ELEGTRONIG DESIGN

FOR ENGINEERS AND ENGINEERING MANAGERS-WORLDWIDE

A PENTON PUBLICATION $10.00 FEBRUARY 3, 1997

rtable

0528-86T48 WN 32%3%!.)935 b;)ﬂe Slgn

889 INT 3LTI¥ Q13IIHS
I M

¥ S 66195100 59 200937308 " 0q UPDATED CONFERENCE PROGRAM
I IIll”l'lIlIIl"IlI'III'IIllll'llll'll'l”l.llllllIIIll" ANI] HEG'STRA""N P ]28AP
e L T T 0 £ 3N NI I N HII I M ININIHINININ

Formal Verification Tool Speeds Designers To Golden RTL p. 37

Don’t Design DSP Systems In Isolation p. 55
Considerations For Upstream Channel Communications In CATV p. 67
Four-Port Hub-On-A-Chip Slashes The Cost Of Fast Ethernet p. 88
Fast-Ethernet Chip Family Yields Low-Cost Networking Products p. 93
High-Performance Connectors —The Underestimated Weak Link p. 101
Serial Bus Opens The Door For Sealed PCs p. 136




3,007 Reasons To Look
At New OrCAD Layout Plus
For Windows.

How Can Layout Plus 7.0

-1 Help You Complete Your

SmartRoure™ DeSign Faster?

gridless, shape- Let us count the ways. We .added

P PR shape-based autorouting with one-

button automatic set-up. Polar

placement, complete CAM and
easy set-up, fast mechanical CAD tools. Plus full

% routing and constraint passing from OrCAD
high completion. Capture. A new Library Manager.

And a professionally designed

uses artificial
) intelligence for

library with over 3,000
- parts and board blanks.
1: finish2.top (finish2.map) : = ”'7 . Add lt all up. OrCAD
R = ID10: Round 0.0010x0.0010 .
lets you edit Gerber files, Layout gives you the capa-
panelize boards and prep bilities of products costing
boards for manufacturing. , ' - $30,000 or more. You can

import complete mechanical,
electrical and fabrication
constraints. Place and route
your board to spec with
sophisticated online DRC.
And output full reports and
fabrication files.

What did we leave out?
Only the high price.

Take a look for yourself.
Ask for OrCAD’s brand-new
demo CD by calling OrCAD
Visual CADD drawing Direct at 1-800-671-9505.

Library Manager
offers online

itn L5 Dww Loint bty S Do 2

graphical PP TSI IS 5)scm (mports

. L} . .
browsing and Ko mechanical data into

editing of over E the system and exports
3.000 footprints. & i DWG and DXF files.

Email: info@orcad.com Internet: http://www.orcad.com r L

OrCAD Layout, OrCAD Capture and SmartRoute are frademarks of OrCAD, Inc. All other trademarks mentioned are property of their respective owners Bringing Electronic Design to the DCSklOp
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97% Efficiency Delivers The Most Power To The Load

With The Industry’s First Hybrid PNM Amplifiers

Meeting the power demands of circuits requiring in excess of 200W can be
done quicker, cheaper and more efficiently with a Pulse Width Modulation
(PWM) amplifier. Also know as “switching” or “class D" amplifiers, a PWM
amplifier is typically more than 90% efficient and therefore requires substantially
less heatsinking. But until now, typical PWM amplifiers have utilized potted-
module and rack mounted technology.

Hybrid Reliability. Reduced Heatsinking.

Apex Microtechnology is designing and manufacturing the industry’s first
hybrid PWM amplifiers. In addition to greater reliability and packages that are
smaller and lighter weight, the efficiency of these hybrids eliminates the need
for bulky, space consuming heatsinks. Apex’s first three PWM models all
feature full bridge output operation.

Free Product Data. Single Unit Quantities Available.

For more information on Apex’s PWM amplifiers, call 1-800-862-1021.
All three PWM models are sold in single unit quantities for your evaluation
by calling 1-800-862-1032 or fax 520-888-3329.

* Up to 400W continuous output « Up to 2kW continuous output » Max dissipation 200W * Up to 400W continuous output
* 97% efficient * 97% efficient at 10A, max voltage  « Full bridge output operation  « 97% efficient
* 16V to 80V single supply * 16V tc 100V single supply * Thermal protection * 16V to 80V single supply
* 5A output continuous « 20A output continuous, 30A peak 2in? footprint = 5A output continuous
* Low cost complete H-bridge * 42kHz switching frequency « Priced $250.00 in 100s * Internal PWM generation
* TO-3 packaging * Full bridge output operation
* Available fuly screened to * Available fully screened to
MIL-H-3853 MIL-H-38534
* Priced $85.00 in 100s ¢ Priced $95.00 in 100s
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For Immediate

Product Information
Cali 1-800-862-1021

or FAX (520) 888-3329

Apex Microtechnology Corporation
5980 N. Shannon Road, Tucson, Arizona 85741-5230

] tech [CERTIFICD]
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Assistance Call Toll
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MC13110 or MC13111
Baseband Audio Processor,
2nd L.0./Synthesizer

MC13142
LNA/Mixer/VCO

MMBV309 Varaclor[

MC145220

MC13144
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MMBV809 Varactor
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PA PA Driver UpMixer

Exciter/PA =~

MRFIC0903 «4 MRFIC1814 MC13142
LNA/DownMixer LNA/DownMixer/VCO I

DSP5660x

Data Conversion
Mixed Signal Processing

Dual Synthesizer  pgower Management
w/ V-Doubler {MOSFETs, BRTs, Diodes, TVS)

MC683xx
Protocol Processing

MRFIC1813 - MRFIC0001 :
1@ Mod

MC145230 *

Building the best in RF and baseband components.

We have more than just the
blueprints for your success. Built
from decades of leadership in ICs
for the communications industry,
our diverse portfolio of RF,
baseband and discrete devices

offers superior solutions for a wide
range of wireless systems.

Not only do these components
award unequaled compauibility and
flexibility, each has Motorola’s years
of experience built right in — from

the antenna switches to the PLLs
to the baseband processors.

So, no matter what wireless
application you're designing, let
Motorola’s Wireless Solution Site
go to work for you.

» and Motorola are tegistered trademarks of Motorola, Inc. © 1997 Motorola, Inc. All rights reserved *Production planned in 1997. Piease call 1-800-201-0293 for product availab.lity updates
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Synthesizer
' w/V-Doubler

Call 1-800-201-0293 and refer
to advertisement number PLLO1
for a comprehensive package of
technical data and evaluation kit
information. Or visit our web site at
www.mot.com/wireless-solutions

Come see us at Wireless
Symposium, booth #403.

MC145170-1

Synthesizer
MC12210

~ Synthesizer

DSP5660x
Data Conversion

~ Mixed Signal Processing

Power Management
{MOSFETs, BRTs, Diodes, TVS)

MC683xx
Protocol Processing

@ MOTOROLA

Semiconductor Products Sector

What you never thought possible™
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25 to 1910MHz

SURFACE MOUNT VC0’s ... 513%

Time after time, you'll find Mini-Circuits surface mount voltage ;\'IOS“COS SPEFC'F'CAT'ONSP . P >SN
controlled oscillators the tough, reliable, high performance il 'e?Mﬁi)ng ‘ ?géi/r:i(;)se H‘Té“é’c")'“ Wi :f?g\l/(DC) $g§e
solution for your wireless designs. JTOS wide band models SSB@ 10kHZTyp.  Typ Max (5-49)*
span 25 to 1910MHz with linear tuning characteristics, low JT0S-50 '25;47( 108 19 15V 20 1;;95
-120dBc/Hz phase noise (typ. at 100kHz offset), and excellent e L gl = o & i
-25dBc (typ) harmonic suppression. JCOS low noise models JTOS-150 75-150 106 23 18V 20 13.95
typically exhibit -132dBc/Hz phase noise at 100kHz offset, and ﬂggg 128 ggg 1852) 32 }gx j? :g gg
A A o -31X 2% 20
phase noise for all models is characterized up to TMHz offset. ITOS-40 200-380 102 5 16V 2 155
Miniature J leaded surface mount packages occupy JTOS-535 300-525 -97 28 20 15.95
minimum board space, while tape and reel ﬂgg 1325 g‘;‘é‘ 4706255 _gg 53 }% z)z }g gg
availability for high speed production can JTOS-1300 900-1300 95 28 20v 0 18.95
e g e oswe emwe  ® w o B ke
rket with li i : : p < o
Lol g l_ngL\tenmg speed JCOS-820WLN  780-860 112 13 20V 25 (@9V) 49.95
Soar to new heights...specify JCOS-820BLN ~ 807-832 112 24 14V 25 (@10V) 49.95
Mini-Circuits surface mount VCO's. JCOS-1100LN  1079-1114 110 145 20V 25 (@8V) 49.95

i Notes: *Pnces tor JCOS models are for 1 to 9 quantity. **Fequired to cover frequency range.
See “RFAF Designer's Gude” or “VCO Designer's Handbook” for complete specifications.
DESIGNER'S KITS AVAILABLE

e Cireni , i ; ’ K-JTOS1 1 of each {10 pacas): JTOS-50, 75, 100, 150, 200, 300, 400, 535, 765, 1025, only $149.95
Mini-Circuits...we're redefining what VALUE is all about! K-JTOSZ 1 of each (7 pieces). JTOS.£0. 100, 200, 40, 535, 766, 1025, orly S99
K-JTOS3 2 of each (6 pieces): JTOS-1300, 1650, 1910, only $114 95

m Mini-CirCUits® 46 a7

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http-//www. minicircuits. com  C/FCLE READER SERVICE CAF
For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK -« INTERNET - THOMAS REGISTER - MICROWAVE PRODUCT DATA DIRECTORY + EEM

CIHHSTOM PRODIICT NFFEFNDS |ot Our Fenerienre Work For Yonu = 234 Rev Orin
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EDITORIAL OVERVIEW

TECH INSIGHTS

COVER FEATURE
Formal Verification Tool Speeds Designers To Golden RTL .. 37
Modular software tool family enables RTL verification to
bridge the gap between functional design and implementation.

