, at times while we were doing
it, we thought the project was so
complex that it would be amazing if
it all just worked. It was a very
aggressive design, and we were tak-
ing risks, but it all made sense that
it would work. With 700,000 gates,
it was very complex architecture,
and we had to have everything cov-
ered—and luckily we did.”

 Lessons learned

Summing up what the Silicon
Graphics team learned from design-
ing the Elan Graphics system, Har-
rell emphasizes the value of calcu-
lated risks and aggressiveness, as
well as having front-line goals. Also,
the teamwork aspect, letting each
person feel he or she had equal re-
sponsibility and that the product
was his or her “baby,” was impor-
tant. “We've learned over and over
again that calculated risk and ag-
gressiveness do two things,” says
Harrell. “One, they provide a great
environment to work in. It’s easy to
get psyched and excited about the
project. Two, you get a great prod-
uct. It’s definitely an approach we’ll
take again.” |

For more information about the technol-
ogies, products or companies mentioned in
this article, call or circle the appropriate
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A&M-S: The place
to see and be seen

t might be presumptuous to identify the second

annual Analog and Mixed-Signal Design Confer-

ence as “the place to see and be seen” for manu-

facturers and users of mixed-signal ICs, ASICs

and design tools. There are other forums and
events. But the technical conference—jointly spon-
sored by Computer Design and Miller-Freeman pub-
lications—seems to be attracting the best minds on
mixed-signal technology.

As a result, the program for this year’s conference,
scheduled for October 28-30 in Burlingame, CA, will
showcase some of the best mixed-signal toolsets, mod-
eling techniques, ASIC cell library developments, and
applications know-how that companies have to offer.
What my DOS computer files identify as A&M-S may
not yet be an industry event, but it’s certainly begin-
ning to feel that way.

All the big guns in analog and mixed-signal IC
technology are sending speakers: Analog Devices,
AT&T Microelectronics, Burr-Brown, Gould AMI,
Harris Semiconductor, National Semiconductor,
Signetics, Texas Instruments, and so forth. All the
tool makers are represented: Analogy, Cadence De-
sign Systems, Dazix, Mentor Graphics, Racal-Redac,
and Viewlogic Systems. Even manufacturers whose
expertise is specialty analog rather than mixed sig-
nal—Elantec and Linear Technology, for example—
will send speakers this year.

While last year’s Mixed-Signal Conference in Santa
Clara had similar support from semiconductor man-
ufacturers, the presentations were dominated by
ASIC concerns such as how to check out a cell library,
what’s the best process technology for mixed-signal
designs, and how to work with an ASIC vendor. This
year will offer a much stronger program in mixed-sig-
nal IC applications. The range includes computer
graphics and video (two papers), disk drive read
channels and servos (three papers), wide-band ampli-
fiers (four papers), and digital audio (three papers).
There will be at least three presentations on sigma-
delta converters and at least two presentations on
switched-capacitor filter design and simulation.

In the CAE tools area, A&M-S will also showcase
mixed-signal design-for-test—an emerging trend—

MIXED-SIGNAL DESIGN Stephan Ohr

and will feature a progress report on AHDL. The
panels on mixed-signal modeling and simulation is-
sues will demonstrate consensus as well as con-
troversy. Benchmarking analog and mixed-mode
simulators and simulation backplanes are among the
issues to be debated. The technical program, I believe,
represents a good cross-section of current concerns
among designers and users of mixed-signal circuits.

l Balanced presentations

As was the case last year, presentations by ASIC
vendors this year will be balanced to show alterna-
tives among fabrication processes. TTI's Lou Hutter
will do the honors on BiCMOS, Bill Gazeley of NCR
Microelectronic Products will do atalk on CMOS ASIC
design issues, SGS-Thomson’s Carlo Cini will return
to talk about smart power processes (how to build a
power op amp), and Harris’ Brian Matthews will
discuss the possibilities of the company’s ultra high-
speed bonded-wafer process. But the almost naive
tone of last year’s ASIC presentations (for example,
“How to work with an ASIC vendor”) has been re-
placed by a more sophisticated applications orienta-
tion (e.g., “let me show you something interesting you
can build”). To give one example, a proposal for an
unusual ASIC library cell—an optical sensor/ampli-
fier element—will be presented by TI's Lisa Schartz
in the context of a rotary digital encoder application.
J. Ron Gadway, similarly, will concentrate on wireless
network circuit applications of Fujitsu Microelectron-
ics’ radio-frequency custom components.

One of the best proposals on process technology, in
fact, will be given by Steve Moore of GEC Plessey
Semiconductors. Moore will describe partitioning al-
ternatives for disk drive read channels. With disk
drive form factors shrinking, there’s pressure on sem-
iconductor makers to build a single-chip disk drive.
But not everything can be done in CMOS, or even
BiCMOS. If Steve Moore does his job well, he’ll pre-
sent a disk drive circuit and discuss some of the ways
it can be partitioned to utilize process technologies
efficiently.

Capturing a trend, Gus Richard and newcomer Ha
Nguyen of VLSI Research are collaborating on a paper
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exploring the consequences of the 3.3-Vlogic standard
for mixed-signal IC designs. There will be quite a few
presentations on the application of specialized digital
technologies to the problems of analog signal pro-
cessing, atechnologyI call “analog emulation.” Analog
Devices’ Doug Grant and two people from ADI’s
Limerick, Ireland facility, Mike Byrne and Mike Cur-
tin, will do presentations on sigma-delta technology.
TTI's Daryl Sartain will show the application of sigma-
delta to digital audio circuits. Philips/Signetics’ Enjeti
Murthi will be the first to do a presentation on digital
disk drive read channel implementation, another var-
iation on the analog emulation theme.

There will be two presentations on DSP algorithm
and IC filter development. One, in fact, will come from
the Warren, NJ start-up Star Semiconductor, and will
be given by either Steve Sheslow or Star founder Jeff
Robinson.

Among the most popular sessions last year were
those that offered digital designers basic instruction
on analog thought processes. One repeat from last
year will be Kerry Lacanette’s half-day (3 1/2-hour)
tutorial on monolithic analog-to-digital converters.

|

(Kerry Lacanette, some of you may be aware, was a
Bob Pease protege at National Semiconductor.)
Another repeat from last year will be Bob Leonard’s
talk on static A/D converter specifications. Though this
will be presented as a tightly focused one-hour lecture,
Bob’s presentation is based on a popular three-hour
seminar he gives for Datel. A half-day tutorial on
analog filter design will be given by Geert De Veirman
and Richard Contreras of Silicon Systems, Inc. Both
are well published in the field of filter topologies.
Also popular last year were the tutorials on Spice
modeling and an introduction to transmission-line
analysis. This year, the Spice tutorial will be given by
Jeff Deutsch of Deutsch Research. Jeff, you may
remember, developed some of the MOS relaxation
algorithms for Spice at Berkeley, where he got his
Ph.D.; he remains one of the most accessible authori-
ties on Spice. The transmission-line tutorial will be
given by Al Wexler of Quantic Labs, and will be
supported by hands-on simulation exercises. En-
gineers will have a chance to sit at an HP/Apollo
workstation, input a circuit layout and examine some
transmission line effects for themselves. Al’s talk will
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be based on a half-day teaching seminar Quantic
conducts for its customers.

Among Al’s competitors in transmission line analy-
sis software—he identifies them as “friends”—are Jon
Powell of Quad Design and Paul Wang of Contec
Microelectronics USA, who will be doing specialized
presentations on behavioral modeling and pole-zero
analysis.

0§ An update on AHDL

In the CAE tools area, interest in mixed-signal test
and design-for-test (DFT) is running quite high, judg-
ing by the number of presentations to be offered at
this year’s conference (no less than four). Steve Dol-
lens of IMP and Mani Soma of the University of
Washington—co-chairs of IEEE 1149.4, the com-
mittee charged with assembling a scan test standard
for mixed-signal testing—will do a stand-up presen-
tation, essentially a progress report, on the develop-
ment of the standard. This will perhaps be one of the
first public presentations on 1149.4 outside the Inter-
national Test Conference and assorted DFT meetings.
Dollens and Mani’s presentation will be supple-

mented by one from Richard Hulse of Gould AMI
Semiconductors, which participates in the 1149.4
committee and has begun developing a scan test
methodology for mixed-signal ICs. Another 1149.4
participant, Stephen Bateman of Cadence, will do a
presentation on the use of tester models with analog
and mixed-signal simulators—a process guaranteed
to improve DFT. Luke Hsieh of LTX, similarly, will do
a presentation on tester models that can be used in
the design environment.

The popular sessions on mixed-signal simulation
and modeling, meanwhile, will be supplemented with
panels and discussions. To give us an update on
AHDL—the analog hardware design language—
Computer Design is assembling a panel of experts.
Prominent among them will be David Smith of
Analogy, whose company is well represented at
MHDL working group meetings and whose Mast
modeling language is considered a candidate for an
MHDL or AHDL standard.

MHDL, a microwave hardware description lan-
guage being developed under a contract from DARPA,
was previously endorsed by SCC-30, the IEEE stand-
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ards coordinating committee charged with exploring
a high-level design language for analog, as a possible
driver for development of an AHDL. Since the SCC-30
endorsement 18 months ago, the boundaries and
relationships between MHDL, AHDL and, yes,
VHDL, have become increasingly confused. To shed
light on the issue, we hope to hear from Dave Barton
of Intermetrics, the contractor charged with develop-
ing the preliminary MHDL language specification for
Darpa; Mark Brown of CLSI, who is collecting pro-
posed analog extensions to VHDL; and Cadence’s
Andrei Vladimirescu, who participates in SCC-30
meetings. The panel will be chaired by a firm believer
in AHDL, Computer Design’s Barbara Tuck.

