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Designing FPGAs And CPLDs?
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Finally, you can design and verify the
newest FPGAs and CPLDs from all
leading vendors, and easily incarporate

9 ¢ those devices into your board-level
It S A reat I lme design — all with a single application.
OrCAD Express includes:

* Mixed schematic/VHDL

To Get On Board With . &

* VHDL synthesis

Or‘ AD EX reSSTM Post-route timing simulation
p ¢ * Board-level schematic design

and simulation

Open architecture and support for
industry standards let you use Express
with other synthesis and simulation
tools. Most important, its integrated
approach and built-in design manage-
ment make engineers more productive
— which is why companies are
standardizing on OrCAD Express.

Ask for a free demo CD. Visit our
Web site at www.orcad.com or call
OrCAD Direcr at 1-800-671-9506.

OrCADX

EDA for the Windows NT Enterprise
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Put Your Design On The Fast Track

Power Amplifier
Solutions

When time is money, our amplifiers
provide powerful solutions.

Class A/B Amplifier,
Avatlable in Military
Grade — 5AR

The PAL0 is designed for optimum linearity with
a Class /B output stage. It’s rated at +5A PEAK,
operates on a 10V 10 45V supply, with a
4MHz gain bandwidth product. The PA10M/883
is the MIL-STD-883 certified version.

DIGITAL TO
ANALOG
CONVERTER

DEVICE |

UNDER |
TEST

—45v

ATE Pin Driver
Programmable Power Supply

High Voltage,
Low Cost - 5A

Going bevond the realm of most hybrid power
amplifiers, the monolithic PA45 pushes the
150V supply range while delivering up to 5
output current. With a 27V/us slew rate, the
PA45 is capable of 85W of power dissipation
and is priced $17.90 in 10K pieces.
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Simple Piezoelectric Transducer Drive

Power, Power, Power -
Up to 30A

If your application requires output currents to
30A off power supplies totaling 30V- 100V, take a
look at the PAOS. The PAOS can handle up to
250W of internal power dissipation and features
built-in SOA protection and external shutdown
control. Use our eval kit to trim design time.

CONTROL
LOGIC! | .

( |
’ B
wtral R
I%W -y %
| IV ’
= 2| PAOS b ——

1
. b
A1 3‘; (e
Wo| ~ ~ Pl
e S | {
V TUNED
TRANSFORMER

Sonar Transducer Drive

Low Thermal Resistance,
Low Cost — 10AR

The PA12 gives vou versatility and value for
motor/valve/actuator controls, magnetic de-
flection, power transducers and audio. Capable
of 10A output current with current foldover
protection, the PA12 works off of a 20V-90V
supply and a low 1.4°C/W thermal resistance.
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V" Audio Amplifier

Save Time, Save Money

With more than 80 models

of high power, high voltage
and PWM amplifiers, Apex
Microtechnology has the off-
the-shelf solutions to help
trim your design time, so you
work smarter, faster. Besides a
reduction in design time, you'll
reduce your circuit’s size and
weight, reduce procurement
time and costs. And many
Apex power and PWM amplifi-
ers have eval kits available
that provide the hardware and
PC boards to get our amplifiers
wired into your circuit fast!

Free Data
Book and
Application g
Notes
Information
on atl 80
models of
Apex power
and PWM amplifiers is provided
in the new 7th edition Apex
Power Integrated Circuits data
book. To request your free
copy, call 1-800-862-1021,

fax 520-888-3329, or email
prodlit@teamapex.com.

Or visit our web site at
http://www.teamapex.com.

www.teamapex.com

To Request Our Free
Data Book Online
E-Mail: ProdLit@teamapex.com
or http://www.teamapex.com

1S©9001

KEY PRODUCT SPECIFICATIONS

Part ¥ Ngiconr . —Nbs SR
PAO3  30A 30VI50V  8V/us  500W
PAOA  20A 30V-200V 50V/us 200W
PAOS  30A 30V-100vV 100V/us 250W
PAI0  5A  20V9OV  5V/mus  67W
PAI2  10A  20V90V  4V/us  125W
PA4S  SA  30VI50V  27V/us  85W

H PEX"

Htech

Apex Microtechnology Corp.
5980 N. Shannon Road

Tucson, Arizona 85741-5230

Australia, New Zealand (08) 8277 3288 Espafia (1) 530 4121 Nederland (10) 451 9533
Belgium/Luxembourg (323) 458 3033  France (01) 69-071211 Nippon (3) 3244-3787

Canada (613) 592 9540 Hong Kong (852) 23348188 Norge 63-89 8969

Daehan Minkuk (02) 745 2761 India 22 413 7096 Osterreich (1) 203-79010

Danmark 70 10 48 88 Isroel 972 3 9345171 Peoples Rep. of China (852) 233488188
Deutschland (089) 614 503 10 Italia (02) 6640-0153 Rep. of South Africa (021) 23 4943
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Singapore 65-742-8927

Sverige (8) 795 9650

Taiwan-Rep. of China (02) 722 3570
United Kingdom (1438} 36966






©1997 Intel Corporation. *All other trademarks are the property of their respective holders.

Don't just raise your expectations.

Double them.

Intel’s new StrataFlash™ memory.
2x the bits in 1x the space.

Storing two bits of infor-
;‘?' mation per transistor,
!ﬁg instead of the usual one,

Lo
was once mere fantasy.

But leave it to Intel, the leader in flash
technology, to find a way to do it. And
make it easy and economical, too.

One architecture for code or data

What you thought would never happen
is now possible with Intel’s StrataFlash™
memory. Finally, you have all the density
you need for large code or data storage
in one architecture. With stand-alone,
single chip solutions and the renowned
reliability of your familiar NOR archi-
tecture, Intel has made multi-level cell
flash memory a reality.

Unprecedented density and more

Intel’s StrataFlash memory is the only
flash NOR architecture that provides
up to 64 Mbits of density in a single
chip. And you get an upgrade path to
128Mbits and beyond. It’s available in
various densities and package options,

including industry standard TSOP as
well as SSOP. What’s more, with its new
MicroBGA" packaging, Intel StrataFlash
memory gives you the highest density
available in the smallest form factor.

Compatibility plus support
With Common Flash Interface, an open
flash specification supported by leading
NOR manufac-
turers, you can
count on future
compatibility and
cross-vendor support. Plus, we can
provide the tools you need in all stages
of your system design, including free
software and behavioral models.

Leading-edge technology
for cost-effective solutions.

Realize the possibilities
The time has come to change your expec-
tations. Because now with StrataFlash
memory from Intel, the possibilities are
endless. For pricing. availability and
product information, visit our Web site,
or call 1-800-879-4683, ext.435.
:r_b_developer.ir{tel .com/design/»peaTI'sr

intel.

The Computer Inside



TRS (Todd Rack System)
N+1 redundant power racking
system, front panel hot pluggability,
up to 6 KW in a 3U (5 1/4”) rack.

RMX-350
Hot swap,
350 watts,
multiple output, power factor

corrected. AC equivalent of TMX-350
in form and fit.

SPH-1200
Hot swap,
1200 watts,
power factor corrected, single
output, current sharing.

TMX-350
Hot swap, 350
watts, muitiple output, 48 VDC input.

Equivalent of RMX-350 in form and fit.

TCM-1000
Hot swap, 1000 watts, power

factor corrected, single output,
current sharing.

Todd offers a Wtde J
of hot swap products from
350 W — 6 KW. Todd's
engineering team provides
standard, modified standard,
custom and value added
solutions based on your form
fit and function requirements.

POWER SUPPLIES

TODD PRODUCTS CORP.

™ N ™ 50 Emjay Boulevard

(g ( M Brentwood, NY 11717 USA
R T g 800 223-TODD

TUV Rheinland @ @)

TEL: 516 231-3366
FAX: 516 231-3473
EMAIL: info@toddpower.com
WEB: http://www.toddpower.com

Giving you the power to
build better products.
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TECH INSIGHTS

rscalar Processor Delivers 400 MIPS

37 Su
For DSP And Control Needs

e Scalable DSP engine quickly exe-
cutes complex algorithms thanks to

56 Communications Applications Drive Novel
Technologies At 1SSCC

e Increasing reliance on wireless, network, and
internet technologies has created a relentless

dual MACs, dual ALUs, ard a 200- demand for new performance levels.
MHz clock.

64 CMOS Technology Prevails in Analog Design
44 The 1988 ISSCC Lives Up To Its Cutting-Edge

Reputation

46 Advanced Microprocessor And Memory ICs Bask

In 1SSCC’s Glow

® Novel clocking schemes, GHz CPUs, and ad-
vanced memory ICs lead the stampede of high-
performance breakthroughs.

ELECTRONIC DESIGN (ISSN 0013-4872rL is published twice monthly except for three
, three issues in  August,

issues in
November by Penton Publishing

2543. Paid rates for a one ;eq::jqbst:sripﬁon are as follows:
iodicals pos'ogc

$180, $200 International. Peri
?giélin offices. Editoriol and

sing ad
st, Hasbrouck Heights, NJ 07284. Telephone (20 %93-6060. Facsimile {201)
CO.

* New developments in low-power devices and
CMOS technology highlight the future of ana-
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some novel applications.
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The less power they use, the longer they fly

New signal relays consume 64% less power

Energy efficiency wins the race. That's true whether you're  Our signal relays come in two series: ED2 (through-hole

designing model planes for competition, or selecting type) and EF2 (surface-mount type).

signal relays for power-sensitive telecom systems or If you want your system to soar high and outlast the

battery-powered products. competition, give it a boost with small, light, energy-
NEC's new miniature signal relays consume only 50mW  efficient relays from NEC. For more information. contact

of power. That's 64% less than our previous generation. NEC today.

Designed for direct drive by ICs, our new relays

let you reduce component count and simplify Type Dimensions (W x D xH) Contactform  Power consumption  Contact rating

circuitry. ED2  15.0x7.5x9.4mm 2% 50mwW 30W (resistive)
Our new relays are also EF2  15.0x9.5x 10.0mm (Non-latch 1.5-6V) 2 62.5VA (resistive)

tough. They meet the surge- €C2  150x75x9.4mm % 140mwW 60W (resistive)

voltage requirements of EE2  15.0x9.5x 10.0mm {Non-tatch 3-12V) 125VA (resistive)

FCC (1500V. 10 160ps) and SR L . 140mW 30W (resistive)

Bellcore (2500V. 2 x 10ys). EB2 14.3x9.3x 7.5mm (Non-faich 3-12V) 62.5VA (resistivel

The table shows specifications for standard types

The right components to build your reputation

just imagine

On the Internet at http:/WWW.ic.nec.co.jp/index_e.html NEC MULTIMEDIA
For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490.

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800.

Fax:1-3067-5899. SPAIN Tel 1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541. Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290.

HONG KONG Tel:2885-9318.Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451.

SINGAPORE Tei:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3798-6148.Fax:03-3798-6149.
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ANALOG OUTLOOK

81 Standards And Specs For In-Seat Power On
Aircraft Still In The Clouds

® You may now have a chance to assist in de-
ciding how airlines will supply in-flight power
to laptops and other passenger electronics!

92 Self-Programming Microcontroller Networks
Sensors And Transducers

¢ Single chip performs signal conditioning,
data conversion, and control functions for
data-acquisition systems.

BOARDS & BUSES

96 Standards Watch
* The approaching convergence of PC-TV

98 The BUSiness Report
o A real embedded-software standard?

100 Employ Multiple-DSP Design For Six-Channel
Dolby Digitcj Encoding

* Today's high-end audio platforms are in-
creasing in complexity, fueling the move to
DSP-based systems.

108 What's On Board
110 Boards & Buses Products

B s s RS L GUICKLOOK

113 Higher Density And Lower Cost Enhance Fiber-
Optic Components

® Strengthened by these essential ingredients.
[fiber-optic technology begins to bubble over as
copper runs out of steam.

118 Product Update: Connectors
120 Product Features
122 PIPS Products

126 ldeas For Design

» Window comparator features independent
adjustments

o Single-chip quadrature generator

® Pulse-width measurements made by micro-
controller with MFT

* RS-232 port powers frequency counter

* Battery-charger IC doubles as current sensor
* Self-heated transistor thermostats individual
components

141 Pease Porridge
o What's all this motorcycling stuff, anyhow?

147 Walt’s Tools And Tips
* Add some Spice to your analog designs

149 New Products

® Packaging

e Digital ICs

* Commumnications
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CAPTAIN,
WE'VE GOT AN ENTIRE SQUADRON
OF RAIDER SHIPS APPROACHING FROM
THE ZYLINK QUAPRANT.

LT.REED, WHAT D
THE GZ REVEAL ABOUT THE
RAIDER FIGHTERS?
o THOSE RAIDER
Y WEAPONS ARE CHOKING
N THEIR BUDGETS AND REMAIN
" LESS POWERFUL THAN OLIRS.
SEEMS THEY CAN'T CONVERT
MULTIPLE FPGAS INTO A
SINGLE ASIC.
FIRE AT WILL!!

YOU MEAN SCORE X
ONE MORE FOR AMI! THEIR
NETRANS CONVERSION SERVICE
> /6 STILL OLIR BIGGEST '
ADVANTAGE.

SCORE ONE MORE FOR AMI! n the battlefields of business,

every advantage counts. For FPGA-to-ASIC, multiple FPGAs into one ASIC,

or an ASIC-to-ASIC conversion, AMI's proven NETRANS expertise ensures
designs are optimized for size, cost and performance. And AMI conversions
won't break budgets or schedules. Get the advantage. Get an AMI ASIC.

KAMI

AMERICAN MICROSYSTEMS, INC.




A family of true SMT Power MOSFETSs
to meet your system needs

Lowest Rps(on)

(10m Q)

Smallest Packages

(SOTZEY)

Do vour system designs require improved power handling capability
in a reduced size? If so, you can now select from the industry’s
broadest selection of SMT Power DMOS devices for all of\our
small-footprint, surface-mount applications—from DC/DC
converters to motor drivers, to load switching and more.

In addition to easy placement on the board, the six Power MOSFET
packages from the Fairchild Discrete Power and Signal Technologies
Group give you the most advanced power handling capabilities
available.

