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Demanding Designers
Need the Best

OrCAD/SDT III

Schematic Design Tools for the PC

Ease-of-use + Power =
Productivity

In today’s tough design
environment, good engi-
neerinﬁ tools aren’t good
enough. You need the best
to get the job done.

OrCAD/SDT III offers
the power

SDT III comes with the op-
tions you'd expect to pay
extra for

» Completeness: A library

of over 6100 parts that
ou can browse through

in a breeze. Utilities to
generate Bill-of-Materi-
als, Electrical rules
check, create custom li-
brary parts.

» Compatibility: Over
thirty netlist
formats, over 50 sup-
ported display adapters,
over 50 printer drivers, a
dozen plotter drivers.
We conform to your
system better than any-
one.

» Complexity: 4000 + sheet
design capacity for
single designs. 200+ lev-
els of hierarchy. Great
support for small, sim-
ple designs to large, com-
plex hierarchical sys-
tems.

Control: SDT III gives
you the ability to cus-
tomize the work environ-
ment to make you more
productive. This in-
cludes user definable
macros, text/object sizes,
sheet sizes, graphical
object editor, even the
cofors on the screen.

OrCAD/SDT III makes it
easy

The lightning fast opera-
tion saves time. The intui-
tive, pop-up menu dis-
plays your most likely
next action. This means a
short learning curve and
immediate productivity.

Only$

495

Get our No-risk, Demo
Disk

Try before you buy. Get
our free demonstration
disk and see for yourself
the solid performance SDT
III has to offer.

Once you've given our
demo disk a spin, you'll
know one of tﬁe reasons
why OrCAD is the world’s
leading supplier of PC
based CAE tools.

All OrCAD products come
complete with one full year
of technical telephone sup-
port, free product updates
and access to our 24 hour
BBS.

OrCADNH

Systems Corporation |11

3175 N.W. Aloclek Drive
Hillsboro, Oregon 97124
(503) 690-9881

Call or write today for your FREE Demo Disk!
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If you would like more informa-

tion about this or any other Or-
CAD product, contact your local
OrCAD representative.
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Seltech, Inc.
(206)746-7970

. N. CA, Reno NV

Elcor Associates Inc.
(408)980-8868
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(714)897-0319
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Tusar Corporation
(602)998-3688
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Comstrand, Inc.
(612)788-9234

. NE, KS, 1A, MO
Walker Engineering 14.

(913)888-0089
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Abcor, Inc.
(713)486-9251
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MacKellar Associates
(313)335-4440
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W.PA
Frank ]. Campisano
(513)574-7111
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Sales
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High Tech Support
(813) 855-5254

. MS, AL, GA

Electro-Cadd
(404) 552-8613
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NJ, NY

Beta Lambda, Inc.
(201)446-1100

CT, RI, MA, VT,
NH, ME

DGA Associates
(617)935-3001

5. BC, AB, SK, MB

Interworld
Electronics, Ltd.
(604) 984-4171

. ON, PQ & Maritimes

Electralert, LTD.
(416)475-6730
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WHISTLE

2000 pts 50 kHz
Sample Rate

Our new fmmtion geherator

has all the hells and whistles.

In fact, it has any kind of
waveform you can imagine.
Because the Model 95
combines a high performance
function generator with a
powerful arbitrary generator.

As a function generator,
Model 95 produces remarkably
pure square waves, triangles
and sines, from 1 mHz to
20 MHz with synthesized
accuracy up to 0.001%. It has

© 1990 Wavetek Corporation

the power to output 15 Vp-p
into 50Q, and includes sweep,
pulse and modulation modes
plus four user-selectable
output impedances. There’s
even an internal trigger
generator for trigger, gate and
burst.

If you'd rather be arbitrary,
Model 95 gives you up to 128k
of waveform memory to work
with, and a sample rate of
20 MHz. Four different editing

CIRCLE 108 FOR LITERATURE
CIRCLE 109 FOR DEMO

modes help you produce even
the most complicated wave
shapes quickly and accurately,
while analog and digital filters
allow you to create the purest
output possible.

For information about all
the other bells and whistles
you'll find on the Model 95, call
Wavetek San Diego, Toll Free at
1-800-874-4835 today.
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“If all VXI systems
are equal, how can
one add up to faster
test development?”

It’s simple. By combining
advanced VXI hardware, a
powerful system language,
and a common human inter-
face, HP really puts your test
development in motion.

Start with the hardware.

HP 75000* Series B and C
mainframes and modules give
you a broad selection of price

and performance options. So
you can tune a system to your
needs in minimal time.

Then, the open Test & Mea-
surement System Language
(TMSL) lets you speed through
test development as never
before. It’s a standardized

instrument language that
insures compatibility with

all HP 75000 modules, as well
as other common system
instruments. And it gives you
amigration path for the future.

When you add the mouse-
driven HP Interactive Test
Generator software (HP ITG)
to the equation, you really
take off. Virtual front panels
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save time. Select a function
by clicking the mouse and
HP ITG sends the right com-
mand to the right module
automatically. With pop-up
windows and pull-down
menus, the interface is simple
and speedy.

So don’t waste time. Call
1-800-752-0900 today. Ask
for Ext. 246J to get a catalog

on the HP 75000 family of VXI
products. And see how HP’s
VXI will help you kick up a
little dust in test development.

*The HP 75000 VXI is part of HP’s Measurement
System Architecture.

There is a better way.
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Technical papers on IEEE-1149.1 and a meeting with its
authors highlight the show.
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A1 18-B1T AuDIo DACS Cut PCB SPACE

Delta-sigma architecture puts two 18-bit audio DACs—
complete with digital and analog filters—in a tiny 28-pin
SOIC.
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WHAT'S YOUR OPINION?

e How important are analog de-
sign skills for engineers in the fu-
ture?

e How do the design skills of to-
day’s EE graduates stack up
against those of young engineers
of the past?

Send us your opinions on these
questions on our Reader Opinions
fax: (201) 393-0637. Or, mail your
responses to ELECTRONIC DESIGN,
Reader Opinions, 611 Route 46
West, Hasbrouck Heights, NJ
07604.
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e Special Report: The latest develop-
ments in 12-bit sampling ADCs

e New performance highs for 12-to-
16-bit ADCs

® A new state-machine algorithm for
FPGAs

¢ Offload a servo system’s CPU with
a PLD-based coprocessor

® Improve system performance with
an enhanced SCSI processor

e A new column on analog-system
design: Pease Porridge

® Plus regular features:
Ideas for Design

Quick Look

Technology Advances
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SIEMENS

Sound Strategy.

Siemens announces a single-chip echo cancellation U-interface ~ Siémens has won another sound

A < o o victory in communications technol-
device for ISDNetworks of all sizes. From switching to ogy by developing the industry’s first

transmission, a clearly superior solution. Berlin to Iselin. single-chip solution in CMOS for
echo cancellation circuit functions in
ISDN. It's a clear example of the
innovative thinking which has made
Siemens a leader in ISDN technology.

From its single-chip design to its ease
of integration, the Siemens PEB 2091
ISDN Echo Cancellation Circuit (IEC-Q)
represents a milestone in ISDN real-
ization. This device can double the
traffic-handling capability in existing
telephone lines, and is ideal for appli-

The best for Si Semi S:
(A) Wien, Tel. (0222) 71711-5661 (AUS) Melbourne, Vic. 3121.Tel. (03) 4 20 7111 (B) Bruxelles, Tel. (02) 5 36-2111 (BR) Sao Paulo-SP, Tel. (011) 8 33-2211 (CDN) Mississauga L5T 1P2, Tel. (416) 564-1995
(CH) Zurich, Tel (01) 4 95-3111 (D) Berlin 10, Tel. (0 30) 3939-1; Duesseldorf 1, Tel. (0211) 3 99-0; Frankfurt 1, Tel. (0 69) 7 97-0; Hamburg 1, Tel. (0 40) 28 89-0; Hannover 81, Tel. (0511) 8 77-0

Muenchen 80, Tel. (0 89) 92 21-43 80; Nuernberg 1, Tel. (09 11) 6 54-0; Stuttgart 1, Tel. (07 11) 20 76-0 (DK) Ballerup, Tel. (44) 77 44 77 (E) Madrid, Tel. (01) 5554062 (F) Paris, Tel. (1) 49 22-3810
(GB) Sunbury on Thames, Tel. (0932) 752615 (GR) Amaroussio Tel. (01)6864-111 (HK)Hongkong, Tel. 5-8330222 (1) Milano, Tel. (02) 67 66-4241 (IND) Bombay 400018, Tel. 4 93 87 86



cations in transmission systems such
as digital added main line, pair gain

systems and intelligent channel banks.

Through its single-chip design and
CMOS technology, the advanced PEB
2091 reduces space requirements
and software overhead, and has
lower power consumption require-
ments than any other design. And it
supports ISDN Oriented Modular
(IOM) architecture, the de facto
standard for ISDN, which makes
installation simple, and enables it

to work in tandem with the most
advanced ICs available.

Building upon the most comprehen-
sive line of ISDN ICs in the industry,
the PEB 2091 sends a clear signal
that Siemens is continuing to take

great strides in telecommunications.
Siemens was the first company to
design a two-chip U-interface trans-

TRANSMITTER TRANSMITTER

RECEIVER

RECEIVER

Siemens uses CMOS technology to provide a
superior echo cancellation solution with the lowest
power consumption requirements

ceiver for the 4B3T block code used
in Europe, and developed the first
single-chip device for the 2B1Q code
established in North America. And
the PEB 2091 meets the require-
ments of the American National
Standard for Telecommunication.

Our unsurpassed line of ISDN ICs
are complemented by a wide array of
microprocessors, microcontrollers,
DRAMSs, optoelectronic devices, and
more. So you can count on Siemens
to provide the best solution for all of
your IC applications, and telecom-
munication products which reflect
the sound thinking that has made
Siemens a leader in ISDN.

For more information on our advanced
products, call (800) 456-9229.
Or write:

Siemens Components, Inc.

2191 Laurelwood Road

Santa Clara, CA 95054-1514.
Ask for literature package M12A006.

HHH

(IRL) Dublin, Tel. (01) 3028 55 (J) Tokyo 100, Tel. (03) 201-24 01 (N)Oslo 5,Tel. (02) 633000 (NL) Den Haag, Tel. (0 70) 3333333

(P) Alfragide, Tel. (01)4 18 3311 (RA) Buenos Aires, Tel. (01) 3004 11 (RC) Taipei, Tel. (02) 52347 00 (ROK) Seoul, Tel. (02) 2 75-61 11
(S) Stockholm, Tel. (08) 7 28 1000  (SF) Helsinki, Tel. (9) 051051 (SGP) Singapore 0513, Tel. 7 76 00 44

(TR) Istanbul, Tel. (01) 15109 00 (USA) Santa Clara, Tel. (408) 980-4500 (ZA) Johannesburg, Tel (0 11) 4 07-4111
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Practical Solutions By Design.
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Good Sines &
Bad Signs

Looking for a low-noise,-fast-switching signal source?

Good Sines /VV\\

Whether it's automatic test equipment, satellite uplinks,
EW communications or imaging systems, Programmed
Test Sources has a frequency synthesizer to fit your
needs. GE MRI units, Teradyne Testers, Varian Spec-
trometers . . .all use PTS synthesizers.

Bad Signs $$$
And while other manufacturers have big dollar signs,
PTS synthesizers start as low as $3000.

PTS manufactures a complete line of precision synthesizers
covering the 100 KHz to 500 MHz frequency range with
switching times as fast as 1usecond for our direct digital
models. And plenty of other options as well, like resolution
down to .1 hertz (millihertz available as special order),
GPIB and digital phase rotation.

Just as importantly, along with every PTS synthesizer comes

our ‘‘absolutely everything covered'' 2-year warranty. At
the end of two years comes our flat $350 service charge
for any repair up to the year 2000! PTS has a commitment
to quality you won't find anywhere else.

Find out how PTS synthesizers used the world over can
help you in your application today. Call for our complete
catalog, or to talk to an applications engineer.

Call (508) 486-3008 Fax (508) 486-4495

=

PROGRAMMED TEST SOURCES., Inc.
9 Beaver Brook Road, P.0. Box 517, Littleton, MA 01460
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Picture yourself with 500 MHz spectrum,
network, and impedance analysis
In one instrument.

whole picture.

If your audio, baseband, HE,
VHE, and IF designs require
spectrum, vector network or
impedance analysis, watch this.

Our HP 4195A 500 MHz Net-
work/Spectrum analyzer video
shows you how to get the mea-
surement capability you need
along with the convenience
and flexibility that you want.
All in one instrument, for
$25000.*

You'll see how the HP 4195A
handles a wide range of applica-
tions with balanced specs. Like
spectrum analysis performance
of —135 dBm sensitivity, 3 Hz

to 300 kHz RBW. And > 100 dB
vector network analysis dynamic
range with +005 dB/+0.3 degree
accuracy.

So get the picture. Call
1-800-752-0900. Ask for
Ext. 1148 and receive your

CIRCLE 88

free video. It’s a pic-
ture you'll want
to be a part of.

*U.S. list base price.

TMYI0006/ED
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There is a better way.
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Welcome to Warp Speed: The
Am27HOIO from AMD. At 45ns,
it's faster than any other mega-
bit CMOS EPROM. Fast enough
to eliminate those irritating short
term memory lapses.

AMD’s 1 micron CMOS technol-
ogy delivers zero wait state perfor-
mance with no cost or density
penalty. So now you can replace

those high-ticket, low-density
PROMs youve been putting up with.

We have commodity EPROM
solutions beat, too. Their program
code must get routed to fast RAMs
to achieve high speed. With the
Am27HOIO rocket chip you
execute directly from the EPROM.




And no one can give you the The Am27HOIO is ready in
range of densities—and the fast- volume and priced right.
est part at every density—like So call 800-222-9323
AMD can. and get the parts worth
Fact is, we make and sell more not waiting for.

megabit EPROMs than anyone. Advanced Micro Devices o1

901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088
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IN THE ERA OF MegaChip” TECHNOLOGIES

YOUR DSP: ALL THERE

There is a big difference. Only Texas Instruments
brings it all together for you in DSPs,
from software to silicon...

and we have 10,000 users
to prove our point.




OR JUST ALMOST?

Designers are applying TT’s single-

chip TMS320 DSPs (digital signal
processors) in more systems around
the world than any other. In fact,
leading manufacturers in most market
segments — including telecom-
munications, computers and computer
peripherals, automotive, industrial
controls, consumer products, and

military systems — use TMS320 DSPs.

These designers choose our DSPs
because they know there is a big dif-
ference between all there and almost.
With TI, they know they are getting
the most complete DSP solution in
the business — (1) performance,

(2) support, and (3) broad choice.
These important factors are worth
careful consideration as you evaluate

DSPs:

[ Yes Am I assured of access
[ONo A e to the top-performance
devices in the field?

Naturally, performance is a high
priority for any DSP-based system.
The TMS320 family consistently sets
the performance standards for the
industry. Among the newest additions
are the highest performance fixed- and
floating-point single-chip DSPs, both
with clearly defined road maps for
future performance upgrades. Multi-
processing DSPs offer even higher
performance.

PERFORMANCE

[ Yes Is world-class support in
[INo 4wve place to help speed my
design to market?

Few if any DSP vendors equal the
level of support that TI offers.
Industry-standard high-level lan-
guage optimizing compilers (ANSI C
and Ada), HLL debuggers, the
SPOX™ multitasking DSP operating
system, and scan-based emulators
provide you with a development
environment similar to that tradition-
ally enjoyed in general-purpose
microprocessor design.
Low-cost evaluation modules allow
you to accurately evaluate and
benchmark a TMS320 processor for
your application.
Such leading-edge tools are only the
beginning of our comprehensive
support. Other TMS320 support
includes:
® A hot line staffed with DSP
personnel ready to answer your
technical questions

® An on-line bulletin board service

® More than 2,000 pages of
application notes and DSP code

® More than 100 third parties and
consultants

® Hands-on workshops

¢ University program with more than
100 universities participating

WHAT’S AHEAD FOR TI's TMS320 FAMILY

40 MFLOPS
A\ N FLOATING

[ FIXED

™ MegaChip is a trademark of Texas Instruments Incorporated.
SPOX is a trademark of Spectron Microsystems, Inc.
© 1990 TI1

08-0081

0 Yes Is the choice of devices
[ONo Je broad enough that I can
closely match a DSP to my price/
performance needs?

Our TMS320 family spans five genera-

tions — more than 20 members offer-

ing a price/performance range from

$4.00 to 40 MFLOPS. Your choice

includes:

® EPROM DSPs that shorten your
time to market

® DSPs optimized for specific
applications

® Military versions

® Single-chip devices offering
40-MFLOPS performance

® Multiprocessing DSPs

® Low-cost DSP solutions for
cost-sensitive applications

® Compatibility to protect your
software investment

At TI, we have it all, and we are
ready to help you put it all together.

Get your free three-volume TI
DSP Applications Library; call
1-800-336-5236, ext. 3528

Or complete and mail the return card
and we'll send you our three-volume
TMS320 DSP Applications Library. If
you prefer, we'll send you our TMS320
product overview and support
brochure. We feel sure you will soon
be one of the thousands around the
world achieving design success with

the leadership TMS320 family.

j
TeEXAS b
INSTRUMENTS



./gccelerate (t)our
tepper Motor
tl:) 27,000
Ste s/second!
vel 16
Million Steps
and back!

Is your motor earthbound by sluggish

A controllers that
can’t give you the
performance you
: need? Look at
what you get with the new CY545
single chip stepper motor controller:

® 40-pin, CMOS, + 5v chip

e Speeds up to 27K Steps/sec

e 16 Million steps per motion

e Programmable start rate,
accel/decel, slew rate

e Pulse and Direction Output

e Separate Limit Switches

e Jog operation

e Home seek command

® ASCII or binary commands

e Parallel or Serial interface

e 8 General Purpose I/O lines

e External memory control

e LCD & LED Display interface

e Thumbwheel Switch interface

Break the single chip speed barrier
and the high performance price bar-
rier. You can’t afford to pass up this
latest innovation from the company
that, ten years ago, brought you the
first ste per motor controller on a
single cl?lp' Order b{ 2
Fax or phone or call
today for free info.