We made a promise at last fall’s conference that can
only be partially kept this year. During a panel on the
BCTM challenge—the simulation exercise conducted
at the 1990 Bipolar Circuits and Technology Meet-
ing—we said we would obtain a “benchmark” circuit,
distribute it to simulation tool vendors (and others
interested in participating), and encourage them to
present their results at this year’s conference. That
suggestion, we now believe, would be premature

s 1
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without a consensus as to what a simulation bench-
mark is intended to show.

We can say we are looking to assess speed and
accuracy, but as the BCTM presentations and sub-
sequent arguments revealed, very little of this will
allow an easy “apples-to-apples” comparison. What
does it mean when one simulation run took 9 min 13
s on a VAX, another took 6 min 56 s on an HP/Apollo,
or a third took 3 min 29 s on a Sun Sparc—but it took
three days to tweak the netlist? There is a part of me
that agrees with Shawn Hailey of Meta-Software who
believes that as long as you're not tying up a machine
for hours at a time, simulation speed may not be the
most important criterion. Without a standardized
benchmark, we’ll undoubtedly get a repeat of BCTM,
where panelists try to do a 15-minute summary of a
process that may have taken months to complete,
something that comes across as a “feel-good” session
but leads to behind-the-scenes sniping and bitterness
as panelists—ordinarily, business competitors—
begin to posture over “who won.”

As a consequence, the panel session on benchmark-
ing simulators will attempt to encourage agreement
among simulation tool vendors rather than con-
troversy—agreement as to what constitutes a good
benchmark and why. Participants in this session will
include Mark Chadwick of Analogy (it was his idea,
actually), Dindar Dumliigol of Cadence, Graham Bell
of Microsim, and others. If you’ve got a circuit that
might make a good industry-standard benchmark,
bring it to the session. The discussion will either be
chaired by me or Mike Donlin of Computer Design.

There’ll be a hopefully heated panel discussion on
simulation frameworks. The panelists include Hal
Alles of Mentor Graphics, James Spoto of Cadence,
Harish Sarin of Dazix/Intergraph, and Graeme Nash
of Racal-Redac. Each of these companies is working
on getting multiple simulators to play together in the
same environment, but all are taking somewhat
different approaches to the problem. (Harish Sarin,
in fact, will be presenting an adaptive backplane
arbitration algorithm he developed in a separate
session.)

In the past, I've thanked my panelists for partici-
pating by taking them to lunch or dinner before the
presentations. We've used the meal together as an
opportunity to do last-minute organizing, but I'm not
sure if this is good for debating. I've found that when
the panel actually begins, the presenters, having
dined together, are feeling very warm and conciliatory
toward each other. Perhaps I should take them to
lunch after the session.

Stephan Ohr is president of Indian Forest Research and
editor of the monthly newsletter, Mixed Signals.
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Closing Dates for upcoming
magazine issues

Issue Closing
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OCT Sept 4

Recruitment Advertising
Sue Shorrock, (508) 392-2185

HELP WANTED

TECHNICAL STAFF-MECHANICAL
ENGINEERING - PhD Mechanical Engineering.
One year experience in the job offered or two
years experience as a Research Assistant/As-
sociate. Experience and/or graduate research
should include: the mathematics and physics
goveming thermal-hydraulic and physicochemi-
cal hydrodynamic processes in single phase and
multiphase systems, the numerical schemes
formulating these processes, effective utilization
or generation of appropriate experimental data for
phenomenological modeling, operation of mod-
emn computers and ancillary equipment; defining
and solving complex problems in the thermal-hy-
draulic numerical analysis with/without phase
change; and modifying and developing large
computer codes for multicomponent and multi-
phase engineering applications. Provide basic
understanding of the thermal hydraulics occurring
in various engineering processes and com-
ponents/systems. Develop and validate generic
predictive tools/methods for thermal hydraulic en-
gineering applications. Acquire necessary experi-
mental data for phenomenological modeling. Will
supervise one computer operator. Salary
$4,375/MO. - 40 hours per week/8:30 a.m. - 5:00
p.m. Send two resumes to: ILLINOIS DEPART-
MENT OF EMPLOYMENT SECURITY, 401
South State Street—3 South, Chicago, IL 60605,
Attention: Jean Woodsen, Reference #V-IL 5593-
W. No calls. Must have proof of legal authority to
work permanently in the U.S. AN EMPLOYER
PAID AD.

MANUFACTURING SYSTEMS
ENGINEER; 40 hrs/wk; 9-5; $38,100/yr.

Design and develop Digital Image Processing
Systems for pattern and color recognition, using
computer-aided design and manufacturing,
develop automated tag machines consisting of
combination of robotic pick and place units and
pneumatic equipment interfaced to a Pro-
grammable Logic Controller (PLC), as well as
other systems to improve manufacturing fabrics.
Must have an M.S. in Industrial and System
Engineering and have taken a course in Finite
Element Analysis; Industrial Automation;

Systems Modelling Time Series; and Advanced

Quality Control.

Must have proof of legal authority to work per-
manently in the United States.

Send resumes to: lllinois Department of Em-
ployment Security, 401 S. State St., #3 South,
Chicago, IL 60605, Attn: J. Aschenbrenner, Ref-
erence #V-IL 5098-A. 2 copies of your resume
required. An Employer Paid Ad. NO CALLS

Programming and
Engineering De&gn
Opportunities in
Rochester, Minnesota

Do you have a BS or higher in CS, EE, CE or ME?

IBM Rochester has excellent career opportunities for Programmers and
Engineers to develop our future products. We have set the standard for
superior computer systems and our AS/400 family is the

most widely used mid-range computer product in the

Malcolm Baldrige

industry. IBM Rochester won the 1990 Malcolm Baldrige National
National Quality Award which exemplifies the quality Quality
standard established for our site...quality that trans- Award
lates into superior opportunities and a highly pro- ’1990
ductive work environment. We are looking for Winner
motivated individuals whose PROFESSIONAL

SKILLS CAN BE DEVELOPED OR PAST
EXPERIENCE UTILIZED and who enjoy working on state-of-the-art technol-
ogy in a fast paced team evironment. Openings are available in a wide range

of design areas, specifically:

OPERATING SYSTEM
DEVELOPMENT
PROGRAMMING

Responsible for the definition, de-
sign and development of the AS/
400 Operating System. Skills or
experience in the following are
helpful: sOperating system archi-
tecture, design and development
sHigh level language compiler-
code generation and optimization
mDatabase theory, principles, op-
timization techniques and rela-
tional data architecture mCom-
munications architecture, proto-
cols and development expertise
sSystems management and net-
working expertise mC and UNIX
experience mC++ and 00 design
and programming mRISC technol-
ogy mPL language experience.

ELECTRICAL ENGINEERING

Will be involved in: mDigital VLSI cir-
cuitand circuit macro design mAnalog
and high frequency circuit design
sProcessor logic design sVLSI chip
physical design =VLSI design and
verification toolsmTest design for VLSI
chips mSystem test mElectronic com-
ponent evaluation mElectrical pack-
aging design mPower circuit design
and analysis.

COMPUTER ENGINEERING

Includes: mPredictive performance
analysis mSoftware simulation mod-
els mHardware microcode.

MECHANICAL ENGINEERING

Responsible for: aSystem structure
and package design sCooling, heat
transfer, and acoustic design.

Rochester, located on gentle rolling hills about 40
miles west of the Mississippi River and 75 miles
southeast of Minneapolis and St. Paul, is rated
. among the best and safest communities in America.
o Enjoy affordable housing, 1200 acres of city parks,
one of the finest public school systems in the state
SUIVIFLITINET.  and a host of educational, cultural and entertain-
- ment activities.

Don't miss this chance to raise your career expec-
tations while improving your quality of life. Please
— send your resume indicating position of interest in

confidence to: IBM Corporation, Professional Recruit-
ing, 3605 Highway 52 North, Rochester, MN 55901. FAX: (507) 253-7558.

=0

An equal opportunity employer.

UNIX is a trademark of AT&T
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INFINITE
CHALLENGES

E-Systems ECI Division is in need of engineers with military satellite
communication experience (ground, manpack/manportable, airborne,
or spaceborne); a BSEE/BSCE; and at least 2 years’ experience in one
of the following areas:

SOFTWARE

* ADA, C

17504, of 68020 Microprocessors

* VAX VMS, Sun UNIX

* Real-time, Embedded Microprocessor

* DOD-STD-2167A, CASE Tool

DIGITAL HARDWARE
* ACTEL FPGAs
» Microprocessor based systems
* 1553 bus interface

DIGITAL SIGNAL PROCESSING
o Discrete Fourier Transforms
« Control Loops
 PSK Demodulation

EMBEDDED CRYPTO
* Security Fault Analysis
» TEMPEST, Red/Black Isolation
* Related interface hardware

RF and MICROWAVE
« Synthesizer Design, Direct Digital
* Power amp and filter design
* MMIC design

ANTENNA DESIGN
e Parabolic Antenna Design
* Gimbal, Positioner
* 10 TO 60 GHz

SYSTEMS
 BSEE/MSEE, minimum 4 years’ experience
e Strong communication background
 Requirements Analysis, Functional Analysis
» System Synthesis, System Analysis
* RF Link Budget Analysis
o System Integration/Test
o Customer Interface

Background: Hardware, Software Architecture Cryptographic; BIT/
BITE; Antenna Pointing, Tracking, and Platform Stabilization; MIL-STD-
1582; SI-1135, SI-2035, LL1005.