Add it all up, and you'll find that regardless of the package vou select,
you won't find a better price/performance combination for vour
application. For a Discrete Power and Signal Technologies selection
guide and more information call:

1-888-522-5372 or visit our web site at:
www.fairchildsemi.com/offer/SMTPower

Reference Part Number | Rpg(on)(Tyrical m2) | Package Type
'-';A —; B ol . P Shown at actual size
FDN337N FDN338P 52 130 SuperSOT™-3 L
e — e E S————
FDC633N FDC634P 35 70 | SupersOT™-6 i
— T — ll ——— .
FDR4410 FDR836P 11 25 SuperSOT™-8 [ ]
— . e
NDS8410A NDS8435A | 10 | 21 SO-8 -
NDT455N NDT456P 13 ‘] 26 Power SOT ﬁ
4 e
NDM3000* 70 T125 ' SO-16
Ll L L | —

*$0-16 Contains 3 N-Channel and 3 P-Channel die in one package

SEDTA ST O
FAIRCHILD
(e R AR

SEMICONDUCTOR
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Industrial Single

Board Computers
& Systems

Half-size PC/AT ISA Bus VImrS
PC/104 Compatible

*Up 0 233 MHz Pentium® Processo

with MMX™ technology
*Up to 256MB of DRAM
*PC| Video w/ Fiat Panel

£ CRT operations
$PCHE(IDE) and Fast SCSI 2
*10Base-2/T &

PCl 10/100Base-TX
Battery-Backed SRAM
*Up 1o 4MB Bootable Flash
* CompactFtash IDE compatible disk moduke
* oot Biock Fiash BIOS

PGIr93X

PCI-ISA PICMG Compatible

*From 100 MHz Pentum® to 233 MHz Pentium®
processor with MMX ™ technology

*Up to 512MB of DRAM

*PCl Video w/ Flat Panel & CRT operations

* PGl EIDE & PCH Fast & Uitra SCSI 2

*10Base-2/ T & PC! 10/100Base-TX

*Up to 4MB Bootable Flasn

*CompactFlash IDE compatible disk module

*Boot Block Fiash 310S

Portable SBC

Low Power Hand-Portable
Industrial SBC

$Lip to 133 MHz Pentium®
Processor, SPGA package

*Two dual-port PCI-to-PC Card™
CardBus controller unit
supporting 4 TYPE | or Il
or.2 TYPE ill PCMCIA slots

*1MB £D0 DRAM, SVGA Video
with Flat Panel & CRT operations

*SoundBlaster™ and Windows

compaciPL!

compatible hardware
TEK-CPCI

Computer Platform

*Development system chassis with
"] five 6U & thre= 3U CompactPCI™ slots,
a penpherat 4y, two EIDE connectors
& up to 2 hot-swappable
power supplius
*PICMG Rev. 2 1 ccmpliant SBC
with up to 233 MHz Pentium®
processor with MMX ™ technology
*Onboard Floppy, EIDE &
10/100 Base-TX Et'iernet mterface
*SVGA peripheral adapter board
with support tor up to 2MB of
video memory

TEK-PAK

Flat Panel
Computer System

® ViPer's Industrial SBC
SActive/Passive
Matrix Color LCD
*Extenced temperature
EL displays
*Resist.ve/Capacitive
fouchscreen
®NEMA sealed enclosures

U.S/CAN.: Tel: 1-800-387-4222
U.S.- Tet (561} 883-6191 - Fax (5613 83-6630
WEB ADDRESS http-//www teknot com SALES seMs@nekno’ com

Th ot B g 990 P e g (rasemanss g ML S 3 trademark
of Iadvi Corgmmton (P \rademasis wu 9 Wty 0 1R 25 peck v wsers.
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Call, write, fax or visit us on the
Internet for your FREE CATALOG today!

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls MN 56701
Toll-Free: 1-800-344-4539 « Fax: 218-681-3380
Order Online www.digikey.com
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Low Profile

Subminiature
Right Angle
Vertical
PC Mount
Solder Tab

Custom designs welcome.
Aggressive Pricing!
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Design, Automation, and Test in Europe
Conference and Exhibition (DATE ‘98), Feb
23-26. Le Palais des Congres de
Paris, Porte Maillot. Contact Euro-
pean Conferences, 11C Wemyss P1.,
Edinburgh EH3 6DH, UK; +44 131-
225-2892; fax +44 131-225-2925.

38th Israel Conference on Aerospace Sci-
ences, Feb. 25-26. Tel-Aviv & Haifa.
Contact Technion-Israel Institute of
Technology, Haifa 32000, Israel; 972-
4-8292713; fax, 972-4-8231848; e-mail:
alice@aerodyne.
technion.ac.il.

MARCH

Computer Telephony Conference and
Exposition ‘98, Mar. 3-5. Los Angeles
Convention Center, Los Angeles,
CA. Contact Computer Telephony
‘98, 1265 Industrial Highway,
Southampton, PA 18966; (215) 355-
2886; fax (215) 355-4112.

International Verilog Conference and VHDL
International User Forum (IVC/VIUF), Mor. 16-
19. Santa Clara Convention Center,
Santa Clara, CA. Contact MP Associ-
ates, 5305 Spine Rd., Suite A, Boulder,
CO 80301; (303) 530-4562; fax (303)
530-4334; e-mail: lee@mpa-net.com;
www.hdlcon.org.

IEEE Aerospace Conference, Mar. 21-28.
Snowmass Conference Center, Snow-
mass, CO. Contact Mike Johnson, 2225
Roscomare Road, Los Angeles, CA
90077-2222; (310) 472-8019; e-mail:
Jjohnson@ee.ucla.edu.

Second Intellectval Property in Electronics
Seminar (IP ‘98), Mar. 23-24. Westin Ho-
tel, Santa Clara, CA. Contact John
Whitaker, Miller Freeman Technical
Ltd., +44 181-316-3297; e-mail:
ed98@cityscape.co.uk.

PCB Design Conference West, Mar. 23-27.
Santa Clara Convention Center,
Santa Clara, CA. Contact Molly
Knox, Miller Freeman, (408) 448-
6173; e-mail: mknox@mfi.com.

Robot Safety Workshop, Mar. 24-26. The
Westin Hermitage, Nashville, TN.
Contact Brian Huse at RIA Head-
quarters, P.O. Box 3724, Ann Arbor,
MI, 48106; (313)994-6088; fax (313)
994-3338; e-mail: bhuse@robotics.org;

www.robotics.org.

Southcon/98, Mar. 24-26. Orange
County Convention Center, Orlando,
FL. Contact Electronic Conventions,
(800) 877-2668 or (310) 215-3976; fax
(310) 641-5117; www.southcon.com

INFOCOM ‘98, Mar. 28-Apr. 2. Hotel
Nikko, San Francisco, CA. Contact
Ramesh Nagarajan, Lucent Tech-
nologies, 101 Crawford Corner Rd.,
Rm. 3M-318, Holmdel, NJ 07933;
(732) 949-2761; fax (732) 834-5906; e-
mail: rameshn@lucent.com.

IEEE International Reliability Physics Sym-
posium, Mar. 30-Apr. 2. Reno Hilton Ho-
tel, Reno, NV. Contact Ann N.
Campbell, M/S 1081, Sandia National
Labs., P.O. Box 5800, Albuquerque,
NM 87185-1081; (505) 844-7452; fax
(505) 844-2991; e-mail:
ancampbe@sandia.gov.

IEEE International Parallel Processing Sym-
posium/IEEE 9th Symposium on Parallel and
Distributed Processing (IPPS/SPDP), Mar.
30-Apr. 3. Delta Orlando Resort, Or-
lando, FL. Contact Viktor Prasanna,
EEB-200C, Department of EE Sys-
tems, University of Southern Califor-
nia, Los Angeles, CA 90089-2562; (213)
740-4483; fax (213) 740-4418; e-mail:
prasann@ganges.usc.edu.

Embedded Systems Conference Spring,
Mar. 31-Apr. 2. Navy Pier Festival
Hall, Chicago, IL. Contact Liz
Austin, Miller Freeman Inc., (888)
239-5563; (415) 538-3848; e-mail:
esc@mfi.com.

APRIL
20th IEEE International Conference on Soft-
ware Engineering, Apr. 19-25. Kyoto Inter-
national. Conference Hall, Kyoto, Ja-
pan. Contact Koji Torii, Graduate
School of Information Sciences, Nara
Institute of Science & Technology,
8916-5 Takayama-cho, Ikoma-shi,
Nara-ken 630-01, Japan; +81 7437-2-
5310; fax +81 7437-2-5319; e-mail:

torii@is.aist-nara.ac.jp.

DSP World Spring Design Conference, Apr.
21-23. Santa Clara Convention Center,
Santa Clara, CA. Contact Liz Austin,
Miller Freeman Inc. (888) 239-5563,
(415) 538-3848; e-mail: dspworld@
mfi.com; www.dspworld.com.




SAATCHI & SAATCHI BUSINESS COMMUNICATIOS

refreshingly available...

Looking for OTP availability ? Our new * A full range of 80C51 device versions committed for the long-term to meet the
OTP versions are part of our long-term to choose from: ROMless, EPROM, and needs of the 8-bit embedded
commitment to Intel 8-bit architecture. masked ROM. microcontroller market.
Hefe's ‘why you'll find our solutions very * ROM sizes availz?ble from 4 Kby.tes to So go ahead, refresh your supplies with
satisfying: o 32 Kbytes, running at frequencies of TEMIC OTPs—backed by a commitment
» Two new derivatives—TSC87C51 for up to 44 MHz and power supply down that's guaranteed to satisfy.

4 Kbytes EPROM and TSC87C52 for to 1.8 volts.

8 Kbytes EPROM. * Qur 8-bit microcontroller long-term
« TEMIC OTPs are Intel licensed drop-in strategv means we're constantly CALL

replacements. developing new derivatives to meet 1-800-554-5565, ext. 648

your needs. http://www.temic.de/semi

« Qur investments in technology ensures
competitive, high-value solutions.
* A 15-year partnership with Intel

positions TEMIC as a major, reliable I I i: M
supplier of 80C51 and 80C251 products,

Semiconductors

TEMIC is a Company of Daimler-Benz - Members of TEMIC Semivonductors : Telefunken Semiconduczors, SHicanix, Matra MHS, Dialog Semiconductor
TEMIC Sales Offices - North America
Central: Tel. (810} 244-06 10 - Fax. (810) 244-08 48 - Eastern: Tel. (908) 630-9200 - Fax. (9%8) 630-9201 - Western: Tel. 1408) 988-8000 - Fax. 1408) 970-3950 - Mexico: Tel. (52) 5 546 92 76 - Fax. {52) 5 566 08 400
Faxback nrmber; USA: 1-408-970-5600 / EUROPE: 49-7131-99 33-97/98 WWW; nitp: ./www.temic.com
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The Broadest Selection of Hot

— UCC3912

When you're connecting a PCB or peripheral to an
active bus, Unitrode’s Hot Swap Power Manager ICs

N 2A FUSE
: I PTC FUSE
provide the fastest response to overcurrent problems
and maintain the highest degree of data integrity under any
fault condition. Some devices can control over 1000V - leaving
the competition in the dust. In fault condition, a low duty cycle )
Large Voltage Glitch!

retry mode significantly reduces average FET power dissipation.

Unitrode’s Hot Swap Advantages

: ,l ,;m "RDSon y ¢ Floating Topology for High Voltage Applications

g::g High Speed Active Current Limiting Prevents

0.220 Interruption of Power or Data Flow
0.075¢
0.1Q

L 4

High Speed Overcurrent/Failt Response
Automatic Fault Retry or Latched Fault Mode
True Power Limit Control for External FET Devices

Fault Output Indication

@ @ s RO @

Shutdown Control

For samples and application information, give us a call today.

H UNITRODE

i#~The Linear IC Company Everyone Follows

TEL: (603) 429-8610

http://www.unitrode.com « FAX: (603) 424-3460 « 7 Continental Boulevard « Merrimack, NH 03054
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If You Think Omron Only Makes Relays,
Read Between Our Lines.

U's true we're the world's number

one relay supplier. So it's not
surprising to learn that design engineers
and specifiers know us for our relays.

But we also manufacture the
world’s most complete line of switches
and photomicrosensors.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
manufacture telecommunications
products, home and office electronics,
computer peripherals, appliances, and
HVAC equipment, just to name a few.
Proven reliability
makes Omron
relays, switches,
and photo-
microsensors the
preferred choice
of design engineers

and specifiers
worldwide.

What does all this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application, you're looking at a
considerable cost savings. Plus you'll
see your design go into production that
much faster.

In switches alone, we have basic
switches, mechanical keyswitches,
rotary and in-line DIP, thumbwheel and
rocker switches, amplified and non-
amplified photomicrosensors, PCB
mount and connector-ready photo-
microsensors, as well as lighted and
oil-tight pushbuttons.

And everything Omron makes is
100% tested, available to you world-
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wide, and backed up by outstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for,
call now to receive our Standard
Products Catalog or visit our web site at
http://www.oei.omron.com. For a
directory of techinical data sheets, call
ControlFax at 1-847-843-1963 and ask
for document =50.

If you respond to innovation and
more efficient ways of doing business,
it's a story worth reading.

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG.IT'S FREE!

OMRON

WE HAVE THE FUTURE IN CONTROL
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TFT Color
Displays

Featuring:
* Brightness from 70 to 1,000 nits
* Sizes from4"to 12.1"
* Unsurpassed contrast & viewing angle
- Control circuitry, inverters, cabling
* Expert technical support

Also, monochrome graphic,
character and panel displays

' 408.523.8218

Supporting electronics manufacturers for over 65 years

CORPORATION
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Need To Know What They Know?

Get To Know Penton Research Services

Somewhere out there are people who want to buy what you have to sell.
From the executive considering distribution alternatives ~ to the engineer
looking for a solution to a design problem - to the purchasing manager
seeking new sources of supply — each one is looking for ways to make his
or her company more competitive.

The professionals at Penton Research Services can help you discover what they buy and
why, from whom - and even what they are looking for. Before you decide on a new
product or marketing effort, invest in the knowledge you can trust from Penton -
a leader in business information and communications for over 100 years.

When you need to know, get to know Penton Research Services.

You can start by asking for this informative brochure, today.

Penton Research Services
1100 Superior Avenue * Cleveland, OH 44114-2543
Call: 216.696.7000 Toil-free: 800.736.8660 /-
S E R VI CES

Fax: 216.696.8130
E-mail: research@penton.com

http://www.penton.com/corp/research Your Information Edge

| ter, San Francisco, CA. Contact Amy

APRIL

Southeastcon ‘98, Apr. 24-26. Hyatt
Regency, Orlando International Air-
port, Orlando, FL. Contact Parveen
Ward, ECE Dept., University of Cen-
tral Florida, Orlando, FL 32816; (407)
823-2610; fax (407) 823-5835; e-mail:
pfw@ece.engr.ucf.edu.

16th IEEE VLSI Test Symposium, Apr. 26-30.
Hyatt Regency Monterey, Monterey,
CA. Contact Rob Roy, Intel Corp.,
MS:JFT-102, 5300 Elam Young Pkwy.,
Hillsboro, OR 97124-6497; (503) 264-
3738; fax (503) 264-9359; e-mail:
robroy@ichips.intel.com.

IPC Printed Circuits Expo ‘98, Apr. 26-30.
Long Beach Convention Center, Long
Beach, CA. Contact Dan Green, The |
Institute for Interconnection & Pack- |
aging Electronic Circuits, 2215
Sanders Rd., Northbrook, IL 60062-
6135: (847) 509-9700 ext. 371; fax (847)
509-9798.

MAY

100th ACerS Annual Meeting & Exposition,
May 3-6. Dr. Albert B. Sabin Conven-
tion Center, Cincinnati, OH. Contact |
The American Ceramic Society Cus-
tomer Service Dept.; (614) 794-5890;
fax (614) 899-6109; e-mail: customer-
srve@acers.org; www.acers.org.

Conference on Lasers & Electo-Optics &
The International Electronics Conference
(CLEQ/IEC), May 3-8. The Moscone Cen-

Hutto, OSA Conference Services,
2010 Massachusetts Ave. N.W,,
Washington, DC 20036-1023; (202)
416-1980; fax (202) 416-6100; e-mail:
cleo.info@osa.org.

IEEE Infernational Conference on Evolution-
ary Computation, May 3-9. Ankorage, AK. |
Contact Patrick K. Simpson, Scien-
tific Fishery Systems Inc., P.O. Box |

| 242065, Anchorage, AK 99524; (907) |

345-7347; fax (907) 345-9769; e-mail:
scifish@alaska.net.