Cybernetic Micro Systems

PO Box 3000 @ San Gregorio CA 94074
Ph: (415) 726-3000 e Fax: (415) 726-3003
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EDITORIAL

GRADE TODAY'S ENGINEERING EDUCATION

recent study of Electronic Design’s readers (reported in the June 14

issue, page 109) showed that the average reader is about 39 years

old. Thus, most of our readers have been out of engineering school

for 15 years or more, and probably have at least 20 years to go in this
industry. Readers, therefore, have much at stake in the quality of today’s
engineering education. If many readers within the next 20 years take on
added managerial responsibilities—as could be expected because of in-
creased experience—much of their future success depends on the quality of
the engineers on their staffs. That quality, in turn, partially depends on the
effectiveness of today’s engineering education.

In our QuickLook section (page 23), we’ve published reader opinions on
various questions of importance to the industry and to engineers. One ques-
tion that we’d like to investigate in the future concerns the quality of today’s
engineering education: What do you think about the education that young
engineers are getting these days? What areas are being overlooked, or, for
that matter, over-stressed? How strong a role should humanities courses
play in engineering education? I must question the wisdom of many human-
ities courses for engineers when there’s so much new technology to be
learned—what courses are they forfeiting to fit these non-engineering sub-
jects into the curriculum? Moreover, with the explosion of advances in all
phases of electronics technology, are the traditional four years enough to
give young engineers the foundation they need to perform effectively—
should five years become the norm? On the other hand, is education only the
starting point, with on-the-job training the only effective way to develop
engineers?

We'd like to hear your opinions on these questions. We will publish as
many as we have room for, as often as we can. Fax your opinions to us on our
Reader Fax line, 201-393-0637, or mail them to our Reader Opinions Editor,
Electronic Design, 611 Route 46 West, Hasbrouck Heights, NJ 07604.

We're looking forward to hearing from you.

e

Stephen E. Scrupski
Editor-in-Chief

DUE SO GON




vy SPDT SWITCHES

ABSORPTIVE... REFLECTIVE

dC tO 46GHZ from$32%§u,

Tough enough to pass stringent MIL-STD-883 vibration, shock, thermal
shock, fine and gross leak tests...useable to 6GHz...smaller than most
RF switches...Mini-Circuits’ hermetically-sealed (reflective) KSW-2-46
and (absorptive) KSWA-2-46 offer a new, unexplored horizon of
applications. Unlike pin diode switches that become ineffective below
1MHz, these GaAs switches can operate down to dc with control
voltage as low as -5V, at a blinding 2ns switching speed.

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these
switches provide 50dB isolation (considerably higher than many larger
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46

exhibits a typical VSWR of 1.5 in its “OFF" state over the entire
frequency range. These surface-mount units can be soldered to pc
boards using conventional assembly techniques. The KSW-2-46, priced
at only $32.95, and the KSWA-2-46, at $48.95, are the latest examples
of components from Mini-Circuits with unbeatable price/performance.

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case,
contain five SMA connectors, including one at each control port to
maintain 3ns switching speed.

Switch fast... to Mini-Circuits’ GaAs switches. o

SPECIFICATIONS

Pin Model KSW-2-46 KSWA-2-46
Connector Version ZFSW-2-46 ZFSWA-2-46
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz
INSERT. LOSS (db) typ  max typ max
dc-200MHz 09 11 08 11
200-1000MHz 10 153 09 1.3
1-4.6GHz 1.3 |1 15 26
ISOLATION (dB) typ min typ min
dc-200MHz 60 50 60 50
200-1000MHz 45 40 50 40
1-46GHz 30 23 30 25
VSWR (typ) ON 1.31 13
OFF — 14
SW. SPEED (nsec)
rise or fall time 2(typ) 3(typ)
MAX RF INPUT
(bBm)
up to 500MHz +17 +17.
finding new ways above 500MHz +27 +27
setting higher standards - CONTROL VOLT -8V on, OV off -8V on, OV off
M - - r Its OPER/STORTEMP.  -55° to +125°C -55° to +125°C
I n l - l c u PRICE (10-24) $32.95 $48.95
A Division of Scientific Components Corporation $69.95 $79.95

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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Because you’re
thinking fast...

you need responsive sup-
pliers as well as fast parts.
Comlinear is tuned in. With
high quality, high-speed
products. Assistance from
R&D-level applications
engineers to help develop
your ideas quicker. Off-
the-shelf MIL-STD-883
compliant monolithics and
hybrids. Quality product
documentation with guar-
anteed specs so you don't
waste time. In your busi-
ness, time is everything.
Count on us for the speed
you need.

Now,
igh-speed AGC

is easier than ABC.

Until now, AGC amplifiers were
only partial solutions to high-speed
automatic gain control. You also had
to find a high-performance op amp,
numerous passive components and
the board space to mount them all.

Now all you need is the new
CLC520 AGCtAmp, =5V and
two resistors. That’s it.

You get a total high-speed AGC
solution—with voltage-controlled
gain and voltage output—in a single
device. Plus outstanding perform-
ance: 160MHz signal-channel and
100MHz gain-control bandwidth.
And unexpected flexibility . . .
one resistor sets maximum gain
between 2X and 100X, and the
gain-control input gives you a
40dB range.

So don't settle for a partial AGC
solution. Call about the CLC520
AGCHAmp and learn the ABCs
of high-speed AGC.

@ Comlinear
Corporation
Solutions with speed

4800 Wheaton Drive
Fort Collins, CO 80525
(303) 226-0500
1-800-776-0500 (USA)
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More
easy-to-use
amplifiers...

mps settle to 14 bits
in 32ns max.

Extremely fast settling to 0.0025%
and low 1.6mV max. offset make the
CLC402 and CLC502 op amps ideal
for high-accuracy A/D and D/A
converters. Or in designs demanding
high stability at low gain. Now you
have extra design margins.

CIRCLE 124

Low distortion for fast,
wide-dynamic-range
designs.

The 170MHz CLC207 and
270MHz CLC232 deliver ultra-low

distortion. For high gain, choose the
CLC207 with -80/-85dBc 2nd/3rd

harmonics (2Vp-p, 20MHz, 200 ohms).

And for low gain, the CLC232

with -69dBc¢ harmonics (100 ohms).
CIRCLE 125

ready to go.

For bench or system use, this
family of dc-coupled modular ampli-
fiers gives you complete amplifier
solutions. Including PMT amps,
cable drivers, post-amps, very-low-
distortion amps, or amps with gain
and I/O impedances that you
can select.
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TECHNOLOGY BRIEFING

NEW WAYS To Look AT IC TESTING

dapting to change is crucial to the survival of
any species. Fortunately for the animal king-=
dom, that evolution can occur over many gener-
ations. In the electronics industry, where
change is constant, people must react more quickly.
Herein lies the significance of the theme of this year’s In-
ternational Test Conference: “The changing philosoph
of test.” One important movement in test and measure-
ment is the recently approved boundary-scan standard
(see “Boundary scan holds court at ITC ’90,” p. 41). .
Another more subtle transition is being driven by the g
proliferation of ASIC designs. JOHN NOVELLINO

Most of today’s IC designs are ASICs produced inrela-  TEST & MEASUREMENT
tively small batches numbering in the thousands, compared to the previously
dominant standard parts with runs in the millions. This shift raises questions
about the test tasks of verification, characterization, and production test or
incoming inspection. How do you reduce the cost of test? What role does the
large ATE system now play versus the smaller, much less expensive, lower-
throughput machines now available?

“What we are realizing more and more is that ASICs are generally low-
volume devices, and you need testers that can do low-volume incoming in-
spection tests economically,” says Steve Morris, director of marketing at
Integrated Measurement Systems, Beaverton, Ore. IMS uses the term “test-
station” in a computer analogy. ‘“You don’t use a mainframe computer todo a
job that can be done on a workstation,” says Morris. “In the same way, you
don’t use a large ATE system to do a job that a smaller, less expensive
machine can do.”

Over the last four years, the differences between smaller verification-type
testers and larger ATE systems have been shrinking, says Morris. Some
architectural differences exist, with ATE systems offering 100% resource-
per-pin capability. But with enough shared resources, engineers can still do
the job, and it won’t be too long before smaller machines have true tester-per-
pin architectures, according to Morris.

A different tack is taken by Graham Miller, president of LTX Corp.,
Westwood, Mass. Miller estimates that with many different devices to test,
programming makes up 60% to 70% of the total cost to test. “So what’s a
tester manufacturer to do? First of all, he’s got to provide particularly good
debugging software,” says Miller. “And he’s got to provide good links to the
CAD tools. Such features as automatic test-program generation and pro-
gram conversion from someone else’s tester to your own tester are also very
important.”

Miller eschews classic differentiations in favor of more subjective criteria.
“There’s no such thing as a big tester and a small tester definition,” he says.
“There’s also no such thing as a million dollar tester and a less than million
dollar tester. It's really what a tester does, or what a customer wants the
tester to do.”

Sophistication of the vector engine is the big difference between the two
tester worlds, according to Ed White, marketing communications manager
for Hewlett-Packard’s semiconductor systems center. ‘“The big testers have
a lot more formatting capability. They have the ability to make changes on-
the-fly,” notes White. “People have come to depend on those features.”

However, he said good tests can still be written with a more limited format
set, although ata cost in increased programming expertise. And parts can be
tested as thoroughly without on-the-fly changes. Throughput may suffer,
but for small runs that may not be a problem.““There are real benefits to
these features, but I think what users are questioning now is whether the
difference in price is justified,” says White.
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THE WORLD'S LARGEST SELECTION OF

POWER SPLITTERS/
COMBINERS

REAKFAST, TUES. TO THURS.
10:00 AM.,, at the Hyatt Regency

S
=
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2KHzto 8 GHz /o $1045

With over 300 models, from 2way to 48-way, 0; 90° and 180, a variety
of pin and connector packages, 50 and 75 ohm, covering 2KHz to
8000MHz, Mini-Circuits offers the world's largest selection of off-the-
shelf power splitterlcombiners. So why compromise your systems
design when you can select the power splitterfcombiner that
closely matches your specific package and frequency band
requirements at lowest cost and withimmediate delivery.

And we willhandle your “special” needs, such as wider band-
width, higherisolation, intermixed connectors, etc. courteously
with rapid turnaround time.

Of course, all units come with our one-year guarantee.

For detailed specs and performance data, refer to the
MicroWaves Product Directory, EEM or Mini-Circuits RF/IF
Signal Processing Handbook, Vol. Il. Or contact us for our
free 68-page RF/IF Signal Processing Guide.

finc lm(J new ways
settin .HJ]HP stand
P.O. Box 350166, Brooklyn Nt w Yurk 112\55 UUU3(7181331 ~JOO
Fax (718) 332 Ahm Domestic and International Telexes: 6852844 or 620156
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Mixed-signal ASICs

NEIS

Face it, a lot of designers have mixed feelings about mixed-signal
ASICs.

They know they need a higher level of integration on their silicon.

But they also know that mixed-signal ASICs can be a challenge. A
big one.

For these designers, NCR meets the challenge.

NCR has digital and analog libraries — characterized over
commercial and military temperature ranges with functions
ranging to 12-bit A/Ds and CMOS processes from 15 to sub-
micron. With user friendly software tools to put them together.

And, with NCR DesignSim A & D, a comprehensive
Analog/Digital System Simulation Package, you may simulate the
individual ASIC or the entire system, at speed!

NCR also provides off-the-shelf kit parts for in-depth system
evaluation, and custom designed cells for special requirements.

NCR can deliver a few prototypes or a few hundred thousand
parts all manufactured with the same controls and processes that
assure you the most reliable products available.

And in addition, NCR has a mixed-signal test environment
created specifically to test Analog/Digital ASICs without
compromising either domain.

All this has resulted in NCR being ranked #l in worldwide cell-
based mixed-signal ASIC suppliers*.

And that’s why designers who know NCR, don’t have mixed
feelings about mixed-signal ASICs.

Call 1-800-334-5454 for complete information.

* Integrated Circuit Engineering, 1988/1989

e

Worldwide Sales Headquarters

1731 Technology Drive, Suite 600
San Jose, California 95110
408-453-0303
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European Sales Headquarters Asia/Pacific Sales Headquarters
2501 Vicwood Plaza
199 Des Voeux Road
Central Hong Kong

852 859 6888

s Gustav-Heinemann-Ring 133
| Y 8000 Munchen 83

West Germany

49 89 632202
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ATZT’s 50 to 150 Watt

Board Mounted Power Modules:

Engineered to take the heat...

for virtually 100% system up-time.
Our UL*recognized modules not only with-
stand 0° to 90°C temperatures, they bring
Bell Labs’ design innovation and AT&T qual-
ity to your distributed power architecture.
This provides leading-edge power features
that help you reduce design time, and man-
ufacturing and servicing costs, while
enhancing reliability.

Component needs are cut by including
filtering and control functions within the
package. They include an EMI filter to meet
FCC requirements (Class A) by controlling
both radiated and conducted EML

Modules are hot-plugable in parallel
configuration and can be replaced or ser-
viced while the system is up and running—
with no loss of power or data.

AT&T power modules also allow
parallel redun-

gl e
extra module COmpOnentS

to back up the
system. All 50,
100 and 150
watt modules measure 4.8 x 2.5 x .5" and
are available in a variety of outputs.

Save space and prevent downtime
with AT&T's power modules. Call today for
our complete catalog of AT&T 5W to 150W
devices: 1800 372-2447, ext. 590.

of success.

—— ATsX .
—— The right choic®

’
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ELECTROMIC DesiGN

EDITED BY SHERRIE VAN TYLE

303%

~ Which
CAE/CAD
,  Software do
Jss  you use?

e LV
 Soutce:Suvey ofBectoric Desig readers Conduced by the Adam o Pl A, .

Some of the acronyms and abbreviations making the rounds and
what they stand for:

ACI advanced chip interconnect

ATVG automatic test-vector generation

CALS the U.S. government’s Computer-aided Acquisition
and Logistics Initiative

CLEFT  cleavage of lateral epitaxial film for transfer (me-
chanically separating a film layer from a substrate)

DEPOT deductive path-oriented trace (a new combinational
ATVG algorithm)

JPEG Joint Photographics Experts Group

PODEM path-oriented decision maker

PHIGS  Programmers Hierarchical Interactive Graphics
Standard

TDX test design expert

I-MINUTE OPINIONS

Is there an engineering shortage?
here seem to be plenty of people who call themselves engineers. They are

forced to say this because many of them can’t spell it Mark A.
Long, Bluffton, Ohio.

o, but there is always room for another good one. Herbert Heller,
Pittsburgh, Pa.

he fact that engineering salaries are depressed, raises are small, raise
cycles are extended from 13 to 18 months, and lump sums are being given
in lieu of raises at large corporations, are all indicators of an engineering
manpower surplus, not a shortage. L. Bruce Blau, East Windsor, N. J.

Definitely not! It takes months to find a new job. If you are experienced,

it’s really bad. It took my husband 10 months to change jobs last year. At
that, he only got a lateral raise (4%). I've been looking to change jobs a while
and companies are asking me to take less money than I currently make. I also
have two small children, and my requests to work part-time have been met
with derision and negativity. If there were a shortage, I feel employers would
want to keep me. But no way! I've been told to stay home with my babies. Pro-
fessions with shortages accommodate working mothers with part-time and
flex-time. Obviously, this is not the case.

[ am not recommending engineering to young people, especially not girls. I
recommend that they focus their energy and money on medicine and law.
Neither my husband nor I are deadbeats. I have 11 years experience in
software, plus an MS. He has eight years of experience as a design engineer,
plus an MS. Name withheld

he response from the committee I head is no. The Manpower Committee

has historically taken the position that, while there may be short-term lo-
calized shortages of engineers, on the whole, the U. S. has a sufficient supply
of engineers.

The problem with many of the studies that proclaim shortages is that they
are based on demographics and not on demand. They fail to consider changes
in technology, utilization of manpower, and the use of engineering tools. The
critical item in my opinion is the utilization of engineers. This will become an
even bigger issue if the predicted defense cuts are made.

The Manpower Committee attempts to respond to published articles that
predict engineering shortages by contacting the source of the article and re-
questing background information on the study. Too often the results of such
studies are published verbatim with no attempts to obtain other opinions on
the subject.

The committee is also sponsoring an engineering demand/supply study by
one of the committee members. The results of this study should be available
later this summer. Paul Kostek, Redmond, Wash. Kostek is chair-
man of the IEEE/USA Manpower Committee.

What'’s your opinion on the IEEE? . .. or how about the impor-
tance of analog design skills. .. or the quality of today’s EE
graduates. See the table of contents (p. 5) for a complete list of
questions and fax your opinions to (201) 393-0637. Or mail your
opinions to Quick Look, Electronic Design, 611 Route 46 W, Has-

brouck Heights, NJ 07604.
D ESIGN
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PC PRODUCTS

Mice are mobile; keyboards are quick. To get
the best of both worlds, ProHance Technolo-
gies Inc. puts 40 programmable buttons on
the PowerMouse 100. PowerCad driver soft-
ware links PowerMouse to AutoCad, as well
as to other applications. With PowerMouse,
AutoCad users can access pop-up menus and
execute commands without taking the cursor
off the drawing they re working on or having
to shuttle between mouse and keyboard. Sys-
tem requirements are an IBM PC, XT, PS/2, or
compatible, DOS 2.0 or higher, RS-232 serial
port, and 20K available RAM. The device lists
for $249; more information is available by
calling (408) 746-0950.