MILSTAR or other military satellite design experience a plus.

E-Systems offers very competitive salaries and an excellent benefits
package which includes an Employee Stock Ownership Plan, 401 (k),
and major medical and dental insurance. Qualified candidates should
forward a resume and salary history to: Manager of Staffing, E-Systems,
Inc., ECI Division, Post Office Box 12248, St. Petersburg, Florida
33733-2248.

= E-SYSTEMS

The science of systems.

U.S. Citizenship Required.
An Equal Opportunity Employer, M/F, D V.
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~ POSITION WANTED ADS

Free 1" ad to subscribers seeking full-time
employment. Just include 50 words of copy
and your subscription label. We'll run your ad
in 2 consecutive issues. Available to non-sub-
scribers or consultants/companies at $125 per
column inch. Mail your position wanted ad
to: COMPUTER DESIGN , Positions Wanted,
One Technology Park Drive, PO Box 990,
Westford, MA 01886

POSITIONS WANTED

V.P./Director-level Marketing MAnagement:
BSEE. 14+ years of hi-tech strategic/tactical
marketing successes with board/system-level
products: STDbus, Multibus, and VMEbus. Com-
pany associations: Hewlett-Packard, Intel,
National, Force. Assertive/creative solution-find-
ing style. Prefer S.F. South Bay, consider other.
Steph (510) 659-8739 or P.O. Box 758, Newark,
CA 94560-0758.

Over 30 years experience in Management
| of Manufacturing, Quality Assurance and Quality
Control of electro-mechanical equipment. Have
implemented TQM, SQC, SPC, FMEA, Reliability
(MTBF), and ISO 9000 programs. Am immedi-
ately available for full-time or temporary employ-
ment. Resume on request. Richard Saggese,
37 Stonehenge Dr., Wayside, NJ
07712, (908) 922-0214.

SENIOR LEVEL MARKETING MANAGE-
MENT: Expereience grounded in a solid
progression of increasing responsibility for
product design. My MBA allowed me to
apply that experience to marketing assign-
ments from microprocessor families to
communications circuits. Expertise covers
advertising to sales, and market segments
from commodity products to specific
market niches. Art Gruszynski (719) 576-
3973.

SYSTEMS/PRODUCT DEVELOPMENT: Har-
ware, Software. Firmware. BS Physics/Computer
Engineering (GPA: 3.7). MS Manufacturing En-
gineering/Management (GPA: 3.7). 3 years Tele-
communications experience. System
Engineering: configuration, installation, orienta-
tion. Product Development: functional specifica-
tion, architectural design, embedded OS
development, schematic design, PCB layout,
prototyping, troubleshooting. 4 Benmore Court,
Plainview, NY 11803. (516) 939-0246. Reggie.

Realtime multitasking S/W specialist 20+ years
experience. Languages: C, ADA Assembly, Pas-
cal, Fortran; Operating Systems: VxWorks,
VRTX-32, VRTX-32, VRTX-86, 0S/2, VAX VMS,
PCDOS, MSDOS, pSOS. Seek longterm S/W
engineering position. Richard D. Dumas (214)
783-8455.

Ll f
PROGRAM MANAGER. Are you seeking a Pro-

| gram Manager who gets things done on time and
within cost and meets customer expectations?

‘ Your search has ended. Track record for last four
years: $47M New Business Secured, $2.5M of

‘ Extra Profit Generated, 100% On Time Delivery.
Contact Joe @ P.O. Box 1413, Massapequa,
New York 11758 or (516) 799-1229.




BPRODUCT FOCUS: VIDEO OP AMPS

INTEGRATED CIRCUITS

Video op amps
get flatter
and faster

Jeffrey Child, Associate Editor

s the electronics world shifts
Afrom analog to digital, video
monitors are one of the last
pure analog systems you’re likely to
find these days. In monitors, how-
ever, as well as in other video appli-
cations such as professional video,
multimedia and high-definition tele-
vision, video op amps are now pro-
viding solutions where only circuits
consisting of several discrete compo-
nents could do the job in the past.
Recognizing video as a large and
growing market, op amp makers are
defining parts with greater sensi-
tivity to the needs of this area. Com-
panies are striving to offer a mix of
speed, low distortion and low power
at a price that will play in high-vol-
ume commercial applications. To ac-
complish this, op amp makers are
relying on processes such as comple-
mentary bipolar and dielectric isola-
tion to produce competitively priced
devices that offer flat frequency re-
sponse at ever higher bandwidths.

| Two extremes

For some time now, mainstream
video monitors such as VGA displays
have been using specialized ICs that
handle the complete video amplifica-
tion function, all the way from the
low-amplification input to the signal
that drives the CRT. This approach
has some speed limitations that have
forced designers of high-end work-
station monitors to stick to building
amplifier circuits based on discrete

transistors and filters using resis-
tors and capacitors. As video op amps
have improved in performance and
dropped in price, however, designers
of high-end monitors are beginning
to consider using designing in op
amps.

Basically, the video interface be-
tween a workstation and a monitor
consists of alow-level RGB video feed
to the monitor. It produces a signal
that has to be amplified before it’s
applied to drive the CRT.

While most other workstation ven-
dors purchase their monitors on an
OEM basis from manufacturers over-
seas, Intergraph (Huntsville, AL)
still designs and manufactures its
own color graphics monitors. “In the
past, we've looked at video op amps
and felt their performance was not
adequate, and their price was too
high to play in our environment,”
says Chris Thomas, executive techni-
cal manager of advanced display de-
sign at Intergraph. “In the last year,
the performance of op amps from a
number of vendors has improved sig-
nificantly, and the price has come
down quite a bit—to where that
seems to be a very viable approach.
In the past, we've designed discrete
transistor amplifiers because that’s
allowed us to get a level of perfor-
mance at a cost that’s attractive.”

0 Red, green, blue together

Forits part, National Semiconductor
(Santa Clara, CA) has had chips out

To build video am-
plification circuitry
into Intergraph’s
high-performance
color workstation
monitors, designers
have traditionally
found discrete tran-
sistor-based circuits
to be the most cost-
effective. But now
that video op amp
vendors have im-
proved the perfor-
mance and dropped
the price of their de-
vices, Intergraph en-
gineers have
decided to design
them into the com-
pany’s next-genera-
tion color monitors.

for several years that handle all the
main video application chores for a
low-end color monitor. The com-
pany’s LM1203 and LM1204 chips
perform all the pre-amp contrast, dc
restoration and differential drive ad-
justments for all three color chan-
nels. To address high-performance
requirements, National has an-
nounced the LM1202, a 230-MHz
integrated video amplifier. Because
ofthe power dissipation problem, the
LM1202 is a single-channel part, al-
though it still integrates the same
set of functions as the LM1203 and
LM1204.