IEEE International Conference on Neural
Networks (ICNN ‘98), May 3-9. Anchor-
age, Alaska. Contact Patrick K. |
Simpson, Scientific Fishery Systems :
Inc., Post Office Box 242065, An-

| chorage, Alaska 99524; (907) 345-

7347; fax (907) 345-9769; e-mail: sci-
fish@alaska.net.




MuiTiLAYER NON-MAGNETIC CORE
Inductance values from 1.2nH to 100nH,
5% to.erance (>6.81H), low DCR and high
self-resonant frequencies.

Wire WOUND NON-MAGNETIC CORE
High self-resonant frequencies, inductance values
from 3.3nH 10 220nH, tight tolerances, high Q.

L MutTitAYER MAGNETIC CORE
Mhgnetically shielded. Inductance values
| from 0.1H to 47uH.
|

]

THiN Fitm
Inductance values from 1.3nH to >100nH,
tolerance values of +/-2% (>10uH), extremely
high self-resonant frequencies.

Murata not only has the broadest line of chip

Wiks UDUND MAAETIE GRS inductors in the industry, we're continually

(Crosep CONSTRUCTION) pushing the envelope 1o improve performance
Inductance values from 1yH to 100pH,
high Q, tight tolerances (+/-2%). while reducing space requirements and cost.

WIRE WouND Macnetic Coke
Qur expericnce in ferrites and ceramics, | (OpreN CONSTRUCTION)
lmlufmna’ values from 0.1pH to 10.000uH,

combined with wire wound, multilayer and high Q, high current capability.

thin film technology expertise, allows us to
develop unique structures that meet pertor-

mance requirements in a broad range of

Fven in something as generic as chip induciors,
we keep finding new possibilities.

applications including wircless telecom, GPS,
video, computers and more.

You keep looking for new paossibilitics
in your designs. We'll keep improving the
components that make those possibilities
become realities. For more information, visit

www.murata.com or call 1-800-831-9172 for

a free EMI filter/chip inductor catalog, /Il/ll}’ﬂf(’/' in Electronses

11997 Murata Fleciorscs North Ametica, Inc., 2200 Loke[Park Prive Smyina Go 30080. Alf Rights Reserved
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EDITORIAL

What It Takes To Go Down In History

have to admit that I was surprised when I first noticed the Dec. 29, 1997
I Time magazine cover shot of Andy Grove, and the headline that read “Man

Of The Year.” Maybe my surprise was due to the fact that the Intel chair-
man and CEO’s digitally created chip-faced head was in the same supermar-
ket magazine rack as pop magazines and trashy tabloids featuring Oprah,
Lady Dij, aliens, and Elvis (he died in December, 20 years ago?...maybe.)

But I quickly realized that I had been surprised at the choice that Time had
made. Grove is not the typical choice for the Man Of The Year distinction. In
the magazine’s 70-year history, the Time editors almost always gave the nod
to do-good U.S. presidents and politicians, foreign heads of state, religious
leaders, peacemakers, and social activists. However, Hitler (1938), and Stalin
(1939 and 1942) received the award for their European escapades. Then,
there was Khomeini in 1979—a surprise because he certainly was not consid-
ered a good guy by the American people at the time. And in 1982, the Time
editors opted to skip a human entirely, and named The Computer as “The Ma-
chine Of The Year.”

In an editorial discussing why Time selected Grove, the editors pointed out
that “In a year filled with world-shaking events, the overriding story was the
economy, but the driving force behind the economy has clearly been technology.
And no one has done more to further technology’s long march than...Andrew
Grove.” The editorial continued, “We consider the computer revolution one of
the defining stories of our time...and that Andy Grove embodies both the en-
ergy of the business and technology industries that are shaping society today,
and the vision and creativity that have always typified the American Dream.”

I am pleased that Time selected Grove. It’s an important statement that
articulates a message that needs to be reinforced: Scientists and the creators
of technology should be recognized for their contributions and positive influ-
ence on society.

The article detailing Grove’s life before Intel also is a testament to the hu-
man spirit. Fleeing the Nazis, and later the Russians, from his native Hun-
gary to avoid imprisonment or possibly death, Grove eventually made his
way to the U.S. It didn’t take long for the Hungarian refugee to grasp what
the U.S. could offer, and in only three years, he graduated at the top of the en-
gineering class at City College of New York.

And the rest, as they say, is history.

Tom Halligan
Editor-in-Chief
thalligan@penton.com




Advanced 6U VME
SBCs from PEP..

FOR DEMANDING INDUSTRIAL

AND SEVERE ENVIRONMENT APPLICATIONS

Our niew VM162 and VM172 boards offer more features, options and flexibility.
Best of all they deliver all of these advantages using less power...and at a lower cost!
Here's what you get

* (8040 or 68060 microprocessor options to GOMhz
® (UICC communications processor for high speed serial and Ethernet support
® (XC interface for L/0 extensions and Fieldbus applications
) * Front panel /0 connections
B Duil IndustryPack or ModPack imerfces
b S"b * Low power dissipation
o Extended temperature versions (40°to +85°C)

_': _x
.,_':, '. “\a

At PEP, we specialize in matching demanding
market needs to our complete line of 3¢, 6U VME
and CompactPCI boards in a variety of temperature
and ruggedness ranges. Call us today to discuss
your specific application!

=T

{
Modular Computers

A little PEF means a lot of power.

PEP Modular Computers, Inc.
750 Holiday Drive, Building 9
Pittsburgh, PA 15220

Industrial computing requires jus! the right 412/921.3322
tools. The PEP VM162 and VMI72 have them Fax: 412/92 lj% 356
all huilt-in! Call now for details E-ﬁ:lil: info@i)épusa.com

Toll free: 800-228-1737
READER SERVICE 207
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Telephone
Ringing
Generators
Reduce Cost

and Size

@ Provides solutions to POTS {plain
old telephones) systems requiring
from 3 REN to 150 REN

@ Available in 1w, 3w, 10w, 20w &
30w DC/AC sine-wave ring
generators (5w square-wave also
available)

® User selectable output frequencies
can be remotely set for 17, 20, 25
or 50Hz

@ Inhibit pin allows for easy imple-
mentation of cascading for zero V,
zero | crossing to extend the life of
system contacts

@ UL 1950, CSA and EN 60950 safety
agency approvals

# Overload, overvoltage and short
circuit protection

# |deal for local and remote loop
applications

¢ High density solutions capable of
reducing your board space, time-
to-market, while improving
reliability and reducing cost

¢ Off-the-shelf components ready for
immediate delivery

Call. Fax or E-mail us

for detailed specifications.
Application support and
Solutions for your
Telephony Problem!

& iy tily

P.O. Box 950
41 Werman Court
Plainview, NY 11803
Tel: 516-756-4680
Fax: 516-756-4691
E-mail: pwrdsine@erols.com
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' voltage operation, the lower threshold levels may al-

Speed To Burn: The Push For Throughput

he delivery of powerful, hand-held computing and entertainment platforms
Tthat weren’t even thought possible just a decade ago is now practical, thanks

to embedded 16- and 32-bit RISC technology. Today, a CPU throughput of 10
to 20 MIPS represents moderate to lackluster performance, while throughputs of
30 to 100 MIPS are just barely deemed adequate to run some of the current appli-
cations in palm-top computers, portable instruments, and set-top boxes. And, for
the next generation of consumer, computing, and industrial products, the compu-
tational needs will skyrocket to several hundred of thousands of MIPS (giga in-
structions/s, or GIPS).

Several companies are already well on their way toward developing such a
next-generation processor. However, there are conflicting demands that force de-
signers to make very careful design trade-offs. For instance, high speed and low
power consumption are diametrically opposed requirements because CMOS
power consumption increases as frequency increases. To counter that dilemma,
designers are reducing the operating power-supply voltage.

But, if the process used to fabricate the silicon has not been optimized for the
lower supply voltage, then designers must sacrifice some of the speed. If the
process has been optimized, the circuit might actu-
ally be able to deliver higher performance, but then
other issues crop up. For instance, when designers
adjust transistor threshold levels to allow lower-

low signal noise to corrupt circuit operation. The
lower threshold levels also could increase standby
current because subthreshold leakage currents can
flow easier. And, of course, a lower operating voltage
also limits the I/O pin voltage levels. Today’s 2.5-V
chips typically tie into 3.3-V interfaces with minimal
problems, but as supply levels go even lower, a re-
duced interface level must be defined to allow the
chips to communicate with each other.

Solutions that will address most of these issues are
starting to appear. They include circuits with dual- DIGITAL ICs
threshold-level operation to deal with the low-V issue, the reduction of the power-
supply voltage to 2.6 V and lower, the use of copper interconnections to reduce on-
chip RC delays, and the use of deep-submicron design rules (below 0.25 um) to
reduce parasitic losses and improve packing density. The results of these efforts—
processors with throughputs of 200 to 400 MIPS that consume a few hundred milli-
watts to about 2 W when going at full tilt~—have started to appear.

With many of the embedded processors, the name of the game isn't just
throughput, but the level of system integration possible. As finer-line processes
come out, transistors are smaller and more interconnect levels are possible, lead-
ing to much higher levels of integration. It’s no longer adequate to just include a |
first-level cache and a bus interface. Today’s chips are approaching system-on-a- |
chip levels by incorporating many features that would otherwise require stand-
alone chips to implement. Tomorrow’s chips will have even more complex func-
tions, like multiple CPU cores cohabitating on the same chip.

The need for higher throughput is almost a direct result of the more complex
tasks we want equipment to perform. No longer is a simple calculation enough, es-
pecially if the processor must perform signal processing for speech recognition
and telephony or other applications that haven’t seen the light of day outside of a
very large, compute-intensive system. And the need for still higher throughputs
will not slow down. More companies want portable computers to do imaging and
remote wireless communications, and provide smarter cellular telephones that
handle e-mail and faxes, paging, and message storage. With leftover MIPS, de-
signers can add in functions such as a calculator, alarm clock, and even computer
games. Speech recognition comes next to allow hands-free dialing and control.
Who knows what follows after that? Send me your ideas for extra features and
when we get enough, we’ll publish a summary. dbursky@class.org.

—
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Why buy a software tool for
“rapid application development”
and then waste time starting over when
your tool simply isn’t powerful enough?

)
{
With LabVIEW 5.0, there are no compromises. F owe‘

LabVIEW has the simplicity of a graphical |
|
|
l
|
|

development environment AND the power of a complete
programming language. With just a few mouse clicks, you can
create complete measurement and automation solutions with
the new development wizards. You also get powerful 32-bit
multithreading technology, distributed computing tools, and
compatibility with all industry-standard ActiveX controls.

Discover true productivity with LabVIEW, the industry-
leading software package for instrumentation.

Call today for your
FREE fully functional

4 LabVIEW 5.0
‘7 NATIONAL ) D ) / Evaluation Package
’ INSTRUMENTS 2 (800) 661-6063
The Software is the Instrument ™ & < (U.S. and Canada)

U.S. Corporate Headquarters

Tel: (512) 794-0100 » Fax: (512) 794-8411 » info@natinst.com
Worldwide network of direct offices and drstributors.

ument
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_//icron’s 100 MHz SDRAM module.
Its the digital equivalent of an adrenaline rush.

roo wux sovwrions | Micron, the master of SDRAM production, now follows up their popular 66 MHz product with a family

DENSITY CONFIGURATION

some s serrzomms | Of 100 MHz solutions. Whether you’re looking for 16MB, 32MB, 64MB or 128MB modules

64MB  8Mb x 64/72 DIMMS
120MB  16Mb x 64/72 DIMMS

s S e i Micron’s 100 MHz DIMMs will launch your products into high gear. For data sheets call 1-208
sMh x5 1 368-3900 or visit our web sit. www.micron.com/mti MI:HQN

1997, Micron Technology, Inc READER SERVICE 197
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BOARD INTERFAGE SYSTEMS

Samtec’s single-element interfaces, zero profile headers and
surface mount sockets are Way Cool Solutions for lowering your
board stacking profiles. With Samtec Board
Interface Systems we offer unique ways to go
Card-to-Board, Board-to-Board and Off-Beoard...

Get on board with Samtec
Sudden Service. Call 1-600-SAMTEC-9
for our new Flex Processing Guide.

SAMTEC USA « P.O. Box 1147 ¢ New Albany, IN 47151-1147 USA » Tel: 812-944-6733 » Fax: 812-948-5047
1-800-SAMTEC-9 « Internet: http://www.samtec.com * E-mail: info @ samtec.com
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LX1662 & LX 1664
Single-chip, programmable
PWM controllers ]

Introducing th€ “next” generation ICs transient response and eliminates costly
designed to power the newest processors capacitors for lowest cost solution

on flexible motherboards. Features include: * Available overvoltage crowbar driver and

e Smallest full-featured programmable regulator power good ﬂog°

available—LX1662 in 14-pin package For a Design Kit including O Inanimy

* Unique duakoutput regulotor—inc|u3es pro-  data sheet, application nofes, o
grammable switching output and adjustable  samples and a free § 0
linear regulator output in same package " EVALUATION BOARD o,

e Output programmable by 5-bit code between  call, fax or write today.
1.3 and 3.5V For more information,  wew

* Synchronous or non-synchronous drive visit our web site!

* Single voltage-comparator design with

adaptive output voltage positioning improves O\ L[Nm—

SWITCHING REGULATOR OPTIONS \ . ITY

MICROTLECTRONICS

97 DniuBook——(nll Today

X162 LX1663  LK1664  LX1665

Linear Regulator Driver o ] Y, Y ca" 800-LM|-701 1

| Power Good Flag/OVP Crowbar " Y " Y
lPackage S0-14 narrow  $0-16 narrow  SO-16 narrow  50-18 wide lVisit IRV RN B http: //www. linfinity.com

Linfinity Microelectronics, 11861 Western Avenue, Garden Grove, CA 92841 Phone: 714-898-8121 Fax. 714-372-3566
AC! Electronics 800-645-4955, All American 800-573-ASAP, FAI Electronics 800-677-8899, Future Electronics 800-388-8731
Jan Devices 818-757-2000, Reptron 800-800-5441, Zeus Electronics 800-52-HIREL
Pentium is a registered trademark of Intel Corporation. 6x86 and 6x86L are registered trademarks of Cyrix Corporation. AMD-K6 is & trademark of AMD Corporation.
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Mixed-Signal Megacell Will
Target Sensor Applications

n an effort to reduce overall product development time
I and ease time-to-market pressures facing mixed-sig-

nal and systems designers, American Microsystems
Inc. (AMI), Pocatello, Idaho, has joined forces with Gen-
eral Electric’s Research and Development division to de-
velop a mixed-signal ASIC megacell. The analog-to-digi-
tal converter (ADC) will be optimized for end users with
sensor-interface requirements or applications that re-
quire data acquisition and sensor data processing. These
interfaces typically are found between analog sensors
and digital signal processors (DSPs).

The ADC cell will be scalable from 8 to 16 bits, and is
targeted for AMI’s 0.6-pm linear process. It will include
a third order sigma-delta modulator, which will be a full-
custom mixed-signal cell, and a decimation filter consist-
ing of standard cells and/or semi-custom digital circuits
to be determined in the first phase of the filter design.
The ADC will operate at 5 V and be able to offer ex-
treme accuracy at very high data rates.