Logic Analyzer Hits 500-ps Resolution On Up To 680
Channels . ..
A new modular system architecture makes cirecuit
verification and characterization faster and simpler.

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

Product Features

.55

Don't Design DSP Systems In Isolation .
Communications designs must successfully account for m'-xl-world
RF effects like channel prepagation and amplifier distortion.

COMMUNICATIONS TECHNOLOGY

Considerations For Upsiream Channel Communications In
CAIV 000000000000G0a0000E 000a0ac0oC Y4
Undms’ta.mhngthe upstream channel s challenging environment
is the key to building robust interactive cable networks.

Wireless Conference Points To Growth In Data/Voice

Syslems ........iiiiiiiiiiiiii ittt
Affordable high-performance ICs are paving the way for
application growth in cellular communications, personal
communications services (PCS), and wireless-local-area

networks (WLANS).

COMMUNICATIONS TECHNOLOGY

Electronica ‘96 Takes The Wraps Off Advanced
Communications Devices ...... .
The latest ICs for mobile and cordless telephones and ISDNs
are showcased, with SLICs and controllers also featured.

Four-Port Hub On-A-Chip Slashes The Cost Of Fast
Ethernet . 88
A 100-Mbit repeater controller integrates four PHY
interfaces; a quad transceiver makes switched 10Base-T
more affordable.

Fast Ethernet Chip Family Builds Smart, Low-Cost,

Products 93
All-digital Fast Ethernet chips cut parts count and cost of
managed and unmanaged hubs and switches.

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

Update On CDMA Technology

Product Feature

High-Performance Connectors — The Offen-Underestimated
Weak link .............. 000000000a0G 00000a0C ..101
In an era of increasing speed and complexity, designers
must perform careful characterizations of available
connector options.

Recent Advances In Rechargable Botteries
Knowledge of battery chemistries and their pros and cons goes
along way toward optimizing designs for portable systems.

Upcoming MOslgs - « ..o coscsuwssvscine 12,16
o LV S SN N, W S 18
* The software side of engineering
L R . 22
* [s USB a bus in search of a destination?

Technology Newsletter .................. 27,28
* Low-cost video-port standard simplifies implementation
* Focused ultrasound aims at non-surgical cancer treatment

* Researchers show drives that store 5 Gbits/in®

* (.13-um resolution targeted by joint shared-cost program
® Chamber-cleaning chemical is environment-friendly

* BMDO funding leads to results in ZnSe thin films ...
¢ ... and the acquisition of Soviet space technology

Technology Breakthrough
® Fractional terabit ATM switch demonstrated: New
modular architecture accommodates user’s growing
bandwidth needs
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Win. Win. Win. time. In your system, the EPM7032 is  sheet and a free

With density, speed, and price. The Altera equally fast, matching the speeds of  sample of the
EPM7032 has triple the density of standard the fastest 22V 10s you're using today.  EPM7032.

22V10s and can replace up to four PAL  The Altera Advantage. 800-9-ALTERA

or GAL devices. You'll save board space N - , (800-925-8372),
and increase system performance — all at Value, competitive pricing, high Dept. A7NAPS.

a lower price. performance technology, and Or, find us at htip://www.altera.com
comprehensive technical support. on the world-wide web. Stay ahead

_ tart scoring now. of the pack.
When you need fast time-to-market, you SHmfysinig nop /"Z
need the flexibility of the EPM7032 to See how easy it is to get started with

save development and manufacturing the FPM7032. Call us today for a data

You’re first to market or you’re lunch.

D
=l : A
Avariage
100K unit price projection for the EPM70321.C-44-10. .

Copynght 1996 Aliera Corporation. Altera, M \X 7000, EPMT032, and The Alte lvancage are ' ks and/or ser of Altera Corporation in United States and
er 1 ther ks and s e property ot their respi holders. me free sa ent to each qualified respondent.
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You have a partner that started
arevolution in programmable logic.

A company that not only
offers the widest range of program-
mable logic solutions, but spends
12% of its revenues on R&D to
deliver the greatest advancements
in the industry.

You have a partner that's help-
ing companies like Cisco and Silicon
Graphics keep their leading edge.

A company developing new
flexible solutions for DSP, PCI and
PCMCIA applications.

You have a partner that's mak
ing it easier to turn ideas into reality
by unveiling the most automated
design software ever developed.

In short, you have a partner
dedicated to your success.

Who needs magic beans?

Call 1-800-231-3386 for more
information. Or visit Xilinx WEBLINX

at http://www.xilinx.com

& XILINX
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Broadband
Digitizers

Digitizers offer 20 and
30MHz sampling rates
with improved :
dynamic performance

These monolithic and and multi-
chip microcircuit analog-to-digital
converters are ideal for electro-
optic, digital instrumentation,
digital communications, imaging,
and radar receiver applications
in both industrial and military
systems.

Improved Dynamic Performance
(MN6250)

* 60dB SNR @ Fin = 15MHz
* 70dB SFDR @ Fin = 15MHz

High-Speed Digitizers:

* MN6250 - 30MHz

* MN5930 - 30MHz

* MN5925 - 20MHz
TTL-Compatible

Low Power and Small Size

ro networks corp.
324 Clark Street, :
Worcester, MA 01606

Tel. (508) 852-5400
FAX (508) 853-8296

nsal E-Mail - sales@mnc.com

@ Web Site - http://www.mnc.com
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UltraSCSI

Analyzers

Ultra2000 Analyzer (Briefcase Model)

m SCSI-3, Fast/20, Wide m SE, Diff, & LVD standard
m Self contained, Portable ~ m Hard Disk Storage
m 7.5 nsec resolution m [nitiator Emulation

m Analysis Software

Ultra2000 Lite (Laptop)

m SCSI 3, Fast/20, Wide
m Same Feature Set as Ultra2000
| Use with any host:

m Laptop or PC
m Work Station
m Dumb Terminal
m Pricas start under $5,000

BASIGS 01O USI WOUKIEL
avaraplenieely:
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| GOIN CELLS

oria, NY 111052017
G040 » e-mail: kecB@keyeico.com
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SEE US AT THE NAT’L DESIGN & ENG.
SHOW - ¥/10-13TH - BOOTH # 2853 - CHICAGO

FEBRUARY 1997

Third Conference on Business Op-
portunities & Operational Require-
ments for Utilities in Telecommunica-
tions (Utilicom ‘97), Feb. 19-21.
Washington Vista Hotel, Washington,
DC. Contact (800) 822-6338 or (202)
842-3022 ext. 317; http//www.brp.com.

Second International Conference
on Chip-Scale Packaging, Feb. 20-21.
Sunnyvale Hilton Inn, Sunnyvale,
CA. Contact Subash Khadpe; (610)
799-0419; fax (610) 799-0519; e-mail:
skhadpe@semitech.com.

IEEE Applied Power Electronics
Conference and Exposition (APEC
97), Feb. 28-27. Westin Peachtree
Plaza Hotel, Atlanta, GA. Contact
Pam Wagner, Courtesy Associates,
655 15th St., N.W., Suite 300, Wash-
ington, DC 20005; (202) 347-5900; fax
(202) 347-6109.

MARCH 1997
Computer Telephony Expo ‘97,
Mar. 4-6. Los Angeles Convention
Center, Los Angeles, CA. Contact
(212) 691-8215.

IPC Printed Circuits Expo 97 &
40th Annual Meeting, March 9-13.
San Jose Convention Center, San
Jose, California. Contact JoAnn Gal-
luzzi (847) 509-9700; Internet:
http://www.ipc.org.

Embedded Systems Conference
East, Mar. 10-12. Hynes Convention
Center, Boston, Massachusetts. Con-
tact (617) 821-9222; e-mail: esce@ex-
poreg.com.

PCB Design Conference West,
Mar. 15-21. Santa Clara Conven-
tion Center, Santa Clara, CA. Con-
tact PCB Design Conference, P.O.
Box 472, Canton, Massachusetts
02021; (617) 828-9185; fax (617) 828-
8198.

European Design & Test Confer-
ence (ED&TC ‘97), Mar. 17-20. CNIT
Conference & Exhibition Centre,
Paris-La Defense, France. Contact
ED&TC Conference Secretariat,
CEP Consultants Ltd., 43 Manor P1,,
Edinburgh, EH3 TEB, UK; (44) 131-
300 3300; fax (44) 131-300 3400; e-
mail: edte@cep.u-net.com.




How to stay out of the rough
in surface mount technology.

Surface mount interconnection is a demanding game. Advice from the pros helps.

Each surface mount application presents complex challenges. Our experience
can show you options in integrating SMT into existing or new products.

We'll show you the variations in form - from through-whole compatibles to
ultra fine pitch products. We'll make sure your contact configuration and leg
geometry are physically right. We'll help determine optimum hold-down type,
based on assembly and use. And we'll show you how to answer design needs and
fit successfully into production.