Because a separate LM1202 chip
is needed for each color channel (red,
green and blue), the problem of mak-
ing the chips work together effi-
ciently had to be addressed. “The
problem when three independent
color channels drive separate elec-
tron guns is that everything has to
track very closely over the full range
of speeds, with the color matching
and the gain adjustment within
range,” says Peter Himes, segment
marketing manager at National.
“That’s very difficult to do, especially
with the discrete approach using
transistor arrays and sample-and-
holds.” To address this point, the
LM1202 has been specifically de-
signed so that the contrast adjust-
ment, or gain control, can be tied
together across three separate chips.
In this way, one control slaves three
separate chips.
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Analog Devices 1 Technology Way, Norwood, MA 02062-9106 (617) 329-4700 Circle 301
AD810 100 1,000 50 30 0.05 0.05 7.0 50 +2.9, +18 $2.80 (100s)
AD811 140 2,500 25 35 0.01 0.01 16.5 150 +4.5,4+18 $8.35 (100s)
AD817 50 350 50 — 0.03 0.08 6.0 30 +2.9,+18 $1.79 (100s)
AD830 60 530 25 10 0.05 0.08 144 50 +3.5,+18 $2.95 (100s)
Apex Microtechnology 5980 N Shannon Rd, Tucson, AZ 85741 (602) 690-8600 Circle 302
WAO1 100 5,000 20 1 5 — 30 400 +12t0+16 $119.85 (100s)
WB05 70 15,000 22 — 2 — 36 (3.5 sleep mode) 1,500 +5to +15 $79.80 (100s)
Burr-Brown 6730 S Tucson Blvd, Tucson, AZ 85706 (602) 746-1111 Circle 303
Buf 600 650 3,400 — 94 05 0.02 3 20 5 $5.68 (100s)
Buf 601 820 3,600 — 119 0.4 0025 6 20 +5 $5.83 (100s)
0PA620 300 250 13 435 0.05 0.05 23 150 5 $8.85 (100s)
0PA622 230 1,600 _ 33 0.2 0.05 3-8 70 -5 $7.10 (100s)
0PA623 280 2,000 - 41 0.05 0.05 6 70 $95.9 $4.40 (100s)
OPA660 500 3,000 25 72.50 0.06 0.02 20 15 +5 $5.85 (100s)
OPA678 200 350 15 29 0.03 0.07 26 40 -5 $5.95 (100s)
Comlinear 4800 Wheaton Dr, Ft Collins, CO 80525 (303) 226-0500 Circle 304
ChC406 200 1,500 10 30(0.03dB) 0.03 0.02 5.0 70 +5 $5.35 (100s)
ChC410 300 1,600 10 150 0.01 0.01 16.0 70 5 $6.50 (100s)
ChC411 235 2,300 15 30 (0.05dB) 0.02 0.03 1 70 +15 $4.99 (100s)
Datel 11 Cabot Blvd, Mansfield, MA 02048 (508) 339-3000 Circle 305
AM-500 100 1,800 100 - - — 22 50 +10t0+18 $100
AM-1435 1,000 250 20 —_ — — 30 14 +12to £16 $95
Elantec 1996 Tarob Ct, Milpitas, CA 95035 (408) 945-1323 Circle 306
EL400 200 1,600 10 60 0.02 0.01 15 70 5 $4.95 (100s)
EL2030 120 2,000 40 30 0.01 0.01 15 65 +5 to £15 $3.25 (100s)
EL2070 200 1,600 10 60 0.02 0.01 16 70 5 $4.95 (100s)
EL2073 200 250 13 50 0.01 0.015 21 70 5 $4.95 (100s)
EL2090 100 600 50 20 0.01 0.02 14 70 +5 to +15 $6.75 (100s)
EL2120 100 750 50 20 0.01 0.01 17 70 +5t0 +15 $2.80 (100s)
Harris Semiconductor 1301 Woody Burke Rd, Melbourne, FL 32919 (800) 442-7747 Circle 307
HA5004 100 1,200 50 10 (0.05dB) 0.035 0.15 12 100 +5to £15 $5.87 (100s)
HA5020 100 1,100 120 5 0.02 0.03 25 82 +4.5 to +15 $2.75 (100s)
HFA1100 850 2,500 11 100 0.02 0.05 21 60 +4510 455 $9.95 (100s)
HFA1120 850 2,500 1 100 0.02 0.05 21 60 4510455 $9.95 (100s)
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Harris Semiconductor 1301 Woody Burke Rd, Melbourne, FL 32919 (800) 442-7747 Circle 307
HFA1130 850 2,500 1 100 0.02 0.05 21 60 +45t0455 $9.95 (100s)
ILC Data Device 105 Wilbur PI, Bohemia, NY 11716-2482 (516) 567-5600 Circle 308
519999 400 1,300 24 120 - — 17 50 +12,-5 —
Linear Technology 1630 McCarthy Blvd, Milpitas, CA 95035-7457 (800) 637-5545 Circle 309
111228 100 1,000 —_ — 0.022 0.12 — 50 +18 $2.85 (100s)
LT1227 140 1,100 50 — 0.01 0.01 250 30 +18 $2.45 (100s)
LT1229/30 100 1,000 - — 0.04 0.1 — — +18 $3.95, $7.25

(100s)

Maxim Integrated Products 120 San Gabriel Dr, Sunnyvale, CA 94086 (408) 737-7600 Circle 310
MAX404 80 (gain=2) 500 70 30 0.05 0.01 30 50 +5 $2.65
MAX405 180 650 35 20 0.03 0.01 35 60 5 $4.25
MAX440 160 370 65 — 0.04 0.03 40 40 45 $8.95
MAX441 $5.90
MAX442/3 $4.45
National Semiconductor 2900 Semiconductor Dr, Santa Clara, CA 95052-8090 (408) 721-5000 Circle 311
LH4117 150 2,500 — 50(0.3dB)  0.01 0.01 45 200 +1210+18 —
LH4118 250 2,500 15 50(0.3dB) 0.1 0.1 25 100 +5t0+18 $18.00 (100s)
LM1202N 230 2,666 - — — — 48 12t015 8to 12 $6.50 (100s)
LM1203AN 100 1,212 — — - — 70 12to15  10t012 $4.00 (100s)
LM1204N 150 1,538 - — — — 100 12to15  10to 12 $4.75 (100s)
LM6181 100 2,000 50 — 0.05 0.04 75 100 +5to £15 $2.95 (100s)
Raytheon, Semiconductor Div 350 Ellis St, Mountain View, CA 94043 (415) 968-9211 Circle 312
AMP05 160 1,400 20 - — — 3 15 +5 $10
Siliconix 2201 Laurelwood Rd, Santa Clara, CA 95056 (408) 988-8000 Circle 313
Si582 180 700 12 —-— 0.1 0.01 15 50 7 —
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Since video encompasses a wide
range of applications aside from
monitors, choosing the best mix of
specifications depends a lot on
what’s being done. To be appropriate
for video, a part must have more
bandwidth and a higher slew rate
than a general-purpose op amp.

While ordinary op amps offer band- |
widths of up 2 MHz, broadcast video |
standards such as NTSC (the U.S.
standard) require a minimum of 5
MHz. For such uses, a part with low
differential gain and phase error
means less distortion in the video
image.

200 MFLOPS

e Single or dual i860 processors

e DT Connect, ITI VISIONDbus,
SCSI 1/O options

e Up to 64 MB memory
e AT or VME

// 1))

/] ///’/

e True color frame buffer option

SOFTWARE TO USE IT!

e For DOS, Unix 386, Sun OS, VxWorks
¢ {860 Native Unix Sys V.4 with X Windows 11.4
e Fortran and C compilers

e Scientific and imaging libraries
with over 250 routines

e 2562 2DFFT < 55MS
e 5122 3x3 convolution < 88MS

JALACRON

Suite 204, 71 Spitbrook Rd. e Nashua, NH 03060
Phone: (603) 891-2750 e Fax: (603) 891-2745

Trademarks are property of their respective holders.

... AND THE

CIRCLE NO. 66
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An application such as high-reso-
lution graphics is another place where
video op amps can play a key role.
Here, a different type of distortion is
most critical—the distortion intro-
duced by gain flatness limitations.

In other words, when high-perfor-
mance video processing is done on
the separate red, green and blue sig-
nals, the flatness of the gain is espe-
cially important.

B Geared for video

“Video signals are very complex and
have spectral elements at many dif-
ferent frequencies,” says Chris Hen-
ningsen, marketing manager at Har-
ris Semiconductor (Melbourne, FL).

“If you don’t have a
good low differential
gain and phase,
it really shows up as
distortion or color
shifts in your video
image.”

—Jay Cormier, Analog Devices

“If your amplifier has a certain gain
for one frequency and a different
gain for another frequency, then the
signal will be distorted by going
through the amplifier. Certain por-

| tions of the spectrum will be ampli-

fied or attenuated more than others.
You want all the spectral compo-
nents to go through the amplifier
equally.” Achieving this is easier if
the op amp provides flat signal re-
sponse at high bandwidth.

As the accompanying table shows,
a number of vendors offer parts with
unity-gain bandwidths well over 100
MHz at high slew rates. But these
high speeds usually reflect a 3-dB
bandwidth measurement, and there-
fore don’t necessarily indicate a flat
response at high frequencies. Video
designers should also look at the
gain-flatness specification, which
describes the frequency at which the
op amp’s gain doesn’t vary more than
0.1 dB. High gain flatness lets you
avoid adding circuitry to filter or ad-
just the signal.

Harris’ flagship family of op amp
productsisthe HFA1100 series. With
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a 3-dB bandwidth of 850 MHz, it’s
the world’s fastest family of mono-
lithic op amps, according to the com-
pany. The series also features a slew
rate of 2,500 V/us, and a power con-
sumption of 20 mA. Gain flatness, to
alimit of 0.1 dB,israted at 100 MHz.

l Phase and gain

Jay Cormier, new product marketing
manager at Analog Devices (Nor-
wood, MA), agrees that gain flatness
is an important op amp specification,
but points out that differential gain
and phase shouldn’t be overlooked.
“If you don’t have a good low differ-
ential gain and phase,” he says, “it
really shows up as distortion or color
shifts in your video image.” Video
systems usually have several stages;
because differential gain and phase
errors are additive, the lower they
are, the better.

With this in mind, Analog Devices
made the AD811, the company’s ul-
timate video part, to have the lowest
differential gain and phase possible.
Its differential gain is 0.01 percent,
while differential phase is 0.01°. The
part also offers a gain flatness spec-
ification of 35 MHz. A bandwidth of
140 MHz is required to achieve that
flatness. Targeted for HDTV and
professional video applications, the
ADB811 also offers a slew rate 0f 2,500
V/us, and a settling time to 0.1 per-
cent of 25 ns.

Another video-related feature of
the AD811 is its ability to drive ca-
bles effectively. Because video sig-
nals are typically sent between
several systems—such as from cam-
eras to VCRs to displays—op amps
often have to drive those signals over
one or more cables. At a minimum,
you typically have to drive one back-
terminated cable with 150 Q of effec-
tive resistance. In many designs,
several cables are driven by op amps.
For that reason, the AD811 was de-
signed with a high output current of
100 mA so it can drive multiple ca-
bles. It will drive at least two cables
at the specifications shown on the
chart, and up to six cables with some
degradation in performance.

B Prices continue down

One clear trend in video op amps is
a steady decline in price. As a result,
the technology is becoming available
for more and more applications. “If
you looked at the price of video am-

!

plifiers three years ago,” says Bill |

|

Gross, design manager at Linear
Technology (Milpitas, CA), “you’d be
lucky to get one for $4 or $5 in quan-
tities of 100.” Exemplifying the at-
tractive performance levels of to-
day’s video op amps, Linear is
offering the LT1227, its 140-MHz op
amp, for only $2.45 in 100-quantity

ELMA’s enclosures, backplanes, and ac-
cessories are designed to meet and surpass
the highest standards of precision and de-
pendability.