VN e
PATENTS. ..

e ALTHOUGH apatent gives its owner the
right to prevent others from making, using, or
selling his patented invention, it doesn’t give
anyone, including the patent owner, the right
to make, use, or sell the invention. Because of
rapidly advancing technology, to manufac-
ture their own inventions many patent own-
ers have to apply, or license, technology cov-
ered by existing patents.

e SINCE FILING promptly is important,
using a registered patent lawyer avoids your
having to revise an application. He'll file for a
patent that fits like a good shoe—pretecting
without being too broad or too narrow.

e U. S. PATENT protection applies only in
the U. S. so a patent application must be filed
in each foreign country of interest. In some
countries, if you don’t manufacture an inven-
tion, you lose patent rights.

o WRITE TO the commissioner of Patents
and Trademarks, Washington, D. C. 20231 for
The Guide to the Public Patent Search
Facilities, which describes patent indexing
and search procedures.

from Protecting Engineering ldeas & In-
ventions by Ramon D. Foltz and Thomas A.
Penn. Cleveland: Penn Institute Inc., 1989.

24ELECTRONIC
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QUICKLOOK

DID YOU KNOWS?

... that only two engineering schools in the United States awarded more than 200 B. S. degrees
to women last year. They were Purdue University, with 246, and University of Illinois, with 219.
Only 23 U. S. schools had more than 100 of these graduates.

Engineering Manpower Bulletin, American Association of Engineering Societies

... that pressure for early retirement seems to be increasing for engineers. Of the nearly 9,000
engineers responding to a recent survey, 14% reported retiring before they had intended to,
compared with 6% last year.

1990 IEEE Member Opinion Survey

.perspectives on Time-to-Market

BY RON KMETOVICZ
President, Time to Market Associates Inc.
Cupertino, Calif.; (408) 446-4458

n the act of producing first-of-a-kind, me-too-with-a-twist,
derivative, and next-generation products, I've run into a few
snags. I've also kept my receptors tuned to the sights and sounds of other individ-
uals who give their best shot at producing change. As the years go by, I've kept a
list of the problems I've encountered. To my list, I've added those reported by my colleagues
as they aired their new-product-development laundry. The reasons for the less than ideal
performance of new product development teams resulted in a list of things to avoid, which I
call KMET’s Top 40. I use the top 40 to guide my thinking about methods, systems, and tech-
niques to improve time to market; solutions to these problems logically result in shorter
time to market. From the long list, I have picked a top 10, each of which I will discuss in
future columns.

Changing product definition Fritz Model captured the attention of the entire crew
when he said those now famous words in Petaluma:
“Make up your mind damn it!”’

“Creeping” features They cannot be stopped, but they must be controlled.

Technology changes How can we possibly be thinking about RISC when the
introduction of the 586 is only six months away?

Shortage of engineers So the boss thought five engineers could get the job

done in seven months and after two years of continu-
ous twelve-hour days you're still not done!

We've got a wall full of PERT and Gantt charts and
nobody knows where the project is today or where it
should be tomorrow.

Overly detailed planning

Management-driven They made up for having too few engineers assigned

schedules by setting an absolutely ridiculous time-to-market
goal

Organization instability Why are people leaving? Where do they go? Is it better
there?

Inexperienced staff Over 50% of you are new to your present job assign-
ment

Unforeseen tasks We strive for perfection and always miss something
along the way.

Testing exposes problems  Why won't the customer buy the simulation?

Note that all these problems delay projects. It occurred to me that gaining some control
over these items would lead to better time-to-market performance, which led to the forma-
tion of Time To Market Associates.

In the future, I'l] take the base product knowledge from earlier columns and add process
knowledge to search for solutions to the problems just detailed. Along the way, we'll make
overall time-to-market improvements in the new-product development process.

D ESTIGN



A
“expensive”

The Multibus II product line has changed.

We’ve dramatically reduced your costs
and added dozens of products. And that’s
great news when your designs call for more
than a PC.

Today, our Multibus II system with a 386"
CPU, disk, tape, and 4MB of RAM is priced at
just $9,995.

And the costs of our Multibus 1I single
board computers are down as much as 47%.

Now you can build the Multibus II disci-
pline right into your system for the price of
VME or EISA. Multibus II's new MPI bus inter-
face chip is perfect for building simple analog,
digital, or serial interface boards. It costs just
$40 in quantities over 100.

The Multibus II product line has expanded,
too. In the last year alone, we've added over a

© 1990 Intel Corporation

dozen I/0O and CPU board products. And you
can choose from the more than 500 Multibus II
products on the market, including 150 full-size
Multibus II boards.

Need help migrating from VME? Our single-
slot VME-to-Multibus II adapters will give you
a jump on switching your custom VME boards
to Multibus 1II.

To view the entire expanse of Multibus II
products — from over 100 vendors — call Intel
at (800) 548-4725, Dept. AA60. Ask for a free
copy of the 71990 Multibus 1l Product Directory.

So don’t delay. Call now, and start a change

for the better.
intel
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UTMC RAD-HARD

One source.
A spectrum of solutions.

We deliver a full spectrum of rad-hard
solutions, with military-standard and semi-
custom products at tactical and strategic
levels. Every aspect of UTMC’s DESC-
certified manufacturing — from design
through final screening — is focused on
meeting rad-hard requirements. Using our
production-proven process, our ASICs
deliver the hardest rad-hard of any epi- or
bulk-CMOS supplier, with specifications to
10° rads total dose (107 functionalg, 5x10™
neutrons/cmz, SEU below 3.4x10™ errors/
bit-day, and dose rate immunity better than
10” rads/sec. And you can be confident that
our rad-hard products will meet datasheet
specs after irradiation — we guarantee it.
Moreover, we offer JAN-QUAL Class B,
MIL-STD-883C, SMDs, and Level S. Our
CAE tools support your semicustom designs
on popular workstations, while our
HIGHLAND® Design System makes

first-pass success our standard. When your
program goes into production, we deliver.
And by specifying UTMC for tactical
applications, you get guaranteed rad-hard
solutions for a small premium over standard
non-hardened parts. Plus you save the
expense, risk and time of individual part
qualification. So whether your program calls
for kilorad or megarad-plus, call UTMC for
information on our full spectrum.

1-800-MIL-UTMC
1575 Garden of the Gods Road
Colorado Springs, CO 80907

HIGHLAND is a registered trademark of
United Technologies Microelectronics Center.

XU UNITED

WA TECHNOLOGIES
MICROELECTRONICS
CENTER

FIRST IN HIGH-REL
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TECHNOLOGY NEWSLETTER

A group of computer-board manufacturers has formed a consortium to sup-

GROUP SEEKS PG port a new standard for plug-in card instrumentation, data acquisition, and

INSTRUMENT STANDARD control systems for the PC bus. The de facto standard, called PCXI, was de-

veloped by Rapid Systems Inc., Seattle, Wash. The basic PCXI unit is a module designed to

accommodate all PC cards built to the Industry Standard Architecture (ISA). The one-slot

module is 1.2 in. wide, offering room for shielding on both sides of the card and a chassis shield

between modules. The modules slide into a passive ISA backplane that’s modified to improve

power, ground, and termination for instrumentation, data acquisition, and control applica-

tions. PCXI is compatible with all current PC cards and is upwardly compatible with the 386/

486 architecture. Besides Rapid Systems, consortium members include Analogic, Computer

Boards, Data Translation, Guide Technology, National Instruments, Sciteq Electronics, and
Strawberry Tree Computers. JN

A new program, called the PowerFrame Synergy Program, will bring to-
VENDORS’ USERS SHAPE gether a group of EDA vendors and users to address the need for easy

FRAMEWORK DEVELOPMENT integration of applications and design management. The program, which is
sponsored by Digital Equipment Corp., Marlboro, Mass., will determine how the company’s
PowerFrame framework software should develop. Moreover, it will operate in cooperation
with such standards bodies as the CAD Framework Initiative. Participation in the program
can occur at any of five levels: user, application supplier, value-added reseller/ OEM, adviser,
and joint developer. Fifteen companies have already enlisted in the program, including Racal-
Redac, Westford, Mass., and Viewlogic Systems Inc., Marlboro, Mass. Of the fifteen mem-
bers, only Cadence Design Systems Inc., San Jose, Calif., and Harris Corp. Scientific Calcula-
tions, Fishers, N.Y., will resell the PowerFrame software. LG

Over two years of successful collaboration between Texas Instruments Inc.,
NEW PARTNERSHIP EYES Dallas, Texas, and the DSP Group, San Jose, Calif., have culminated in a 10-
CUSTOM DSP MARKET year strategic agreement. The pact maintains that the DSP Group will devel-
op and market custom chip sets based on TI’s TMS320 family of digital-signal-processing
(DSP) chips. Specializing in advanced DSP techniques for speech synthesis, voice compression
and recognition, audio enhancement, and image manipulation, the DSP Group will create
custom chip sets for consumer and telecommunications applications. TI will manufacture the
products and provide technical support. Target applications for the DSP chips include com-
pact-disk players, cellular telephones, telephone-answering machines, personal computers,
and facsimile machines. ML

The VHDL Analysis and Standardization Group (VASG), which is part of the
VHDL GROUP CLOSING IN Computer Society of the IEEE, is actively working toward establishing the

ON 1992 STANDARD 1992 IEEE standard. The IEEE requires that its standards be re-certified at
least once every five years. Its first VHDL standard was issued in December, 1987, therefore
the language must be re-balloted and re-certified by December, 1992. Although the U.S. domi-
nated in the participation for the first standard, future discussions will involve Europe and Ja-
pan. A Steering Committee was formed to administer the standardization rules of the IEEE
and to set up a worldwide electronic communication system for information transfer between
VASG members. The standardization effort will consist of language requirement definition,
followed by the design of the language. The first release of the requirements document is
expected in the fourth quarter, with the language design work to follow soon after. Balloting
is expected to start in the fourth quarter of 1991. For more information, call (202) 371-0101. LG

Tweaking the architecture of its 68302 integrated mulitprotocol processor,

CONTROLLER ADDS Motorola’s Microprocessor Group, Austin, Texas, has added support for a
SIXTH PROTOCOL sixth protocol. Introduced last year, the 68302 originally supported the
HDLC/SDLC, Bisyne, Asyne, DDCMP, and V.110 communications protocols. The chip’s abili-

ty to execute microcode programs directly from the on-chip dual-port RAM has led to two new

options: the Centronics parallel interface and the CCITT Signaling System # 7 (SS7) protocol.

A standard for printers and terminals, the Centronics parallel interface is implemented with

the processor’s parallel I/0 lines and requires a one-time license charge of $2000. With the SS7

EL ECTRON'TITC DESIGN|27
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TECHNOLOGY NEWSLETTER

protocol, the chip can control communications between central offices and large PBXs. Ithasa
licensing fee of $5000. Other enhancements enable the 68302 to handle on-chip DRAM refresh
without intervention from the on-chip 68000 core processor and without the need for external
glue logic. The chip can also transmit fractional stop bits in the universal asynchronous receiv-
er-transmitter (UART) mode for use in rate-adaption schemes for Integrated Services Digital
Network and modem applications. ML

Engineers need intelligent synthesis algorithms to take full advantage of the
SP ECIALIZED ALGORITHMS architectures of complex programmable logic devices. Data I/0 Corp., Red-

OP TIMIZE P LD DESIGN mond, Wash., addressed this need with Open-Abel, a new version of its Abel
PLD design software. With Open-Abel, device manufacturers can supply specialized algo-
rithms, called fitters, to the users of their devices. Consequently, engineers reap the benefits
of a universal design language without sacrificing device support or optimization efficiency.
Data I/0 is licensing semiconductor vendors to interface their fitters to Open-Abel by means
of the Abel-PLA format. The Abel-PLA file format is based on the PLA format developed at
the University of California at Berkeley. Typical fitters supplied by IC vendors will include
more syntax to describe new features, new optimization algorithms, and additional simulation
capabilities. They will also incorporate any changes to the algorithm that generates the fuse-
map. Furthermore, Data I/0 will continue to provide its own device support. For more infor-
mation, call (206) 881-6444. LG

To increase emphasis on networking software development, Novell Inc. Pro-
NOVELL PHASING OUT OF vo, Utah, is transferring its EXOS line of intelligent Ethernet controller

HARDWARE BUSINESS boards, the EXOS trademark, and current EXOS business to Federal Tech-
nology Corp., Alexandria, Va. Under the non-exclusive licensing agreement, Novell will still
own the current EXOS technology for implementing TCP/IP-to-Ethernet connectivity. Con-
troller boards immediately transferred to FTC include: the 201 and 301 series for Multibus
systems; the 202 and 302 series for VM Ebus systems; the 203 series for Q-bus systems; and the
204 and 304 series for Unibus systems. The 205 series for PC-bus systems and the 215 series
for Microchannel architecture systems are scheduled for transfer by the end of October. The
controller-board technology was originally developed by Excelan Inc., whom Novell merged
with last year. ML

10‘YE AR B ATTERIES Modifications of existing lithium-sulfur dioxide batteries have yielded a bat-
tery that will provide power for 10 years. Scientists at Sandia National Labo-
STEM FROM NEW GLASS ratories, Albuquerque, N.M., discovered that glass corrosion in the glass-to-
metal seal is the greatest cause of failure in such batteries. By developing a corrosion-resis-
tant glass known as Cabal 12, the scientists could significantly extend the cells’ lifespan. Cabal
12 has a corrosion rate about one-third to one-fourth that of other corrosion-resistant glasses.
The Sandia batteries work well in applications requiring a high assurance of success, such as
nuclear weapons and deep-space missions. DM

J Engineers can now design simpler, high-performance 80386-based systems
ON CHIP CACHE LOGIC thanks to a motherboard logic chip from Opti Inc., Santa Clara, Calif. In

EASES SYSTEM DESIGN addition, the chip holds cache-control logic. The company expects that many
designers may give up the flexibility afforded by a chip with no cache-control circuitry for a
lower-cost but high-performance solution. Opti’s use of a direct-mapped cache and posted-
write delivers the same performance as a more expensive two-way set-associative cache. The
control circuits on the company’s 82C281 PC motherboard logic chip for the 386SX can address
external cache memories of 16 to 128 kbytes, and makes it possible for users to define non-
cacheable regions. Also available is the 82C282, a slightly simpler logic chip without the
posted-write capability for more cost-sensitive systems. It lets designers get higher system
performance than the page or interleave memory control included into most other company’s
chip sets. Both chips include a page-mode dynamic-RAM controller that supports 256-kbit, 1-
Mbit, and 4-Mbit memories, and all of the interrupt, DM A, counter-timer, and bus-control logic
needed to build an AT-compatible motherboard. Contact Raj Jaswa (408) 980-8178. DB
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When it comes to affordable DSE
no one has 1t down like
Analog Devices.

o At 10 MIPS, the ADSP-2105

is the fastest DSPiniits price
category,and it's even faster than
many other DSPs costing a lot
more, Plus the price is the same
whether you buy 100 or 100,000.

“® The ADSP-2105 builds on the high =
performance ADSP-2100 family architec-
= - ture,seit’scode compatible. You can quickly
~—— port ADSP-2100 or ADSP-2101 code to the-
-~ ADSP-2105.0r use our C Compiler for a fast start

it’s also pin compatible with the ADSP-2101.
So it provides a complete upgrade path to
higher performance.

® The ADSP-2105 packs plenty onto
one chip,including 1024 words of
program RAM, 512 words of data
RAM, full serial port, hardware
-companding, timer and more. = =

*{t’s easy to get the ADSP-2105 up =
and running with our inexpensive e
: EZ-KIT,a completesoftware and hard-

° Notonly is the ADSP-2105 code compatible, ware design package.

= ]ntmducmgtheADSPZlOB il
= ato$990each

Introducing a DSP that could only come from Analog Devices, the ADSP-2105. An exclusive because it com-
bines the high performance of our ADSP-2100 family with an unprecedented prlce inDSP- _]USt $9.90 each. So now
you can con51der the power of DSP ina host of new applications.

Just howwell does the ADSP-2105 combine low price with high -
performance? Find out for yourself by ordering our EZ-KIT from your local
- Analog Devices sales office today. Or call DSP AN A‘LOG

Marketing at (617) 461-3771
, DEVICES
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remote possibilities are
ation breakthroughs.
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C designers can now
Pachieve color graph-

ics—with near-work-
station-resolution—using
justa6-or8-bit triple RAM-
DAC. The chip is a video-
palette digital-to-analog
converter with a color look-
up table. Dubbed CEG-
DSP (Continuous-Edge
Graphics-Digital-Signal
Processor), the ADV7141/
7148 RAMDACs emerged
from a joint development
by Edsun Laboratories,
Waltham, Mass., and An-
alog Devices, Wilming-
ton, Mass.

Edsun developed the
CEG antialiasing algo-
rithm and established the
system-level architecture.
The company also supplies
the software drivers. Ana-
log Devices designed the
digital-to-analog and digi-
tal-signal-processor cir-
cuitry using their propri-
etary CAE/CAD tools (de-
scribed at the recent Cus-
tom Integrated Circuits
Conference in Boston). In
addition, Analog Devices
fabricates the ICs.

CEG raises a PC’s level
of color graphics from its
usual complement of 256
colors available at any one
time to 800,000. The addi-
tional colors dramatically
improve the realism of
such 3D effects as shading
and highlighting on curved
surfaces. In a picture cre-
ated by these 8-bit RAM-
DAGCs, the expected rough,
staircase-like edges from
curved or diagonal lines
turn (see the figure, left)
into straight lines or
smooth curves (see the fig-
ure, right).

Without antialiasing,
each pixel on the CRT ei-
ther has or doesn’t have a

32(Kvéustasiom © O N T C

TECHNOLOGY ADVANCES

designated color value. In
a typical graphics system,
if the edge of a smooth
shape passes through a
pixel, the software approx-
imates the edge as best it
can—the pixelis Onif more
than half is covered by the
shape. Even in a high-reso-
lution system with many
pixels defining the shape,
the eye quickly detects the
On and Off dots.

Before

RAMDAC’S ON-CHIP DIGITAL SIGNAL PROCESSOR
GIVES A GRAPHICS-WORKSTATION L0ooOK To PCS

CEG performs antialias-
ing by permitting the soft-
ware to choose not only the
discrete palette colors, but
also a linear mix of those
colors. For example, if only
one-third of the pixelis cov-
ered by a shape, the pixelis
displayed in the ratio of 33
to 67. This ratio is the rela-
tionship of the shape’s col-
or to the background color.
The eye perceives the new

boundary as a smooth
edge. The software driver
for the RAMDACs mixes
colors in real-time, defin-
ing the value of every pixel
on a shape boundary. This
substantially raises the
perceived resolution of the
CRT display. And it's done
without altering the con-
tents of the standard 256-
color lookup table.