We also offer options for manufacturability: Automated pick-and-place or
robotic applieation, tape and reel packages (including EIA-481), tubes, and trays.
In fact, our packaging, tooling, and feeder modules can all be tailored for you.

We'll also simplify and advance your design efforts and keep you current on
improvements. Full technical information,
catalog sheets, and 2D and 3D models

of many product lines are available CaneCﬁﬂg

on CD-ROM to shorten design cycles. g a
Call today to learn more.
AMP is » trademark.

level”

Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated,
Harrisburg. PA 17105-3608. In Canada, cal! 905-470-4425. On the Internet:http://www.amp.com.
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CONNecT SIMuLarion)

7 7%ar) B Phase 474 deg

Bandwidth Simulation

ON £ u /es enginee “‘ L2 impedance, propagation delay, crosstalk, electro-
optimum electrical solutlons for connector . magnetic interference and the like. By varying
designs. For over ten years Berg's sophis- e the design parameters on the computer, Berg
ticated software system has simulated, 5 LT quickly meets design objectives and ensures
analyzed and finalized connector designs L sl e connector reliability earlier in the design
prior to prototype stage. By eliminating Tleee cycle, prior to any costly fabrication. SPICE
moenths of redesign and protctypes, precious 0o files for Berg connectors generated by
time-to-market is saved and costly design ' ¢ _" ICONSIM are available to incorporate into
mistakes eliminated. By passing a simulated UL LS your system design. Put ICONSIMto work for
si@al through a connector, ICONSIMallows the (LI you today. Call us, fax us or access our home
critical performance simutation tests for f = page on the World Wide Web for more information.

EBERG vour cLosaL connecTiON" ®

ELECTRONICS

USA Tel.: (800) 237-2374, Fax: (717) 938-7609 - EUROPE Tel.: 31-73-6206-911, Fax: 31-73-6214-205 - ASIA/PACIFIC Tel.: 65-738-8277, Fax: 65-738-4122
World Wide Web Site: http://www.bergelect.com
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MEETINGS

MARCH

Antennas: Principles, Design, and
Measurements (Short Course), Mar.
18-21. Mission Bay, San Diego, CA.
Contact Kelly Brown, NCEE, 1101
Massachusetts Ave., St. Cloud, FL
34769; (407) 892-6146; fax (407) 892-
0406.

Communication Design Engineer-
ing Conference, Mar. 24-26. Wash-
ington, DC. Convention Center,
Washington, DC. Contact Denise
Chan, Miller-Freeman Inc., (415)
278-5231.

Portable By Design Conference
and Exhibition, Mar. 24-27. Santa
Clara Convention Center, Santa
Clara, CA. Contact Betsy Tapp, (201)
393-6075; fax (201) 393-6073; e-mail:
portable@class.org.

Communication Design Engineer-
ing Conference, Mar. 25-27, Wash-
ington Convention Center, Washing-
ton, DC. Contact (617) 821-9219;
e-mail: edec@exporeg.com.

DSP World Spring Design Confer-
ence, Mar. 25-27. Washington Conven-
tion Center, Washington, DC. Contact
Denise Chan, Miller Freeman Inc., (415)
278-5231; e-mail: dsp@exoreg,com.

SOUTHCON ‘97, Mar. 25-27.
Raleigh Civic and Convention Center,
Raleigh, NC. Contact Electronic Con-
ventions Management, 8110 Airport
Blvd., Los Angeles, CA 90045; (800)
877-2668 ext. 243; fax (310) 641-5117;
e-mail: southcon@ieee.word.org.

Second Conference on The New In-
tegrated Service Provider (Supercar-
rier ‘97), Mar. 26-28. Washington Vista
Hotel, Washington, DC. Contact (800)
822-6338 or (202) 842-3022 ext. 317; In-
ternet: http//www.brp.com.

Sixth International Verilog Con-
ference, Mar. 31-Apr. 2. Santa Clara
Convention Center, Santa Clara, CA.
Contact MP Associates, 5305 Spine
Rd., Suite A, Boulder, CO 80301;
(303) 530-4562; fax (303) 530-4334; e-
mail: iveinfo@iveconf.com.

APRIL
INTERMAG 97, Apr. 1-4. Hyatt
Regency Hotel, New Orleans, LA.

Contact John Nyenhuis, School of
Electrical Engineering, Purdue
University, West Lafayette, IN 47907-
1285; (317) 494-3524; fax (317) 494-2706;
e-mail: nyenhuis@ecn.purdue.edu.

Surface-Mount Technology As-
sociation, April 2. Gwinnett
County Civic Center, Atlanta Geor-
gia. Contact (770) 569-1822; e-mail:
smta-info@t-tech.com; Internet:
http//www.smta.org.

IEEE International Reliability
Physics Symposium, April 7-10.
Adams Mark Hotel, Denver, CO.
Contact IRPS Publishing Services,
P.O. Box 308, Westmoreland, NY
13490; (315) 339-3971; fax (315) 336-
9134; e-mail: 103227.2074@com-
puserve.com.

IEEE Conference on Computer
Communications (INFOCOM 97), Apil
7-11. Kobe, Japan. Contact Tatsuya
Suda, Dept. of Information & Compu-
ter Science, University of California,
Irvine, California 92717-3425; (714)
856-5474; fax (714) 856-4056; e-mail:
suda@ics.uci.edu; Internet:
https//www.ics.uci.edwinfocom/ (North
America); http/arpeggio.ics.es.osaka-
u.ac.jp/infocom.html (Japan).

Fourth ASAT Conference , April
14-16. San Francisco Airport Mar-
riott, San Francisco, California. Con-
tact Suzanne Graf, Project Manager,
(541) 984-5204; fax (541) 343-7024; e-
mail: SGraf@Advanstar-Expos.com.

IEEE International Conference
on Acoustics, Speech, and Signal
Processing (ICASSP 97), April 21-24.
Gasteig Cultural and Convention Cen-
ter, Munich, Germany. Contact Bernd
Girod, Lehrst.f.Nachrichtentechnik,
Univ. of Erlangen Nuremberg, Cauer-
str. 7, D-91058 Erlangen, Germany; (49)
91-3185-7101; fax (49) 91-3131-30840; e-
mail: b.girod@ieee.org.

Sixth System Administration,
Networking, & Security Conference,
April 21-26. Baltimore Inner Harbor,
Maryland. Contact USENIX Con-
ference Office, 22672 Lambert St.,
Suite 613, Lake Forest, California
92630; (714) 588-8649; fax (714) 588-
9706; e-mail: conference@usenix.org;
Internet: http://www.usenix.org.

IEEE International Conference
on Robotics and Automation, Apr.
21-27. Albuquerque Convention Cen-
ter, Albuquerque, NM. Contact Jerry
Stauffer, Intelligent Systems and
Robotics Center, Program Office,
MS0949, Sandia National Laborato-
ries, Albuquerque, NM 87185-0949;
(505) 845-8966; fax (505) 844-6161; e-
mail: jdstauf@isrc.sandia.gov.

First Convergence Technology &
IC Expo, Apr. 22-24. InfoMart, Dal-
las, TX. Contact Electronic Conven-
tions Management, 8110 Airport
Blvd., Los Angeles, CA 90045; (800)
877-2668, ext. 243; fax (310) 641-5117.

15th IEEE VLSI Test Sympo-
sium, Apr. 27-30. Hyatt Regency
Monterey, Monterey, CA. Contact Y.
Zorian; (408) 543-0146 ext. 227, e-
mail: zorian@lvision.com.

MAY
IEEE Vehicular Technology
Conference (VTC), May 5-7. Hyatt
Regency at Civie Plaza, Phoenix, AZ.
Contact Wendy Rochelle, IEEE
Conference Services, 445 Hoes Lane,
P.O. Box 1331, Piscataway, NJ 08855-
1331; (908) 562-3870; fax (908) 981-
1769; e-mail: w.rochelle@ieee.org.

International Test Synthesis
Workshop, May 5-7. Santa Barbara,
CA. Contact K. Wagner; (415) 694-
4386; e-mail: kwagner@symopsys.com.

IEEE Custom Integrated Cir-
cuits Conference (CICC ‘97), May 5-
8. Santa Clara, CA. Contact Melissa
Widerkehr, Widerkehr & Assoc.,
Suite 270, 101 Lakeforest Blvd,
Gaithersburg, MD 20877; (301) 527-
0902; fax (301) 527-0994.

Electronics Industries Forum of
New England, May 5-9. World Trade
Center, Boston, MA. Contact Sum-
mit Exhibition Management Inc.,
Norwalk CT; (800) 322-9332; (203)
855-3000; fax (203) 855-3003.

IEEE Power Industry Computer
Applications Conference (PICA),
May 11-16. Contact T.C. Wong, Amer-
ican Electric Power, 1 Riverside
Plaza, Columbus, OH 43215; (614) 223-
2235; fax (614) 223-2205; e-mail:
t.wong@ieee.org.




LOOK WHO'S DELIVERING FLASH MCUS
YOUR DESIGNS CAN REALLY AFFORD!

Now ATMEL'S NEW AT89CS55 FLASH

MCU COSTS LESS THAN OTP. PLUS, IT

DELIVERS IN-SYSTEM PROGRAMMABILITY,

20K CODE SPACE AND COMPATIBILITY

WITH 80C52's!