During development, the task of designing and simu-
lating the ADC will fall to GE. They also will be respon-
sible for offering support to AMI in the modulator’s lay-
out. AMI will perform layout and post-layout simulation
of the modulator and decimation filter. Once completed,
the ADC will be used by both companies in future devel-
opments and will be part of the AMI mixed-signal li-
brary. For further information, contact AMI at (208) 233
4690, or check out its web page at www.amis.com. CA

Companies Team to Extend
UML For Real-Time Needs

ational Software, Santa Clara, Calif., has teamed

with Kanata, Ont.-based ObjecTime Ltd. to define

a set of extensions to the universal modeling lan-
guage (UML) that will serve the needs of real-time de-
signers. UML is a combination of three major software-
modeling methodologies and notations created by
Rational’s Grady Booch, Ivar Jacobson, and Jim Rum-
baugh. The Object Management Group of Framingham,
Mass., has chosen UML as the standard for object-ori-
ented modeling for a broad range of applications.

UML was designed to be extensible. As a result, Ra-
tional has made an $8.9 million investment in Objec-
Time, which has developed a methodology called real-
time object-oriented modeling (ROOM). The idea is to
take many of the concepts of ROOM and redefine them
as extensions that are compatible with UML. In addi-
tion, some changes will need to be made to the way de-
velopers work with ROOM. ROOM lets you build an ex-
ecutable model that could generate source code. But you
couldn’t go into the source code, edit it, and automati-
cally update the model. Rational's UML-based Rose tool

supports “round-tripping,” which does permit updating
the source code by changing the model and updating
the model by changing the source code.

Among the extensions that UML for Real-Time will
bring to standard UML is a set of concepts for modeling
complex layered architectures. It also will provide an ex-
tended set of mechanisms for dealing with time and real-
time deadlines, including timed and prioritized mes-
sages. Finally, it will incorporate infrastructure concepts
for modeling the underlying computing mechanisms that
support real-time distributed applications. These include
ways of dealing with failed tasks, resetting processors,
and installing new hardware and software.

Rational Software can be reached at (408) 496-3600;
http:/fwww.rational.com, or call ObjectTime at (613)
591-3535; hitp:/fwww.objectime.com. TW

Scottish Collaborative Looks To
Advance Optical Computing

he Scottish Collaborative Initiative in Optoelec-
Ttronic Sciences (SCIO0S), a group of four Scottish

universities headed by Heriot-Watt University,
Edinburgh, Scotland, was formed to do research and
development in optoelectronics. Says Andrew Walker,
professor of modem optics at Heriot-Watt, “Our aim is
threefold. We want to show how optical techniques can
be used to carry large amounts of information between
silicon chips in a very efficient manner, and to investi-
gate new types of computers and processing systems
which could take advantage of that capability. A third
aim of the program is to develop the associated tech-
nologies, including semiconductor devices, optical com-
ponents, and lasers.”

The group already has evolved a hybrid approach, a
device comprising a silicon chip and a special optoelec-
tronic semiconductor chip—one on top of the other. This
latter semiconductor is based on gallium arsenide,
which is suitable for providing an interface between
electrical and optical signals in both directions.

Using the “solder-bump flip-chip” technique, these
novel “smart-pixel” devices are created literally by
bringing together two elements of old and new. The
gallium-arsenide chip is connected to the silicon chip by
thousands of tiny solder connections that allow large
amounts of data to be transferred off of the silicon. The
device transmits optical signals by controlling the re-
flectivity of light. Laser beams shine onto the chip, and
a signal is imprinted and passed on by the reflected
beam. Once in the optical domain, these signals can be
sent anywhere in the system with degradation.

Optical techniques avoid connection “bottlenecks”
of information in massively parallel computing sys-
tems. Applications will include everything from mili-
tary apps and engineering simulations to the control
of telecommunications networks and even forecasting
weather. RE
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The MIPS partners

“We all offer the leading development
tools. But at IDT, we suggest choosing
your MIPS partner alphabetically.”

“We all give you great price/performance.
But the rational, reasonable, sensible choice
is LSI Logic. Logically speaking, of course.”

“You get a wide choice of MIPS
partners. LSI, NEG, IDT, NEC, Toshiba,
NEC, Philips. Did | mention NEC?”

“Before you choose a partner for this open '&,
architecture, consider this: the last three letters of
MIPS are the last three letters of Philips. Spooky.”



All for one and one for all. Well, sort of.

“For a scalahle architecture, choose any of the MIPS
partners. However, you'd be wise to select the
company whose name ends in a vowel —Toshiba.”

Can you feel their love, their admiration,
their neon-green envy when one MIPS
partner gets the design win over the others?
It's just got to put a smile on your face.
After all, the fact that the MIPS partners are
also competitors does have its advantages.

The obvious one is having a choice
of reliable MIPS RISC suppliers. You get the
partner and performance that’s perfect for

your embedded design.

You also get to choose from the

broadest range of industry leading tools.
So your product will hit the streets faster,
and you can get there for less than those
conventional embedded processors.
Partners working together. Each with
their own strengths. Competitors fighting
for your business.
Capitalism just keeps getting better.

www.TeamMIPS.com

. Y/ Only MIPS RISC embedded
Lst NEC ET Philips TOSHIBA [9/{ % g tiples
Semiconductors /4 A of price/performance,

manufacturing expertise
)" and development tools.
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System-On-A-Chip Design Gets

Serious With New Center

here’s little doubt in the EDA industry today that
T designs are migrating from single function chips to

systems on a chip. However, the burning question
remains: How we will get there? Cadence Design Sys-
tems Ine., San Jose, Calif., plans to not only answer this
question, but speed the migration process thanks to a
recent partnership agreement with Scottish Enter-
prises, Scotland’s main economic development organiza-
tion. The purpose of the collaborative effort will be to es-
tablish Scotland as the primary location for electronies
companies to design advanced system chips.

To accomplish this goal, Cadence has broken ground
on what will be its largest design center, to be located in
Livingston, Scotland. By the year 2004, Cadence
promises have the facility up and running, staffed by a
team of approximately 1800 engineering professionals.
The center will be used to perform actual chip design
work for Cadence’s worldwide customer base utilizing
secure, high-bandwidth telecommunications links to
more than a dozen other design centers in the company’s
Design Factory Network. It also will be used as an ad-
vanced research and development laboratory to develop
next generation technologies and methodologies for
system on a chip design.

As part of a larger initiative sponsored by Scottish
Enterprises, government, industry, and academic a to
address the growing needs of system on a chip design
and designers, Cadence’s design center will serve as the
focal point for a new system on a chip campus. Also to be
located at this campus, roughly a 55-acre site, will be a
host of other industrial and academic activities. In par-
ticular, the campus will be home to the first ever educa-
tional facility to offer a curriculum for advanced chip de-
sign and a masters degree in systems on a chip design.
To assist in this project Cadence has agreed to provide
software and research support. The campus will focus
on such system on a chip challenges as development,
protection, and exchange of intellectual property build-
ing blocks in an efficient and secure manner. More
specifically, issues having to do with the legal, tax, cus-
toms, educational, and technical implications of system
design will be addressed.

For additional details on this effort check out Ca-
dence’s web site at www.cadence.com, or Scottish En-
terprises at www.scotent.co.uk. CA

Library Modeling Standard
Helps Ease Use And Reuse Of IP

pen Verilog International (OVI), Los Gatos, Calif.,
O has recently approved a library standard for the
Verilog HDL (Hardware Description Language).
Known as the Advanced Library Format (ALF) stan-

dard, its main goal is to help facilitate the use and reuse
of intellectual property. It accomplishes this by creating
a single format that will allow HDL-based design li-
braries (VHDL and Verilog HDL) to be portable.

In particular, it specifies a library exchange format
for multiple design and analysis tools, including synthe-
sis, static timing, and power analysis, as well as power,
logic and timing optimization. Developed by OVI’s
Technical Subcommittee, the standard enables all li-
braries developed using ALF to be translated for use
with any design tool and for use in new applications.
The ALF standard supports deep submicron designs
using large ASIC cells, memory, and blocks.

The ALF standard’s primary benefit is its ability to
make intellectual property easier to use. The ALF
standard accomplishes this by establishing common eri-
teria for optimizing and translating models. The ALF
standard also expands current library modeling to
higher-level blocks, making them more accurate and
extensible. In addition, it reduces the number of ASIC
libraries for multiple vendors to one library and makes
it possible for ASIC suppliers to generate and verify
only one library format for their customers.

The ALF standard, version 1.0, is now available and
can be downloaded from OVT’s web site at www.ovi.org.
Copies also can be obtained directly from the OVT office
by calling (408) 358-9510. Each copy costs $50. ca

Crystal-Slicing Method Gives
Boost To Blue-Laser Development

cientists at Rensselaer Polytechnic Institute have

come up with a way to grow aluminum-nitride crys-

tals that are large enough to slice into semiconduc-
tor substrates. These crystals can be used to fabricate
blue and ultraviolet lasers and blue and green LEDs.

Glen Slack, one of the research professors on the pro-
ject, demonstrated that you can grow aluminum-nitride
crystals in a tungsten crucible at 2300°C. They recently
were able to solve a problem of the crucible not surviv-
ing for very long due to aluminum attacking the grain
boundaries in the tungsten.

Semiconductor light sources have always been attrac-
tive because of their ruggedness and economy, says Leo
Schowalter, professor and chair of physics at Rensselaer.
However, LED color has been pretty much limited to
red. Blue and green LEDs are needed if we're to create
traffic signals, automobile lighting, flat-screen TV sets,
and other applications where long life and high efficiency
are important. Also blue and ultraviolet semiconducting
lasers would make it possible to squeeze as much as 30
times more material onto a compact disk than can be
done with the infrared lasers that are currently used.

For more information, call Leo Schowalter at (518)
276-6435; e-mail: schowalt@unix.cie.rpi.edu; or on the
Internet at: www.rpi.edu/~schowl/schowalt.htm. RE

Edited by Roger Engelke
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Our new LM2664 inverter and LM2665 voltage doubler are practically made to order for portable
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The T510 series provides ultra low ESR for two specific applications: fil-
tering and decoupling. The very high ripple current capability (up to 3 Amps
rms) makes this part the ideal choice for SMPS filtering. The T510 will revo-
lutionize design solutions for power decoupling of leading, edge micro-
processors by substantially
reducding the part count nec-
essary to achieve the total
required cap and ESR.

The T510 series is
initially available in a
4704F 6V device. A

In today’s electronic
requirements, we at
KEMET are aware
of the fact that
spaceis ata
premium. Space
that requires
more and more
capaditors
installed within
smaller and smaller
footprints while maintain-

ing high CV and low ESR. 28;);531:\/1%??;2(1
The innovative construction targeted for

release in early ‘98.
Al T510 products
are tape and reel packaged per EIA 481-1.

platform of the new KEMET T510
series incorporates multiple capacitor
elements, in parallel, inside a sin-

gle package. This unique assem-
bly, combined with KEMET's
superior processing technolo-
gy, results in a much lower
ESR than can be achleved.in
a traditional single element
package. Other benefits
include superior capacitance
retention at high frequencies and reduced ESL.

The T510 s unique design clearly
demonstrates why KEMET remains the
industry’s leading supplier of solid tantalum
capaditors. KEMET offers leaded
and surface mount products
in both dielectric families.

For
instart refief,
® take one
KEMET ONTHE INTERNET KEMETT510
tip Iwwwy:kemet.com SG'BCH]XKIMG"{’
| E-Mail: capmaster @ kemet.com justsay"ahhhh!"

P.O. Box 5928 + Greenville, SC 29606 + 864.963.6300
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'HP Asks Voters To Reject Proposal To Add A High-Speed

n a highly unusual move, Hewlett-
I Packard Co. has publicly called for
the rejection of a revision of the
IEEE-488 standard that would hike
the speed of the very popular general-
purpose interface bus (GPIB) by up to
eight times. HP says the added capa-
bility, known as high-speed 488 or HS-
488, has not been sufficiently tested
and could cause disruptive errors dur-
ing data transfers. But supporters of
high-speed 488 say that just isn’t true
and the addition to the standard will
cause no problems with the huge in-
stalled base of IEEE-488 equipment.
The IEEE’s high-speed 488 work-
ing group has been hammering out the
proposal for three years, with repre-
sentation from HP, the company that
invented the original GPIB (the HP-
IB). Balloting was planned for some-
time during the first quarter of this
year and, in fact, may have already be-
gun by press time. The group’s chair,
Robert Canik, replied to HP’s initia-
tive with a letter to the editors of tech-
nical publications. Canik, the GPIB
R&D manager at National Instru-
ments Corp., Austin, Tex., said the
group’s primary goals were compati-
bility with existing IEEE-488 equip-
ment and software, and to boost per-
formance by an order of magnitude.
“After three years of hard work
and detailed simulation and testing,

this working group has successfully
met those goals and, as a majority, has
voted to submit this robust specifica-
tion for formal IEEE approval,” said
Canik. He notes that it is inappropri-
ate to comment publicly on a standard
in the balloting process, but “I feel
compelled to stand up for the efforts of
the working group, and not allow a sin-
gle company to attempt to influence
the outcome of the IEEE vote.”

HP had said that the proposed revi-
sions “threaten the integrity of the
IEEE-488 standard—a worldwide,
reliable communications standard for
data transfer.” According to the an-
nouncement, joining HP in opposition
to high-speed 488 were Keithley In-
struments GmbH, Germany; ines Inc.,
Englewood, Colo., which supplies
GPIB interface cards; and ACEA, a
test and measurement company from
the Netherlands.

“Of paramount concern to HP and
others is that HS-488 circumvents the
IEEE-488 three-wire-handshake pro-
tocol and could compromise the stan-
dard’s robustness, resulting in spuri-
ous noise, loss of data and loss of data
error detection,” said HP’s announce-
ment. “HS-488 offers a two-wire hand-
shake protocol, which has not been
proven effective in ensuring data
integrity and has not been shown to be
adequately tested in the field, espe-

'Extension To The IEEE-488 Interface Bus Stundurd

cially in noisy environments,” said the
company. It also said that the three-
wire handshake offers reliable syn-
chronization of data transmissions,
even in the harshest and noisiest
environment.

“Members of standards committees
know that when the industry considers
changing a standard, a huge amount of
interoperability testing needs to be
performed,” added Ned Barnholt, se-
nior vice president and general man-
ager of HP's Test and Measurement
Organization. “The proposed revisions
have not been adequately tested on-
site, especially for noise immunity and
interoperability. And very little docu-
mentation of such testing has ap-
peared in the technical media.”

Dave Richey, engineering manager
for HP’s Measurement Systems Div.,
said that the company had concluded
that existing equipment will not work
properly with the revised standard.
“HP participated in the working group
assuming problems would be shaken
out before a vote was taken,” said
Richey, “That didn’t happen.” He added
that there has been no public debate on
the proposal, in accordance with IEEE
procedures. The industry in general
should be given adequate notice of the
proposal and be allowed to comment on
it before it goes to a vote, he said.

HP said that a better solution would

First byte transferred Sn}mlm Third byte

First byte transferred (I’iu normal handshake)

E'_i —I £ s A_li .—I
Lo /Jl. / N \ Boii Bk T T4
(cmpm) (mm)—-ooooo( /,oo<x SO
| fog EX]
| AN
mr m NRFD
| T oo e Lol
| NDAC - J
| Somo AII The talker uses a momentary, Second byte
low-going pulse on NRFD transferred
ready  ready mw lmm fo tell the listener that the talker  Lack of NRFD Using HS-488.
can send data using HS-488.  trancition indicates
that all listeners are
a) (b) HS 488 capable.