What will this technolo-
gy add to the cost of a PC?
The CEG-DSP DACs are
pin-for-pin, drop-in re-
placements for the current
6- and 8-bit converters.
Therefore, VGA boards
won’trequire anew layout.
That fact, coupled with an
under-$25 price tag (in
quantities of 10,000),
means CEG should add no
more than a few hundred
dollars to a VGA-compati-
ble PC’s cost.

For more information,
call Chris Hyde at(617)937-
1422,

FRANK GOODENOUGH

and RICHARD NASS

TECHNIQUE ACCURATELY PINPOINTS
PEAK TEMPERATURES IN GAAS MMICS

ecause of their re-
Bduced susceptibility

toradiation, gallium-
arsenide FETs are turning
up in more microwave/mil-
limeter circuits for aero-
space applications. Howev-
er, even though gallium ar-
senide does have advan-
tages in radiation, it
dissipates heat inade-
quately compared with sili-
con. That’s why scientists
at the Rome Air Develop-
ment Center (RADC),
Rome, N.Y., came up with
a new and more accurate
technique to determine the
peak temperatures of
GaAs ICs. The technique
involves using a finite-ele-

D ESTIGN

ment-analysis program to
model the IC and calculate
the temperature at the
FET’s gate region.

In developing the tech-
nique, RADC scientists
overcame two major obsta-
cles that thwarted past ef-
forts to improve such mea-
surements. First, the gate
area of the IC where peak
temperatures are found is
tiny compared with the
chip’s size. In conventional
analysis techniques, this
meant a mesh that was too
fine for analysis. In addi-
tion, the gate—whichis the
heat source—is rapidly
switched on and off. The
result is widely varying

temperatures that are
hard to pin down. Such rap-
id temperature changes
during pulsed operation
pose a concern.

The RADC’s work con-
cerned MMICs used in C-
band radar modules. The
modules consist of trans-
mit and receive compo-
nents attached to an alumi-
num chassis, which is at-
tached to a heat-sink plate.
Thermal analyses and
measurements performed
by the module’s manufac-
turer showed that temper-
atures in the chassis floor
were uniform and only 5°C
higher than the heat-sink
plate. These results told




g
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the RADC scientists to be-
gin modeling at the alumi-
num chassis. One of the
highest heat-producing
components in the module
is the driver-amplifier IC,
generating a peak value of
9 W of heat and an average
value of 2.31 W. There are
six FET cells in the input
and output stages of the
amplifier.

RADC’s chief engineer,
William Bocchi, used the
NISA II finite-element-
analysis program from En-
gineering Mechanics Re-
search Corp., Troy, Mich.,
for his thermal analysis.
Hebegan by looking for ar-
eas of thermal symmetry,
enabling areas of the mod-
el to be eliminated. Study
of temperature gradients
from a preliminary analy-
sis yielded further symme-
try conditions, which made
it possible for the model to
be reduced to only one-
fourth of a FET cell. Al-
though this model was con-
sidered too coarse to gen-
erate peak temperatures,
it was useful for calcula-
tions of boundary condi-
tions for a third and even
finer model. That finer
model included one half of
a drain, one gate channel,
and one half of a source. It
provided more accurate
temperature distribution.

The final step involved
using transient thermal
analysis on a 2D version of
the first model and then a
3D version of the second
model. The pulsed opera-
tion of the C-band driver
amplifier was simulated by
applying a 1-ms pulse fol-
lowed by a 3-ms pause. The
objectives were threefold:
One was to determine the
variation of temperature
with time to obtain peak
temperatures; another
was to compare transient
results with steady-state
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results that use an appro-
priate duty cycle; and the
third was to determine the
distance away from the ac-
tive region where tempera-
tures are relatively con-
stant with respect to time.

Infrared temperature
measurements could then
be more effectively used.
The results showed why
transient analysis is impor-
tant: peak values in the ac-
tive region were 55°C high-

er than steady-state re-
sults. As the distance from
the active region in-
creased, the peak values
approached steady-state
values.

DAVID MALINIAK

INTELLIGENT SOFTWARE HELPS
DIGITAL DESIGNERS BUILD ANALOG CELLS

igital engineers of-
D ten struggle design-

ing mixed-mode sys-
tems because their analogy
technology knowledge
comes only from textbooks.
Gould AMI, Pocatello, Ida.,
developed an innovative ap-
proach to analog modeling
that should solve this dilem-
ma. The Analog Model
Builder, which will be avail-
able in January 1991, will en-
able engineers to create ana-
log behavioral models on-
line simply by entering val-
ues for key analog
parameters.

Although this approach to
model building isn’t new to
digital design, it hasn’t been
done for analog cells. Creat-
ing a model builder for ana-
log cells is much harder than
for digital cells. The difficul-
ty isn’t writing the model-
builder software, but con-
ceptualizing the idea that an-
alog cells can be broken
down into primitives like dig-
ital cells. Developing analog
primitives isn’t as simple as
making digital primitives,
such as breaking down a flip-
flop into gates and trans-
fers. In analog technology,
the primitives are larger and
more complex.

Gould approached the
problem by breaking down
the most common analog
building blocks (such as
large gain cells, analog-to-
digital converters, and
sample-and-hold amplifi-
ers) into individual primi-
D K Sl 6 N

tives (such as current
sources and small gain
blocks). These primitives
were then broken down
into smaller primitives,
whichinclude resistors and
capacitors. When engi-
neers need to create a mod-
el for an analog cell, the
Model Builder uses a sili-
con compiler to build up
large blocks from smaller
primitives.

When the tool is called to
the screen, the Analog
Model Builder presents us-
ers with a menu of analog
functions. Selecting a
function brings a pseudo
data sheet up on the
screen, complete with mini-
mum and maximum values
allowed for each entry. Us-
ers must supply the input
to the data sheet. As an ex-
ample, foran ADC, the tool
may ask for the input volt-
age supply, tolerances for
the least-common bit, and
speed. The designated
speed would then deter-
mine whether or not to use
a flash converter or a
successive-approximation
converter.

Parameters vary accord-
ing to what kind of analog
function a cell is being cre-
ated for. In addition, some
parameter values depend
on others. For instance, a
dynamic range can’t be
larger than the power-sup-
ply voltage. These types of
dependencies will be
checked by the Specifica-

tion Advisor, a proprietary
expert software contained
in the Model Builder. The
Specification Advisor de-
termines the feasibility of
an analog cell based on the
user-defined parameters.
It also estimates area and
power consumption. De-
signers can use these val-
ues to approximate costs
and determine trade-offs
on-line.

The Model Builder out-
puts a schematic-capture
symbol, a behavioral-level
analog model, and the ana-
log-cell specifications used
by Gould AMI to generate
the actual cells. When us-
ers need more detailed sim-
ulation, they send the
specifications to Gould
AMI. The company em-
ploys the Parameterized
Analog Building Block
Generator (PABB) to form
a second- and third-order
model for accurate system
simulation. The PABB,
which will stay a Gould in-
house function, also gener-
ates information needed to
actually build the analog
function in silicon.

The Analog Model Build-
eris part of Gould’s Mixed-
Signal Design Solution II
system that will be avail-
able in January. Analog
functions that will be avail-
able include a sample-and-
hold amplifier, a switched-
capacitor filter, a crystal
oscillator,andan ADC.

LISA GUNN
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SOFTWARE BREADBOARD TEACHES

DESIGN METHODS BY EXAMPLE

novel simulation
tool from Texas In-
struments, Dallas,

teaches engineers how to
design DSP-based boards.
Specifically, it demon-
strates how the TI
TMS320C30 digital signal
processor works in an ap-
plication, how to verify
ASIC performance in the
application before commit-
ting to silicon, and how to
design for testability using
JTAG boundary-scan tech-
nology. To accomplish this,
the tool—called DSP/
Scope SimuBoard—pro-
vides engineers with a soft-
ware breadboard for an ex-
ample DSP application.
DSP/Scope SimuBoard
is the first software bread-
board thatsimulates a DSP
application combining
ASICs, standard-device
models, and models sup-
porting the IEEE 1149.1
design-for-test (DFT) ca-
pabilities. Designed as an
audio application, Simu-
Board shows how the C30
processor is used for a
speech-processing algo-
rithm that implements
pitch detection and speech
compression. The simula-
tion employs a fully func-
tional C30 SmartModel
from Logic Automation,
Beaverton, Ore., to exe-
cute the software code that
performs the algorithm.
The tool emphasizes
ASIC simulation at the
board level. Even after un-
dergoing extensive test
vectors, ASICs may not
work properly when put in
a board because of timing
or functional problems at
the board level. The TI Si-
muBoard indicates that by
simulating an ASIC in the
board, engineers can un-

cover difficult problems
before the design is imple-
mented in silicon.

The SimuBoard kit is a
computer-aided reusable
engineering (CARE) pack-
age that includes schemat-
ics, user documentation,
support software, and
SmartModels for TI's C30
digital signal processor,
Scope octal buffers, and
memory. TI TGC100 gate-
array models are included
for the Simuboard’s ASIC,
which is a floating-point
conversion function with
Scope cells. Scope is TI's
system controllability/ob-
servability partitioning en-
vironment.

A JTAG scan path is
built in the board’s design
to show engineers how to
simulate a serial scan chain
in a board. The SimuBoard
demonstrates how to exe-
cute JTAG instructionsina
Scope octal buffer, and de-
tails TT Scope instructions
for built-in self-testing.

The board is partitioned,
and includes manufactur-
ing-defect board-level vec-
tors—serial vectors that
have been fault-graded to
explain to designers how to
use JTAG capabilities in a
Mentor Graphics design
environment. These vec-
tors can then be reused to
test the actual hardware
prototype using TI’s Asset
scan-based diagnostic tool.
As a result, the tool de-
scribes a DFT methodolo-
gy from simulation to pro-
totype test.

For more information on
the software breadboard,
call (800) 336-5236, ext. 700
inthe U.S.and Canada, and
(214) 995-6611, ext. 700
from any other location.

LISA GUNN

Pick up
a little HP
quality today.

750V~ ~
1000y |
Max

. L

Futeg Ct‘mmon

HP E2373A
0.7% DCV, 1.2%
ACV accuracy;

HP E2377A

0.3% DCV, 1%
500 Hz .AC ACV accuracy;
bandwidth. 1 kHz AC
3-year warranty. bandwidth;

3-year warranty.

$169.00*

$99.00*

©1990 Hewlett-Packard Co. TMLID025B/ED

Call HP DIRECT, 800-538-8787,
Ext.THO2 to order your HP handheld
multimeter. Call before 4:00 P.M.

and we’ll ship the same day.

*U.S. list prices.

There is a better way.

HEWLETT
PACKARD
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HP E2378A
Same specs
as the E2377A
with a rugged-
ized case.
3-year warranty.

$189.00*




Toshiba semiconductor products are available from a distributor near you. You can reach the distributor of your choice by calling one of the central
numbers: Active Electronics, 1-800-388-8731; Cronin Electronics, Inc., 1-800-5CRONIN; General Components, Inc., 1-800-524-1463;
Goold Electronics, 1-800-323-6639; Itt Multicomponents Corp., 1-800-387-3687; Merit Electronics, Inc., 1-408-434-0800;




“There’s so much. New applications. New markets.
Denser memory for our systems. We could release that
design we made last year”

“So what are you waiting for? Get to work”
“You’re kidding. Is the 4 Megabit DRAM out? Who's got it?”

“loshiba. And you. It should be bere this
afternoon’

They're here all right. 4Mb DRAMs from Toshiba. Just think what you
can do with them. You can attack whole new markets. Design new portable
and lap-top applications where you've never had room for enough memory.
Embedded applications, too, where you're always so cramped for board space.

Here's the best part. You get the 4Mb density without any penalty in
power. In fact, they use no more power than a 1Mb DRAM. That means you
can upgrade a system without major redesign. It also means your system
will run cool, for added reliability.

Or how about that 80ns access time. That means you can design true
zero wait-state systems without resorting to cache memory or complex

Static Column

interleaving schemes.
4Mb DRAM SPECIFICATIONS The higl] derlSitY IS made

dMx 1 IMx4 . E
Access Times 80ns, 100ns 80 ns, 100ns pOSSlble by our (.8 micron
gpe;atilng Power 550mW, 468111\;’1?&805;8mw 495mW design I'UIGS, and our Twin 'Ihb
ackaging i
e vy e CMOS fabrication process. But

Nibble Static Column

Write Per Bit

you'd expect that from the

world leader in DRAMs. You'd
expect them to be available in all standard JEDEC package and mode
options. And they are. You'd expect them to operate on a single 5 volt supply,
too. And they do.

But we give you a few things you might not expect. A master slice
concept, for instance. That will cut your qualifying costs tremendously.
When you qualify one part, you qualify the whole family.

We save you costly testing time, too. The 8-bit parallel test mode lets
you test the unit as if it were eight 512K blocks in parallel. That takes only
1/8th of the time. And the test can be done at the component, board or system
level. In fact, your customers can test memory every time they power-up.

There’s more to tell. Much more. But we've run out of room. If you'd
like complete information, give us a call at 1-800-888-0848 ext. 517. We'll
drop a data sheet in the first mail. Service is our key component.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Marshall Electronics Group, 1-800-522-0084; Milgray Electronics, Inc., 1-800-MILGRAY; Marsh Electronics, Inc., 1-800-558-1238;
Reptron Electronics, Inc., 1-800-282-1360; Rome Electronics, 1-800-366-7663; Nu Horizons Electronics Corp., 1-800-726-7575;
Sterling Electronics, 1-713-623-6600; Western Microtechnology, Inc., 1-800-338-1600;



APPLICATION SPECIFIC PLASTICS FROM PHILLIPS 65

YOUR CONNECTION TO :::cmrco:
THE FUTURE ... TODAY “iner,

provide more than quality resins.

Your electrical/electronics Phillips 66 delivers with:
marketplace moves rapidly—with e Technical support, including the
change and innovation being the full facilities of the Phillips 66
normal course. In your designs, you Plastics Technical Center—
demand materials that not only keep expert personnel, computer-
pace but also help establish new aided design and the latest in
directions—such as Application testing and molding equipment
Specific Plastics from Phillips 66. Research efforts applied to your

Application SpﬁCiﬁC Plastics from current needs—and to your
Phillips 66 are here when you need future expectations
high temperature performance, Quality programs, including
dimensional stability, and chemical Statistical Process Control
and flame retardance. They are also (SPC), to assure that each
helping you move into new frontiers shipment you receive meets your

specific needs

b
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e Customer service—nbefore and
after the sale, to help you achieve
your goals from concept through
production and beyond

Recognizing your diverse
requirements, Phillips 66
offers a range of materials
that can be tailored to your
unique specifications:
Ryton® PPS—This
engineering thermoplastic
sets the industry standard
in electrical/electronic
applications because of its
high temperature operating
characteristics (with a UL
index of 240° C) and dimensional
stability. The combination of
unparalleled thermal, mechanical,
physical and electrical properties

e

Let’s work together on
your winning designs.”’

T P R Y

Crystalor™ PMP—As a polyolefin,
the glass-reinforced compounds of
Crystalor™ polymethylpentene

of Ryton® PPS, together with its
exceptional chemical and inherent
flame retardance, provides a price/

performance value that (PMP) offer properties that make it
you can appreciate. a material of choice for many
Ryton® S PPSS—As a electrigal/electronic gpplicaf[ions.
part of the Ryton® PPS It provides excellent insulating

properties and good hydrolytic
stability. Plus its low density (1.05
g/cc for a 30% glass-reinforced
compound) makes it an excellent
value for these and other
applications.

Discover how Application
Specific Plastics from Phillips 66
can be your connection to
successful designs. Call toll free

1-800-53-RESIN.

Or Telex #492455.

family of engineering
thermoplastics, this
amorphous polyphenylene
sulfide sulfone also offers
higher temperature ranges
—with structural use
temperatures of 400°F.
With exceptional
dimensional stability and
toughness, it can help you move into
the future, beginning today.

Aspect™ TPPE—This outstanding
thermoplastic polyester (TPPE)
offers improved flow and
processability that enables you to
mold complex parts. ltfills out
intricate parts easily and precisely—
even atlow injection pressures. It
also offers chemical resistance,
excellent mechanical properties,
and superior long-term thermal
performance—retaining over 50%
tensile strength after 17 weeks
at220°C.
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0.99 Power Factor Corrected
Switcher With Universal Input

1000 watt single and multiple output switch-
mode power supplies operate from 120 VAC
15 Amp service, or as Universal Input from
90 to 264 VAC line without strapping. Units
meet IEC 555-2 harmonic distortion and
UL, CSA, VDE, EN, and FCC safety and
EMI specifications. Other models operate
from 48 VDC or 120/230 VAC.

Contact: Qualidyne (619) 575-1100
Qualidyne p CIRCLE 641

Compact, Modular Switchmode
Supply Meets Class B EMI

Compact power supplies can provide up
to 400 watts with hundreds of volt/amp
combinations of from 1 to 7 DC outputs.
Units are available with in-line or side-
mount I/O terminals and operate from
120/230 VAC. Options include Auto
Current-Sharing with a isolated Power
Supply Fail signal, ideal for N+1 use.
Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 642

Low Profile/Low Cost Supplies
Are Only 2” to 3” High

Compact switchers feature robust, high-
current main and auxiliary outputs to suit
OEM needs. Single and multiple output
models provide from 250 to 1000 watts.
Wide user-adjustment ranges, auto AC
line select, integral fan-cooling, margin-
ing, and inhibit are among the features
and available options.

Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 643

ADVERTISEMENT

Modular 5” x5” & 5” x 8” AC-DC
Switchers & DC-DC Converters

Hundreds of models with up to 9 indepen-
dent outputs can be easily configured to
meet custom requirements without delays.
Providing 800 to 3000 watts, units operate
from 48 VDC or 120/230 VAC. All meet
EMI and safety specs from UL, CSA, EN,
FCC and VDE. Wide adjustable and cur-
rent sharing outputs available.

Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 644

1990-91 CATALOG

SWITCHMODE POWER SUPPLIES

HAC-DC EDC-DC CONVERTERS H 0.99 POWER FACTOR

= Low Cost
B Low Profile Case
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# 1to 4 Outputs

B User-Configurable
B 1to 9 Outputs
® Quick Customized Supplies
® Modular Construction

® Feature-Intensive
® Low Profile Cases
= 1to 9 Outputs
= 500 to 1000 Watts

B Wide Adjustment Ranges
= 600 to 1000 Watts
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u 1to 7 Outputs

= 1KW to 3KW
= 1to 9 Outputs
® N+ 1Redundancy
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TECHNOLOGY ANALYSIS

BOUNDARY SCAN HOLDS
COURT AT ITC "90

TECHNICAL PAPERS ON IEEE-1149.1 AND A MEETING
WITH ITS AUTHORS HIGHLIGHT THE SHOW.

JOHN NOVELLINO

ppropriately enough,
the upcoming Interna-

| registers

Scannable

tional Test Confer-
ence features a strong
collection of technical
papers on various as-
pects of boundary-scan techniques.
The show comes soon after the for-
mal approval of an IEEE standard
for this emerging technology. This
standard helps ease the task of test-
ing densely packed pe boards con-
taining components with closely
spaced pins or surface-mounted com-
ponents. But no standard can cover

I

™S
Control

>
TCK

Multiplexer

all aspects of a technology, so plenty
of room exists for discussions on the
partial use of boundary-scan compo-

nents, descriptive languages, test-

Test
access

pattern generation, and other relat-
ed topics.

More than a dozen papers at ITC
’90, scheduled for September 10 through 14 in Washing-
ton, D.C., discuss these topics as well as specific applica-
tions of boundary-scan testing. In addition, the confer-
ence features a two-hour panel session with the mem-
bers of the IEEE-1149.1 working group. This open meet-
ing offers attendees the chance to discuss any problems
or suggestions they encountered while implementing
their own designs with the people who actually devel-
oped the standard.

Work on the boundary-scan standard began in Novem-
ber 1985 with the formation of the Joint Test Action
Group (JTAG). Some of the biggest names in the electron-
ics industry were among the group: AT&T, British Tele-
com, DEC, Hewlett-Packard, IBM, Motorola, Philips,
Siemens, and Texas Instruments. The idea was to replace
the traditional probe technology—the so-called bed-of-

1. AKEY FEATURE OF THE IEEE-1149.1 boundary-scan architecture is the

test access port. Here, test signals can be serially applied and read on only four pins.

nails fixture—that had become too expensive and unreli-
able for testing high-density boards with VLSI and sur-
face-mounted components. By April 1988, a technical
proposal for boundary scan existed, and development of
the standard was transferred to the IEEE.

The IEEE Standards Board approved IEEE Standard
1149.1, IEEE Standard Test Access Port and Boundary-
Scan Architecture, last February 15 and the document
was published in May. The standard defines the test cir-
cuitry required in ICs and a uniform chip-level interface
for communicating test, maintenance, and support infor-
mation.

With the four-pin (optionally five-pin) test access port
(TAP), external devices can communicate with the on-
chip test circuitry (#%g. 1). The required pins include Test
Data In (TDI), Test Data Out (TDO), Test Mode Select

Er B ERE U IR GOONSLECS: D
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(TMS), and Test Clock (TCK). To
achieve this minimal number of pins,
instructions and data are transmit-
ted serially. The on-chip circuitry in-
cludes a scan path that enables the
tester to determine whether the IC is
properly connected. Also defined is
an optional self-test mode for the IC
itself as well as other functions, such
as the ability to read an identity tag
embedded in the test circuitry.

TaMING THE SPEED DEMON

One common problem test engi-
neers face is keeping up with the
speeds of the products being devel-
oped. Under the best circum-
stances, it's difficult to do at-speed
tests on today’s fastest devices.
Surface-mounted components and
25-mil pin spacing only make the
job tougher. Fortunately, the
IEEE-1149.1 sample mode makes it
possible for users to sample the re-
sponse data from a module under
test (MUT) at the module’s speed,
but transfer the data to the tester
at a much slower rate.

Mark F. Lefebvre of Digital
Equipment Corp., Andover, Mass.,
describes a sample-mode scan tes-
ter that takes advantage of this
speed difference. The tester is be-
ing developed to diagnose at-speed
functional faults on modules that
incorporate boundary-scan tech-
nology. Lefebvre’s paper, “Func-
tional test and diagnosis: A pro-
posed JTAG sample-mode scan tes-
ter,” notes that initial results indi-
cate that sample-mode testing can
effectively reveal faults on boards
where the lack of physical access
prevents the use of traditional
functional testing.

The test procedure captures the
nodal response of the desired test-se-
quence cycle at the boundary-scan
latches required in devices that com-
ply with IEEE-1149.1. This data is
then shifted to the tester. The trans-
fer, however, doesn’t have to occur
immediately after capture and
needn’t be done at MUT speed. The
tester Lefebvre describes includes a
scan subsystem and a host proces-
sor. The scan subsystem contains
hardware that manipulates the MUT
interface and controls the operation

42[%uustaion © O N T C

of the 1149.1 devices on the MUT.
The host processor—a VAXStation
3500—controls the scan subsystem,
executing the needed software mod-
ules. The application program is also
loaded and executed from the host
processor.

The technique does have some lim-
itations. For one, the MUT must con-
tain the signals and logic needed to
synchronize the module test se-
quence and the tester’s operation. In
addition, the relationship between
the MUT and the test clocks will de-

Sequential partition state machine

a

- 1— LED array
=t &
Reset
Combinatorial partition
ino——— ASIC — -—l
Out Out
ATPG results
Combinatorial/
sequential/total Whole
No. of devices 13/17/30 28
No. of faults 352/198/550 548
No.of fault classes ~ 241/139/380 3N
Fault grade (%) 97/100/98.1 98.3
No. of patterns 37/69/106 100
2. A GENERAL

DEMONSTRATION BOARD buitt

by Texas Instruments to evaluate automatic

test-pattern generation for houndary scan

was configured to drive an LED array. The

ATPG tests were performed twice—once with

the board partitioned into sequential and

combinatorial logic, and again with the board
as one entity.
termine the tester’s effectiveness.
Finally, for satisfactory diagnostic
resolution, a large percentage of the
MUT devices must comply with
IEEE-1149.1.

That last condition reflects one
concern of boundary-scan testing.
Although the technology has been
well received, it will be a long time, if
ever, before pc boards contain 100%
boundary-scan devices. Gordon D.
Robinson and John G. Deshayes of
GenRad Inc., Concord, Mass., ad-
dress this problem in their ITC 90 pa-

DTS G N

per, “Interconnect testing of boards
with partial boundary scan.” The au-
thors note that diagnosing shorts
and opens on boards with both
boundary-scan and non-boundary-
scan parts is difficult, largely be-
cause the normal parts are powered,
active, and unpredictable when the
boundary-scan circuitry is used.

The test procedure requires four
stages. The first is a conventional
shorts test between all of the places
where the tester has physical access.
Next comes a scan-path integrity

test, which ensures that the test-
ability circuitry in the boundary-
scan devices and the scan-path seg-
ments between components work
well enough to be used in later
stages.

The third stage is an interaction
test, which checks for shorts be-
tween nodes with physical tester
access and boundary-scan nodes
without such access. The last stop
is an interconnect test that looks
for opens and shorts on the pure
boundary-scan nodes. This stage is
similar to other boundary-scan in-
terconnect test methods.

NORMAL DEVICES DISABLED

When checking for shorts be-
tween nodes with full or partial
boundary-scan control and bound-
ary-scan or tester observability,
the authors include the board’s
edge connector inputs and outputs.
This is because they can be con-
trolled and observed as easily as
the boundary-scan nodes. When
the test is in this stage, a set of pre-
calculated patterns identifies
groups of nodes that may be short-
ed. Then a set of adaptively gener-

ated patterns walk a dominant value
through these groups.

If a node can be driven by either a
boundary-scan or non-boundary-
scan component, the normal compo-
nent must be disabled by holding its
enable line at the disable value. This
is done with standard in-circuit isola-
tion algorithms.

If boundary-scan testing is to gain
wide-spread acceptance and use, the
industry must have a standard lan-
guage to describe the essential fea-
tures of devices that comply with
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IEEE-1149.1. The document leaves
much room for user-designed fea-
tures and options, so designers will
need a way to describe their particu-
lar implementations. Kenneth P.
Parker and Stig Oresjo of Hewlett-
Packard’s Manufacturing Test Div.,
Loveland, Colo., propose a solution
in their paper, “A language for de-
scribing boundary-scan devices.”
The language was developed with in-
put from a large number of compa-
nies, many of which helped draft
IEEE-1149.1.

The language, dubbed Boundary-
Scan Description Language (BSDL),
is a subset of the VHSIC Hardware
Description Language (IEEE Stan-
dard 1076-1987, VHDL). The authors
state that the language was written
with two criteria in mind: that it be
user-friendly when writing files, and
that it be simply and unambiguously
parsable by computer. Another ben-
efit, according to the paper, is that
users who attempt to code device
features or make semantic checks
may discover compliance violations
in the device. If a device can’t be de-
scribed by BSDL, the component
doesn’t comply with 1149.1.

BSDL isn’t a general-purpose
hardware description language; it
describes the testability features of
1149.1-compliant devices. With a
BSDL description and a knowledge
of the standard, tools for testability
analysis, test generation, and failure
diagnosis can understand the data-

transport characteristics of a device.
VHDL'’s additional capabilities per-
mit simulation, verification, compli-
ance analysis, and synthesis func-
tions.

The proposed language concen-
trates on the many options that de-
signers of boundary-scan devices
can choose. In fact, it doesn’t include
design elements required by IEEE-
1149.1. For instance, BSDL doesn’t
describe the Bypass Register be-
cause the standard fully defines it,
without options. The authors note
that going this route should elimi-
nate both redundancy and the oppor-
tunity for error.

An area in which boundary-scan
techniques should have a major im-
pact is automatic test pattern gener-
ation (ATPG). Few ATPG tools are
available for board testing, but
IEEE-1149.1 should facilitate both
manual and automatic pattern gen-
eration for boards. The key is proper
partitioning of the board into the log-
ic clusters required by 1149.1, ac-
cording to “ATPG issues for board
designs implementing boundary
scan.”

ATPG EXPERIMENT

The paper—written by Don
Sterba, Andy Halliday, and Don
McClean of Texas Instruments’ De-
fense Systems and Electronics
Group, Plano, Tex.—describes an ex-
periment conducted on three differ-
ent types of demonstration boards to
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different boards with each other.
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uses a phase-locked loop and voltage-controlled crystal oscillator to align clocks from

l 3. THE SCAN-AND-CLOCK-RESOURCE IC designed by Apollo ’Computer

DB ST TGN

evaluate ATPG in a boundary-scan
environment. According to the au-
thors, the partitioning makes it pos-
sible for the ATPG tools to work on
smaller clusters of logic, rather than
on a complete board, making ATPG
more feasible.

The first board was a general dem-
onstration board that held a small de-
sign with a sequential logic partition
and a combinatorial logic partition
thatincluded a boundary-scan ASIC.
The second was a more complex
board with a boundary-scan ASIC, a
statistical data processor, a speech
processor, state machines, and a
VME-bus interface. The last board
was based on a digital signal proces-
sor and contained a boundary-scan
ASIC, two digital-signal-processor
chips (one with boundary scan), a mi-
crocontroller sequencer, and a VME-
bus interface.

Conventional buffers, transceiv-
ers, latches, and registers were re-
placed with TT’s Scope Octals, which
have boundary-scan capability. The
ATPG and fault-simulation tool used
was Racal Redac’s Intelligen/Cadat,
which handles sequential and combi-
natorial logic and processes func-
tional primitives.

The general demonstration
board’s state machine outputs drive
an LED array (Flig. 2). Intelligen
handled the board in two different
modes. First, the board’s sequential
and combinatorial logic partitions
were submitted separately. Then the
design was submitted as a whole.
The results were similar, varying
only because of the duplication re-
quired by the partitioning. About 100
patterns were generated and 550
faults were defined. Fault coverage
was better than 98%.

The authors concluded that de-
signers implementing boundary
scan should follow general guide-
lines for design for testability (DFT),
especially the isolation of complex
devices. By replacing standard parts
with scannable ones, many DFT fea-
tures can be used without any addi-
tional components. Also, a struc-
tured, hierarchical method of design
capture in the CAE environment will
make partitioning easier.

Taking advantage of scan-based
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techniques, Apollo Computer,
Chelmsford, Mass., designed a chip
that can act as a centralized resource
to control board-level test functions.
By placing this scan-and-clock-re-
source (SCR) chip on each board,
Apollo can link every board to an in-
ternal or external test processor,
eliminating the need for specialized
in-circuit testers. The SCR chip is
used on the Apollo DN10000 work-
station.

Bulent I. Dervisoglu describes the
SCR in his ITC’90 paper, “Towards a
standard approach for controlling
board-level test functions.” Besides
accessing the scan paths and other
testability features available on the
board, the chip generates the neces-
sary clock signals. It can supply sep-
arate control and clock signals for up
to eight independent ports. Apollo, a
division of Hewlett-Packard, select-
ed certain differences in the features
of various board components han-
dled by the SCR. Other differences
must be resolved by the diagnostic
software. Consequently, the chip
works with boards that have both
scan-based and non-scan parts.

The clock circuitry minimizes the
skew among the several clock sig-
nals (Fig. 3). A local voltage-con-
trolled crystal oscillator and phase-
locked loop align clocks from differ-
ent boards with each other. A free-
running output from the chip is fed
back to supply the SCR’s own clock.

The SCR has a limited instruction
set that uses or modifies a set of 16-
bit internal registers. The three cate-
gories of instructions include regis-
ter op instructions, which read or
write the registers; clock control in-
structions that start or stop the func-
tional clock; and sean control instruc-
tions, which perform regular scan-
in/scan-out operations or generate
pseudo-random test vectors and cap-
ture test signatures. All instruction
op codes are 8 bits long.

Dervisoglu notes that one advan-
tage of this approach is that the tar-
get chips and boards can share the
controller’s features. As a result,
testability features that may be too
costly to include in the individual
chips can be made available through
the SCR.OJ
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Systems utilizing the new
Samsung 84C31 take off.
They run like Triple Crown-
winning thoroughbreds.
They blaze, scorch, and
leave others in their dust.

In a word, they are fast.

And they make even
speedy 68040 systems that
don’t use the 84C31, look
like they’re not in motion.

The 84C31 was designed

Yo

: W!;T“"'?‘

with the close cooperation
of Motorola. It is the only
DRAM controller designed

SAMSUNG'S DRAM C;NTI;)LLET R
FOR THE 68040 AND 68030

PartNumber  RA
KS84C31-35CL
KS84C32-35CL

RANG Sigprtsd . Packaye
256K, 1Mb
956K, 1Mb, 4Mb

Samples and production available now

68-pin PLCC
84-pin PLCC

specifically for Motorola’s
powerful 68040 and 68030
MICrOProcessors.

Like the extremely suc-

cessful earlier—generation

68040 SYSTEMS EQUIPPED
LL NOTICE A

Samsung System Accelera-
tors’ the part is highly
integrated and inherently
fast. And as the cutting
edge in memory control, it
can help you simply and
economically enhance even
68040 performance.

The 84C31 supports both
the burst and non-burst

modes of the 68040. It also

provides a direct interface




WITH OUR DRAM CONTROLLER:

CERTAIN IMPROVEMENT.

to the microprocessor.
Which saves you dollars,

board real estate, and

6!030 PEIIFORMANCE SUMNAW

l cceds (/mk DRAM Speed Frequency (Mhbz)
4-2-2-2 70 ns 20
5-2-2-2 120 ns 20
5-2-2-2 80 ns 25
6-2-2-2 120 ns 25
6-2-2-2 80 ns 33
7-2-2-2 100 ns 33

Access ( /mk DR/ UI \p{ﬂ l‘ra]u(nnl (« 41/74)
3-2-2-2 80 ns 25

100 ns 25

120 ns 25

80 ns 33

100 ns 33

(iglgn time, since 1t means
you don’t need additional
glue logic.

Eave of design is another
advantage. As a glance at
our System Design Guides
will show, it’s an unusually
simple chip to design in.

All in all, we believe the
84C3l1 is the best memory
controller solution available

tod ay.

For details on using it to

make your designs take off,
contact DRAM Controller
Marketing, Samsung
Semiconductor, 3725 No.
First St., San Jose, CA
95134. Or call 1-800-669-
5400, or 408-954-7229.

_gw
t7e SAMSUNG

W¥ Semiconductor

© Samaung Semiconductor, Inc., 1990. System Accelerator is a trademark
of Samaeung Semiconductor, Inc. Motorola is a trademark of Motorola, Inc
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Be Brilliant At

In Productio

7:05am :Breakfast
Suddenly, between bites,
the answer to that new system
design jumps right into your
brain. But how to make it work
in silicon? Use an Actel field
programmable gate array!

8:50 am: Design 11:00am : Place & Route 12:00pm: Lunch
You warm up the design You watch the system place Remember lunch? Normal
program on your 386 and put and route all 1700 gates (out people actually stop working
in the final touches.Then a quick of 2000 available) in under 40 and have a nice meal—right in
rule check and 25 MHz system minutes. 100% automatically! the middle of the day! With
simulation with the Action A final timing check.Then think Actel’s logic solution, this
Logic System software. of something to do until lunch. could become a habit.

ACTEL FIELD They're a feast for your
PROGRAMMABLE imagination. :
GATE ARRAYS Actels ACT"1

arrays bring you a com-

pletely new approach to logic integration.
Not just another brand of EPLD, PAL, or
LCA"chips. But true, high density, desktop
configurable, channeled gate arrays.