And you thought vou couldn’t afford
Flash MCUs! With Atmel’s
Flash MCUs, you get to
market faster with 100%
pre-tested parts and 100%
yield at programming. You
also get static operation and

than OTP supply voltages down to

2.7V! Even your Purchasing Manager will
appreciate our device reprogrammability
it reduces
mvemory and Number (bytes) (bytes) (bytes)
eliminates
wasted parts.
Let us help
you get your =
designs to ’ N
market faster. = = - -
Call 1-800-365-3375 for a FREE

sample kit.
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Product Flash SRAM E2PROM ISP Port UART Vee Op. Freq. Counter/ Pin

(MHz) Timers  Count

b-24

E-MAIL: literaty 2
FAX-ON-DEMAND: (800
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ELECTRONIC DESIGN

EDITORIAL

The Software Side Of Engineering

any downsizing and reduced defense spending. But it appears that things
might be improving. If you haven’t had a chance to read it yet, take a look at
the article “Employment Picture Is Looking Up In The Rte. 128-Boston Area,”
in our Jan. 6 issue in our new EE Currents & Careers section. The article centers
on what’s happening with jobs in the technology corridor circling Boston, but it
also puts into sharp focus the major trend of the past several years: The growth
of software and embedded systems and their move into the mainstream of elec-
tronic system design.

A couple of quotes in the article stand out:

“The majority of jobs are software-related, but generally, companies want
EE backgrounds,” says Jeff Rudzinsky, senior vice-president of an employment
agency in Lexington, Mass.

“The ratio of software to hardware jobs is, I'd say, 5:1 or 4:1. The people re-
cruiting software engineers are running into one guy with ten offers, whereas
we’re having one hardware guy with maybe two or three offers,” says Norm
Davis, account executive at another agency in Lexington.

The essence of engineering is logical thinking applied to problem solving—
which is exactly the process involved in writing embedded code. In a hardware-
centered world, engineers have had to cope not only with solving the problems
involved in the project at hand, but also with a strong self-preservation in-
stinct—the critical need to remain current with the flood of new devices created
by a rapidly advancing technology. In those situations, the experience gained
with one set of components may not be directly transferable to the next genera-
tion of hardware. The value of mature engineering judgment often gets tem-
pered with the need to get up to speed on the characteristics of one new set of
components after another.

However, it may be that mature engineering judgment will maintain its value
to a greater extent in a software-centered world. Here, the creativity and pri-
mary intellectual investment lies in the software itself, while the hardware is
mainly the vehicle for delivering that added value.

The move toward software thus may bode well for engineering careers in the
future, and it may mean an easing of the threats of career obsolescence caused
by rapidly advancing technology. Software, in fact, may offer greater protection
against engineering obsolescence than hardware, and it may be the very thing
that leads the EE profession into the next century.

The news for engineers in recent years has seldom been good, what with com-
P

Stephen E. Scrupski
Editorial Director
Electromnic Design
Information Group




__ VIVIE/Embedded Sytems
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re you looking for computer performance that actually grows with your

application? Do you need Ethernet, PROFIBUS, CAN or LON serial

interfaces? Do you require 1 MB SRAM/ 32 MB DRAM/ 4 MB FLASH on
your local CPU? Do you use 0S-9,VxWorks, VRTX or pSOS+?

Modular Computers®

Would you like to create VMEbus or embedded systems?
% ) . » o [
Do you require a standard operating temperature range of 0°C to +70°C or PEP Modular Computers Inc.

the extended 40°C to +85°C? 750 Holiday Drive, Building 9
Pittsburgh, PA 15220

% ek . Tel.: (412) 921 3322
¥ !
Then check us out - providing solutions is our business! Fax: (412) 921 3356

PEP - Your solid partner for flexible solutions. Toll free: 800-228-1737
READER SERVICE 176




On February 3, 1997
11 redefined

the future ot DSP

Introducing the

revolutionary
TVIS320G6X vt

1600 IVIIPS.




A single-chip DSP with 1600 MIPS that
cuts development time by 50%. All under $100*
And it's available now.

Texas Instruments introduces the TMS320C6x
generation of digital signal processors, the highest
performing single-processor DSP ever. The 'C6x
fixed-point DSP delivers 1600 MIPS at 200 MHz
and will be available at a price you'll find equally
amazing — under $100* And you can order sam-
ples for evaluation now.

To make this possible, TI developed VelociTI",
the 'C6x DSP’s advanced Very Long Instruction

TMS320C6201 Features

Performance
* 1600 MIPS
-Eight 32-bit instructions per cycle X 200 MHz
e 1-Mbit on-chip RAM
Development Environment
o Assembly optimizer — industry first — optimizes
assembly code
 C compiler — optimizes key loops for 3X the code

| efficiency of fixed-point DSP C compilers

Word (VLIW) architecture. This simplified design
gives you software-based design solutions of
exceptional flexibility, especially critical for
tomorrow’s breakthrough multichannel and multi-
function voice and data applications.

Plus, you'll get the easiest to use DSP ever
developed. The 'C6x's new C compiler, accompa-
nied by TI's assembly optimizer (an industry
first — available only from TI), will make pro-
gramming easier than ever. Add thousands of
pages of on-line documentation and hardware and
software tools, as well as third-party products, and
you'll speed your designs to market in record time.

And start a revolution of your own.

For more information on the revolutionary
TMS320C6x DSF, call 1-800-477-8924,
ext. 4073, or contact us at http.//www.ti.com/sc/cbx

*L‘ TEXAS
INSTRUMENTS

* 25K unit production price.
082198
© 1007 Tl
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WEB ADDRESS:
http://www.bliley.com

Unique Size,
Preferred Specs!

Bliley N15A (OCXO)

Good Phase Noise and Low Power
Consumption. Quick Warm Up.
Compact, Low Profile Case.

Frequency:
Standard: 10 MHz
Optional: 10 to 20 MHz

Output: HCMOS or SineWave
Temp. Stability:
*5 x 108 over -30°C to +65°C
Warm Up:
*2 x 108 in 5 minutes (Reference to
frequency 30 minutes after warm up
at 25°C)
Aging: 1x107 /year

Phase Noise:
Offset Level (Typical)
10 Hz -115 dBc
100 Hz -140 dBc
1 kHz -150 dBc
10 kHz -155'dBc
100 kHz -155 dBc
Mechanical Adj.:
+0.75 ppm to *3.0 ppm
Voltage Control:
*0.50 ppm to 2.0 ppm for 0 to
6.0 Vdc Negative Slope
Power Supplies:

+12 Vdc +10% or any fixed value
between +11 Vdc to +15 Vdc
Power at turn on @ 25°C:

5 Watts maximum
Power at steady state @ 25°C:

1.2 Watts maximum
Storage Temperature:

-55°C to +85°C
Case Size:

1.53" max. x 1.53" max. x 0.53" max.

Contact Bliley for N154’s
customization details.
You'll get engineering assistance
at no charge.

Bliley

BLILEY ELECTRIC COMPANY
2545 West Grandview Blvd.

PO. Box 3428, Erie, PA 16508-0+28

(814) 838:3571 * Fax: (814) 833-2712
E-Mail: info@bliley.com

TECHNOLOGY BRIEFING
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Is USB A Bus In Search Of A Destination?

very day, new ideas are touted as the next solution to some of the ills that
Eplague the computer industry. Some solutions are tremendously success-

ful, others have lukewarm acceptance, and others never make an impact.
The universal serial bus (USB) is at a crossroads, with many proponents pro-
Jjecting a rosy future with billions of dollars in revenue. With both Intel and
Microsoft behind the bus as the next low-to-moderate-speed interface that
replaces everything from the keyboard port to serial and parallel I/0 ports,
and still other custom/proprietary interfaces, it offers tremendous promise.

Most new PCs manufactured with the latest motherboard logic chips have
the USB ports hidden inside. But only a few of those systems currently have
them actually wired to a connector on the rear panel because Windows 95
does not include USB driver software. The Win97 upgrade will include the
driver software, and then it’s a race to see who will succeed or fail in offering
new systems that users will really want.

USB, or something like it, is sorely needed as the PC transitions into a home ap-
pliance. This “appliance” requires little knowledge
on how it works—all users must know is that “Plug
A goes into Socket A.” USB-based peripherals will
provide the incentive to move to USB, and systems
designed in 1998-99 may do away with the RS-232
and Centronics-type ports in favor of USB.

But USB’s popularity will develop slowly since it
may take time for sufficient numbers of USB-active
computers to arrive on user’s desks. Meanwhile,
what are peripheral manufacturers to do? Just let
their designs sit on the shelf? Not likely. Some com-
panies are considering postponing their mass-man-
ufacturing of the products until enough machines
are in users’ hands to provide a viable market. Many
are pondering alternate solutions: Go after the
legacy systems market. Put USB into some of the DIGITAL ICs
100 million-plus computers now running Windows, Windows 95 and Windows N'T.

Designing hardware that adds USB ports or creates USB hubs is becom-
ing a relatively simple task, with a number of silicon suppliers offering vari-
ous chips and megacell building blocks that implement the USB interface for
as low as $1 per port. Megacell suppliers such as CAE Technology and Lucent
Technology will offer designers a way to create custom configurations. Stan-
dard silicon solutions from Atmel, CMD Technology, and Cypress Semicon-
ductor, among others, offer fast time-to-market solutions.

The hardware issue is almost a moot point. So is the driver software that
tells the PC it has a USB port. The BIG challenge is to craft applications that
take advantage of USB and stir up user demand. For example, USB-based
telephony, such as developed by Mitel Corp, Kanata, Ontario, Canada, is a
step toward the application integration of new functions that would tempt
users to add USB capabilities.