The IEEE-488 three-wire handshake requires a handshake for each byte transferred over the bus (a). The proposed HS-488 revision to the standard
adds a source-synchronized transfer mode that uses only one handshake to establish the proper transfer speed (b). Once the compatibility of the
talker and listener transfer speeds is establi shed, no further handshaking is employed.
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be an emerging PC-based standard, like
universal serial bus (USB) or Firewire,
“which have already undergone signifi-
cantly greater interoperability testing
than the changes proposed in HS488.”
Richey noted that USB is an accepted
standard that offers flexibility and low
system costs. And, he added, “Firewire
also shows great promise and offers far
greater bandwidth than the proposed
revisions. Why should our industry
commit huge resources to a question-
able extension of IEEE-488, when the
computer industry is already develop-
ing excellent solutions for increased
speed?”

Ron Wolfe, corporate marketing
strategist at National Instruments,
disputed HP’s contention’s about the
handshake. The sole purpose of the
handshake is to regulate data speed so
the speaker doesn’t send data faster
than the listener can accept it. “All
HS-488 does is add a source-synchro-
nized transfer mode,” said Wolfe. “It’s

the same exact technology that VME
uses for VME block transfers. MXI
bus uses it, and has been using it for
years. SCSI uses it. SCSI 2 uses it. If
you and I both know that you can take
data as fast as I can send it, then we
don’t use the handshake for each
byte,” he says (see the figure).

Compatibility is not a problem,
Wolfe said. The protocol is handled at
the hardware level, and no changes to
software are required. If a system has
both older IEE E-488 instruments and
HS-488 versions, the high-speed units
can talk to each other at the faster
rate. The basic standard allows a
speaker to communicate with multiple
listeners at the same time. “If any one
of those listeners is not high-speed ca-
pable, the talker defaults to the origi-
nal three-wire handshake,” he said. “It
works just like it does now.”

As for USB and Firewire, Amar
Patel, instrument control product
manager at National Instruments,

said the former delivers no significant
speed improvement and the latter is
not ready for commercial use. He said
USB’s maximum transfer rate is the
same as the theoretical maximum for
GPIB, 12 Mbits/s (1.5 Mbytes/s). Re-
garding Firewire, he said, “It’s at least
one year away from commercially
available products because there’s still
a lot of hammering out going on with
the specification.” Wolfe said that esti-
mate was specifically for computer
products. Instrumentation products
would see even more of a wait.

Wolfe insisted that the revision to
the standard should not cause any
problems. “One thing that’s impor-
tant, nothing’s changing about the
way it works already. The changes are
additions, a new mode. So it’s not go-
ing to break anything,” he said. “And
it’s totally optional. You can turn it on
and turn it off. It's totally transparent.
It’s totally interoperable.”

John Novellino

Chemical Detection And X Ray Techniques Will Improve
The Detection And Elimination Of Land Mines

and mines have risen to the fore-
l front, as a global problem with

dire consequences. Estimates
count over 100 million land mines
deployed in 68 countries. And, re-
cent figures indicate that although
100,000 mines are cleared each year,
another two million are laid in their
place, killing or maiming roughly
2,000 people each month. Hoping to
end this horror, researchers from
Sandia National Laboratories, Al-
buquerque, N.M., are developing
three innovative technologies for
detecting and neutralizing land
mines: back-scattered X rays,
chemical sensing, and foam counter-
mines.

Sandia plans to build a mobile, con-
tinuously scanning, X-ray machine
that will intercept protons back-scat-
tered off a land mine. Continuously
scanning X-ray machines exist, but the
lab is working on integrating its own
detector technology, as well as imaging
algorithms developed by the Univer-
sity of Florida, into a specialized X-ray
machine optimized for the detction of
land-mines.

In operation, the detector system
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records a higher response when the
beam hits a plastic land mine, than
when it simply strikes the soil. Of
course, other materials in the soil will
cause the detector to exhibit a higher
response as well. To avoid a false posi-
tive reading, a microprocessor subsys-
tem in the detector produces a real-
time visual image for immediate
observation and analysis. According
to researchers on the project, the sys-
tem can image land mines down to
about 4 in. through water and snow,
along with all types of debris such as
rocks, logs, and leaves. It also can im-
age 1 m? in about five minutes.

Sandia is developing a prototype
system to field test the technology.
Preliminary testing last September
successfully demonstrated its ability
to image antitank mines buried in sand
and rocky soil. In fact, the images
showed enough detail for researchers
to determine the type of mine and the
location of its fuse—two vital pieces of
information when attempting to clear
landmines.

Researchers caution, however, that
a field-ready prototype is still roughly
a year away, and it could be another

year after that before a back-scat-
tered X-ray mine detector is in actual
use. While the initial prototype is ex-
pected to be integrated into a re-
designed Humvee, a more suitable
platform for the detector is being re-
searched. A Remote TeleRobotic Ve-
hicle for Intelligent Remediation
(RETRVIR), an all-terrain vehicle
with a robotic arm that can dig and
pick up objects weighing as much as
250 pounds, is considered to be the
ideal choice.

Another area of significant re-
search and development at Sandia is
chemical sensing. This technology is
considered by many to be the most
promising for identification of sea
mines, land mines, and unexploded
ordinance, all of which emit explosive
molecules. The main focus of this
work is centered on the development
of a portable system that utilizes ion
mobility spectrometry (IMS) technol-
ogy. This technology can quickly de-
tect and classify even the most
minute quantities of explosive mole-
cules. The system will also include
Sandia’s concentration technology,
which has the potential to chemically
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amplify a sample’s strength by thou- |

sands of times.

Some of the work being done to
support the chemical-sensing system
involves modeling the environmental
fate and transport (EF&T) of explo-
sive signature molecules. The goal is
to analyze how environmental condi-
tions, such as temperature and precip-
itation, influence the movement of ex-
plosive molecules through the soil, air,
and water. Researchers will look into
how rainfall and <oil temperature af-
fect detection.

The chemical detector is expected
to weigh no more than 20 pounds, and
to be ready for field testing on sea
mines by next spring. While the sys-
tem's final design is still under devel-
opment, it will most likely consist of a
sensing tube extending from a box
that can be inserted into the water.
To make the system easy to oper:te,
it may work by simply flashing a
green light to indicate that the unit is
sampling. but has found no explo-
sives; a vellow light to indicate a
small concentration of explosives has
been found and that further sampling
is required; or a red light to indicate a
significant concentration of explosive
has been detected.

Assuming the water field test is |

successful, the chemical detection
technology should be in use by the
military and available for licensing
within another vear. An IMS-based
system for detecting land mines
would probably be ready for field use
a year or two after that.

In the area of fo:un countermine de-
velopment, researchers are attempt-
ing to create a barrier to neutralize
mines. Rigid polyurethane foam is
now under investigation for this pur-
pose. In recent field tests, the quick-
hardening foam proves to be an effec-
tive cushion for vehicles and soldiers
against land-and water-mine explo-
sives. It successfully withstands the
weight of trucks and tanks. Further
work and tests are ongoing and focus-
ing on experiments in the air, soil, and
water.

For more information on Sandia’s
research and development into land-
mine detection and clearing, contact
Sandia National Laboratories at (505)
844-8066, or check out the web site at
www.sandia.gov.

Cheryl Ajluni
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M Exploring design issves for advanced digital signal processors

signal-processing algo-
rithms used in communica-
tions systems has pushed most
integer DSP chips to their limit.
As aresult, designers are being
forced to employ multiple chips
to execute the desired opera-
tions. With typical throughputs
of 40 to 100 MIPS, such unis-
calar DSP engines are perfor-
mance-limited, especially in
new communications applica-
tions such as GSM and other
digital standards, as well as im-
plementing key portions of al-
gorithms such as Viterbi decod-
ing. However, when multiple
processors are used, system
cost and power goes up, while
simultaneously, programming
complexity increases since the
algorithms must be partitioned
across multiple processors.
Some of the latest DSP chips have
begun adding resources so that multiple
execution units on a single chip ean
tackle more-complex communications
algorithms. However, just adding more
resources to an architecture doesn’t al-
ways deliver the desired result, since
the architecture may have limitations
that place an upper cap on performance.
That’s where designers at ZSP Corp.
saw the need for a scalable, superscalar
digital-signal processor that was easy to
program and could also handle system
control operations. As a result, the su-
perscalar 10X DSP architecture was
crafted, and the first chip to result from

T he increasing complexity of

Dave Bursky

the architectural definition is the
ZSP16401. Its designers expect the
processor architecture to deliver up to a
10-fold speed improvement over exist-
ing uniscalar 16-bit solutions, while re-
ducing overall system power and cost.
The initial implementation, the
ZSP16401, is optimized for communica-
tions infrastructure applications, such as
in cellular base-station systems. At its
core is the superscalar four-instruction-
issue 16-bit integer engine that contains
two independent 16-bit ALUs and two
16-bit single-cycle MACs (F'g. 1). That
core 1Is surrounded with instruction and
data caches, a dual-access 48-kword (96
kbytes) RAM for program and data

Superscalar Processor Delivers 400
MIPS For DSP And Control Needs

Scalable DSP Engine Quickly Executes Complex
Algorithms Thanks To Dual MACs, Dual ALUs, And A 200-MHz Clock.

storage, a pair of serial ports,
two timers, a memory interface
unit and DMA controller, a host-
system interface, and a device
* emulation controller and JTAG
test port. When clocked at 200
» MHz and powered by a 3-V sup-

ply, the processor can deliver a
sustained through-
put of 400 MIPS
while consuming less that 1.9 W.

An Evolving Processor
Besides its high throughput,

ZSP’s superscalar DSP engine

was designed for scalability, both

bit integer and floating-point op-
erations. Consequently, as new
target market segments evolve,
the processor also evolves,
changing its mix of on-chip func-
tions, adding new instructions, extend-

ing the AL U and multiplier data pathsto |

32 bits, and so on. In the meantime, the
ZSP16401 will offer designers a host of
resources that will make short work of
most ecommunications algorithms.

For instance, results from the dual
single-cycle 16-bit MACs can be saved
in a single 40-bit accumulator to handle
operations such as (16 by 16) + (16 x 16)],
thus maintaining signal precision and
minimizing round-off noise. For high-
precision computations, the two MACs
can be “combined” to perform a 32-bit
single-cycle operation and deliver a 40-
bit result. Complex multiplies also can
be handled with quick dispatch—just

in terms of on-chip resources and |
future extensions to handle 32- |
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TECH INSIGHTS

SUPERSCALAR DSP |

two clock cycles are required for a com-
plete complex multiplication.

Special instructions incorporated
into the DSP engine improve the cir-
cuit’s ability to execute complicated al-
gorithms quickly. The complex multi-
plication is just one example. Another
is the inclusion of software support to
perform Viterbi decoding through the
use of a single-cycle add-compare-se-
lect instruction. Single-cycle bit-manip-
ulation instructions also are part of the
processor’s repertoire to allow the chip
to handle control and protocol opera-
tions. The processor’s simple load/store
architecture is easy to understand and
there are almost no hidden machine
states (few mode bits), thus keeping all
operations visible to the programmer.

A large, on-chip dual-port SRAM pro-
vides 48 kwords of storage—40 kwords
can be used as instruction or data stor-
age, while the remaining 8 kwords are
data-only memory, and are shared by the
data unit and the DMA controller. Pro-
grammers have full control over use of
the 40-kword block as to how much is
used for instructions versus data. Also
on the chip is a 2-kword boot ROM that
supports the processor boot-up se-
quence and JTAG-based emulation.

The superscalar architecture in-
cludes multitasking support through a
low-latency multilevel interrupt struc-
ture with programmable priority lev-
els, and efficient context switching sup-
port. The on-chip DMA channel
supports fast I/O transfers without cy-

cle stealing—a feature not found on
most other DSP chips. Up to 8 kwords
of the dual-access RAM can be used for
DMA transfers to the host peripheral
interface, the serial ports, or the mem-
ory interface unit (MIU). The MIU
supports off-chip memory expansion
and provides a total address space of
128 kwords (64 kwords of external pro-
gram space and 64 kwords of external
data space). It also can support four de-
coded off-chip peripherals and provides
independently-programmable wait
states, accommodating peripheral
functions and memories of any speed.
To achieve the high throughput, de-
signers at ZSP exploited instruction-
level parallelism, caching and pipelining,
and used branch prediction. The regis-
ter-based architecture allows all ALU
instructions to use any register asa
source or destination, and all multiplica-
tion or MAC instructions can use any
register as a source, and a subset of the
registers as their destination. As a re-
sult, most bottlenecks associated with
accumulator-based approaches are elim-
inated and compilers can easily perform
register reallocation and renaming to ef-
ficiently generate the executable code.
Also, the ability to read and write the
program counter allows the compiler to
generate position-independent code.
The processor only has four func-
tional mode bits, which helps reduce the
compiler’s complexity and eases the pro-
grammer’s task. As previously men-
tioned, there are no hidden process

Interrupts
|
BootROM |- ______ . Register file
t Instruction+  Instruction
N — w |
L [ —— 1
~ Pipeline
= w ]
Program/data unit
memoy || _____._
! Data ! Data
1 cache unit
' i ' ' '
Memory interface Serial Serial Host Device
unit/DMA port port processor| |emulation
controller inferface unit

1. A superscalar DSP engine, the ZSP16401 developed by ZSP, can execute up to four
instructions every dock cycle. The dual ALUs and dual MACs allow the processor to deliver up to
400 MIPS when the dircuit is docked at 200 MHz. An on-chip 48-kword dval-ported SRAM

provides program and data storage.

states which gives complete state visi-
bility to the compiler and programmer.
Double-word loads and stores do not
have any alignment restrictions, which
also helps reduce code-generation com-
plexity. Double-word load and store op-
erations also provide an efficient mecha-
nism for fast context switching, allowing
the processor to quickly save its state.
All memory accesses use loads and
stores. Load and Store instructions with
immediate offsets facilitate simple stack
accesses (push and pop operations).

The processor’s register file that sup-
ports the multiple ALUs and MACs
consists of sixteen 16-bit general-pur-
pose registers that also can be ad-
dressed as eight 32-bit registers. The
functional blocks use the register file as
the source and destination, but data also
can be moved directly between any two
operand registers. In addition, any reg-
ister can be used as a stack pointer.

Control The Pipe

Supporting processor operationsis a
pipeline control unit that keeps track of
multiple instructions in the pipeline,
the interrupt requests, and other
housekeeping functions. Five stages in
the pipeline include a Fetch and De-
code stage in which four instructions
are fetched and decoded; a Group stage
where up to four instructions are put
into a group; a Read stage that reads
the contents of the register file; an Exe-
cute stage during which the instruc-
tions are executed and memory is read;
and a Write stage in which results are
written into the register file.

As part of the Group stage, the
pipeline control unit groups instruec-
tions by checking for and resolving
data and resource dependencies. It also
allows any functional unit to use the re-
sult from any other function unit in the
next cycle (prior to the result being
written into the operand register file).