They're the core of Actel’s com-
prehensive design and production system
for creating your own ASICs. Right at your
desk. On a 386 PC or workstation. With
familiar design tools like Viewlogic, OrCAD"
and Mentor."

And do it in hours instead of weeks.
Even between meals.

How? With features like 85% gate
utilization. Guaranteed. Plus 100% automatic



1:15pm: Program
You load the Activator™
programming module with a
2000-gate ACT 1020 chip and
hit “configure!’ Take a very
quick coffee break while your
design becomes a reality.

1:25 pm:Test

You do a complete,

with built-in test circuits that

generating any test vectors.

placement and routing. Guaranteed.

real-time performance check,

provide 100% observability of

And you're finished way ahead
all on-chip functions. Without

4:00 pm: Production
Your pride and joy is
designed, created, tested, and
off to the boys in Production.

6:00 pm: Dinner
Remember dinner? Normal
people actually go home and
eat with their families. On your
way, start thinking about how
Actel’s logic solution can help
you be brilliant tomorrow.

of schedule! Better think of
something to do until 5:00.

equations across multiple PLDs.
Or being short on flip flops. Or
running out of connections halfway
through routing.

Every Actel part is fully tested
at the factory, and each antifuse
1s verified during programming.
So you don't have to give up
testability for convenience.

So you finish fast, and never get
stuck doing the most tedious part
of the job by hand. And design
verification is quick and easy,

with on-chip Actionprobes”

that work with -

your logic ana-

lyzer to provide

100% observability

of internal logic signals. Guaranteed.

All this is made possible by Actel’s
invention of the revolutionary PLICE™
antifuse programming element. Developed
specifically for logic integration, PLICE
antifuses and Actel’s gate array architec-
ture let you pack more functionality into
much smaller spaces. No more splitting

You can be brilliant right now
with 1200- and 2000-gate devices, and
6000-gate parts are on the way.

Call 1-800-227-1817, ext. 60 today for
a free demo disk and full details about the
whole Actel logic solution.

It could

whole day.

and PLICE are trad
trademark of Vmwloglt Sysmm Inc. OrCAD s @ m:dnmcrﬁ of OrCAD Systems, |m Mentor is a trademark of Mentor Graphics Corp.

of Actel Corp. PAL is a registered trademark of AMD Corp. LCA is a trads k of Xilinx Corp. Viewlogic is a
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Don't keep
your processor
in suspended
&3  animation.

Introducing the industry’s first
20 and 25ns—1 Megabit SRAMs.
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History is filled with examples of good architecture

gone bad. Elegant designs left hanging because they
didn’t have the right parts.

As a system designer, you've probably experienced
the same thing. Now, Paradigm Technology offers a
solution. The industry’s first 20 and 25-nanosecond 128K x
8 SRAMs.
Our 1 Mb SRAMs provide significantly enhanced
functionality, throughput and performance in a variety of
architectures. What's more, a very small cell size allows our
chips to fit neatly into packages as small as 400-mils—all

made possible by a
proprietary dual-well
CMOS process.

Best of all, every
SRAM is fabricated right
here in our own facility in
San Jose, California.

Don't keep your Lo
processor in a sate of sy

suspended animation. To
place an order for any of our family of very fast 1 Mb and

256K SRAMS, call Paradigm’s Express Chip hotline today

Catch the Expresssm
1-800-767-4530

PARADIGM TECHNOLOGY, INC. 71 Vista Montana, San Jose, California 95134
(408) 954-0500 FAX (408) 954-8913
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COVER FEATURE

DELTA-SIGMA ARCHITECTURE PUTS Two 18-BIT
AuDn10 DACS—COMPLETE WITH DIGITAL AND
ANALOG FILTERS—IN A TINY 28-PIN SOIC.

18-BIT AUDIO DACS CUT
PCB SPACE DRAMATICALLY

FRANK GOODENOUGH

pen a compact-disc player, and
you’ll find that the digital-to-an-
alog conversion section occu-
pies 8in.% of space, approximate-
ly. The section includes a two-
channel digital interpolation fil-
ter IC, followed by a dual 16- or
18-bit DAC chip. The DAC
drives an IC with a pair of con-
tinuous-time lowpass smoothing filters.
Rounding out the section is an IC with a pair
of output op amps (see the opening illustra-
tion). Not including a DAC, these four IC
packages plus a handful of resistors and ca-
pacitors for the filters cost about $30 to $40
(in 1000-unit lots). And an 18-bit dual DAC
could run another $15 to $20 in cost.

Crystal Semiconductor has replaced all of
those parts with a true subsystem-on-a-chip
in one 28-pin SOIC package—the CS4328. The
chip is just 0.7-in. long by 0.4-in. wide, includ-
ing pins (it's also available in a 28-pin DIP).
Moreover, with an A-weighted dynamic
range of 97 dB, it’s as good as any audio DAC
commercially available over the audio range.
A-weighting is a term that refers to a stan-
dard curve that defines a CD player’s modi-
fied frequency response. The complete DAC
sub-system, which includes separate analog
and digital CMOS chips on the same lead-
frame in one package, will be priced at about
$30 each in 1000-lot quantities (see the table).

Crystal accomplished this miniaturization
task by applying its expertise in delta-sigma
analog-to-digital converters and by translat-
ing it into delta-sigma DACs. The tiny SOIC
package contains two complete 18-bit DACs.
The DACs, without any other components,
take a standard 3-line serial input from the

audio data processor and supply a pair of out-
puts ready for an RCA-type phone-jack. That
is, the two outputs are ready to put 2 Vpk-pk
across 600 Q.

The 36,800 mil® digital die is built on a 1.5-
pm process, while the 28,500-mil? analog chip
is built on a 3-pum process. Similar to most dig-
ital ICs, the former can be shrunk easily with
anew mask setand a finer-geometry process,
for possible further cost reductions (Crystal
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COVER: COMPLETE 18-BIT STEREO DAC

has already shrunk the digital die in
their audio ADC).

There’s much more to the CS4328
dual-DAC ICthan its application in a
CD player. For openers, it’s a pair of
true, slightly better than 16-bit-accu-
rate, glitchless DACs that can be up-
dated at rates that are better than 50
kHz. Each of the two DACs costs
about $15 in 1000-unit lots. More-
over, the analog smoothing filter in
the output circuit of each DAC di-
rectly tracks the DAC’s input word
rate. Consequently, the same device
can be used for diverse applications
without redesigning a filter circuit.

These applications include preci-
sion waveform generation for a vari-
ety of uses, ranging from ATE and
arbitrary waveform creation to com-

plimenting a delta-sigma ADC in
DSP applications. Other applications
include music synthesizers, studio
audio systems, and musical-instru-
ment keyboards. Note that if a de
voltage is required from these
DACs, they must be refreshed con-
stantly with the same digital word.

A more esoteric application in-
volves music composition on work-
stations. Software designers can
write music for composers on their
workstations. Once connected to one
or more DACs and a multichannel
audio system, the designers can lis-
ten to the music instantly.

A Croser Look

Following the IC’s serial input in-
terface block are 8X oversampled

digital interpolation filters (see the
figure). The filters drive 64X over-
sampled digital delta-sigma modula-
tors, each producing a 1-bit bit-
stream. In the 1-bit DACs, the bit-
stream converts the reference to a
train of pulses with constant height
and variable-ONEs density (ONEs
density is the ratio of the number of
ONEsS to the number of ZEROs for a
given period of time).

The analog pulses from the DACs
are applied to the 4th-order switched-
capacitor, lowpass, analog filters.
The pulses drive two-pole, continu-
ous-time filters to eliminate
switched-capacitor clock noise. The
switched-capacitor filter convenient-
ly tracks the clock frequency, mak-
ing it possible for the 4328 to be used

Format Select
Digital Input Format 0 Digital Input Format 1
| | AN, el Ty nd i P e ]
| i
Left/Right Clock | Digta die {
Audio data | Bitlnput | Serial-input G428 =
processor | Clock  ~ I interface |
Serial Data In‘pﬁir I
|
l — Analog die | |
X digital igta
: interpolation delta-sigma rL"'::g:e :
| filter modulator ’ |
Power-up e | |
and Reset ] ) i
calibration | f ]
control I o — I
igital igita 6th-order |
[ E—— I interpolation delta-sigma 1-bit DAC f—>{ analog lowpass |— MOS#.ET +0)
] filter modulator filter b ol :
|
| | Analog
l | > outputs
| 1 L[ 2
|
6th-order |
| : MOSFET
l Calibration microcontroller Clock oscillator-divider 1-bit DAC =1 analoglltz:lpass | amplfier |L°.4
| |
| |
| |
I bl 7, | oy | [T ) Blas il ]l SRR T e T N ISR SR T [ TR
Comparator & L External Ext%rlr’ital‘ﬁlock & & Analog Analog o)
Input Calibratiorﬂ Clock Input p Clock-Speed | Clock Output  Clock Input Calibration | Comparator Output
Output D Select Input
Optional crystal

TWO CHIPS COMPOSE the cs4328 18-bit, dual complete audio DAC: a digital circuit on a large and dense die made in a 1.5-um CMOS
process (left), and a precision analog circuit on a smaller die made in a 3-.um CMOS process (right). The digital circuit converts

a 30- to 50-kHz bit-stream to an oversampled, digitally filtered, delta-sigma modulated stream. The analog circuit, in turn, converts

the modulated stream to a pair of audio signals ready for a headset or a stereo amplifier.

52%kubustasisno © * N TP

E SIGN




402



COVER: COMPLETE 18-BIT STEREO DAC

with all three standard digital-audio
sampling rates (32, 44.1, and 48 kHz),
or any other rate required for a spe-
cific application. If very-low-fre-
quency sampling—say a few kilo-
hertz—is used, more continuous-
time filtering can be added at the out-
put stage.

The continuous-time filter drives
the CMOS output amplifier, which
puts out =2 V across 600 Q. The am-
plifier's output is short-circuit pro-
tected by limiting the output current
to =20 mA. The 4328's signal-to-
noise + distortion (THD+N) ratio is
a minimum of 93 dB. A-weighted, the
4328 dual-DAC’s THD-+N ratio is
typically 97 dB.

Like all of Crystal’s ADCs, the
4328 has autocalibration. An auto-
zero operation is instigated after
power-up by bringing the Reset pin
low. This action forces the output of
the DACs to zero (through the cali-
bration microcontroller) and resets
the digital filter and modulator. The
digital correction word is stored in
the static RAM. When Reset goes
low, the Calibration Output signal
goes high and stays high until the
end of an offset-calibration cycle,
which takes 1024 input-word-rate cy-
cles to occur (the input word rate is
the frequency at which new words
for each channel are fed to the DACs,
and is the same as the frequency on
the Left/Right Clock line). The Cali-
bration Output signal line must be
connected to the Comparator Input
signal line for offset calibration to
occur.

SYSTEM SIGNALS
Because the 4328’s digital-signal

and control circuits are versatile, the
IC can operate with four different se-
rial data formats of 0 through 3. For-
mat 0 is compatible with the combi-
nation of existing 16-bit DACs and
digital-filter chips. Format 1 is the
18-bit variant of format 0. Format 2
is similar to that of Crystal’s ADCs
and many DSP serial ports. Format 3
is compatible with the popular I%S se-
rial data protocol.

Formats 2 and 3 support 18-bit
words, as well as 16-bit words fol-
lowed by two zeros. All formats em-
ploy a two’s-complement code, with
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GS4328 DUAL 18-BIT DAC SPECIFICATIONS

Parameter Minimum Typical Maximum Units
_ Dynamic range 93 95 dB
Dynamic range (A-weighted) 97 |
Signal-to-noise + distortion ratio
0dB out 92 94 : dB
—20 dB out 75 dB
—60 dB out 35 dB
—20 dB out (A-weighted) 77 dB
-60 dB out (A-weighted) 37 dB
Phase response +05 Deg.
Passband (see note)
To 3-dB corner 0 235 kHz
To 0.001-dB corner 0 216 kHz
Ripple 0.001 dB
Stopband 264 kHz
Stopband attenuation 90 dB
Interchannel isolation -80 dB
Dc interchannel gain mismatch 1 mv
Dc gain error +5 %
Dc gain drift 150 ppm/°C
Dc offset error (after calibration) e mv
Full-scale output-voltage range 32 Vpk-pk
Power-supply current
Analog@ +5V 35 mA
Analog @-5V 35 mA
Digital @ +5V 50 mA
Power-supply rejection ratio 30 dB
Analog characteristics are at 25°C; supply rails = =5 V; full-scale output sinewave = 991 Hz; input word rate = 48
kHz; data clock = 3.072 MHz; load R = 10kX; measurement bandwidth is 10 Hz to 20 kHz, unweighted unless noted.
Note: The passband and stopband edges scale with frequency. For input word rates (IWRs) other than 48 kHz, scale
the 0.001-dB passband edge by 0.45 X IWR and scale the stopband edge by 0.55 X IWR.

the most-significant bit being first.

Data is brought in from the audio
data processor on the Serial Data In-
put pin, while the Bit Input Clock pin
receives the serial data clock, and the
Left/Right Clock pin defines the
channel and data delineation (see the
figure again). In formats 0, 1, and 2,
the Left/Right Clock signal is high
for the left channel and low for the
right channel. The reverse is true for
format 3. A 2-bit word on the Digital
Input Format 0 and 1 pins selects the
type of format desired.

The DAC’s master clock signal
comes in on the External Clock Input
pin. Alternatively, a crystal may be
connected between the External
Clock Input and External Clock Out-
put pins.

The master clock, whose frequen-
cy is a function of the desired input
word rate and the Clock-Speed Select
signal, runs the interpolation filters
and delta-sigma modulators. By set-
ting the Clock-Speed Select line low,
an External Clock Input frequency is
chosen that’s 256 times the input
word rate. Setting it high produces

D ESTIGN

an External Clock Input signal that’s
384 times the input word rate.

The Analog Clock Output signal
frequency, which clocks the
switched-capacitor smoothing filter,
is always 128 times the input word
rate. For example, if the Left/Right
Clock signal is 44.1 kHz and the
Clock-Speed Select signal is low, the
External Clock Input signal should
be 11.2896 MHz and the Analog
Clock Output signal will be 5.6448
MHz. If the Clock-Speed Select sig-
nal is high, XTI should be 16.9344
MHz but XTI is still 5.6448 MHz.[]

PRICE AND AVAILABILTY

The CS4328 18-bit dual stereo DAC in a 28-
pin plastic SOIC goes for $35 each in quan-
tities of 100. Its identical twin in a 28-pin
plastic DIP goes for $30 each in the same
quantities.

Crystal Semiconductor Corp., P.0. Box
17847, Austin, TX 78760; Brad Fluke, (512)
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600 Watts
Perinch

Our expanding family of compact, configurable, power systems combine the
flexibility of a custom supply with the availability of standard catalog products
... in low profile, compact packages that let you pack the most power into the
least amount of space. And they meet the specialized input voltage, noise and
transient requirements of major worldwide markets. Think of them as a universal
solution for most of your system power requirements . . . AC or DC input . . . in
computer, telecom or vehicular applications . . . up to 600 Watts.

FlatPAC™ is the industry benchmark for power density in off-line applications.
And now, ComPAC™ sets the standard for DC input supplies . . . in a package
less than one inch tall! Both offer unprecedented flexibility in configuration along
with instant availability . . . in a fraction of the space required by conventional
switchers. Just define your requirements . . . we utilize our high frequency, high
power-density converters to quickly configure a FlatPAC or ComPAC specific to
your needs.

“ml'mwllm]|;|l||||m!|l||l||n‘|u‘maln:la||]a;i|m‘!m|1|1%||llxlg’ullmiuui,t.;;\;;1!13u!s.g‘;ln;;g»l:Mzwl\a\lavia._s\aia\‘igz;‘u\.;\\.wluu'\zupgl;\e[u‘ml.\%

e

You benefit from the proven field performance, high efficiency and inherently high
reliability of our component-level power converters, without sacrificing any of the
features you need: off-line inputs for worldwide application; nominal DC inputs
from 24 to 300 VDC; surge limiting; safety agency
recognition; EMI/RFI to FCC/VDE, British Telecom,
Bellcore or MIL-STD-461; totally isolated and trim-
mable outputs; AC OK and DC OK status signals
... and more.

You don'’t have to choose between costly and risky
custom development or bulky catalog supplies. Call
us to discuss FlatPAC and ComPAC . . . the new
standards that make customs obsolete.

Does your power supply measure up?
Call vic O exemess for a free ruler
at 1-800-735-6200 or 508-470-2900 at ext. 265

\) \'4 [ ||| I Component Solutions For Your Power System

! 23 Frontage Road, Andover, MA 01810

Common Stock Treded on NASDAQ under “VICR™
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You Can Only Goto a

Oki’s New 0.8pm

ASICs

f your ASIC vendor’s 1.0pm
product is at the end of its
shrink, your anxieties are
justified. When they’ll get
to the higher speeds and densi-
ties you need for next-generation
products is a good question.
Oki’s there now. Our new
family of true 0.8um drawn
sea-of-gates offers the migra-
tion path you need to 0.6um,
0.5um, and beyond. With 200
ps to 400 ps gate delays and 500
MHz flip-flops, these new CMOS
5-Volt SOGs provide the high-
speed performance your sys-
tems require now —and in the
future. Manufactured on a
proven, high-volume produc-
tion line, they also provide the
guaranteed quality and reliabil-
ity your systems demand.
Choose from a range of
products — 4K to 92K usable

gates —and JEDEC metric pack-
ages, including QFP and PGA.
Our automatic test vector
generation (ATVG) capability
using scan macros allows you to
achieve greater than 95% fault
coverage. And it’s easy to design
with Oki ASICs. We support
many popular industry-standard
platforms and offer industry-
standard in-house tools such as
Verilog® and Explorer Rene.™

Start easing your ASIC anxi-
eties today. Call 1-800-654-6994
and schedule a consultation.
We’ll analyze your ASIC needs
and provide the complete de-
sign support you need for to-
day’s high-density systems —and
for those even higher perform-
ance systems you’ve thought
about, but couldn’t design. Now
you can—with OKi.