USB has many attractive features—it allows up to 127 devices to be simul-
taneously connected (each hot-pluggable), operates at data rates up to 12
Mbits/s, and can provide power and signals or just data signals over the sim-
ple cabling schemes. But unless applications drive the acceptance of USB in
the legacy arena, the market may take longer to develop.

So put on your thinking caps—what types of software can take advantage of
USB? Can you envision applications that require USB, or can provide value, if
they could simultaneously use multiple pointing devices, multiple keyboards, or
any mix of peripherals? Multiplayer games and some team/classroom educa-
tional/training applications are ideas that come to my mind. Perhaps a commit-
tee can focus on application-software development for USB-based hardware.
Or, the industry may end up with a bus with no destination. dbursky@class.org.




Data Ac

TAKE MEASUREMENTS, NoT ESTIMATES WITH NATIONAL INSTRUMENTS

New PCI DAQ
for Windows NT

PCI E Series - stateof-the-art E Series DAQ technology is now
available for PCI.
* Continuous, gap-free sampling — more than 1 MS/s
¢ Instrumentation-quality measurements with 12 and 16-bit resolution
* Improved PCl system performance with scatter-gather DMA
¢ Native drivers for Windows NT, 95, and 3.1

READER SERVICE 154

quisition

Low-Cost 16-Bit
Data Acquisition
DAQCard™-516 and PC-516 -
16-bit, 50 kS/s sampling

Remote Data

by Portable PCMCIA
Acquisition

Solutions

DAQCard E Series - Breakthrough

technologies deliver E Series performance in

PCMCIA format.

* Fast sampling — up to 500 kS/s

¢ Instrumentation-quality measurements —
with 12 and 16-bit resolution

* Gains up to 100

* Analog triggering

* Advanced counter/timer features — equivalent-
time sampling, instantaneous rate changes.
buffered pulse-train generation

Remote SCXI" -
Remote signal
conditioning and
Jata acquisition
up to 4,000 ft via ~ —
RS-232/485. =iuiw e
* Superior ."l I' ‘ 1 /
quality 4
for temperature,
strain, voltage,
current, digital 1/0,
and more READER SERVICE 156

e Interface to

more than DAQ Driver Software for Windows NT 4.0

5,000 channels
» Multichannel NEDAQ’ 5.0 - Take advantage of native Windows NT 32-bit
drivers to build robust DAQ applications.

scanning and

waveform ¢ More than just token |/0 calls
acquisition * Includes high-performance analog, digital, and timing 1/0
» Compatible with functions, signal conditioning functions, and auto calibration
existing SCXI * Libraries for LabVIEW®, LabWindows®/CVI, ComponentWorks™,
systems BridgeVIEW", Lookout™, Measure™, VirtualBench™, C/C++, Visual Basic
READER SERVICE 155
‘7 NAT'ONAL Call today for your FREE copy of DAQ Designer™ '97
’ | NSTRUMENTS and for more information on these new products.
The Software is the Instrument® READER SERVICE 157 (800) 433-3488 (u.5. and Canada)

u.s. Qorporate Headquarters ¢ Tel: (512) 794-0100 ¢ Fax: (512) 794-8411 ¢ info@natinst.com ¢ www.natinst.com



Drop-in
Compatibility

Introducing Micron’s
industry-standard
boot block Flash.

Looking for flash memory that's got it all ® se rvice
together? Consider Micron’s boot block flash

memory with SmarntVoliage Technology. It { Reliabi'ity

combines compatibility and flexibility with

proven Micron reliability for a solution that fits ® Availability

vour needs as easily as it fits your application.

* 100% compatibility means the same pinouts,
Sfunctions, and electronic IDs as Intel” for a true
“drop-in” solution.

*SmartVoltage Technology provides 3.3V or 5V
read voltages (Vo) and 5V or 12V programming

voltages (Vpr) for maximum operational s ma rtvo Ita g e
Slextbility on a single chip.

e Micron’s quality-controlled and bighly efficient
production process delivers greater product
reliability and availability at a competitive
price.

Regardless of the application, whether it's
firmmware for PC BIOS, op code storage in
cellutar phones, or font storage for printers,
Micron's boot block flash memory with
SmurtVoltage offers you the best fit!

For additional product information, visit Micron's
WWW site at http://www.micron.com/flash or call
Micron DataFax at {208) 368-5800 and request #2358.

Memory Part Package / # of Pins
Configuration Number S0P TSOP-1

256K x 8 MT28F002B1 o 40
128K x 16/ 256K x 8 MT28F200B1 44 48

512K x 8 MT28F004B1 - 40

*"256K x 16 /512K x 8 MT28F400B1 44 48
1Megx8 "MT28F008B1 - 40
**512K x 16 /1 Meg x 8 °"MT28F800B1 44 48

QUANTUM DEVICES, INC.

8000 S. Federal Way, Boise, ID 83707-0006
Telephone (208) 368-3900  FAX (208) 368-4431

E-mail: prodimktg@micron.com

Internet: hip: www.micron.com. flash

Customer Comment Line: (300) 932-1992

FAX (208) 3068-4617

Micron Datatax s a service matk of Micron Technology, Inc.

Micron Quatitum Devices' praducts are distnibuted by Micron READER SERVICE 145
Semiconductor Products, Inc . and its aftihated companies

Smian3 s atrademark of Intel Corporation
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If You Think Omron Only Makes Relays,
Read Between Our Lines.

I 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 vour
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-
muccosensors, as well as lighted and
oil-ight 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 vou 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.



«LDO Regulators:
“}&Shure The:Current.

B&ut Thé*Reat.

Current-sharing is totally ~ For your Design Kit, call,
cool. You can deliver pre-  fax or write:
cise power for the micro-  Linfinity Microelectronics,
processor core and 1/0O 11861 Western Avenue,
while dividing and diffus-  Garden Grove, CA 92841
ing heat over two different  Phone: 714-898-8121
LDOs. With some proces-  Fax: 714-372-3566 Evaluation platform and
sor chipsets demanding application note available
as much as 10A, manag-
ing heat is critical, \)
Geh‘mg started on a \\ INF“I TY
solution is easy. Linfinity

has the parts, control circuitry and
even an evaluation platform that Ca" 800 LMI- 7011

can cut your implementation time > y : o
aindl dosts. lVISlt I/ RNl hitp://www.linfinity.com

:
“ I ACI Electronics 800-645-4955, All American 800-573-ASAP, FAI Electronics 800-677-8899,
—Call Today Falcon Electronics 800-444-4744, Future Electronics 800-388-8731, Jan Devices 81 8-757-2000,
1997 DataBook
New 19° 4 i Marsh Electronics 800-558-1238, Zeus Electronics 800-52-HIREL
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NEWSLETTER

Low-Cost Video-Port Standard

Simplifies Implementation

ith a burgeoning need for a low-cost, PC-based
video interface standard, SGS-Thomson, Lin-

coln, Mass., devised the Video Interface Port
(VIP) standard. Jointly developed with ATI, C-Cube,
Cirrus Logic, LSI Logie, Philips, Trident, and S3, the
VIP is an open, non-proprietary interface standard
between video devices and a PC’s graphics device.
Aimed at multimedia PCs, possible applications in-
clude DVD, DSS, video capture, video phones, and In-
ternet-based multimedia. The VIP architecture con-
tains two separate ports, an ITU-R-656 video port and
a simple host port. In a typical graphies chip configu-
ration, the VIP requires just 13 pins for implementa-
tion. Because of the low pin count, the VIP employs
the same 26-pin VESA feature connector for active
signals and only adds one 14-pin connector for power
and other miscellaneous signals. For more informa-
tion, contact SGS-Thomson at (617) 259-0300 or on the
Internet at http://www.st.com. RN

Focused Ultrasound Aims At
Non-Surgical Cancer Treatment

n possibly five to ten years, physicians may have an-
Iother weapon in their arsenal to treat cancer,

namely forced ultrasound. Research taking place at
the University of Michigan College of Engineering ,
Ann Arbor, could give physicians the ability to control
and precisely focus ultrasound’s ability to heat and de-
stroy tissue.

High-intensity ultrasound in the frequency range
0of 500 kHz to 10 MHz produces heat as it passes
through the tissue. Such ultrasound techniques have
been used to heat tissue above the minimum tempera-
ture/time threshold required to kill cells. When heat-
ing is focused on a small area of soft tissue, effects on
the patient are minimal. However, ultrasound heating
in bone creates intense pain.

To that end, a computational model developed by
graduate student Youssry Botros and researchers
John L. Volakis, and Emad S. Ebbini was able to direct
high-intensity ultrasound around solid objects and fo-
cus the field’s intensity on small areas 1 to 15 em deep
within tissue. Botros states that their goal was to
demonstrate the efficacy of high-intensity focused ul-
trasound for hard-to-reach areas, such as the liver.

“It is relatively easy to focus ultrasound’s energy
on small, deep areas of tissue,” says Botros, “but not
when the tumor is located beneath solid objects, such
as the ribs, which is often the cases in liver cancer.”