Situated between the pipeline con-
trol unit and the dual-access RAM are
the instruction and data units, each of
which packs a small cache that helps
buffer the data flow between the
pipeline controller and the RAM. The
instruction unit contains the cache, an
instruction prefetch unit, an instruction
fetch unit, and an instruction dispatch
block. The instruction fetch block pulls
in four instructions per cycle, while the
prefetch unit takes advantage of
branch-prediction logic and pre-fetches
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TECH INSIGHTS SUPERSCALAR DSP |

instructions to minimize
cache-miss penalties. Finally,
the dispatch unit decodes and
dispatches the four instruc-
tions to the processor pipeline
for further processing.
Program loops can be exe-
cuted from the instruction
cache, reducing the number of
accesses required to the
RAM, thus reducing chip
power consumption. And,
thanks to the ability to
prefetch instructions into the

------ ~*=1 Floating point

“C"Matlab
Hand optimization
Fixed-point "C"

Hand optimization

Assembly code

L Assemble and link
Executable

——— System-level model

Target software

Run-time statistics

available for the Windows 95,
Linux, and Solaris platforms. |
A hardware evaluation board
provides designers with a ver-
satile platform for application
development. It packstwo
audio codecs, 128 kwords of
SRAM and a flash ROM for
program storage, buffering
for the serial ports and host
processor interface, and other
resources. The company also
spent much time developing a
library of DSP functions and

cache, loops of any size will ex-
ecute efficiently.

three sub blocks—the data

data pre-fetch unit. The data

fetch unit pulls four 16-bit data words
per clock cycle from the on-chip RAM,
while the data prefetch unit helps man-
age the data to help maintain the high
data throughput.

The processor can handle up to six ex-
ternal and ten internal interrupt sources,
with the priority levels programmable
for all interrupts except for the non-
maskable interrupt. Priority levels can
be changed on-the-fly, allowing the cir-
cuit to adapt to changing system condi-
tions and facilitating its use in real-time
multitasking and multichannel systems.

To support control operations, the
ZSP16401 includes four general-pur-
pose I/O pins and two identical timers.
Each 1/0 pin can be software config-
ured to serve as an input or an output—
inputs can be read or tested, outputs
can be set, cleared, or toggled. The
timers are programmable and can be
configured for either one-shot operation
or to deliver periodic interrupts. Each
timer has 16-bit resolution and comes
with a programmable 6-bit prescaler.

Moving data onto or off the chip can
be done via the host peripheral interface
or the high-speed serial ports. The serial
ports are synchronous interfaces, each
capable of transferring data at one-half
the clock speed—100 Mbits/s for the 200
MHz processor version. Data is double-
buffered to ensure transfer synchro-
nization and data transfers can be done
with & or 16-bit word lengths. Transmit
and receive channels also can be inde-
. pendently clocked, allowing different
speed transfers. For paralle] transfers,
! the host processor interface provides an
asynchronous 16-bit port with a maxi-
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2. Software development for the ZSP processors is very
straightforward. After system requirements are defined, the code is
The data unit consists of first developed in floating-point C or with a tool such as Matlab. Next,
the code is converted into fixed-point C and then into assembly code
cache, a data fetch unit, and a and finally into executable code for loading into the chip’s memory.

mum data transfer rate of 100 MHz.
The bus supports Motorola- and Intel-
style processor buses.

To ease system development and
testing, the processor includes a full
JTAG test port and on-chip full-speed
emulation support. The four-wire serial
port is IEEE 1149.1-compliant and pro-
vides full access to the device memory
and registers as well as boundary-scan
test capability. The port also can be used
for in-system code and data downloads
to test the chip or develop new software.

Simple Software

The simple RISC-like architecture
of the ZSP 16400 DSP family leads to
an easy- to-use development Kkit, the
SDK16i, an integrated environment
that consists of the typical tool suite—
an assembler, linker, debugger, profiler,
and compiler, with an optimizing com-
piler in development. All the tools, ex-
cept for a simulator, are implemented
by retargeting the Free Software
Foundation’s GNU tools. The tools are

some full application software
examples to provide design-
ers with a headstart in doing |
their own code development.
The software development
flow follows the industry’s
standard path, with the designer first
outlining the system requirements and
then developing a high-level version of
the algorithms using either floating-
point C language in a generic environ-
ment, or a program development envi-
ronment such as Matlab. Once the code
is developed, designers can convert to
fixed-point C code as well as produce a
system-level model that can be used to
perform more advanced modeling of
entire systems. Once code conversion is
verified, the C code is compiled down to
assembly code and finally turned into
executable code (Fig. 2). Alternatively,
programmers can develop the code us-
ing assembly language, or a combina-
tion of compiler and hand optimization
of the assembly code. This makes the
software development process much
simpler than that used for the high-
throughput very-long-instruction-
word processors.

The instruction set the ZSP16401 ex-
ecutes can loosely be grouped in seven
basic categories: logic instructions;

mov  %loop0, N-1 /*perform this loop N times */
Dot _loop:  lddu 4, r1d /*load two 16-bit operands into r§ and r4 */
lddy 16,115 /*load two 16-bit operands into r7 and 16 */
mac2.a r4. 6 [*perform two mulitiplies and form a single 40-bit result */
agn0 Dot loop [*branch if count > 0; decrement count in %loop0 */

3. This code segment illustrates the simple structure for implementing a dot-product loop such

as needed in correlation and convolution kernels. After the loop repetition parameters are

defined, the loop consists of loading the data values and performing the multiplication and
accumulation operation. After the first pass through the loop which requires three dock cycles,
all four operations can be executed in a single cyde, allowing the processor to sustain a

throughput of 400 Msamples /s.
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OPA336
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Battery Operation ¢ Portable Instruments ® High Density PCBs

OPA336 CMOS Op Amp Family—single, dual and
quad, offers the industry’s lowest offset voltage for a CMOS op
amp—125pV. Operating on a mere 20pA per channel, they are
perfect for single supply battery operation from 2.1V to 5.5V.

OPA336 op amps are great for very high impedance circuits
{lg=10pA max). Input common-mode range extends below the
negative rail and output swing is rail-to-rail.

Single, dual and quad versions have identical specifications with
package options that inctude tiny SOT-23, MSOP
and SSOP microPackages. OPA336 gives %

you maximum design flexibility in your
tough applications.

OPA336 (single)........ $0.60 in 1000s
OPA2336 (dual) $1.00 in 1000s
OPAA4336 (QUA) ..o $1.90 in 1000s

Burr-Brown Corporation

0PA241 Precision Bipolar Op Amp—offers
microPower operation with wide power supply voltage range.
Operation spans +2.7V ta +36V on a single supply, or +1.35V to
+18V on dual supplies for design flexibility. input common-mode
range extends below the negative rail and output swing is
rail-to-rail for maximum dynamic range.

0PA241’s laser trimmed bipolar input stage provides
low offset voltage (250pV max) and drift is only &
1pV/C. Industry standard 8-pin DIP and SO-8 e
versions allow this versatile performer to

replace many common op amp types.

OPA24T .o $1.06 in 1000s

For battery operation, single supply or other microPower
applications, Burr-Brown delivers your best design choices.

Oraog?

www.burr-brown.com/Ads/0PA336-Ad.html
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Using Gage’s
ADCTest System

e ADCTest 1280
For 12 Bit A/D Chips
up to 80 MHz

* ADCTest 2440
For 24 Bit A/ID Chips
up to 40 MHz

* GageScope Software allows
viewing of signals on screen

» SPEC Software allows
calculation of SNR, THD,

SINAD, SFDR, INL, DNL...

GaGe

GAGE APPLIED SCIENCES INC.
1233 Shelburne Road, Suite 400

South Burlington, VT 05403

Tel: 800-567-GAGE Fax: 800-780-8411
e-mail: prodinfo@gage-applied.com
web site: http://www.gage-applied.com

From outside the United States contact Gage Apphed Sciences
2000, 32nd Avenue Lachine, Montraal QC, Canada H8T 3H7
Tel: (514) 633-7447 Fax: (514) 633-0770

READER SERVICE 124
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arithmetic instructions; bit-manipula-
tion operations; branch instructions;
move instructions; memory-reference
commands; and synthetic instructions
and NOP (no operation).

A simple dot-product loop construet
can be implemented with just four in-
structions that execute in a single cycle
on the second through nth loop itera-
tions, but requires three cycles on the
first iteration (assuming the operands
are located in the cache}—two cycles to
load and one for the MAC with repeat
(Fig. 3). One additional instruction is ini-
tially required to specify the number of
loops. If the operands must be fetched
from the main memory, the time in-
creases to seven cycles for the first itera-
tion. Therefore, in one cycle, the proces-
sor performs four operand fetches, two
16-by-16-bit multiplications, and accu-
mulates the products. As a result, the
processor can deliver a sustained 400-
Msample/s throughput—much faster
than any traditional uniscalar DSP cur-
rently available. Other operations the
processor can execute include F1IR filter-
ing at 2 taps/cycle, FFT butterflies in
just 3.5 eyclesbutterfly, and Viterbi trel-
lis updates in just 1.25 cycles/node (a
four-node update in five cycles).

As an example of the future needs of
the wireless infrastructure market,
consider the next-generation wideband
CDMA cellular systems proposed for
Japan and Europe. These systems are
specified to have a maximum burst data
rate of 2 Mbits/s. At such a data rate,
the performance of today’s programma-
ble uniscalar digital-signal processors is
not sufficient to perform operations
such as channel error correction and

would be foreed to use hardwired and
less flexible solutions that carry consid-
erable commerecial risk in such a lead-
ing-edge system. By using a program-
mable solution such as the ZSP16401,
manufacturers would be able to deal
quickly and easily with modifications to
| the standards.

PRICE AND AVAILABILITY

Housed in « 160-lead PQFP, the
ZSP16501 will sell for less than $50 apiece
in quantities over 10,000 units. Samples are
available from stock. A complete develop-
ment hoard costs about $5000 (not including
JTAG controller), and the software toolset
sells for about $1500.

ZSP Corp., 2855 Kifer Rd., Ste. 200,
Santa Clara, CA 95051-0822, www.zsp.com;
| Randall Fahey, (408) 986-1686. CIRCLE 530

{

source coding. Thus, manufacturers |
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More Op Amps... Less Space!

The OPA2337 is the world’s smallest dual...two complete high
performance op amps in one tiny SOT package! Beware of
impostors; this is a real SOT-23 body with eight fine-pitch
(0.025") leads. How's your eyesight?

Single supply operation with rail-to-rail output (within 10mV!)
makes the OPA2337 perfect for portable equipment and all

Rail-to-Rail
Output

general purpose applications. Quiescent current is only 450pA
yet it can handle your dynamic signals (1.5MHz, 1V/ps). And it's
CMOS with only 10pA input bias current.

Burr-Brown offers a complete selection of micropackage op
amps. Check our brief listing below and find more on our web
site, including SpeedPLUS 400MHz+ op amps.

Description Single Power Supply lg/Ch.  Price/Ch. FAXLINE# Reader
Products (all are rail-to-rail output) Dual/Quad Single (V) (hA) (1k+) (800) 548-6133  Service #
}J»PA_%G ~_microPower, CMOS 500  23t55 20 $0.47 11380 B 17AA_
OPA340  High Speed, éall-tojﬂaul /0 _S,I_),_ll 25t556 750 3:0.5_2 - 1_i_4y ; .
0PILZ3'{ B ‘Low Power, Slngle Supply S,D,IIV 2.71t0 36 170 $0.81 B A‘l337 _894_~
r 0PA337 Single Supply, CMOS S,D 2.5105.5 450 $0.26 11410 90

. www. DUIT-DroOWN com

BURR - BROWN?®
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™ Exploring the latest IC developments at the IEEE International Solid State Circuits Conference

The 1998 1SSCC Lives Up To
Its Cutting-Edge Reputation :ue s
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ith global communications

as its theme, this year’s

IEEE International Solid

State Circuits Conference
(ISSCC), held Feb. 5-7 in San Francisco,
Calif., was one of the largest conferences of
its kind. As usual, the ISSCC continues to
take on an international image, with
over half of its presentations com-
ing from overseas speakers. It
featured 162 technical papers
presented within 21 ses-
sions, as well four evening
panel sessions, six tutorials,
and one short course.
There was no shortage of
leading-edge IC advance-
ments including digital, ana-
log, and mixed-signal de-
vices. To help our readers
navigate through many of the
ISSCC’s highlights, we’ve divided
our coverage into four major areas: digi-
tal, communications, analog, and multime-
dia and sensor technologies.

In the digital arena, advances in mem-
ory and microprocessor ICs took the lead.
Papers reported on gigahertz processors
and gigabit-density memories. The latest
DRAM, SRAM, and specialty memory de-
velopments also were unveiled at ISSCC.

In the IC-communications arena,
ISSCC papers point to an increasing de-
mand for higher-performance levels to sat-

isfy wireless, network, and Internet tech-
nologies. Advances are also occurring in
the development of on-chip passive com-
ponents for RF communications, as well as
in novel RF architectures.

Judging from many of the analog I1C pa-
pers, CMOS seems to be the prevailing
technology, particularly for low-
power and high-speed ADCs and
DACs. Nevertheless, for some
applications, biCMOS is still
needed to make devices
that can operate at multi-
gigahertz frequencies.

There were many impor-
tant sensor and multime-
dia developments at the
ISSCC, including sensors
for imaging and touch. Mul-
timedia progress seen at
ISSCC included processors
with throughputs of hundreds of

MPOPS as well as many designed for
the latest MPEG standard.

For a copy of the full “1998 ISSCC Di-
gest of Technical Papers,” which includes
the speakers’ slides, as well as a CD-ROM
containing both the digest and slide sup-
plement, contact the IEEE at the ISSCC
web site, www.isscc.org, or write to Eliza-
beth Warner, Courtesy Associates, 2000 L
St. N.W,, Suite 710, Washington, D.C.
20036; (202) 973-8667; fax (202) 973-8722; e-
mail: issscc@courtesyassoc.com.
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A/D Converter Family Gives You “Extra Margin”

Do you need the best in speed, performance and price for your
demanding communications and imaging applications? Then you
need Burr-Brown’s newest 12-bit, high dynamic range, pipelined
A/D converters.

“Extra Margin” of Performance

A totally pin-compatible family, the 5MHz ADS803, 10MHz
ADS804 and 20MHz ADS805 are complete converters featuring
high bandwidth track/hold, internal reference, and a 12-bit
quantizer. All offer excellent spurious performance up to and
beyond Nyquist, and a premium SNR of 69dB.

“Extra Margin” for Imaging

The ADS803 family offers a flexibie input range—2Vp-p to 5Vp-p.
At 2Vp-p these converters provide the best spurious performance
and ease of driving. The 5Vp-p input range can be used for the
lowest input referred noise of 0.09LSBs rms giving superior
imaging performance.

Driving for That “Extra Margin”

For ac-coupled applications, we have the driver amps you
need for a complete solution. OPA642 and OPAG43, (FAXLINE#
11190, 11191) now available in SOT23-5 packaging, are ultra-low
distortion, low noise op amps perfect for ac-coupled applications.
Reader No.93

Sampling Rate  SFDR SNR Power

Product (MHz) (dB) (4B)  (mW)
| ADS803 5 82at2MHz 69 116
ADS804 10 80at4.8MHz 69 180
ADS805 20 77at8MHz 67 300

Price FAXLINE# Reader
Packages (1000s)  (800) 548-61 33 Ser\m:e No.
SOIC,SSOP  $9.55 11308 K
S0IC,SSOP  $10. 95 11381 95
Soic,ssop $16.95 11397 96

www.burr-brown.com/Ads/ADS803-Ad.html
Burr-Brown Corporation

BURR - BROWN©®
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TECH INSIGHTS

Advanced Microprocessor And
Memory ICs Bask In 1SSCC’s Glow

Novel Clocking Schemes, GHz CPUs, And Advanced Memory
ICs Lead The Stampede Of High-Performance Breakthroughs.