Transforming technology into customer solutions




Shrink for So Long
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0.8..m Oki ASIC Product Family

‘ Esti-
mated

No.
Usable of Package Types
Core 10
Family' Gates? Pads PLCC QFP PGA

MSM10S01XX 4K 100 68,84 60to100 88to 108
MSM10S03XX 12K 160 68,84 80to144 8810132

MSM10S05XX 22K 208 12010208 10810208 OKI

MSM10S09XX 36K 272 14410272" 10810256 ,

MSM10S11XX 47K 304 14410304 13210 301 Semlconductor
MSM10S18XX 72K 384 14410304* 20810 340

MSM10S23XX 92K 424 14410 304" 24010 340

785 North Mary Avenue
Sunnyvale, CA 94086-2909
'Other products are under development Telephone 1-800-654-6994

2Up to 100% utilization increase with 3-layer metal, memory, and other
'regular blocks Verilog is a registered trademark of Cadence Design Systems, Inc
JEDEC metric packages ; < S : s S :
Explorer Rene is a trademark of Mentor Graphics Corporation
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ADVANGED COMPUTER TEGHNOLOGY

nology disciplines.

On the following pages, Electronic Design presents
an overview on Advanced Computer Technology as
seen by experts in six key areas: Massively Parallel
Systems, Parallel Compilers, Real-Time Operating
Systems, RISC Processor Systems, High-Speed Log-
ic, and Multichip Packaging. The six articles exam-
ine present and future aspects of these major tech-

BY

JUSTIN

RATTNER

Director of Technology, Scientific Computers Div., Intel Corp., Hillsboro, Ore.

systems may well produce a tera-
FLOPS (a trillion FLOPS) system
by 1995. Characterized by multiple
processors with physically distribut-
ed memory, such “convergent” sys-
tems will evolve from today’s paral-
lel systems with their flow-of-control
and memory-management models.
There’s general agreement that
today’s bus-based, shared-memory
systems, regardless of how many
processors they use, are limited in
practical scalability by memory-con-
tention, bus bandwidth, and cache
complexity. They can be considered
small-scale parallel (SSP) systems.
Massively parallel (MP) systems
with physically distributed memory
evade most scalability limitations.
Each microcomputer contains a local
memory and communicates with oth-
er processors through an expand-
able interconnection network. MP
systems can scale up to hundreds or
even thousands of processors.
Today’s MP systems are either
multiple-instruction multiple-data
(MIMD) or single-instruction, multi-
ple-data (SIMD) machines. In MIMD
machines (for example, Intel’s iPSC/
860 and NCube’s N-2), each proces-
sor executes its own program in con-
cert with other connected proces-
sors. Each processor has its own
memory with different data. In con-
trast, SIMD machines (like those of
Thinking Machines and Active Mem-
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Innovations in massively parallel

ory Technologies) execute one pro-
gram on all processors at the same
time, although each processor’s local
memory has different data.

Within the next decade, elements
of SIMD and MIMD systems will
converge. With software support,
MIMD machines can appear as
SIMD machines. At NASA-Ames,
it’s already done explicitly for MIMD
machines that run in an “SPMD”
mode. A copy of the same program
runs on each processor, even though
the programs aren’t synchronized at
the instruction level.

Research on SPMD programming
automation is being done by Profes-
sor Michael Quinn at Oregon State
University and Professor Phillip
Hatcher of the University of New
Hampshire. Their C* compiler trans-
lates a SIMD program into the equiv-
alent program for a MIMD machine
with either distributed or shared
memory. The compiler makes nu-
merous optimizations that let the
MIMD machines execute an identical
program as efficiently as SIMD.

Hardware features of both types
of MP systems are also likely to con-
verge. In Intel’s Touchstone Project
(a Darpa-sponsored research effort),
the company is working with the
University of North Carolina to put
UNC’s Pixel-Planes parallel graph-
ics into an advanced MP system. The
rendering processors are based on a
SIMD architecture. But the overall
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Touchstone system for the computa-
tionally intensive ‘“Grand Chal-
lenges” of science (quantum chrono-
dynamics, human genome studies,
global climate change, etc.), is an ad-
vanced MIMD architecture.

Shared and distributed memory
architectures will also probably con-
verge. In the Spang Robinson Re-
port on Supercomputing and Parallel
Processing, Rice University Profes-
sor Ken Kennedy stated that the par-
adigm for all computing will ulti-
mately be distributed memory, but
that programming will be on a
shared-memory model.

Shared memory is emulated effi-
ciently with the stock i386 MMUs in
the processors of Intel’s iPSC/2—a
large-scale parallel machine with dis-
tributed memory. Pioneered by Pro-
fessor Kai Li of Princeton Universi-
ty, the technique is known as distrib-
uted or shared virtual memory. Re-
search will determine whether such
an OS-based technique can compete
with true shared-memory hardware.

Newer shared-memory hardware
approaches show ways in which
shared-memory, multiprocessor
clusters will be included in MP sys-
tems. Many clusters with hardware
assists for cache- or page-based
memory coherency techniques will
create a larger, physically distribut-
ed memory organization. As compo-
nent packaging gets denser, today’s
“cluster” will be reduced to one
board with four to eight processors
having locally shared memory.

What’s now on a motherboard or
backplane will be on a substrate
called a multichip module (MCM). Lo-
cal memories will grow denser, with
commodity 16- to 64-Mbyte dynamic
RAMs becoming the norm.

The future of massively parallel
systems hinges on continued devel-
opments in microprocessor-based
systems, and will be driven by ad-
vances in microprocessors, intercon-
nects schemes, memory manage-
ment, and software.

At the microprocessor level, chip
performance will double every two
years. By the year 2000, Intel pro-
jects a 50- to 100-million transistor
chip with four 750-MIPS, 250-MHz,
1000-MFLOPS CPUs sharing a mul-
timegabyte secondary cache. The
number of integer units per proces-
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THE iWARP PROJECT FROM INTEL is an example of an enhanced microprocessor for large-scale computing. Configured in a

two-dimensional, toriodal mesh, iWarp cells deliver data in a full-duplex mode at 40 Mbytes/s, and in four directions simultaneously.

sor will rise to three or four. At least
two pipelined floating-point units
per processor are expected, allowing
for two 64-bit multiplications and
two 64-bit additions in a clock cycle.
Future microprocessors will be en-
hanced for massively parallel sys-
tems. An Intel-Darpa research pro-
ject, IWARP, offers a glimpse of this
trend. Based on the WARP architec-
ture pioneered by H.T. Kung of Car-
negie-Mellon University, the project
developed component, board, and
system prototypes optimized for sig-
nal and image processing. These ap-
plications are characterized by a
high volume of fine-grain computa-
tions—1 to 100—on adata element.
At the heart of an iWARP is an ex-
perimental microprocessor. The
iWARP chip, plus 18 static RAMs,
makes up a complete processing
node, or cell, fora MIMD MP system.
iWARP has extended typical integer
and floating-point instructions.
Operands can thus flow directly
from the processor’s high-speed in-
terprocessor communication chan-

nels (see the illustration).

The iWARP processor is the proto-
type building block for the parallel-
processing desktop and laptop com-
puters expected in the second half of
the decade. Such heterogeneous sys-
tems will contain a mix of proces-
sors, each processor optimized for a
specific application, with a common
hardware and software communica-
tion system. These systems’ modu-
larity will enable users to configure,
reconfigure, or expand by plugging
standard modules into a standard,
high-speed interconnect network.

More powerful processors will re-
quire networks to tie them together.
Electronicinterconnects will move to
electro-optical and entirely optical
networks with interprocessor rates
of at least 1 Gbyte/s.

The bases for the aforementioned
underlying technologies are already
in place. The most difficult area will
be software development.

Over the next five years, distribut-
ed memory systems will benefit
from sophisticated software tools
specific to parallel-program develop-
ment. These include profilers and

ELECTDRONTIGC D

performance monitors, as well as
programming environments like
Linda and Strand, which were only
recently commerecially available.
Although automatic parallelizing
compilers seem to be years away, im-
portant CASE tools, such as the
MIMDizer from Pacific Sierra, offer
programmers an interactive envi-
ronment to develop parallel code.
There is evidence that parallel pro-
cessing is building the infrastruc-
ture it needs for support. In the
Spang Robinson report cited earlier,
Professor Ted Lewis of Oregon
State University stated that “nearly
every grant proposal for the Nation-
al Science Foundation last year in-
cluded a request for funds to acquire
a parallel-processing system.”
Recently, Japan’s Ministry for In-
ternational Trade and Industry
(MITI) announced a five-year pro-
gram to put Japan at the forefront of
software for massively parallel sys-
tems. Within the next five years,
such systems will prove that super-
computing is the destiny of the mi-

croprocessor.[]
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The IBM RISC System/

Designing on any other workstation

\\

Whatever you're creating, you'll sail into a whole
new age with any of the four POWERstations in the
RISC System/6000
family. Because
POWER (Perform-
ance Optimization
With Enhanced RISC)
processing can give
you performance
you’ve probably only
dreamed about:

©

up to four instructions per machine cycle, 42 MIPS
and 13 MFLOPS. Suddenly, complex designs don’t
take eons anymore.

The four RISC System/6000 POW ERstations
feature a range of graphics processors from grayscale
to Supergraphics to satisfy any graphics demand.

Great news for Power Seekers working on animation,
scientific visualization, medical imaging and engi-
neering solutions like CADAM?" CAEDS™ and CATIA™
And for electrical design automation, theres IBM's

all new CBDS™ and an arsenal of over 60 EDA appli-

|1BM is a registered trademark and RISC System/6000 and CAEDS are trademarks of International Business Machines Corporation. CADAM is a trademark of CADAM INC. CATIA is a

trademark of Dassault Systémes. CBDS is a trademark of Bell Northern Research Corporation.
HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, Inc. © IBM Corp. 1990, all rights reserved.
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6000 family.

will seem downright primitive.

cations from more than a dozen vendors.

With every POWERstation, you can get an almost
unimaginable palette of 16 million colors, which gives
you 3 D images so realistic, they fairly leap off the
screen, with super sharp resolution of 1,280x1,024 pixels.
And when it5 time to call in the heavy artillery, the
POWERstation 730 draws nearly one million 3D vec-
tors per second. Like all POWERstations, it can come
complete with its own graphics processor, freeing the
POWER processor to rapidly create and analyze your
designs. All at prices that won’t sink anybody’s budget.

For the Power Seeker.

So if you're tired of paddling upstream with
yesterday’s performance, call your IBM marketing
representative or
Business Partner to
find out more about
the RISC System/6000
tamily. For literature,
call 1 800 IBM-6676,
ext. 991.

Civilization never

looked so good.
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The Hard Way

| ® Time consuming

| @ Incompatibilities due

| to multiple vendors

| ® Unclear path from
prototype to
production

| @ Steep leamning curve
for soffware and

. hardware

| ® Uncertain results—
room for doubt?

® Easy-to-use, fully
integrated system

® Single vendor source

® Smooth transition from
profotype to
production

e Worries about DSP and
analog I/O are
removed—attention
can be concentrated
on solving the problem

o Clear results—you
know when your
design works!

The Easy Way

For an easier way to do
DSP, consider our way: an
integrated group of DSP
products based on the
AT&T® DSP32C floating
point processor, Bur-Brown'’s
high performance A/D
converters, and our DSP
development and
analysis software.

And, for those really
tough problems, ask us
about our application
engineering services.

For complete details,
write

Burr-Brown Corp.

P.O. Box 11400

Tucson, AZ 85734. Or, call
toll-free 1-800-548-6132.

BURR-BROWN®
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Parallel compilers: the key to
90s software performance

BY ANDREW F

HALFORD

Vice President of Software Development, Alliant Computer Systems Corp., Littleton, Mass.

present numerous challenges to

software developers as they
move applications toward higher-
performance systems. For example,
parallel-processing architectures
are being adopted to boost system
performance, and RISC processors
are speeding instruction execution
at the chip level. Consequently, par-
allel compilers are challenged by in-
creased complexity at both the sys-
tem and chip level.

Basically, parallel compilers exe-
cute instructions faster by interpret-
ing existing code, detecting opportu-
nities for parallelism, and automati-
cally generating code that can be
spread over multiple processors. To-
day’s parallel compilers layer paral-
lelizing technology on top of the
global optimization developed in the
1970s, and the vectorization perfect-
ed in the 1980s, to increase system
performance.

Shared-memory, bus-based archi-
tectures using CISC chips with vec-
torization can be accommodated effi-
ciently by today’s leading-edge par-
allel compilers. But the trend toward
basing the highest-performance sys-
tems on RISC chips, and the charac-
teristics of RISC architectures, pre-
sent challenges to compiler writers.

To start, it’s more difficult to gen-
erate efficient code for RISC’s small-
er instruction set than for CISC de-
signs. As a result, more intelligent
compilers are required. Beyond that,
vectorization, pipeline management,
instruction scheduling, and data mi-
gration will be critical compiler con-
cerns over the next few years. Com-
pilers must incorporate vector tech-
nology to exploit the superscalar and
super-pipelined attributes of RISC
chips, and to smooth the execution of
multiple instructions at the same
time. Pipeline management is impor-
tant because each missed cycle de-
grades performance.

E merging computer architectures

Dealing with data dependencies is
also more challenging in RISC archi-
tectures. With traditional architec-
tures, the compiler’s major problem
is to find data dependencies within
DO loops. The superscalar, super-
pipelined attributes of RISC archi-
tectures introduce large numbers of
varying data dependencies.

To recognize and eliminate these
data dependencies, next-generation
compilers must consider timing vari-
ations encountered with hierarchical
memory systems. Data migration is
essential because the RISC architec-
ture may incorporate a cache hierar-
chy, and the system may implement
both on- and off-chip memory.

To control data migration in a hier-
archical-memory system, the compil-
er must block the code to take full
advantage of the on-chip cache. To
obtain top performance, the compil-
er must keep data and instructions
within the pipeline, in on-chip regis-
ters, or in on-chip cache.

Timing issues encountered in hier-
archical-memory systems, along
with the need for nanosecond in-
struction-execution times, compli-
cate the compiler’s job of generating
correct code. Tomorrow’s parallel
compiler must recognize and deal
with timing differences when data is
located in different levels of the
memory hierarchy. It must also re-
solve timing variations caused by
different interconnect speeds be-
tween processor and external chips.

Parallel compilers must support
concurrency at various levels: in-
struction, loop, and task. At the in-
struction level, an accurate machine
model, software management of
pipelines, and improved instruction
scheduling and register allocation
must be provided. Improvements
must also be made in cache- manage-
ment facilities. Alliant’s compilers
are the first to offer loop-level paral-
lelism and RISC vectorization, which
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is important because each new RISC
chip is different. This challenges
compiler writers to implement vec-
torization in a new way while main-
taining the paradigm of vectors.

Other obstacles must be overcome
at the loop level. Cross-iteration
scheduling—the need to schedule an
instruction across more than one it-
eration of a loop—must be intro-
duced to reduce pipeline stalls. Trace
scheduling is required to fill and
drain the pipeline properly. In addi-
tion, sophisticated cache blocking
and data-migration management is
needed to handle hierarchical memo-
ry system considerations, such as on-
chip cache, second-level cache, and
physical memory.

New code-generation mode-selec-
tion capabilities (for example, when
floating-point loads superior to pipe-
lined floating-point loads exist—
largely a question of cacheability)
must be supplied. RISC vectoriza-
tion requires zero-stall pipelined op-
erations to maximize in-line vector-
code generation (using the chip’s su-
perscalar/super-pipelined features),
and on-chip cache management.

When there are more than 10 pro-
cessors per system, compilers must
find additional opportunities for par-
allelism. Only when compilers mas-
ter the complexity of task-level par-
allelism—decomposing and paralle-
lizing code across the components of
an entire program—will optimum
performance be gained from apply-
ing large numbers of processors to
an application. Finding and exploit-
ing task-level parallelism is the next
challenge for parallel compilers.

Compilers incorporating interpro-
cedural-analysis technology (now in
its infancy) will be essential to
achieve task-level parallelization. To
perform interprocedural analysis,
the compiler must generate and re-
tain information about the entire
program so that it can make associa-
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tions between statements in differ-
ent compilation units. These associa-
tions are needed by the compiler to
find data dependencies and other ob-
stacles to parallelism. The greatly
expanded scope of the analysis re-
sults in huge symbol tables and im-
mediate representations. Conse-
quently, managing all of that data
becomes extremely complex.

To cope with that complexity, com-
pilers will be required to build a
knowledge base from the informa-
tion they acquire. The size of this
knowledge base will call for the com-
pilers to use artificial intelligence
techniques to form associations be-
tween statements in different compi-
lation units, optimize the code to min-
imize data migration that may result
from using cache or memory hierar-
chies, and handle different intercon-
nect speeds.

In summary, most compiler work
is generated by the nature of new

RISC chips, the limited scalability
and hierarchical nature of memory
systems, and increasing parallelism
mixed with the continued impor-
tance of converting traditional sca-
lar languages automatically to run
concurrently.

As the industry looks to the year
2000, changes will include new archi-
tectures, languages, and design
tools. New computer architectures
will no longer be driven by chip de-
sign but by the rate of progress in
compiler design. Such architectures
as the hypercubes and distributed
parallel systems being researched
today will push compilers in new di-
rections, but will remain limited in
appeal in the 1990s.

Further challenges arise in con-
verting existing serial language de-
signs to take advantage of parallel
architectures. New languages are
crucial and will be used when devel-
oping new applications, but existing

(301) 312-2060.

RMPC is IDEAS’ family of highly reliable, rack mount
TEMPEST PCs. It accommodates various motherboards,
including INTEL®’s 33 MHz System 303 and 25 MHz
System 120, and matched high-performance peripherals.
Up to 10 full-size, AT card slots are available to tailor the
RMPC'’s power to any application.

The RMPC family of TEMPEST personal computers
combines high performance with enhanced functionality
in a small footprint. All RMPC products are designed to
use only 7 inches of standard 19 inches rack space.