To validate the computational model, the three
along with graduate student Philip Van Baren devel-
oped an experiment using wooden bars to approxi-

mate a rib cage enclosing a hypothetical tumor. The
team used their model to calculate optimum place-
ment and intensity levels using a 2D, 64-element ul-
trasound array. Experimental results agreed with the
computational model: The 3-mm “tumor” was cooked
in just a few seconds without damaging surrounding
tissue. RE

Researchers Show Drives
That Store 5 Gbits/In2

demonstration by the scientists and engineers at
AIBM’s Almaden Research Center, San Jose,

Calif., and Storage Systems Div., San Jose, Calif.,
displayed a bit density that was head and shoulders
above anything that’s near production—five billion
bits/in?. That specification is about three times the
density of today’s upper-end products. The test, data
was read and written at product-level speed with ac-
ceptable accuracy (80 million bytes/s with one error in
one billion bits). Using standard error-correction
techniques, the researchers claim they can provide
near-errorless data. One of the notable aspects of the
demonstration was that mostly proven technologies
were employed. For example, they used magnetore-
sistive (MR) heads and an ultra low-noise magnetic
alloy disk coating. The company expects to be ship-
ping drives with a density of 3 Gbits/in® within the
next few years, with 5-Gbit/in? products following
shortly thereafter. A 5-Gbit/in? density drive in a 2.5-
in. form factor could hold about 6 Gbytes of informa-
tion. A nine-platter, 3.5-in. model could store almost
55 Gbytes. For more information, contact IBM at
(408) 927-1283 or on the Web at http://www.re-
search.ibm.com. RN

0.13-1um Resolution Targeted
By Joint Shared-Cost Program

SM Lithography (ASML), Veldhoven, The
ANetherlands, and IMEC, Leuven, Belgium, have

joined forces to launch a cooperative R&D pro-
gram involving 193-nm-wavelength deep UV lithog-
raphy. Using this technology, they hope to develop ad-
vanced optical processes that can produce line widths
as small as 0.13 pm. Resolution in the 0.18-um to 0.13-
um range will be vital when fabricating next-genera-
tion, high-density devices including 4-Gbit DRAMs
and several generations of microprocessors beyond
686.

Leading semiconductor manufacturers are being
invited to participate in the program. By pooling all of
their technological resources, all participants will
gain early process knowledge beyond today’s 248 nm
at a lower cost than individually funded R&D. The co-
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operative program uses one of the first 193-nm scan-
ning lithography systems to be built by ASML (at
IMEC’s Class 1 cleanroom facility).

According to Dr. Richard George, ASML's corpo-
rate director of step and scan marketing, “This next-
generation scanning system will be based on 248-nm
scanners currently in development at ASML's global
headquarters in Veldhoven, the Netherlands.”
Process data and system performance results from
the joint program will be incorporated in ASML's com-
mercial 193-nm tool projected for market introduction
in 1998.

Says Dr. Lue Van den hove, manager of IMEC'’s Mi-
cropatterning Group, “This unprecedented coopera-
tive effort will shed light on the advanced optical pat-
terning techniques needed to make tomorrow’s
memory and logic devices a reality.” RE

Chamber-Cleaning Chemical Is

Environment-Friendly

recently identified chemical for oxide chamber
Acleaning reduces global-warming emissions by

more than 95%. Trifluoroacetic anhydride, called
EcoEtch-LF by Schumacher, Carlsbad, Calif., which
discovered the chemical, cleans the process chamber
faster and more efficiently, as well as uses less input
chemical, than an equivalent C2F6 process.

C2F6 is a greenhouse gas used by the semiconduc-
tor industry as a source of fluorine for cleaning
PECVD chambers. Approximately 60% of the C2F6
used during the clean process is unreacted by the
process, and thus is exhausted into the atmosphere.

Motorola presented a paper during the Semicon
Southwest Conference that described a feasibility
study performed on an Applied Materials P5000 PE-
TEOS reactor. According to the paper, EcoEtch-LF
exhibits higher plasma-conversion efficiency and
shorter clean times than a standard two-step C2F6
process. The process effluent contained less than 2 sc-
cms (standard cubic centimeters per minute) C2F6
and less than 40 scems tetrafluoromethane (CF4).

Cost-wise, EcoEtch-LF appears to be comparable
to C2F6 used with a burn box. Overall, the results of
the screening experiment indicate that the new chem-
ical is a very promising candidate for further investi-
gation as a replacement chemistry for C2F6. r&

BMDO Funding Leads To
Results In ZnSe Thin Films...

orth Carolina State University (Raleigh, N.C.)
researchers, backed by funding from the U.S.
BMDO (Ballistic Missiie Defense Organization),

have produced a set of coating technologies for com-
pound semiconductors. These coatings are based on
molecular beam homo-epitaxy to produce zinc-se-
lenide thin films for making LEDs. The University li-
censed the technology to Eagle-Picher, Miami, Okla.,
which is using an award from the National Institute of
Standards & Technology for work on blue and green
LEDs and lasers.

The devices are based on compound semiconductor
materials composed of precise atomic fractions of
Type II and Type VI elements on the periodic table.
So far, Eagle-Picher has developed a bright green
LED using zinc-tellurium selenide (ZnTeSe). The
greens are the brightest ever reported from a semi-
conductor material—at least 50 times brighter than
commercial gallium phosphide. They operate at 512
nm and have operated for 675 hours at a current den-
sity of 50 A/cm?2. A blue LED also has been developed
using zine-cadmium selenide. Although weaker than
the greens in output, it produces about 30 times more
output than a blue silicon carbide LED. pycG

...And The Acquisition Of
Soviet Space Technology

onger-life satellites and long-mission space vehi-
lcles are expected to outlast the life and endurance

of solar cells. Deployment of solar-cell panels alsc
has been one of the least reliable functions of launchec
vehicles. Consequently, nuclear space technology ha:
been pursued in the UJ.S. under an R&D project callec
the SP-100 program. However, the players (the U.S
BMDO, NASA, and the U.S. Dept. of Energy) coulc
not determine a near-term, space-qualified solution.

The former Soviet Union, on the other hand, suc
cessfully developed space-based electric-generatin;
thermionic reactors at their science institutes. Th
heat source for the generators, the Topaz, is nuclea
fuel. The initial result, called Topaz I. had been use
successfully in two satellites. The latest versio:
Topaz I, then was bought by BMDO through Inte:
national Scientific Products (San Jose, Calif.), whic
heads the marketing efforts for a joint-venture (calle
INERTEK) formed in Russia.

Negotiations, which began in 1990, resulted in d.
livery of the reactors in 1992 to the New Mexico Eng
neering Research Institute. At the Institute, the
were tested with tungsten heaters instead of nucle:
fuel. So far, the results have been positive enough fi
design studies to be undertaken on a 40-kW (pea
generator incorporating Topaz II technology.

The SPACE-R system is being conceived by Inte
national Scientific Products and a sister compan
Space Power Inc. (also in San Jose). It’s expected
weigh about half that of a comparable solar solutic
as well as occupy less than one-tenth the space. Sc
versions are typically rated at only 6 kW (peak.) P
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New Product Update

Iy =170pA/Amp
V;=2.7V to 36V

New, microAmplifier” Single Supply Op Amp Series
OPA237 series is a new line of single supply, general purpose op amps featuring low
offset voltage, low quiescent and bias current, and a wide supply range. This combination
of “micro-sized" package options, excellent speed-to-power ratio, precision performance,
and low cost makes them perfect for portable, battery-powered, and space limited
applications such as PCMCIA cards. OPA237, single, is available in the micro-miniature
5-lead SOT-23 and S0-8 surface mount packages. OPA2237, dual, comes in a miniature
MSOP-8 and SO-8 surface mount options. OPA4237, quad, is also available in a new
compact package—the SSOP-16—it has the same body size as an SO-8, but with 16
leads. Key specs: 750pV max offset, 170uA/amp quiescent current, 1.4MHz bandwidth,
and 2.7V to 36V or +1.35 to +18V supply range. Pricing in 1000s: OPA237 is $.89;
OPA2237 is $1.52; OPA4237 is $3.25.

Reader No. 80 FAXLINE No. 11327

¢ Low Power

¢ True Differential
Inputs

1mW Low Power, 12-Bit A/D in 8-lead SOIC Package

ADS1286 is a 12-bit, 20kHz microPower™ sampling A/D complete with a fully differential
input and sample/hold amplifier. This low power device—consuming only 250pA of
supply current—is the smallest 12-bit sampling A/D on the market today. It offers an SPI
and SSI compatible serial interface for communication over a two or three wire interface.
Its combination of serial two wire interface, micro power consumption, and low cost
make it ideal for remote and isolated data acquisition, transducer interface, battery
operated systems, industrial process control, test and measurement, medical instrumen-
tation, and consumer products. Key specs: true differential inputs, serial interface,
guaranteed no missing codes, 20kHz sampling rate, and 250pA supply current. Available
in an 8-pin plastic mini DIP and an 8-lead SOIC package; priced from $4.02 in 1000s.
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Burr-Brown Corporation

New 1997 IC Databooks

Our new Integrated Circuits
Data Books give designers
more than 60 high perfor-
mance linear and mixed signal a —-
solutions. Both the Linear
Products and the Mixed Signal
data books include complete
product descriptions and

specifications,  applications ;‘

tips, performance graphs, and ordering 1
information. FREE from local salesman

or call (800) 548-6132.

Reader No. 82

PCI721

Saeng’, . Stereo Audio D/A for
DVD, MPEG-2 and AC-3 Applications

PCM1721 is an audio SoundPLUS D/A that features an on-
board programmable phase-locked loop (PLL) specially
designed for Digital Video Disk (DVD), MPEG-2, and Dolby
AC-3 audio applications. The PLL can be programmed for
sampling at standard digital audio frequencies, as well as
one-half and double sampling frequencies. it's a perfect
solution for MPEG-2 applications. Key specs: 94dB dynamic
range, 256fs or 384fs system clock, single +5V power
supply, multiple sampling frequencies, and left, right, mono,
mute output modes. PCM1721 is available in a 24-pin SSOP
and priced from $4.90 in 1000s.