Dave Bursky

rocessors operating at gigahertz clock rates
and gigabit-density memories that keep pace
with today’s fast CPUs represent just a few of
the digital technology developments trumpeted at
the ISSCC. Advanced clocking techniques for high-
speed systems and high-speed data-transfer
schemes also were spotlighted, with system logic
and both static and dynamic memories expected to
operate at clock frequencies exceeding 600 MHz.
The past 10 years have witnessed the evolution
of RISC architectures from simple scalar ap-
proaches to multi-instruction issue superscalar
schemes that deliver hundreds of MIPS. In keeping
with that trend, improvements in integration have
researchers at IBM Corp., Rochester, Minn., look-
ing beyond superscalar RISC in paper TP 6.1.
According to David Luick, the paper’s author,
designers must look at a new set of design
dynamics as physical, logical, and practi-
cal limits are encountered. And they
must do this while new machme mde-

many conventional constraints on in-
struction-set architectures and their
associated microarchitectures.

In the future, highly parallel mi-
croarchitectures will drive logically
shared resources (register files, L1
caches, etc.) to large numbers of logical
ports. These resources will be imple-
mented in a physically distributed fashion
due to the dominance of wire delays and per-
formance limitations of large N or N2 ported fa-

SPECIAL
REPORT

.\\/

CPUs, offered up several building blocks toward
the formation of the computer of tomorrow. A trio of
presentations by IBM Corp. tackled three aspects of
improvements to speed up program execution. In
its first paper, IBM’s Austin, Texas, division details a
single-issue, 64-bit PowerPC integer processor that
operates at internal clock speeds of up to 1.1 GHz
when powered by a 1.8-V supply. Fabricated with
0.15-um effective gate lengths and six layers of
metal, the processor uses a four-stage pipeline and
can execute 96 fixed-point ALU and load/store in-
structions (a subset of the PowerPC instruction set).
Trying multithreading to increase CPU perfor-
mance, researchers from IBM’s Rochester, Minn.,
laboratories created a version of the PowerPC ar-
chitecture that executes two instruction-stream
threads. As a result, it can hide the latency of
memory accesses. Several trade-offs were
made between chip area, the use of con-
tent-addressable memory, and the num-
ber of general-purpose registers. Con-
sequently, for less than a 10% increase
in chip area, processor throughput was
improved by up to 30% for both uni- or
multiprocessor configurations in
AS/400 class systems.

Reduced RC Delays

Although smaller features allow circuits

to run faster, thinner chip metal lines have

QY /' higher resistances and the ensuing RC de-
lays tend to limit circuit performance. To over-

come that problem, the third IBM paper in Ses-

S/, 5
tions of larg: 7Y oF pENYS . , [ ;
cilities. Execution units will be clustered and the sion 15 discusses a method that combines fine-line

compilers must be intimately aware of variable la-
tency and path restrictions between clusters for
good efficiency.

Forthcoming processors will be able to adapt to
highly variable workloads, including history-based
dynamic prefetching and trace-based path optimiza-
tion. Also expected will be dynamic tuning of just-in-
time-like compilation and recompilation. That will
maximize parallelization as the machine “learns”
each new application. Data-value prediction tech-
niques also will prove to be highly productive when
coupled with dynamic compilation.

Session 15, which detailed high-performance

lithography and low-resistance copper-based inter-
connects. Employing 0.12-um effective gate lengths
and 02-um features, designers at IBM’s Burlington,
Vt., facility fabricated a 32-bit PowerPC 750 dual-in-
struction-issue processor with six layers of copper
metal (lowest-layer metal pitch is just 0.63 pm) on a
chip that’s just 40 . The copper layers are formed
using a damascene process to keep manufacturing
cost low and provide better connections to the vias
than does the previous tungsten via and metal-etch-
back approach used for aluminum interconnects.
Using copper drops the RC delays by about 30%.
This allows the chip to operate at 480 MHz when
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PCM3000—Low COst AY Stereo Audio CODEC

analog voltage input and output. Fabricated on a 0.6 CMOS process,
PCM3000 is ideal for many cost-sensitive consumer applications
where performance is required. Both the ADC and DAC employ
delta-sigma modulation with 64X oversampling. PCM3000 operates
with left-, right-justified, 1S or DSP data formats. The device can be
controlled with a 3-wire seria! interface for special features. An ideal
price/performance solution for surround sound processors, DAT
recorders, and digital mixers. PCM3000 is priced at $7.05 in 1000s.
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0PA134—Superior Sound Quality Op Amp

OPA134 is Burr-Brown’s newest ultra-low distortion, fow noise
op amp for high performance audio equipment. OPA134 offers
improved headroom and low THD (0.00008%). The dual version,
OPA2134, has separate circuitry that prevents anomalies when one
op amp is overloaded or short-circuited. Key specs include: 8MHz
GBW, 20V/ys slew rate, and 8nV/VHz voltage noise. OPA134 is priced
at $0.87 in 1000s; OPA2134 at $1.09 in 1000s.

FAXLINE# 11339 « Reader No. 98

Products Description  Bits “foomeC SNR THDWN MmN package o FNEe shoen
PCMI000  CODEC 18 9d8_ 6dB _ —00dB 46z WV 28PinSsOP__ 11342 %
POMITIIN8_ DAC 1616 9dB_ 10068 —00dB 48z 271045V 20PinSSOP 11289 100
PCM1719 DAC 16/18 96dB  100dB  -88dB 48kHz +5V 28-Pin SSOP 11343 101
POMIT20 _ DAC 162024 968 10048 —90dB_Soktz WV 20PnSSOP___ 11333 102
POMITZ3__ DAC 162024 94dB 6B 888 96k SV 24PinSSOP___ 11384 103
POMIT25 __ DAC 16 9508 O7dB 8408 96z SV 14PnSOC__ 11373 8
POMIT25  DAC 16 9%d8 1008 —00dB 96Kz WV 20PnSSOP 11345 8

www.burr-brown.com/Ads/PCM3000-Ad. html

Burr-Brown Corporation

BURR - BROWN?®
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powered by a 2-V supply. At the high
end of the temperature range—
85" —the chip operates at over 500 MHz.
In comparison, the 2.5-V version that
used five levels of aluminum and tung-
sten local interconnections could only
achieve an operating speed of just over
275 MHz. Furthermore, unlike the 1-
GHz CPU described in the first paper,
the PowerPC 750 is a full integer and
floating-point processor with dual 32-
kbyte on-chip caches and an integrated
level-2 cache controller:

Speed is also the subject of the first
of two papers by Digital Equipment
Corp., Hudson, Mass., which details the
design trade-offs in the stall-control cir-
cuits for 600-MHz instruction (integer
and floating-point) queues designed
into the Alpha microprocessor. The
floating-point queue stall logic uses a
one-hot encoding scheme to compare a
queue free-entry count to an incoming
instruction count. The less-complicated
integer queue design employs a free-
entry comparator, which saves about
35% of the area over that of logic used
for the floating-point queue.

Pushing the speed of its P6 micro-
processor to 450 MHz, Intel Corp.,
Hillsboro, Ore., details improvements
made in the processor to lower operat-
ing voltage while increasing perfor-
mance. This third-generation imple-
mentation packs 7.5 million transistors
onto a 133-mm? chip. Its designers op-
timized it to operate from supplies be-
tween 1.4 and 2.2 V, allowing the chip to
be used in both mobile and desktop ap-
plications. A 3.6-Gbyte/s back-side bus
supports two L2 caches, with up to 2

Mbytes on separate cache chips. :

A higher-speed interface on a forth- |
coming version of the K6 processor is E
detailed by Advanced Micro Devices !
Inc., Sunnyvale, Calif. The x86-compati- |
ble CPU has a 100-MHz implementation |
of the Socket-7 bus (a 50% speed in- |
crease). With microarchiteetural im- i
provements, it delivers up to a 10% per- !
formance improvement without any |
internal clock-speed increase. Part of |
the architectural enhancements include
instruction additions that support 3D E
graphics operations—19 floating-point !
vector operations. The instructions op- |
erate in a single-instruction/multiple- |
data fashion on 64-bit operands, much |
like MMX instructions. However, unlike E
MMX commands, operands consist of !
two sets of 32-bit single-precision values |
rather than integers. |

During the process, designers were |
confronted with two issues. One was E
minimizing the amount of cycle time !
that would be occupied by uncertainties |
in erossing between the processor-clock |
and the bus-clock domains (where the |
processor clock is an integer or half-in- E
teger multiple of the bus clock). The !
other concerned the design of the I/0 |
cireuits to handle 3.3-V stresses, since |
the process was optimized for 2.1-V op- 1
eration. To deal with timing issues, de- E
signers found a way to eliminate a latch !
used by the processor clock and reduce |
the hold-time. This was done by updat- |
ing the processor-clock register only on 5
processor-clock edges that don’t coin- !
cide with a bus-clock rising edge. ]

Enhancing the /0 circuits required |
adding protection and speed-up circuits

for a level shifter so that the internal 2.1-
V logic can drive the 3.3-V 1/0 signals.
The I/O block consists of a level shifter, a
buffer, and an output driver (Fig. 1a). To
accelerate the circuit, capacitors were
added to the level shifter, which allows
the pMOS gates to couple up or down
with the nMOS gate in the same stack. A
bandgap voltage generator provides a
constant reference voltage (independent
of process, temperature, and supply volt-
age). That voltage is amplified and used
to derive the two reference levels used
by the /O circuits (Flig. 1b).

Targeted at low-power applications,
the other presentation by DEC spot-
lights a 200-MHz version of the Stron-
gARM processor. It consumes just 500
mW while delivering a throughput of
about 230 Dhrystone MIPS. To minimize
power consumption, the chip operates
externally from 3.3 V, but internally runs
from 1.5 V. About 2.5 million transistors
make up the processor’s integer ALU
and multiplier, a 16-kbyte instruction
cache, an 8-kbyte data cache, another
512-byte data cache, 2 memory-manage-
ment unit, read and write buffers, and
many on-chip peripherals.

To minimize power drain, several de-
sign principles were applied. For
starters, wherever possible, standalone
latches were avoided in favor of latches
with logic embedded in them. That re-
duces circuit delays and lowers power
consumption. The processor features
three separate internal 1.5-V power-
supply grids so that power-manage-
ment modes can selectively turn on or
off different portions of the chip. There’s
also a 3.3-V grid that supports the I/0

VooIo Vboio YpDI0 Vooio Bandgap
T voltage +
-C1 reference — VREF2
R1
Va1 el d d e T
a3 q q py | VREF1=Y00I0 - VRER2
o dang
| e
Ly
VeoRe REF1
Doyr >_'
(a) T Level shifter % Bufter  Outpul driver (b} R3-R4=R5=R6

1. To interface the internal 2.1-V logic to the external 3.3-V world, designers at Advanced Micro Devices developed this three-stage level
shifter. It includes speed-up capacitors to improve the speed of the level-shifting portion of the cell (a). A bandgap-based voltage reference is
used to supply the dual reference levels needed to provide the key voltages to the level shifter (b).




FINALLY! AN FPGA OPTIMIZED FOR DSP

APPLICATIONS WITH NO COMPROMISES.

Atmel’s new architecture with

diagonal interconnects and an array

multiplier-optimized core cell makes
your DSP designs fly! Distributed SRAM

Atmel's new
FPGA family:
No compro-
mise SRAM
and Logic,
plus all the
speed you
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TECH INSIGHTS

Communications Applications
Drive Novel Technologies At 1SSCC

Increasing Reliance On Wireless, Network, And Internet
Technologies Has Created A Relentless Demand For New
Performance Levels.

Lee Goldberg

he demand for faster, more versatile, and less Two interesting papers on extending the fre-
T expensive communications networks has quency range of standard-process silicon devices
greatly influenced the direction of electronics managed to find their way into the communica-
development over the past year. This fact was evi- tions arena. Paper 16.3, “A 3.5-mW, 2.5-GHz diver-
denced at ISSCC not only by the number of com- sity receiver and a 1.2-mW, 3.6-GHz VCO in Sili-
munications-related papers, but by the common con On Anything,” by Philips Research
themes they address. In fact, all three of the con- Laboratories, Eindhoven, Netherlands, describes
ference’s plenary session talks have either com- a new bipolar silicon IC technology called silicon
munications or wireless themes. on anything, which places active and passive de-
Inhis talk, “GSM and beyond—the future of the vices on a standard bulk silicon wafer and then

access network,” Johan Daneels director, indus- SPECIAL bonds its face to a good dielectric plate, such as
trial coordination, of Alcatel Telecom, Zaventem, REPORT glass (Fig. 1). The silicon side of the sandwich is
Belgium, looks at the next generation of then etched away to reveal the buried oxide layer.
cellular/PCS technologies and speculates on the A set of inverted bond pads enables the fabrica-
demands they would put on the semiconductor tion of low-power transistors and on-chip induc-
industry. Hitachi’s general manager of its tors, which have good electrical performance
central research laboratory, Dr. Miciharu at 1to4 GHz.

Nakamura, explores the future of semi- Pushing the envelope a bit further, a
conductors for wired systems in his pa- group of researchers from the Univer-
per “Challenges in semiconductor sity of Florida in Gainsville present “4-
technology for multimegabit network GHz and 13-GHz tuned amplifiers im-
services.” Finally, Kanwar Chada of plemented in a 0.1-um CMOS
SiRF Technologies, Santa Clara, technology on SOI and SOS sub-
Calif., discusses the challenges he strates” (paper number 8.7). Employ-
faced in lowering the cost and power ing partially-depleted silicon-on-insu-
of GPS systems. He explains that the lator (SOI) and silicon-on-sapphire
task had proved even more formidable (SOS) nMOS transistors with floating
because it had to be accomplished while < / bodies, the team delivered gains of 11 to
improving performance under the poor 12 db for 4-GHz SOI devices, and 5 to 15
reception conditions found in many con- dB for 13-GHz SOS devices.

sumer applications.

S/, S
‘ry OfF peNY " On-Chip Passive Breakthroughs
Smaller, Smarter, Cheaper Silicon Some of the most intriguing breakthroughs are

As higher levels of integration are employed to in the area of on-chip passive devices. Essential for
reduce cost, space, and power requirements, many interstage coupling, frequency generation, filter-
conventional notions about IC design are coming ing, sampling, and other important functions, in-
into question. This debate has resulted in a further ductors, capacitors, and resistors must migrate
blurring of the line between digital and analog sys- back into ICs to realize maximum power, space,
tems, as well as interest in unusual RF architec- and cost savings.
tures. Also of note, many conference papers con- IBM'’s Research Division presents “RF circuit
cern themselves with the fact that “vanilla” design aspects of spiral inductors on silicon” (pa-
bipolar silicon and CMOS are now being asked to per 16.1). In the paper, IBM explores the nuts-and-
perform jobs previously reserved for more exotic bolts factors affecting inductor design and perfor-
materials and processes. These and other innova- mance. The effects of inductor area and crosstalk
tions are making it possible to produce compact, between devices are discussed, along with layout
low-cost, chips and chip sets for wireless products. issues and design-optimization techniques.
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A collaboration between
Oregon State University at
Corvallis, and Arizona State
University at Tempe, yielded
a development in on-chip pas-
sives. In paper 8.6, “A fully

Epitaxial layer

Buried oxide Bulk silicon

overall performance by
downconverting the incom-
ing signals to a very low IF
before the carrier is thrown
away.