ELMA’s own modular approach satisfies a
wide range of applications with off-the-shelf
components, and eliminates expensive time-
consuming custom work. ELMA meets your
requirements with portable tower, desktop,
rackmount, and custom built systems that
are wired, tested, and ready to run.

We offer turn-key solutions for a wide variety
of buses, including VME, VXI, SUN, Multi-
bus I, PC/AT, Futurbus+, and many more.
In addition, our selection of accessories,
from cabinets to cooling systems, is truly
unparalleled.

What’s more ELMA offers both custom and
standard products for every bus standard.

lots. The LT1227 features differen-
tial gain and phase error of 0.01
percent and 0.01°, respectively. The
part has a slew rate of 1,000 V/us
and operates from a single 5-V
power source up to £15 V.

m“\\\\\'\\_\\“ﬁ““
o 1

At ELMA, our technicians are experts at
creating unique systems to meet even the
most demanding customer needs.

ELMA offers superior service and a selection
that is second to none. The quality of all our
components are subject to some of the
most rigorous tests around the world, solely
to provide you with the highest quality
systems. The dependability of our compo-
nents is unquestionable. In conclusion,
whether your interests are from simple com-
ponents to intricate customized system ap-
plications, taking all your enclosure and
backplane needs to ELMA is Just Plane
Smart.

e

ELMA

44350 Grimmer Blvd.
Fremont, CA 94538
Tel: (510) 656-3400
Fax: (510) 656-3783

CIRCLE NO. 67
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Extender board brings
live insertion to VME systems

hile full-fledged live inser-
w tion on VME may still be
some way off, VMetro
(Houston, TX) has a head start on
the capability with its latest Prolong
extender board. The extender pro-
vides for live insertion and removal
of any VMEDbus board into or out of
a system with no disruption of signal
integrity. The board, available
through VMetro but manufactured
by Systolic in Sarl, France, uses a
novel system of active relays. The iso-
lating relays are activated by a simple
on-board toggle switch, or under ex-
ternal control using TTL signals.
According to VMetro vice-presi-
dent John Simpson, the relays have
a super-low-inductance armature
and minimal-inductance contact
leads to minimize any contact
bounce or spurious effects from
switching transients. “In fact,” says
Simpson, “we’ve checked the system
out with two bus analyzers, one in
the system and one in the Prolong
extender board, and we were unable
to find any signal anomalies during
insertion or removal cycles.”

| Keeping the power on

On-board circuitry in the extender
monitors the power-on sequence and
prevents the module being installed
from introducing shorts into the sys-
tem, or from drawing excess current.
Further sequencing of the signal re-
lays minimizes loading on the bus,
says Simpson. In addition, it by-
passes critical daisy-chain signals
during power-on to ensure that the
board doesn’t generate potentially
destructive signals, such as SYS-
RESET (system reset), onto the bus.
Once bus connection is verified, the
connection sequence is invoked, as-
suring a glitch-free power-up.

The board also contains a com-
plete set of logical DIP switches
which let you disconnect any signal
or set of signals from the board to be
inserted. For example, this would let
you test a board supporting VSB in
a system which may have a propri-
etary set of signals on its P2 connec-

tor. You can disable the VSB signals |

by disconnecting rows A and C on
the P2 section. Other signals (in-
cluding power and ground) and

VMetro's Prolong live-insertion board ex-
tender provides active relays which pro-
perly sequence VMEbus signals, power
and ground so that boards can be inserted
into an operating system with no disrup-
tion to the existing system. It also has
many of the same features as conven-
tional extenders, such as isolating jumpers
on all P1 and P2 signals, male DIN sites
before and after the isolating jumpers,
and easy-to-use ejector/insertion levers.

other voltages (such as+12 V) can also
be isolated from a particular board.

While a toggle switch is used to |
activate and deactivate a board con-
nected to the Prolong extender, the
optional TTL control element can
also be used, and is suggested for
automated test applications. In such
use, a board under test is inserted
into the extender and an operator
keys in a “go” signal. The system can
then automatically sequence
through a test routine and indicate
that the unit has passed or failed the
test—and if the latter, why—then
automatically remove power from
the board, so it can be withdrawn
and another inserted.

| Variety of uses

The Prolong extender was initially
designed as an aid for VMetro’s VBT-
321B Advanced VMEbus Tracer. It
serves well in support of on-line field
service applications where power cy-
cling the system to install the VBT-
321B isn’t possible. Similarly, the
live-insertion extender eliminates
the need for forced system shutdown
to install the VBT-321B during crit-
ical development and test sessions in
lab environments.

While the Prolong extender is

suited for use with bus analyzers
—
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| and in automated test facilities, it

can also be invaluable in other ap-

| plications where CPU, I/O or mem-

ory boards have to be inserted into

' an operating system. The ability to

jump in or out of the available signal
lines provides you with a wealth of
options for testing different boards.

The Prolong extender also pro-
vides many of the features and ben-
efits of conventional extender
boards, including male DIN sites be-
fore and after isolating jumpers and
easy-to-use ejector/insertion levers
which significantly reduce the effort
of mounting and removing modules.
The extender board is available now
from VMetro, and carries a list price
of $2,590. — Warren Andrews

Prolong extender card
at a glance

® Allows live insertion

e Install CPU, memory and I/O
without disrupting power

e Use with bus analyzer without
disturbing cycle operations

® Active system sequences P1
and P2 connectors

® Bypasses daisy-chain during
power-on

e [solation jumpers on P1 and P2

e Male DIN sites before and after
jumpers

e Easy-to-use ejector/insertion
levers

VMetro

16010 Barker’s Point Ln
Ste 575

Houston, TX 77079
(713) 584-0728

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
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of Silicon Graphics, Inc.
RealTimeX is a trademark of
Concurrent Computer Corp.

Zone Bit Recording is a registered trademark
of Seagate Technology, Inc.




ENEW PRODUCT DEVELO

PMENTS

ASICs & ASIC DESIGN TOOLS

Simulation accelerator
speeds behavioral-level VHDL

nlike current simulation accel-
Uerators, which only speed the

execution of synthesizable reg-
ister-transfer-level and structural-
level VHDL, the VHDL Instruction
Processor (ViP) from Zycad acceler-
ates VHDL at all levels of abstrac-
tion, including the behavioral level.
By combining superscalar parallel
computer architecture and hard-
ware acceleration technology, a sin-
gle-board ViP offers the performance

accelerate all levels of their VHDL
designs, giving them the freedom to
explore its full power and flexibility.”

ViP is designed to work with lead-
ing VHDL software simulators. So
far, Cadence Design Systems, Dazix,
Synopsys, Vantage Analysis Sys-
tems, and Viewlogic Systems have
announced they’ll be offering their
VHDL simulators integrated with
ViP through a procedural interface
(PI). The PI lets the ViP software

= -
ViP and XP cosimulate
ZYCAD SIMULATION ENVIRONMENTS
PRODUCTS
A ARCHITECTURAL BEHAVIORAL A
TRADE-OFF DESIGN AND
SIMULATION
\
: FUNCTIONAL RTL DESIGN
ViE BLOCK DIAGRAM AND VHDL
SIMULATION
A
Y
DETAILED RiUCTURAL LOGIC SIMULATION
TIMING BERIGN AND - ADVANCSIM
SIMULATION i
- QUICKSIM
\ Yy  :RAPIDSIM
i - SPREADSHEET —
v + SYSTEM HILO 4
« VERILOG
TEST GENERATION . x'SESWSIM
AND FAULT .
SIMULATION FAULT SIMULATION
,, 1

ViP accelerates VHDL at all levels of abstraction—behavioral, RTL and structural—and
complements the older XP gate-level accelerator and test generator/fault simulator.

of a 70-Mips workstation such as the
HP-750, claims Zycad. And a 16-
board system can execute as much
as four million lines of code.

“Up until now, VHDL has always
held promise as a way to speed up
large-system designs, but that
promise hasn’t been substantial in
the real world because of perfor-
mance issues,” says Zycad president
and CEO Phillips W. Smith. “For the
first time, designers will be able to

perform code generation, design
partitioning and loading, and also

run concurrently.

B Processor network

The ViP architecture is a hierarchi-
cal network of high-performance
processors. At the system level, as
many as 16 ViP accelerator boards
can be connected through a high-
| speed backplane. Each ViP board

| contains seven superscalar proces-

| gives the ViP a strong advantage

| tivalue logic arithmetic.

| Zycad’s starting price is $60,000.

sors, each with private memory, that
work in parallel. Four sequential
processors perform the process exe-
cution phase of the simulation cycle.
A pair of signal-system processors
perform signal evaluation and
driver updates. And a single commu-
nication processor is responsible for
synchronization, message passing
and VHDL simulation cycle tasks.
The processors are connected by
high-speed buses. The signal-sys-
tem processors, for instance, com-
municate over a 350-bit-wide bus.
Though these seven processors
don’t achieve 100-percent paral-
lelism, their combined performance

over a general-purpose workstation.

On top of that, since ViP executes
only VHDL instructions, its arith-
metic logic unit can incorporate
VHDL-specific constructs to speed
execution. These constructs include
type conversion functions and mul-

Both the ViP and Zycad’s XP gate-
level accelerator fit into the same
cabinet, and they can cosimulate
through the backplanes of EDA
partners. The XP accelerates non-
VHDL simulations and is also used
for fault simulation.

First product shipment of ViP is
expected in the first quarter of 1993.