Reader No. 83 FAXLINE No. 11319

Isolated Op Amps

Offer Bandwidth and

Non-Linearity Options

I1S0166 and 1S0176 are precision, isolated amplitiers
offering a choice of 6kHz bandwidth, 0.005% typ
non-linearity, or 60kHz bandwidth, 0.012% typ non-linearity.
Both are 100% tested by partial discharge and rated at
1500Vrms continuous. They're ideal for thermocouples,
RTDs, pressure bridges, medical instrumentation, analytical
and biomedical measurements, data acquisition systems and
test equipment applications. Key specs: 115dB at 50kHz
IMR, 5nA input bias current, +4.5V to +18V supply range,
+20pV input amplifier offset voltage, and Vo = +10V.
Available in a 24-pin plastic 0.3" “skinny” DIP and priced
from $7.74 in 1000s.
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BURR - BROWN

Burr-Brown Corporation « P.0. Box 11400 « Tucson, AZ » 85734-1400  Call (800) 548-6132 or use FAXL/VE (800) 548-6133 « http://www. burr-brown.com/



There’s only one way
to get a 100% guaranteed
FPGA conversion.

Call AMI and ask for it

It's simple. AMI has completed over 800 successful netlist conversions. With this
kind of experience and our proven Netrans” conversion tools, we have the confidence

to guarantee your design works right the first time, or you pay no NRE.

KAMI

AMERICAN MICROSYSTEMS, INC.

1-800-639-7264

American Microsystems, Inc. * 2300 Buckskin Road, Pocatello, Idaho 83201 ¢ www.amis.com

Copyright ©1996, American Microsystems, Inc. *some restrictions apply
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TECHNOLOGY BREAKTHROUGH

|

Fractional Terabit ATM Switch Demonstrated:
New Modular Architecture Accommodates
User’s Growing Bandwidth Needs

Technologies’ Bell Laboratories

demonstrated an experimental
ATM switch with the capability of
handling data transmissions up to 160
Gbits/s. The prototype system was
constructed by tying together a clus-
ter of Lucent’s newest 20-Gbit/s, car-
rier-based backbone switches. When
scaled up to Terabit-size, and used in a
real network, this switch is capable of
delivering 100,000 simultaneous digi-
tal video feeds, or giving as many as
10 million subscribers Internet access
at ISDN speed.

While several commercially avail-
able ATM switches boast data rates of
20 Gbits/s or more, most experts
agree that service providers will need
Terabit-class switches to meet the de-
mands of videoconferencing, Megabit
Web access for consumers, and other
bandwidth-hungry applications antic-
ipated for the coming decade.

Currently, no real-world fiber link
is yet capable of handling the output
from a Terabit switch, but the writing
is on the wall. Both Lucent and NEC
have already demonstrated experi-
mental fiber networks that have Ter-
abit capacity, creating a significant
opportunity for somebody who can

This fall, researchers at Lucent

i deliver a commercially viable switch
i two or three years down the road.

E Rather than design the new switch
' from scratch, the Bell Labs team de-
i cided to take a modular approach
i based on the 2.5-Gbit/s, shared-mem-
i ory technology found in their 20-
! Gbit/s Globe View 2000, the flagship of
! Lucent Technologies’ ATM product
i line. It employs a technique known as
» hierarchical multiplexing to aggre-
 gate streams of incoming ATM cells
! into a common high data rate which is
' then passed to a high-speed 2.5-
i Gbit/s, switching core (Fig.1). The
i core itself uses a shared-memory ar-
i chitecture with a very wide data bus
E to switch large portions of an ATM
' cell in a single clock cycle.

i Asexplained in their paper “A 160-
i Gbit/s ATM switch prototype using
« the concentrator-based growable
i switch architecture,” (presented at
' the IEEE’s ICC ‘95 Conference, June
! 18-22, 1995, Seattle, Wash.), individ-
i ual lower-speed connections are mul-
i tiplexed together and finally inserted
E at close to the full bandwidth of the
+ switeh. This allows the switch to run
! independently at its optimum speed
, while data feeds ranging from 51
i Mbits/s (STM-1) and 155 Mbits/s

(STM-3) right through 2.4 Gbits/s
(STM-16) are folded seamlessly into
the its data flow.

To create a 20-Gbit/s switch ele-
ment, an 8-by-8 array of switch mod-
ules was assembled, fed by a memory-
less cell distribution network (Fig. 2) .
This 20-Gbit element became the
principal building block in the project,
from which a larger switching array
was assembled.

When aggregating switch ele-
ments, one of the team’s major chal-
lenges was to tie them together in a
way that lets each module add its
bandwidth to a common pool without
getting in the other’s way. Their solu-
tion was to develop a 64:8 traffic-con-
centrator/filter front end for each
switch. The concentrator takes 64,
2.5-Gbit/s streams and aggregates
them into 8, 20-Gbit/s streams (F'ig.
3). Since the switch modules have a
20-Gbit capacity, these concentrators
allow traffic to be bundled neatly into
groups of eight 2.5-Gbit streams.

Each 20-Gbit switch module has its
own filter section which looks at the
entire 160-Gbit data flow and only al-
lows the traffic intended for its switch
to pass. As each packet enters the
concentrator, the filters read its
header for routing information (vir-
tual path, VP, and virtual channel,
VC) and compares it against a table of
connections collected from all of the
switches (Fig. 3, again). The filter
then passes only the cells carrying the
VP/VC addresses of connections that

155 155
Mbits/s Mbits/s
i Output ————
e 4 ® packet switch °
> Muitiplexer |—= —={  Demultiplexer e G I i m e module e
. . (Ex: m=32, n=8) %
622 . . Cell- distribution z
Mbits/s o 2.5-Ghits/s . bits/s network ] N
ATM s . outputs
] core ——+ inputs
; fabric A .
® Multiplexer | —| Demultiplexer ® Output
. [ A packeldsrilch .
RTTn RG] module
8 : o e A
. . . a5 (Ex: m=32, n=8)
—— 1 Nx(mm)N

L

1. The basic building block of the switch architecture is this 2.5-Gbit /s
core fabric. It is fed by multiplexers which aggregate lower speed data
and inserts them into the switch matrix at the full switching rate.

2. An N-by-N growable switch architecture can be built using 20-Gbit /s
switch modules like this one. It consists of an 8-by-8 array of 2.5-
Gbit /s switch modules fed by a common cell distribution network.
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TECHNOLOGY BREAKTHROUGH

| aparticular switch is respon-

TERABYTE ATM SWITCH ARCHITECTURE

sible for handling. In this
manner, each switch has ac-
cess to traffic from all 8 20-
Gbit/s streams, giving the ar-
ray a throughput of 160
Gbits/s.

The double-edged de-
mands of scientific and com- | N
mercial development created
some interesting technical
challenges for the team.
Keeping size, power, and cost
down, were balanced against
maximizing performance to
arrive at the final solution.
While many elements of the
switch were exported from

Address filters

8x8 ATM
output

. N8 *3
switch

o | concentrator | o

. 8xB ATM
*3 ouput
switch

% N3
concentrator

dustry-standard line inter-
faces and data rates. These
range from 51-Mbit/s
twisted-pair copper lines
8| and 0C-3,155-Mbit/s fiber
connections to optical trunk
lines as large as 2.5 Gbits/s.
Reusing commercially
available technology wher-
ever possible helped reduce
development costs and in-
sure that the end product
had a chance of being com-
mercially viable itself.
Equally important, develop-
ing a scalable switch archi-
tecture will allow users to
avoid “forklift” upgrades, by

current products, the con-
centrators themselves re-
quired the use of a high-
speed, high-density VLSI
chip to integrate enough
functionality to keep the
switches’ size and power con-
sumption within reasonable limits.

Using a standard 0.6-um CMOS
process, the team designed a VLSI
circuit, known as an EXCON (ex-
pander/concentrator), that integrated
eight 64:8 data concentrators. Each
EXCON chipis an 8-by-8 device, pro-
cessing 0.6 Gbits/s per port, for a total
of 5 Gbits/s of cell traffic.

Cell traffic arriving at the EXCON
chip is first broadcast via its 1:8 ex-
panders, and then fed to eight parallel
concentrators operating indepen-
dently of one another. Each of these
eight, 8:1 concentrators incorporates
an eight-input, one-output FIFO run-
ning at 0.6 Gbits/port. Address filters
also are included in the entrance to
each FIFO so that only valid cells are
admitted and queued. The cell rate
passing through each concentrator is
equivalent to 64 times the OC-48 cell
rate, or 362 Mcells/s.

Using this approach, a prototype
concentrator-based cell distribution
network was built, with an aggregate
cell routing rate of 20 Gbits/s. These
in turn were assembled into an 8-by8
array called an EXCON module, ca-
pable of handling 160 Gbits/s.

Inside these EXCON modules, a
single-stage, bit-sliced linear array of
32 identical EXCON chips processes
the full bandwidth, allowing the
board and device I/0 bandwidth to be
minimized. The pipeline for the

switch matrix was now complete.
Multiple 20-Gbit switching elements
were interfaced to a 160-Gbit/s EX-
CON module, to form a prototype
fractional Terabyte-class switch.