This hybrid system also al-

integrated CMOS 900-MHz
LNA utilizing monolithic
transformers,” the team de-

lows the signal amplification
to be distributed between the
RF, IF, and baseband stages.

scribes how they were able to
develop a monolithic trans-

Thanks to their low cost and
power, products like this can

former which had signifi- {
cantly better electrical char-

Arbitrary substrate
- 8.0. glass

be expected to show upinem-
bedded messaging applica-

acteristics than can normally
be obtained when fabricating
simple on-chip inductors.

tions ranging from PDAs to
vending machines.
Direct conversion is a hot

This technology could prove

topic. In paper 8.3, “A direct

useful anywhere there is a {
need for coupling amplifica- T

conversion L-band tuner for
digital DBS,” Analog Devices

tion stages within an IC.
Perhaps the most imagina-

tive approach to this en-

deavor came from Nippon

Inverted bondpad

Inc., Wilmington, Mass., pre-
sents a set-top-box tuner that
uses direct conversion to re-
duce component count and
eliminate the need for SAW

Telephone’s Wireless Sys-

waga, Japan. Their “K-band
silicon MMIC amplifier and
mixer using three-dimen-
sional masterslice technol-
ogy,” (paper 16.4) describes
how a standard silicon IC
process can be used to fabricate 3D
structures. By using a single oxide
layer and four, 2.5-um polyimide insu-
lator layers, designers can now create
highly isolated capacitors, inductors,
and thin-film micro-strip (TFMS)
transmission lines on a chip (Fig. 2).
As a bonus, the polyimide is well-
suited for gold metalization, which fur-
ther enhances the circuit’s perfor-
mance. Operating at 24 to 30 GHz
today, the authors are confident that
millimeter-frequency devices will soon
be possible.

[ Another surprising development in
| on-chip passives comes from a team at
the Center for Integrated Systems,
Stanford, Calif. In paper 16.6, “Lateral
flux capacitors (fractal capacitors),”
| the authors describe how they have
fabricated a capacitor element using a
fractal structure which exploits both
the lateral and vertical electric fields
within a chip. This technique allows
them to increase unit capacitance per
unit area, while reducing unwanted in-
teractions with the substrate that
cause parasitic effects. Using conven-
tional 0.5-pm design rules and a classic
fractal structure, the team was able to

demonstrate a three-fold increase in
capacitance per unit area.

Novel RF Architectures

Throughout the RF-related ses-
sions, it has become apparent that the
tried-and-true superheterodyne re-
ceiver architecture may not always be
the best solution for an integrated
wireless design. One popular alterna-
tive of late has been the direct-conver-
sion, or zero-IF receiver. Although dif-
ficulties with linearity and spurious
mixing products have kept it from
many mainstream applications, its in-
herent simplicity would make it ideal
for one-chip receivers.

In paper 3.1, “A 900-MHz trans-
ceiver chipset for two-way paging ap-
plications,” researchers from Wireless
Access, Santa Clara, Calif., and Mo-
torola, Tempe, Ariz., demonstrate how
they were able to develop a bipolar sil-
icon front end and CMOS baseband
chip that could have many uses, aside
from pagers. Employing a modified di-
rect-conversion architecture, the chip
set’s designers claim that the receiver
is able to significantly reduce local-os-
cillator (LO) leakage and improve

tems Laboratories, Kana- 1. The Silicon-on-Anything process developed by Philips Research
allows the creation of on-chip passive components with very-high-
quality factors. An insulator (typically glass) is bonded to the active
surface of an IC. The substrate is then back-etched down to the buried
oxide layer to expose the chip’s inverted bond pads and eliminate
parasitic coupling to the substrate.

filters between IF stages. To
keep in-band interference
low, the local oscillator is run
at one-half the operating fre-
quency, and doubled on-chip
using a novel polyphase
quadrature generator circuit.
On-chip, digitally controlled attenua-
tion allows the tuner to accept a wide
range of input signal levels.

Another nontraditional receiver
design has been introduced by a team
from the University of California at
Los Angeles, to meet the challenge of
constructing a dual-band receiver for
cellular (900-MHz) and PCS (1.8-GHz)
operation. In paper 8.2, “A 900-
MHz/1.8-GHz CMOS receiver for
dual-band applications,” they describe
a chip intended for GSM-based wire-
less telephony. The chip uses a
Weaver-type architecture to perform
two consecutive quadrature down-
conversion operations (Fig. 3). This
enables the receiver to select or reject
either of two frequencies located sym-
metrically around a single low fre-
quency without creating excessive in-
band mixing harmonics.

Sometimes, older ideas have a way
of being reborn in new technologies.
This is exactly the case with a develop-
ment presented by the Swiss Federal
Institute of Technology in Lusanne. In
paper 84, “A 2-V, 600-uA, 1-GHz, biC-
MOS super regenerative receiver,”
the authors describe how they
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TECH INSIGHTS ISSCC—COMMUNICATIONS ICs |

| uses DSP techniques to reduce power

adapted an architecture that was pop-
ular for vacuum-tube radios, to mod-
ern wireless data applications. In-
tended for high-speed, short-haul
links, the ultra-simple device can oper-
ate on a 2- to 3-V supply up to 100
kbits/s over a 300 to 1500-MHz carrier.

In paper 3.2, “A CMOS IF trans-
ceiver for narrowband PCS,” pre-
sented by Crystal Semiconductor,
Austin, Tex., the researchers devel-
oped a fully integrated IF stage that

consumption and the number of pas-
sive components used in handheld
telephones. The receiver takes a 21.4-
MHz IF input and converts it to a dig-
ital complex baseband that subsam-
ples at 16.8 MHz to produce a 4.6-MHz
product. It is then mixed down to 400
kHz and digitized by a complex band-
pass A-Z modulator to a 1-bit complex
signal, which is decimated to 56 kHz
by an integrator-comb filter.

The transmit section accepts a digi-
tal, complex baseband signal and out-
puts a 69.4-MHz IF signal—and per-
forms an inverse function on it.
Careful attention to the upconversion
and downconversion frequency plans
allows the use of less accurate, less
complex PLLs for frequency control,
and minimizes image noise to keep the
circuit within the tight FCC specifica-
tions for PCS operations.

Output stages are typically prob-
lematic, especially when efficiency and
high linearity are required. Both :

BPF = Band-pass filter

3. This dual-band receiver takes advantage of the fact that the 900-MHz cellvlar band and
1800-MHz PCS bands are nearly harmonics of each other. The receiver’s Weaver-type, single-
sideband architecture performs two quadrature downconversions to produce a signal that
contains mixing products from both bands, located symmetrically about the local-oscillator
frequency. This design allows easy selection of the desired signal.

Philips Research, Briarcliff Manor,
N.Y., and Hewlett-Packard Laborato-
ries, Palo Alto, Calif., address some of
the problems plaguing designers as
batteries shrink, operating frequen-
cies rise, and modulation schemes be-
come more complex. In paper 3.5,
Philips researchers describe how they
developed an inexpensive silicon dri-
ver amplifier circuit that incorporates
a power control loop and filter with 25
dB of range, and a voltage regulator, to
bias a low-cost discrete power device.
HP researchers have produced lin-

TFMS line

Via hole

% I e e O : :::: en¥s g !

Ground

Triplate TFMS line
TFMS = Thin-film microstrip
MIM = Metal insulator mefal

2. NTT’s 3D Masterslice technology allows the fabrication of high-quality passive components on

| thin-film-microstrip (TFMS) transmission lines. Using a single oxide layer and four polyimide
| dielectric layers, it is possible to attain unusual geometries which provide high performance and

levels of isolation from the substrate not possible with conventional technologies.

ear output from an amplifier run in its
non-linear region by use of an enve-
lope elimination and restoration
(EER) scheme. This technology
demonstrates a novel approach to
boosting the efficiency of power ampli-
fiers used in applications where high
linearity is required. It’s accomplished
by decomposing an RF input into a
low-frequency envelope and RF
phase. A switching power supply am-
plifies the low-frequency component
and feeds it into the power amplifier’s
power inputs. The RF component is
then fed into the amplifier’s signal in-
put, resulting a switched-mode opera-
tion that delivers both high linearity
and high efficiency.

At ISSCC, we can also see that
work is beginning in earnest on pro-
ducing cost-effective devices for use in
the recently approved 5 GHz band. A
team from Lucent’s Bell Laboratories
presented a paper entitled “A Fully
Integrated 2.7V, 0.35 um CMOS VCO
For 5 GHz Wireless Applications.”
(Paper 14.7). Among other items of in-
terest, the paper describes how de-
signers coax high performance out of
MOS silicon by using the transistor’s
parasitic effects as working passive el-
emnets in the design.

Satellite communications is one of
the wireless markets experiencing
rapid growth. It’s no surprise then,
that there are more than a handful of
papers concerning everything from
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satellite data to GPS navigation tech-
nologies coming from ISSCC.

Found In Space

A team from Stanford University’s
Center for Integrated Systems ex-
plores many solutions to the power
constraints and reception problems
anticipated for the next generation of
embedded GPS systems in paper 8.1,
“A 115-mW CMOS GPS receiver.”
They describe a GPS receiver archi-
tecture with a fully differential signal
path. The chip integrates a low-noise
amplifier, a set of double-balanced mix-
ers, [F amplifiers, active filters, and 1-
bit oversampled ADCs. When coupled
with a DSP-based computation unit,
the chip set can provide inexpensive,
low-power GPS functionality for many
embedded applications.

Satellite data is also hot, especially
in high-bandwidth multimedia appli-
cations. With this in mind, researchers
at Philips Electronics, Eindhoven, the
Netherlands, introduced “A power-ef-
ficient, single-chip, OF DM demodula-
tor and channel decoder for multime-
dia broadcasting,” in paper 2.6. Their
chip is intended to receive and decode
orthogonal-frequency division multi-
plexed (OFDM) signals, a noise-resis-
tant modulation scheme favored by
many satellite applications, and re-
cently chosen for the new digital audio
broadcasting (DAB) standard. While
the 4.5 million-transistor chip has been
designed specifically for DAB applica-
tions, the low-power architecture and
mixed-signal processing technology
may lay an important cornerstone for
other satellite-oriented products.

Galloping Gigabits

Wired communication technologies
are also well represented at the con-
ference. With cable modems, ADSL,
and other last-mile transmission tech-
nologies gaining a foothold in residen-
tial broadband networks, it is no sur-
prise that researchers from Broadcom
Corp., Irvine, Calif., open session 13
(Datacom/telecom), with a paper on a
70-Mbit/s last-mile technology. Titled
“A 70 Mbit/s variable-rate 1024 QAM
cable receiver IC with integrated 10-
bit ADC and FEC decoder,” this vari-
able-rate, QAM receiver uses a sam-
pled-rate IF architecture, and
incorporates a 10-bit ADC and a group
of analog PLLs for clock generation.

Intended for desk-top terminals and
cable modem applications, the device
has an on-chip FEC decoder which
meets all European DVB/DAVIC
standards for multimedia broadcast.
Its variable-rate architecture lets it
adjust to changing line conditions with
symbol rates from 1 to 7 Mbaud/s.
The networking arena has seen a
maturation of 100-Mbit/s technologies,
and an intense focus on driving down
the cost of 1-Gbit/s equipment. There
also was significant activity surround-
ing efforts to commercialize technolo-
gies which can support data rates of 10
Gbits/s or greater .Session 19, “Multi-
gigahertz serial data,” illustrated
many approaches for surmounting the
10-Gbit frontier. Among them is “A
4.25-Gbit/s CMOS Fibre Channel re-
ceiver,” presented by NEC Corp.’s Sil-
icon Systems Research Lab,
Kanawaga, Japan. In paper 19.3, a
transceiver is described which has an
integral asynchronous binary tree-
type 1:8 demultiplexer to allow it to be
fed from multiple links running at
lower speeds. To address the difficul-
ties of distributing a clock fast enough
to support a 4-Gbit/s transfer rate, its
designers developed a parallel archi-
tecture, which is driven by a lower-
speed multiphase clock. Since the
transceiver is based on standard Fibre
Channel technology and consumes
only 60 mW, we can expect a close rel-
ative of this prototype to find its way
into the next generation of networks.
NEC Corp, Kawasaki, Japan, deliv-
ers a paper titled “A 10-Gbit/s SiGe
bipolar framer/demux for SDH sys-
tems.” Fabricated in a SiGe bipolar
process, this device employs data-shift
selection to give its frame-detection
control circuitry an extra timing mar-
gin—a critical feature as data-trans-
mission rates approach 10 Gbits/s.
High-speed networks like this one
will require switching networks that
can handle them. For this reason, a
group of technologists from Sweden’s
Royal Institute of Technology, Erice-
son Microwave Systems, Mondial,
Sweden, and Hughes Research Labs,
Malibu, Calif., have collaborated on a
new multi-Gigabit switching project.
Their paper, “A 2-V, 120-mA, 25-Gbit/s
2-by-2 crosspoint switch in InP-HBT
technology,” describes an asynchro-
nous switch that operates at 20 Gbits/s
with no measured errors (paper 13.3).
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CMOS Technology Prevails In
Analog Designs At 155CC

New Developments In Low-Power Devices And CMOS
Technology Highlight The Future Of Analog ICs.

Cheryl Ajluni

t this year’s ISSCC, two major trends in ana-
A log design are taking center stage: the contin-

uing growth of portable electronic systems re-
quiring low-voltage and low-power building blocks,
and the continuing move toward lower-cost CMOS
processing. Both are characterized by demands for
high speed (over a 100-MHz update rate) and high
accuracy—digital-to-analog converters (DACs)
with more than 10 bits of accuracy. There’s also a
call for for higher clock frequencies and wider signal
dynamic ranges. Despite some lingering doubt as to
whether pure CMOS devices can actually achieve
the speeds needed, CMOS is the choice for many of
the designs presented at this year’s conference.

One example is the development of a CMOS

stereo A-X DAC for portable digital-audio sys-
tems that consumes a mere 4.1 mW from a
1.5-V supply. As detailed in paper 4.2, “A
1.5-V, 4.1-mW dual-channel audio A-X
digital-to-analog converter” from Asahi-
Kasei Microsystems, Kanagawa, Japan,
this development is of particular signifi- [ &
cance because low-power-consumption
DAGC:s are crucial to long battery life in
audio playback equipment. The DAC'’s
total power dissipation is five times less
than any dual-channel audio DAC re-
ported to date. The device achieves a 90-
dB dynamic range over a 20-Hz to 20-kHz
passband. The chip is fabricated in a 0.6-um
CMOS process that includes low-threshold
devices and is just 5.3 mm? in size.

SPEC

solve performance problems faced by today’s more
conventional A-X DACs. Asdetailed in paper4.3,“An
11-dB SNR oversampling DAC with segmented
noise-shaped scrambling,” it uses a 6-bit modulator
and a segmented noise-shaped scrambling to achieve
a 113-dB dynamic range over a 20-kHz bandwidth
(Fig. 1). With full-scale inputs, it achieves 100-dB to-
tal harmonic distortion for a 2-V rms differential out-
put. To obtain a high signal-to-noise ratio in a small die
area, the DAC uses a continuous-time output stage.
The result is a chip with a die area of 32 by 3.1 mm. A
dual return-to-zero circuit eliminates errors caused
by intersymbol interference.

An interesting element of this design is a tech-
nique known as segmented scrambling, which cir-
cumvents the problem of distortion caused by
element mismatch. During operation, a 6-bit
word is split into two smaller, individually
noise-shaped subwords. The words are
then individually scrambled by a noise-

shaped scrambling technique and ap-
plied to two separate DACs.

BiCMOS Still Needed

High-performance LANs and wire-
less ATM systems require multigiga-
hertz high-speed ICs. One such device is
a multifunctional up/down converter, op-
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