— Barbara Tuck

ViP simulation accelerator
at a glance

lets the ViP and VHDL simulator

e Accelerated VHDL at behavioral
level

e Superscalar parallel computer
architecture

e Processors connected by
high-speed buses

¢ With 16 boards, executes up to
four million lines of code

* Five VHDL software simulator
vendors integrating into VHDL
environments through proce-
dural interface

Zycad Co
1380 Willow
Menlo Park, CA 94025
(415) 688-7400
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tartup I-Cube Design Systems
S( Santa Clara, CA) has entered

the emerging programmable
hardware market with its introduc-
tion of a VLSI device, the IQ160. The
chip, the first in a family of field-pro-
grammable interconnect devices
(FPIDs), brings programmability to
board-level interconnect, which lets
you build reconfigurable hardware
such as ASIC/logic proto-

JTAG device provides
programmable interconnect capability

rector of marketing at I-Cube. “First
of all, they guarantee signal integ-
rity, even in applications with large
fanouts. And we believe that it’s all
right during the prototype or logic
verification phase to run at less than
speed. After all, that’s what people
who use emulation systems do. It’s
true that the buffered ports con-
sume more power—about 1 W in the

types and programmable
circuit boards.

The IQ160 is packaged
in a 208-pin PQFP, which
provides 160 pro-
grammable ports and
eight lines for tristate
control signals. The rest
of the pins are used pri-
marily for power sup-
plies to ensure low-noise
operation.

The heart of the IQ160
consists of a crossbar
switch matrix. Every sig-
nal line in the switch ma-
trix can be configured to
connect to any other sig-
nal line. Connectivity
between external sig-
nals is established by

P000
TO
P159

1Q160 block diagram

SAMPLING
CONTROL

Y
s

PORT
BUFFERS

SAMPLING
REGISTERS

' '

—

CROSSBAR
SWITCH

[ CONFIGURATION REGISTERS I

]

JTAG CONTROLLER ]

configuring the FPID
through a JTAG inter-
face, and each intercon-
nect port can be pro-
grammed to be a buffered

The IQ160’s ports pass through buffers and registers
into a crossbar switch matrix. This configuration lets
you connect any combination of pins without regard
for routability. The device is controlled and pro-
grammed through a JTAG-compatible serial bus.

input, a buffered output,
tied high, tied low, or bi-
directionally buffered. In addition,
the output voltage level, pull-up cur-
rent and propagation delay can also
be selected.

| Signal integrity guaranteed

These buffers can sense which side
of the port is being driven and can
actuate according to where a signal
is coming from. In addition to ensur-
ing signal integrity, the buffers also
reduce interconnect delay, although
they introduce a fixed delay. Accord-
ing to I-Cube, this port-to-port delay
is typically about 17 ns for the 1.2-
um CMOS device.

“Though our buffered ports cause
some delay, they provide advantages
over other solutions which aren’t
buffered,” says Shrikant Sathe, di-

20- to 30-MHz range—but that
means that they can drive more
load, perhaps up to 300 pE.”

A 15-bit sampling register behind
every interconnect port is used to
store successive signal values. The
sampling is controlled through an
external sampling clock. The sam-
pled signals are read back using the
JTAG bus.

| Fully compatible

Because the 1Q160 uses standard
JTAG port configurations, you can use
the device on any JTAG-compatible
board. The JTAG port programs the
transistors in the crossbar array, as
well as the function bits in each buffer.

The IQ160 can be configured at
power-on, or dynamically while the

target system is in operation. By
using JTAG’s load and execute capa-
bilities, a new set of bits can be
loaded and latched all at once. This
lets you program the part incremen-
tally while it’s in use. The crossbar
configuration of the IQ160 also
lends itself to dynamic program-
ming applications.

“It’s important to avoid unpre-
dictable delays when you're pro-
gramming a device dynamically,”
Sathe points out. “And with our in-
terconnect architecture, you not
only have a predictable delay, you
are also guaranteed a connection.”

I-Cube predicts that its device will
be used in telecommunications sys-
tems that have traditionally used
crossbar switches, as well as in test
and measurement instruments to
simplify connection of external sig-
nals. Multiprocessor systems that
need to change connections dynam-
ically between processors can also
use the device.

I-Cube is sampling the 1Q160 for
$150 each. A prototype system with
an IQ160 mounted on an evaluation
board, a PC-compatible interface
board, a stand-alone 1Q160, and
software sells for $2,000.

— Mike Donlin

1Q160 at a glance

e Field-programmable intercon-
nect device with 160 I/O ports

* JTAG bus-compatible for configu-
ration control and testing

e Typical port-to-port delay
of 17 ns

e Eight signal lines for tristate
control

* Dynamic and incremental
reconfiguration capability

e Available now for $150;
evaluation system with interface
cards and software available
for $2,000

I-Cube Design Systems
2328-J Walsh Ave

Santa Clara, CA 95051

(408) 986-1077
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Toolkit lets CASE vendors
adapt to Ada compilers

n the past, third-party CASE tool
Ivendors haven’t been able to

compiler technology. The advent of
ASIS as a public-domain specifica-

adapt their tools readily for Ada | tion means that CASE vendors will

development. They've been ham-
pered by the difficulty of using the
internal data representation of the
Ada library system, which may dif-
fer from compiler to compiler. Al-

be able to bridge the gap between
their tools and Ada libraries for any
compiler that supports the ASIS in-
terface. To accomplish this, vendors
will use TeleSoft’'s ASIS Toolkit, or

ASIS library elements

I ADA SEMANTIC INTERFACE [

v v

v v

LIBRARY _ COMPILATION_ DECLARATION__ STATEMENT_
SERVICES UNIT_SERVICES SERVICES SERVICES
LIBRARIES COMPILATION_UNIT ELEMENTS ELEMENTS

ASSOCIATE_NAME COMPILATION_ DECLARATIONS STATEMENTS
DISSOCIATE UNIT_LIST IS_VISIBLE ASSIGNMENT _

HAS_ASSOCIATIONS ASSOCIATE_NAME ENCLOSING EXPRESSION

OPEN DISSOCIATE DECLARATION EXIT_CONDITION
CLOSE HAS_ASSOCIATIONS TYPE_MARK RETURN_
IS EQUAL IS EQUAL IS_PRIVATE EXPRESSION
EXISTS KIND SPECIFICATION CASE_ALTERNATIVES
IS OPEN NAME UNIT_BODY FOR_LOOP_RANGE
Tt EXISTS VISIBLE WHILE_CONDITION
AE CAN BE DECLARATION LOOP_STATEMENTS

The Ada Semantic Interface Specification gives CASE tools (such as graphical editors)
access to library information generated by Ada compilers, including library, compilation
unit, declaration, and statement services via a public-domain interface. An individual
compiler vendor’s internal data representation can change without affecting the

tool/compiler interface.

though CASE tools such as graphi- |

cal design editors have been able to
produce syntactically valid Ada de-
signs, their inability to access inter-
nal data representations has yielded
Ada designs that weren’t necessarily
semantically valid.

An open interface standard that
lets third-party CASE tools access
the Ada library system may change
all that. Recently developed
cooperatively by TeleSoft (San
Diego, CA) and Cadre Technologies
(Providence, RI), the first product
implementing the Ada Semantic In-
terface Specification (ASIS) has
been announced by TeleSoft.

Previously, some third-party

similar toolkits that may be devel-
oped by other companies.

At present, vendors can access
Ada semantic information gener-

| ated by TeleSoft’'s TeleGen2 Ada |

CASE vendors have been able to |
integrate their tools through agree- |

ments with compiler vendors who
granted them access to proprietary

compilers and stored in the Tele- |

Gen2 Ada library without having to
understand the complexities of the
library’s internal representation of
data. As more Ada compiler vendors
adopt the ASIS interface, the choice
of compilers for CASE vendors who
use the toolkit will increase.

| Looking beyond the trees

In the past, if a compiler vendor
wanted to supply a CASE vendor
with access to Ada semantic infor-
mation, it meant using some inter-
mediate Ada representation such as
Diana trees or abstract syntax trees
(ASTs). Such information was diffi-

cult to work with because it was
stored in cryptic trees that needed to
be processed and decoded for a user
to traverse them. In addition, if the
internal representation of the com-
piler’s libraries changed, the inter-
face to the CASE tools would break.
With the stable interface provided
by the ASIS specification, such inter-
nal representations can change
without affecting the compiler’s abil-
ity to integrate with the CASE tools.

ASIS was developed under the
military’s Software Technology for
Adaptable Reliable Systems (Stars)
program. It’s also being submitted to
the National Institute for Standards
and Technology for possible inclu-
sion as part of the Application Porta-
bility Profile (APP).

Already Cadre, TeleSoft’s partner
in the project, has used the ASIS
Toolkit to give its Teamwork/Ada re-
verse-engineering tool access to
TeleSoft’s Ada library. The original
tool was based on an Ada syntactical
analyzer. The adaptation was ac-
complished in two weeks, and Cadre
is expected to incorporate the prod-
uct version of ASIS in a future re-
lease of Teamwork/Ada.

The ASIS Toolkit is available im-
mediately for use with TeleSoft’s
RISCAda/Sparc development sys-
tems, TeleGen2 for VAX/VMS and
the IBM AIX Ada/6000 compiler for
the IBM System/6000. Single-li-
cense pricing ranges from $13,500 to
$36,000, depending on hardware
configuration. The tools which uti-
lize the ASIS integration technology
may be distributed with no further
end-user license fees to TeleSoft.