Quality constructed of cold rolled steel, the chassis is
designed for flexible system configuration. The TEMPEST
gasketed front door allows easy access to the six half-
height slots which can house removable drives.

For more information on IDEAS, the RMPC family, or
other quality products available, call Bill Howard at

|deas

IDEAS Inc., 7120 Columbia Gateway Dr., Columbia, MD 21046 (301) 312-2000

CIRCLE 133

64ELECTRONIC
AUGUST 23,1990

Dik S I G N

Bl PARALLEL COMPILERS M

Fortran and C applications won’t be
replaced. Even mainstream ANSI ef-
forts to develop standardized lan-
guages, including C++ and Concur-
rent C, won’t compete with Fortran
or Cin the 1990s.

Instead, industry-backed applica-
tion-binary-interface (ABI) efforts
centered around new microproces-
sors will move faster and gain quick-
er acceptance because of economic
realities. Moreover, compilers must
adapt to emerging, de facto stan-
dards, such as PAX and the Intel 860
ABI for technical computing.

As the scope of compilers expands
and system complexity increases,
compilers also must offer tools to
help programmers understand the
software architecture. Chip design-
ers have profited from design tools
and methodologies, but comparable
software tools don’t exist.

Compiler people remain stuck us-
ing CASE tools that are inadequate
for system software development.
Meanwhile, parallel systems have
made it even more essential for soft-
ware developers to have a thorough
understanding of the software archi-
tecture. This knowledge of the archi-
tecture is especially critical with
RISC chips, for which compilers
must rewrite existing code.

Compiler-generated code that
takes advantage of task-level paral-
lelism will bear little resemblance to
the sequential code it was derived
from. Thus, it will be difficult to sim-
ply understand what the code is do-
ing. Consequently, compilers will
need to provide tools that enable pro-
grammers to use the hardware and
to better understand the code.

New design tools must supply
graphical representations to elimi-
nate the human difficulties in com-
prehending volumes of data. Design
tools must tightly couple architec-
ture representation with both exe-
cutable and source code, not just
source code. The tools also must ac-
commodate performance and sys-
tem-architecture factors. The only
way to guarantee that the execut-
able file, which results from compila-
tion, will reflect the initial design in-
tentions is if the CASE tools are logi-
cally connected to the compiler.[]
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hanges in the next generation
of real-time operating system
kernels will be driven by modifi-
cations in engineering economics re-
sulting from semiconductor ad-
vances. Microprocessors are becom-
ing smaller and higher in perfor-
mance as their prices drop rapidly.
These trends will enable real-time
operating-system kernel developers
to increase the complexity and fea-
tures in a kernel, such as networking
support, without degrading re-
sponse times of kernel services.
Neither ‘fast’ nor ‘fast enough’
pertain to real time when meeting
application time constraints in re-
sponse to an event. What real time
refers to is an operating system that
must meet rigid time deadlines and
must respond to stimuli or physical
events within a critical timeframe.
An airplane must respond to the
stimulus from the pilot’s control
stick within a specified timeframe to
avoid a collision. Too late or too early
responses in a real-time system are
as incorrect as numeric errors.
Emphasis will thus be placed on
determinism or consistency of re-
sponse time, rather than on efforts
to increase raw speed as seen in the
past decade. This is a significant
change that offers an opportunity to
truly address the ‘“timeliness” of
real-time program correctness.
Many kernels, such as the
VRTX32 of Ready Systems’ popular
VRTX/OS real-time operating sys-
tem, are based on a paradigm of run-
time priority-based preemption:
Each application task (or thread of
concurrency) is assigned a priority,
which changes only by explicit as-
signment. Should an event occur
during application-software execu-
tion that requires certain tasks to be
stopped, the kernel will re-evaluate
the situation and schedule for the im-
mediate execution of the highest-pri-
ority task that’s ready. An executing
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task may be stopped or preempted in
mid-execution if a higher-priority
task is ready to run.

In the VRTX/O0S, the kernel per-
forms task management, intertask
communication, and synchroniza-
tion. Involved in synchronization is
mutual exclusion, memory alloca-
tion, interrupt servicing, and basic
clock and character input/output
services. The kernel is application-in-
dependent and target-board-inde-
pendent. VRTX32 has deterministic
response—the time consumed by
each kernel operation is known
through a simple algebraic formula.

Although the operating-system
kernel technology is important, the
development environment is just as
critical. As more workstations be-
come networked into distributed sys-
tems, areal-time system is treated as
another node on the network for de-
velopment and production. Hence,
real-time kernels now assume the
role of mini-operating systems.

Developers of real-time software
must be aware of the intimate rela-
tionships between the run-time ker-
nel and the real-time application.
These interrelationships include
meeting system deadlines, exhibit-
ing predictable deterministic perfor-
mance, providing for task schedul-
ing, and minimizing interrupt off
time and interrupt response latency.

Today’s kernels must have higher-
performance resource-management
and networking services. Incorpo-
rating such standard networking
protocols as TCP/IP, RPC/XDR,
TELNET, and NFS into the real-time
operating system is essential to
match increasing market demands.

With the advent of new processors
and programming languages, porta-
bility of real-time applications will in-
crease in importance. New proces-
sors, such as RISCs, boost the
throughput and performance of em-
bedded computer systems. As a re-
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sult, it’s crucial that application de-
velopers are given a simple migra-
tion path between processors of vari-
ous technologies.

For example, operating-system
kernels should use a standard BIOS
interface to ease portability between
target processors. To address this
critical issue, a standard OBIOS
(Open Basic Input Output System)
committee has been formed by the
leading board and real-time operat-
ing system manufacturers to arrive
at a standard interface between tar-
get hardware and real-time operat-
ing systems. The committee, which
is open for participation by anyone,
is expected to produce a draft stan-
dard by the end of this year.

Next-generation kernels must
also support multiple programming
languages. The same repertoire of
intertask communication and syn-
chronization mechanisms should be
available to code segments written in
various languages. A task coded in C
should be able to call for a rendez-
vous with another task coded in Ada.
Similarly, an Ada task should be able
to pass information via a high-per-
formance queue to another task in
assembly language.

Debuggers will be made available
to access all of these target proces-
sors and coding languages uniform-
ly. The result will be ease of operat-
ing-system development in an ex-
ceedingly varied environment.

The necessary hardware and lan-
guage building blocks will also be
combined in future real-time and em-
bedded system applications. Com-
puting requirements will outstrip
even the increased power of next-
generation processors. Therefore,
multiple processors will be needed to
execute one application.

Individual processors may have
special needs so that applications
will run on a heterogeneous collec-
tion of hardware. Software tasks



running on the various processors
will need to communicate with each
other. Thus, processors will be
networked or tightly coupled around
shared memory and common buses.
Next-generation kernels will deal
with this multiplicity and heteroge-
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ing/distributed system. Future real-
time operating system kernels will
have load balancing features to en-
sure that deadlines are met.

In summary, future real-time op-
erating systems must deliver the in-
creased performance, determinism,

and reliability demanded in complex
distributed systems. Developers
must provide operating systems that
support multiple programming lan-
guages and target processors, and
heterogeneous computer systems,
transparently to users.[]

neity in a way that’s transparent to

the software developer. Tasks writ-
ten in different languages running
on different platforms will have ac-
cess to the same operating-system
services and to the same repertoire
of intertask communication and syn-
chronization mechanisms.
Development and debugging will
proceed without concern about pro-
cessor boundaries and hardware in-
terconnections. Developers will con-
centrate only on their application
tasks and the information-passing
mechanisms that tie them together.
There are cases of so-called “prior-
ity inversion” in present-day operat-
ing-system kernels and run-time sys-
tems. An example can be found in the
Adarendezvous mechanism in a situ-
ation where a high-priority and a me-
dium-priority task compete to ren-
dezvous with a low-priority task.
Once a rendezvous is achieved, the
medium-priority task will execute.
On the other hand, the high-priority
task’s requests will be put into a
queue until the medium-priority task
is completed. Future operating sys-
tems will detect such priority inver-
sions, known as priority inheritance,
and will appropriately elevate the
blocking activity’s priority.
Tightly-coupled multiprocessing
can occur on one computer board
that contains multiple microproces-
sors, each with its own memory as
well as a central global memory. Al-
ternatively, multiple boards may be
tightly coupled through a backplane.
Loosely coupled distributed pro-
cessing can occur between nodes of
single microprocessors or tightly
coupled multiprocessors linked into
a communication network. Deter-
minism is the key to loosely coupled
distributed real-time systems in in-
ternode communications, particular-
ly in the presence of faults.
Load balancing, or shifting of
tasks from node to node, is pivotal in
scheduling tasks in a multiprocess-
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The AMP Z-Pack Interconnec-
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The role of RISC in advanced
computer design
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decade has passed since the

RISC (reduced-instruction-set

computer) versus CISC (com-
plex-instruction-set computer) de-
bate began. But only in the last few
years has RISC emerged as the pro-
cessor architecture of choice for
computers with improved perfor-
mance at a reasonable price. This
change has been driven by the com-
mercial availability of RISC chips,
such as Sun’s Sparc, the MIPS
R3000, and the Motorola 83000.

Whether RISC is better than CISC
is no longer debated: RISC is here to
stay and its success will lead to the
decline of most CISC architectures.
RISC’s simplicity has allowed it to be
non-proprietary, encouraging the
development of such RISC processor
families as Sparc. The competition
fostered by multiple implementa-
tions is, in turn, accelerating new ar-
chitectural techniques like supersca-
lar execution, in which more than one
instruction is executed for each clock
cycle.

Newer semiconductor technolo-
gies, such as ECL and GaAs, will be
used with RISC first because it re-
quires fewer gates than CISC archi-
tectures. Multiprocessor systems
will be driven to use RISC to achieve
ultimate performance because each
RISC processor will be far more pow-
erful than the corresponding CISC
available at the time. Finally, be-
cause RISC was designed to work
with compilers, there will be a trend
in which the best compilers will be
developed for RISC processors.

Today’s leading RISC architec-
tures have some basic similarities.
For arithmetic and logical opera-
tions, all RISCs address 32 32-bit in-
teger registers at one time. All have
32-bit-long fixed-length instructions
and use 32-bit pointers for a 4-Gbyte
virtual-address space. And all RISCs
use byte addressing of memory and
a simple load/store memory model.
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While most RISCs have delayed
branch schemes, Sparc’s delayed
branch instruction can also be “an-
nulled,” meaning that the instruc-
tion will be canceled under certain
conditions. Annulled branches
greatly improve the compiler’s abili-
ty to schedule instructions. They
also avoid the excessively high num-
ber of no-op commands that other
RISC architectures often execute.
Sparc’s register windows are also a
superset of the final general register
model.

Regardless of instruction
schemes, six key technologies are
critical to the future evolution of ad-
vanced computer design: open imple-
mentations, new architecture, and
semiconductor technologies pin-out
standards, multiprocessing, and
compilers.

OPEN IMPLEMENTATION

Sparc isn’t just an implementa-
tion, but an open architecture defini-
tion. By enabling many companies to
have their own design approach,
Sparec lets each design team add inno-
vation, accelerating the improve-
ment rate in microprocessor design.
This strategy of an open architec-
ture fosters a wider variety of Sparc
CPUs, giving microprocessor users
more choices as well as second-
source alternatives.

CISC architectures have typically
needed 10 or more clock cycles to ex-
ecute every instruction. Most RISC
processors have come close to exe-
cuting one instruction every clock
cycle—the next generation of RISC
processors will execute more than
one instruction per clock cycle. This
multiple-instruction-per-clock
scheme is known as “‘superscalar”
execution.

IBM Corp., for example, uses su-
perscalar execution in its RISC Sys-
tem/6000 workstation, which em-
ploys a new CPU architecture. The
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RS6000/320 achieves 24 MIPS at 20
MHz in a design that’s could theoret-
ically execute five instructions at a
time. Floating-point performance in
superscalar designs can also be im-
pressive because loop overhead can
be completely hidden.

LSI Logic’s Lightning Spare pro-
cessor will also execute up to five in-
structions per clock cycle for 80
MIPS of sustainable performance.
Cypress Semiconductor/Ross Tech-
nology is working on a superscalar
Sparc design called Pinnacle and
Texas Instruments is working on a
highly integrated biCMOS supersca-
lar Sparc design.

Most RISC chips today are imple-
mented in CMOS. In the last year,
two single-chip ECL RISC proces-
sors have appeared. These include
the 80-MHz B5000 Sparc processor
from Bipolar Integrated Technology
and a 60-MHz ECL R6000 processor
designed by MIPS Computer Sys-
tems using the BIT process. GaAs
and biCMOS RISC microprocessors
should also appear in the next year or
two.

Microprocessor clock rates are de-
termined primarily by the underly-
ing technologies, all of which contin-
ue to improve. Over the next two
years, CMOS processors should op-
erate at clock rates of 40 to 80 MHz,
biCMOS chips at 50 to 100 MHz, ECL
at 80 to 150 MHz, and GaAs at 150 to
250 MHz.

PINOUT STANDARDS

For years, perspnal-computer and
workstation users have wished that
each new generation of microproces-
sors would be pin-compatible with
the previous generation. This would
make it possible for users to upgrade
their computers simply by replacing
the microprocessor. But even within
a particular processor architecture
controlled by one manufacturer, no
two generations of chips have stayed
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with a standard pin-out.

Now, however, a common micro-
processor pin-out standard is emerg-
ing, and manufacturers are planning
generations of processors that con-
form to it. Several semiconductor
manufacturers will design Sparc
processors to this standard. The
common pin-out is a side effect of
RISC architectures, specifically
Spare, becoming an open standard.
Called the Sparc MBus, this pinout
specification was designed with
enough bandwidth to accommodate
microprocessors for the next three
to five years.

The MBus uses a 64-bit transfer
operating at a 40-MHz synchronous
clock rate to achieve a bandwidth of
320 Mbytes/s. The 40-MHz clock rate
was selected as the highest speed at
which CMOS chips could operate
with a bus of only a few inches on
standard PC boards. In addition, the
MBus protocols enable the processor
to haveits own internal cache or even
a large second-level cache. Building
multiprocessors with MBus-based
microprocessors is simple because
all of the cache-coherence logic is
built into the MBus protocol and as-
sociated microprocessor. Multiple
chips need only be wired in parallel to
build a multiprocessor.

The Cypress/Ross Technology
7C604 Sparc cache controller/MMU
and the LSI Logic 164815 Sparc
cache controller/MMU are the first
chips to appear using the MBus. LSI
Logic has announced that its next-
generation Lightning Sparc proces-
sor will use the same MBus specifica-
tion. Other Sparc-chip implementa-
tions are expected to follow the
MBus standard as well.

MULTIPROCESSING

Because processor clock rates are
limited at a particular time, other
techniques must be used to exceed
fundamental device scaling. The ap-
proach that promises the most im-
provement in processing power is
the use of multiple processors in one
system.

Multiprocessor systems will be-
come the norm rather than the ex-
ception. Small numbers of proces-
sors may be tied together directly us-

ing the MBus. Large numbers of pro-
cessors (hundreds or thousands)
must be tied together using more
elaborate interconnection schemes.
Most small-scale multiprocessors
will use a shared-memory paradigm,
but shared memory may not be ap-
propriate for the largest multipro-
cessor systems.

COMPILERS

Building the hardware for multi-
processors will be easy, but building
the software to make multiproces-
sors applicable to most of today’s
programming problems will be ex-
ceedingly difficult. It’s relatively
easy to have an operating system
run a different process on each pro-
cessor. But in order to run one task
on multiple processors, the applica-
tion program must be rewritten.
Within the next three to five years,
compiler technology will automati-
cally decompose only a small frac-
tion of today’s programs to run over
multiple processors.

Advanced compilers are common-
ly associated with RISC technology,
although the reasons are often mis-
understood. Processor architec-
tures, such as Spare, were designed
with optimizing compilers in mind.
Sparc features, including fixed-
length instructions, large register
sets, register windows, and delayed
branches with annulling work well
with modern compilers.

CISC machines, on the other hand,
often cripple the benefit of optimiz-
ing compilers because of their too-
small register sets, non-orthogonal
instructions, bizarre addressing
modes, and the inability to predict
the time it will take to execute a se-
ries of instructions. It’s not that opti-
mizing compilers are essential for
RISC: They simply work much bet-
ter with them.

The future challenge for compiler
writers will be to generate code that
runs reasonably well on all imple-
mentations of the same microproces-
sor architecture. Superscalar pro-
cessor architectures will run well
with existing code, and optimizations
for these processors generally won’t
hurt performance on today’s RISC
processors.[]
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Supplies, DC-DC Converters
and Switching Regulators.

e QPL standards available
MIL-T-27/356

e Temperature range —55°C to
+130°C

e All units are magnetically shielded

e All units meet the requirements
of MIL-T-27 (TF5S04Z2)

e Minimum possible size
e Split windings

e Inductance values to 20mH with
DC currents to.23 amps

PICO manufactures complete lines of
Transformers, Inductors, DC-DC Converters
and AC-DC Power Supplies

Delivery—
stock to
one week

PICO

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064
IN NEW YORK CALL 914-699-5514 )
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zNational

Semiconductor

FEveryone today is
and digital on the same chip-but
That’s product, not promises.”

HOW NATIONAL SEMICONDUCTOR
IS HELPING YOU MAKE SYSTEM-PERFORMANCE
BREAKTHROUGHS IN THE 1990s.

Grabam Baskeruville, National
Semiconductor’s Vice President,
Linear Product Development, and

Charlie Carinalli, Vice Presi-
dent, Integrated Systems Group, talk
about the challenges of mixed
analog+digital technology.

Breaking the
ISDN logjam at the
U interface.

“This may be the most tech-
nically complex integrated-analog-
and-digital device ever designed.
It’'s our TP3410 U-interface trans-
ceiver for ISDN’

“It’s the missing link that
allows the twisted-pair telephone

Custom Linear ASICs

network to carry simultaneous
voice and high-speed data across
the subscriber loop to the telco
central office”

“It’s all CMOS, for high density;
low power, and scalability— it’s at
1.2pm, but we're