— Tom Williams

ASIS Toolkit at a glance

¢ Conforms to public-domain Ada
Semantic Interface Specification

® Allows CASE tool adaptation
to libraries of compilers
supporting ASIS

e Presently works with TeleSoft
TeleGen2 Ada compilers

® One-time purchase price;
no further product royalties

TeleSoft

5959 Cornerstone Ct W
San Diego, CA 92121
(619) 457-2700
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SHOWU CASE

Multibus I1

Parallel System
Bus Analyzer

PSBA-100 A productivity
enhancement tool for the system
integrator, field service engim’m,
software, and hardware engmew

Stand-alone, single Imnd computer

6U form factor, installs in a single slot

Built-in, terminal-based user inter

face |

Supports all four address spaces [

Data capture based on Multibus II protocol

Fully programmable filter logic uses

|
|
i templates based on Multibus II protocol

Filter logic supports 16 trigger levels

I'Rc For more

PRC Inc information
Wall Street and free Demo
e, NE 68005 Disk, Call

(402) 293-3900

Bellevui

CIRCLE NO. 166

68HC11

PC-based emulator for 68HC11

SEE EEM 9192

W PC plug-in or RS-232 box Pages D 1300-1303

B Pull-down menus with full window support, combined with
command-driven User Interface.

B Up to 16 MHz real time emulation

B No intrusions to the 68HC11's resources.

W 48 bit wide 16K deep trace. All functions usable without
disturbing emulation. Time stamping. Two level trigger.

B Symbolic and C Source Level Debugging, including in-line
assembler and disassembler.

W Supports up to 512K bankswitching.

W Supports A, D, E, F, G, J, K, L, N and P parts.

CALL OR WRITE FOR FREE DEMO DISK!

Ak pDeII Avenue Call Nohau's 24-hour
Campbell, CA

FAX (408) 373-7869
CORPORATION (408) 866-1820

CIRCLE NO. 167

USE OUR READY TO ORDER EXPERTISE IN:

ANALOG AND MIXED SIGNAL
ANALOG-DIGITAL INTEGRATED
CIRCUIT DESIGN, DEVELOPMENT
TESTING AND MANUFACTURING.

TO:

® Reduce Costs ® Safeguard Your R&D Investment
@ Increase Reliability ® Enhance Product Image
® Increase Manufacturability

VOLTAGE/CURRENT/FREQUENCY CAPABILITY
Voltage : 1.5 to 500 Volts

Current: 100nA to 5 Amps

Fregency: DC to 1 Ghz

TECHNOLOGIES
CMOS Technology
BIPOLAR Technology
BiCMOS Technology

APPLICATIONS SERVED
POWER ELECTRONICS ~ TELECOMMUNICATIONS  SIGNAL PROCESSING
CONTROL CIRCUITS  FILTERS INSTRUMENTATION  DATA ACQUISITION
COMPUTER PERIPHERALS  DATA TRANSMISSION INTERFACE

FEATURES
STANDARD PRODUCTS BREADBOARD PARTS STANDARD CELL LIBRARIES
ANALOG ARRAYS ANALOG-DIGITAL ARRAYS LOW COST PROTOYPING
CONSULTATIVE ASSISTANCE ONE STOP SHOPPING SYSTEMS EXPERTISE

SIGNAL PROCESSING GROUP

SPG 401 N. Alma School Rd., M.S.#9,
Chandler, AZ 85224

—  Ph: (602) 786-1197 Fax: (602) 821-2472

CIRCLE NO. 168

REMOVE HARDWARE

O0—x LOCKS =—0

Protect your investment!

Don't wait for your lock to get lost,
stolen or fail and render your pro-
gram useless.

Our SAFEKEY’S are guaranteed to
unlock the following:

PADS 2000 MAXROUTE TOPAS
PADS PCB MICROSTATION RIO
SMARTCAM 3D STUDIO & MORE
Limited Time $399 plus S&H
(609) 390-2799

24 HR. FAX HOTLINE e
wis  (609) 390-3750

IMAGINE THAT

1 Evergreen Dr., Seaville, NJ 08230
TM-Trademarks property of respective owners.

CIRCLE NO. 169

IT CAN BE THIS EASY!

OrCAD’s innovative ESP Frame-
work can make creating a netlist from
your schematic as easy as pressing
an on-screen “button.”

Call (503) 690-9881 for a FREE
demonstration disk and information
about the entire OrCAD product line:
schematic design, simulation, pc
board layout, programmable logic IC
design and more.

CIRCLE NO. 170

T-10 UNIVERSAL PROGRAMMER

EPROM H PLD B Bipolar PROM

Built-in LCC & SMT ZIF sockets to 44 pins
Individual pin driving

Point & shoot menus, with MOUSE support
Device updates on disk & BBS

Built-in margin testing

Vector testing

User definable test parameters

Full screen editing in 21 formats

Intelligent identifier

SUNRISE ELECTRONICS, INC.

524 S. Vermont Ave. B Glendora, CA 91740

CIRCLE NO. 171

MICROCONTROLLERS

¢ C Programmable
« Data Acquisition
* Control / Test
 Excellent Support
* From $159 Qty 1

« New Keyboard
Display Modules

Use our Little Giant™ and Tiny Giant™ miniature control-
lers to computerize your product, plant or test department
Features built-in power supply, digital 1/0 to 48+ lines,
serial 1/0 (RS232 / RS485), A/D converters to 20 bits,
solenoid drivers, time of day clock, battery backed
memory, watchdog, field wiring connectors, up to 8 X 40
LCD with graphics, and more! Our $195 interactive Dy-
namic C™ makes serious software development easy
You're only one phone call away from a total solution

Z-World Engineering
1724 Picasso Ave., Davis, CA 95616
(916) 757-3737 Fax: (916) 753-5141
Automatic Fax: (916) 753-0618
(Call from your fax, request catalog #18)

CIRCLE NO. 172

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. 173

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 W
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. 174
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S HOWCASE

EPROM PROGRAMMER
TS50 A 8 ZIFs

2
Keyp

+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 US.A.
*Binary, Intel hex, & Motorola S formats  +A9 |dentifier

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) —

CIRCLE NO. 175

L FAX: (415) 3665375+ (41 5) 366-5371

« C Command Library Available
Based on Analog Devices' 2100 Family and
» Single-channel, 3uS, 12-bit, ADC & DAC
* Dual-channel, 50-kHz, 16-bit, ADC & DAC
« Eight-channel, 3uS, 12-bit, ADC & DAC

Prices start at: $ 495
WAVETRON microsystems

1197 Oddstad Drive » Redwood City, CA. 94063
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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 Sun0OS 4.1

FOR CUSTOM CONFIGURATIONS AND FURTHER DETAILS

CONTACT  |B] SYSTEMS INC.

6842 NW 20th AVE, FT. LAUDERDALE, FL 33309
305-978-9225  FAX: 305-978-9226

CIRCLE NO. 177

| GUI FOR INTEL 8051 EMULATOR

Franklin Software's GUI Emulator Interface brings
windows-like power to Intel and Nohau 8051
emulators at a special price--

Special Offer: $49.

Emulator Interface Features:

- Fast graphical user interface with Drop Down Menus.
J Default windows for code, data, and status information.
- Symbolic debugging of "C" or PL/M-51 code.

- "Watch Windows" trace variables, structures, etc.

J Supports all emulator functions and Intel/Nohau tools.
- Point & Shoot (Mouse) control of emulator and target.
For Intel and Nohau Emulator Customers Only.

" o FRANKLIN

SOFTWARE, INC

Call (408) 296-8056 Ext. 431 for details.

Please have your FAX number ready.
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STD ANALOG 1/0
GET A COMPETITIVE EDGE!
Density—up to 16 A/D inputs and 8 D/A
outputs on one card. Speed—throughput
rates up to 59 kHz. Intelligence—many pre-
programmed modes. Input filters, prog. gain
amps, sample-holds, FIFO 1/0 buffers & many
other features too numerous to mention here.

ROBOTROL CORP.
925 W. San Martin Ave, PO Box 990,

San Martin, CA 95046

(408) 683-2000
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68040-Based, Real-Time,
Multiprocessing SBC

* Ethernet™
« SCSI
* 8 Channels of SIO

Dual-Ported Memory
* 2, 4 or 8MB of DRAM

(2-way interleaved, w/ burst)
+ Up to IMB of b-b SRAM
« Up to 4MB of EPROM »
The V49 also features the VIC068
VLSI VMEbus interface and a RTC

A 68030 version of this SBC is also available
‘Z"'""‘-, BENERAL MICAD SYSTEMS
(= i 8358

5/ Rancho , CA 91730 USA

(714) 980-4863« FAX 987-4863
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FINALLY

One tool to satisfy all your
firmware development needs

PROMICE is a universal system.
*Develops code for any microprocessor
*Complete, real time, source level debugging
*Host software for DOS, Unix, Mac, VMS
*Non intrusive on your target system
*Simply plugs into any ROM socket

PROMH@E also supports Turbo Debugger,

C_thru_ROM, FreeForm, GDB, and more.

PROMICE

...the affordable solution.

Grammar
Engine
inc.

TEL: (614) 899-7878
West: (415)750-0219
FAX: (614) 899-7888
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STD BUS PRODUCTS

8 & 16 Bit CPU's
Peripherals & Card Cages
Custom Design
Worldwide Service
OEM Discounts
Guaranteed Delivery

ZWICK SYSTEMS INC.

17 Fitzgerald Rd., Suite 104
Nepean, Ontario, Canada, K2H 9G1
Tel (613) 726-1377, Fax (613) 726-1902
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THE EASY CHQICE

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
68ECO030 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. 183
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If You Haven’t Been To
BUSCON Lately, Take

A Look At What You're
Missing. —— =sueesr

HYNES CONVENTION CENTER
BOSTON, MASSACHUSETTS

Over the years, BUSCON has established itself as the industry’s leading forum for
boards, embedded software and other elements of systems architecture.

But BUSCON is more than boards. It’s a comprehensive source of information for
designers in the electronic OEM. If your applications require custom design or off
the shelf technology, BUSCON is the one place to satisfy all your design needs.

‘ See the latest
S84 products and
Y technology.
Many
important new
developments
are introduced
at BUSCON

Meet industry
leading vendors
who can help
solve your design
problems.

Save time, save
effort, save
money- You can
cover more
ground at
BUSCON in one
day than any
other source of
industry

information

Learn from the experts who pioneered
the technology at the industry’s leading
technical conference coordinated by
Computer Design Magazine

Please Send Me Attendee Information = 1 It’s all happening at BUSCON °92 East,
for BUSCON '92 East —  — ; September 15-17, 1992 at Boston’s
Hynes Convention Center. For more
information call (800) 243-3238,
(203) 852-0500 or fax (203) 857-4075,
or return this coupon.

Return to:
CMC,
T 200 Connecticut
Avenue,
COMPANY Norwalk, CT 06856 I
Phone: (800) 243-
ADDRESS 3238, in Connecticut |
(203) 852-0500 I
Fax: (203) 857-4075

PHONE BE4 l
i

NAME

Ciry STATE Zip
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EUROPEAN SALES OFFICES

FINLAND ITALY
Intel Finland OY Intel Corporation Italia S.p.A.

Ruosilantie 2

00390 Helsinki

Tel.: (358) 0544 644
Fax: (358) 0544 030
Telex: 123 332

Milanofiori Palazzo E
20090 Assago

Tel.: (39) (02) 89 20 09 50
Fax: (39) (02) 349 84 64
Telex: 341 286

FRANCE SPAIN
Intel Corporation S.A.R.L. Intel Iberia S.A.
1, rue Edison - BP 303 Zubaran, 28

78054 St.Quentin-en-
Yvelines Cedex
Tel.: (33) (1) 3057 7000

28010 Madrid
Tel.: (34) 1 308 25 52
Fax: (34) 141075 70

Fax: (33) (1) 3064 6032 Telex: 468 80
Telex: 699 016

SWEDEN
UNITED KINGDOM

Intel Sweden A.B.
Intel Corporation (U.K.) Ltd. Dalvagen 24
Pipers Wa! 17136 Solna

Swindon Wilts SN3 1RJ

Tel.: (46) 8 734 01 00
Tel.: (44) (0793) 69 60 00

Fax: (46) 8 27 80 85

Fax: (44) (0793) 64 14 40 Telex: 122 61
Telex: 444 447/8

GERMANY
NETHERLANDS

Intel GmbH

Intel Semiconductor B.V.
Postbus 84130

3009 CC Rotterdam
Tel.: (31) 10 407 11 11
Fax: (31) 10 455 46 88

Dornacher Strasse 1
8016 Feldkirchen

Tel.: (49) 089 90 992-0
Fax: (49) 089 90 439 48
Telex: 5-23177

Telex: 222 83
Intel GmbH
Wandersmannstr. 64
ISRAEL 6200 Wiesbaden-Erbenheim

Tel.: (49) 0611 97 70 3-0
Intel Semiconductor Ltd. Fax: (49) 0611 9 77 03 30

Atidim Industrial Park-

Neve Sharet Intel GmbH
P.O. Box 43202 Zettachring 10A
Tel-Aviv 61430 7000 Stuttgart 80

Tel.: (972) 03 49 80 80
Fax: (972) 03 49 18 70
Telex: 371215

Tel.: (49) 0711 72 87-280
Fax: (49) 0711 72 80 137
Telex: 7-254 826
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40 MB/SEC

~ OTHER QUALITY 'VMEbus
MEMORIES 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,
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single-bit error detection/correction,
double-bit error detection, 4MB up
to 64MB in one VMEbus/VSB slot




Get hopping with T-1...

Our VME-T1 boards will simplify your voice processing,
video, data and telemetery applications.

The 1424 MainStreet® has a single T-1 interface; the 1448 MainStreet has two.
Both come with ROM resident software for:

« ISDN e SMDS
» X.25 LAPB e HDLC
o Frame Relay e T-1 framing

and leave the turtles behind.

Also available with E-1 interfaces.
All our boards are VME compliant A24: D16, 6U, single slot.

Call us at 1-800-267-7231.

() NEWBRIDGE

MICROSYSTEMS

Newbridge and logo, and MainStreet are registered trade marks of Newbridge Networks Corporation. © Copyright 1992. All rights reserved
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TO BREAK SPEED RECORDS, TURN TO THE SRAM LEADER.

To break performance records, you need extraordinarily fast SRAM solutions. According to In-Stat, Inc., no U.S.
company sells more SRAM parts worldwide than Cypress. Period.

If you need high-performance SRAMs, this broad range of fast memories is at your service. CMOS or BiCMOS, TTL
or ECL, from 64-bit to multi-megabit, multichip modules, from standard SRAM pinouts to specialty dual-ports, FIFOs,
or Cache SRAMs, we've got your high-speed SRAM solution. Our Data Book will show you. It's a hit. And it’s free.

FREE 1992 DATA BOOK HOTLINE: 1-800-852-1810*
Ask for dept C115.

X your request to the above dept. at 1 (415) 96 X to the above dept. at
01. © 1992

Telex: 821032 CYPRESS SNJ

Statistic from In-Stat, Incorporatex s 1991 Worldwide Merchant Market Dollar Shipments data.

= —




	2023-07-18-0001
	2023-07-18-0002
	2023-07-18-0003
	2023-07-18-0004
	2023-07-18-0005
	2023-07-18-0006
	2023-07-18-0007
	2023-07-18-0008
	2023-07-18-0009
	2023-07-18-0010
	2023-07-18-0011
	2023-07-18-0012
	2023-07-18-0013
	2023-07-18-0014
	2023-07-18-0015
	2023-07-18-0016
	2023-07-18-0017
	2023-07-18-0018
	2023-07-18-0019
	2023-07-18-0020
	2023-07-18-0021
	2023-07-18-0022
	2023-07-18-0023
	2023-07-18-0024
	2023-07-18-0025
	2023-07-18-0026
	2023-07-18-0027
	2023-07-18-0028
	2023-07-18-0029
	2023-07-18-0030
	2023-07-18-0031
	2023-07-18-0032
	2023-07-18-0033
	2023-07-18-0034
	2023-07-18-0035
	2023-07-18-0036
	2023-07-18-0037
	2023-07-18-0038
	2023-07-18-0039
	2023-07-18-0040
	2023-07-18-0041
	2023-07-18-0042
	2023-07-18-0043
	2023-07-18-0044
	2023-07-18-0045
	2023-07-18-0046
	2023-07-18-0047
	2023-07-18-0048
	2023-07-18-0049
	2023-07-18-0050
	2023-07-18-0051
	2023-07-18-0052
	2023-07-18-0053
	2023-07-18-0054
	2023-07-18-0055
	2023-07-18-0056
	2023-07-18-0057
	2023-07-18-0058
	2023-07-18-0059
	2023-07-18-0060
	2023-07-18-0061
	2023-07-18-0062
	2023-07-18-0063
	2023-07-18-0064
	2023-07-18-0065
	2023-07-18-0066
	2023-07-18-0067
	2023-07-18-0068
	2023-07-18-0069
	2023-07-18-0070
	2023-07-18-0071
	2023-07-18-0072
	2023-07-18-0073
	2023-07-18-0074
	2023-07-18-0075
	2023-07-18-0076
	2023-07-18-0077
	2023-07-18-0078
	2023-07-18-0079
	2023-07-18-0080
	2023-07-18-0081
	2023-07-18-0082
	2023-07-18-0083
	2023-07-18-0084
	2023-07-18-0085
	2023-07-18-0086
	2023-07-18-0087
	2023-07-18-0088
	2023-07-18-0089
	2023-07-18-0090
	2023-07-18-0091
	2023-07-18-0092
	2023-07-18-0093
	2023-07-18-0094
	2023-07-18-0095
	2023-07-18-0096
	2023-07-18-0097
	2023-07-18-0098
	2023-07-18-0099
	2023-07-18-0100
	2023-07-18-0101
	2023-07-18-0102
	2023-07-18-0103
	2023-07-18-0104
	2023-07-18-0105
	2023-07-18-0106
	2023-07-18-0107
	2023-07-18-0108
	2023-07-18-0109
	2023-07-18-0110
	2023-07-18-0111
	2023-07-18-0112
	2023-07-18-0113
	2023-07-18-0114
	2023-07-18-0115
	2023-07-18-0116
	2023-07-18-0117
	2023-07-18-0118
	2023-07-18-0119
	2023-07-18-0120
	2023-07-18-0121
	2023-07-18-0122
	2023-07-18-0123
	2023-07-18-0124
	2023-07-18-0125
	2023-07-18-0126
	2023-07-18-0127
	2023-07-18-0128
	2023-07-18-0129
	2023-07-18-0130
	2023-07-18-0131
	2023-07-18-0132