According to Kai Eng, head of
Bell Labs’ Broadband Systems Re-
search department, the concentra-
tors’ 160-Gbit output can be cascaded
into another 8:1 concentrator stage
and another set of switches, resulting
in a 1-Terabit switching array. Al-
though time and funding did not per-
mit its construction, Eng is confident
that their empirical findings and
computer simulations indicate that
scaling the switch to Terabit levels is
quite feasible.

The hardware arising from this
exercise is far from being ready for
commercialization, but is nonethe-
less surprisingly compact and well-
conceived. The tightly packed switch
array occupies a single refrigerator-
sized equipment cabinet. Its associ-
ated concentrator and filter section
requires only two shelves of space in
an adjacent cabinet. Thanks to care-
ful attention to power management,
it can be cooled with industry-stan-
dard forced-air methods, eliminating
the need for expensive, unreliable re-
frigeration systems.

The main cabinet also includes
areas for plug-in line cards which can
feed the switch with a variety of in-

3. A doser look at a concentrator-based growable switch architecture
also reveals that it uses an array of 20-Gbit /s switch modules, fed by
data concentrators that, in effect, expose each switch module to the
entire data stream. Address filters prevent a switch module from being
overloaded by allowing it to see only the cells with the VP /VC
addresses that it is assigned.

buying a unit that meets
their current requirements
and adding bandwidth in 20-
Gbit increments as needed.
This may become an impor-
tant strategy for network op-
erators as they try to provi-
sion their systems for an uncertain
future. Today’s common wisdom is
that bandwidth requirements will
continue to increase for the foresee-
able future, but opinions vary widely
on the rate of increase, the types of
traffic to be supported, and which net-
work (PSTN, Internet, Intranets etc.)
they will be travelling on.

Both Lucent and Bell Labs view
high-capacity ATM switches as one of
the key elements for enabling the
widespread delivery of bandwidth-in-
tensive digital multimedia services.
The switched, cell-based, ATM traffic
allows not only data, but audio, video,
and other time-bounded services to
be, in effect, directly “dialed up” in a
manner similar to making a telephone
connection.

Even at this early stage in ATM’s
development, broadband ATM
switches are being found in increasing
numbers in the backbones of both
telephone networks and larger local-
area networks (LANs) where high-
capacity, switchable bandwidth is re-
quired. Meanwhile, scientists at Bell
Labs continue to keep their switching
technology one step ahead of the ever-
steepening bandwidth-demand curve.

For further information, contact
Kai Y. Eng, Lucent Technologies’
Bell Laboratories, Holmdel, N.J., at
(908) 949-3000.

Lee Goldberg




from the YOOt Of your ideas
Lowermg productsfgaorny

INTRODUCING ACCEL EDA" - the all-new environment for

PCB design. The result of our Sequoia Project, ACCEL EDA
joins the power and flexibility of P-CAD®
with the speed and ease-of-use of Tango
Scale new heights with advanced features for
mixed signal designs and our integrated
InterRoute™ shape-based routing tool.
Expand the environment with tight
interfaces to Viewlogic,” CCT™ and popular
analysis tools. All backed by the service and
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NEC Silicon MMIC

Solutions... from 35¢

Want to make life simpler? Reduce the parts countin ~ and on tape and reel. And their quality and relia-

your design with low cost Silicon MMICs from NEC.  bility is proven. With a production rate exceeding
But be aware of the side effects! 20 million MMICs a month, no one knows this
Reducing the parts count can also make your ~ technology like NEC.

design more reliable. Your QC easier. And your Our Silicon MMIC Selection Guide lists

assembly faster and more efficient. specifications for these and dozens of other devices.
NEC MMICs come in a variety of package For a copy, call your nearest CEL Sales Office, circle
styles, including low cost plastic, surface mount, the number below, or call our 24 hour fax line.
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P UPC1676G 50MHz-1.3GHz 22 4.5 +1 19 S500MHz
i = ] | UPC1678G 50MHz-1.9GHz 23 6 +15 49 500MHz
é UPC1688G 50MHz-1.0GHz 21 4 ° 19 500MHz
b UPC2708T 50MHz-2.9GHz 15 6.5 +7.5 26 1.0GHz
UPC27467

upc2771T UPC2709T SOMHz-2.3GHz 23 s +7.5 25 1.0GHz
[ UPC2710T 50MHz-1.0GHz 33 3.5 +7.5 22 SOOMHz
5 , ! uPC27637 UPC2711T 50MHz~2.9GHz 13 5 -3 12 1.0GMz
UPC2712T 50MHz-2.6GHz 20 4.5 2.5 12 1.0GHz
""c"“'! UPC2713T SOMHZ-1.2GHz 29 3.2 -4 12 SOOMHz
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GAIN vS. FREQUENCY UPC2746T 50MHz-1.5GHz 19 4 -4.5 7.5 500MHz
UPC2747T 100MHz-1.8GHz 12 3.3 11 5  900MHz
UPC2748T 200MHZ-1.5GHz 19 2.8 -8 6 900MHz
UPC2749T 100MHz-2.9GHz 16 4 -12.5 6 1.9GHz

UPC27627 100MHz—-2.9GHz 14.5

27 1.9GHz
NE' UPC2763T 100MHz-2.4GHz 19.5 5.5 6.5 27 1.9GHz
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100MHz-2.1GHz 21 6 11.5 36 9O00MHz

~
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CEL IS ALSO YOUR SOURCE FOR NEC
DISCRETE BIPOLAR TRANSISTORS

These new devices are ideal for
amplifier and oscillator applications
in your portable wireless designs.
Priced from 31¢.

NE686 BIPOLAR TRANSISTORS

* High f; (15 GHz2)

* Low Noise

* Excellent Insertion Power Gain

NE687 BIPOLAR TRANSISTORS

* Low Noise (1.3 dB @ 2 GHz)

* High Gain Bandwidth

* Noise match close to 50 ohms

NE688 BIPOLAR TRANSISTORS

* Low Phase Noise Distortion

* Low Noise, High f;

* Large Absolute Max Collector Current

All are available in six different low cost
surface mount packages.

3.0 Frea. (GH2)
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UPC8104GR
QUADRATURE MODULATOR
W/UPCONVERTER

* 3~5 Volt operation

* Ports for IF filter

¢ 10 MHz I/Q BW

* 400 MHz IF Bandwidth

* 1.9 GHz RF Output

California Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com
Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307
Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, Il (708) 241-3040 Timonium, MD (410) 453-6600

BOOTH 615
Wireless Show

BOOTH 2059
CTIA

3V FREQUENCY CONVERTERS —FROM 99¢

B e k). osivion.. Cuugait 1ny
100 - 2000 5.9 14 [1]
100 - 2000 5.6 13 [}
100 - 2000 11 17 +6
DC - 400 6.9 79 -17
10 - 450 7 80 -17
100 - 2000 9 9 +1
100 - 2000 5 4 -4

1. Downconverter
2. Upconverter

NECs

UPC8104GR
Quadrature
Modulalor with
up converter

o__

RF

-

10,

UPC2766GR
QUADRATURE DEMODULATOR
¢ RF&LO —DC1o 1 GHz

* IF (1Q)—DC to 100 MHz

* 35 dB typ AGC dynamic range
* 30 dBc typ distortion

* Need Product Information Fast?
Use CEL's Automated Fax System!

(E FAX

800-390-3232

(US. and Canada Onky)

Middleton, MA (508) 762-7400 Hackensack, N) (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682
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33V ISP

Performance

ispLSI 2032V
7.5ns
3210

32 macrocells

ispLSI 2064V
7.5ns

32 or 64 1/0

64 macrocells

reakthrough!

%
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ispLSI 2096V
10ns
96 1/0

96 macrocells

ispLSI 2128V
10ns

64 or 128 1/0

128 macrocells

Smash the 3.3V high-density PLD speed barrier with Lattice’s new in-system programmable ispLSI* 2000V
Family—the first 3.3V programmable logic devices to deliver 5V performance. Featuring logic densities from
32 to 128 macrocells and 1/Q options from 32 10 128 pins, this new family gives you all the logic options you
need to design 3.3V systems with breakaway speed.

FREE

ISP~ Design Software

& Lattice ISP™

Includes: Software,

All ispLSI 2000V devices are available in space saving thin quad flat
pack (TQFP) packages that maximize PCB space. And every ispLSI 2000V
device is in-system programmable using only a 3.3V power supply—an
industry first! So manufacturing with high-density ispLSI devices saves

you both time and money.
Lattice

Semiconductor
Corporation

The Leader in ISP™ PLDs

Give yourself a break and come up to
speed with ispLSI 2000V PLDs. Call us today
at 1-888-I1SP-PLDS and ask for information
packet 331 or check out our web site at
www.latticesemi.com.

a trademark of Latace Semicanductor € crp

Data Book, Handbook, Fax. (49) 069.31
ISP Manual on CD-ROM Fax: (822) 583-6;




W Exploring the world of design tools that tramslate today’s ideas into tomorrow’s products

Formal Verification Tool
Speeds Designers To Golden RTL

|
] Modular Software Tool Family Enables RTL Verification To
| Bridge The Gap Between Functional Design And Implementation.

ith IC complexity on
the rise, ASIC and IC
designers are facing a

true verification crisis. It’s
becoming imperative that
these designers must be able
to conclusively verify a de-
sign’s logic function during
the register-transfer-level
(RTL) specification, prior to
functional and physieal imple-
mentation. Without this as-
surance, the chance of a de-
sign failure significantly
increases.

Today’s designers use sim-
ulation for verification. But
by using this technique, they
are faced with the possibility
of spending days, or even
weeks, writing complex test
vectors and trying to infer
whether a design functions
under all conditions (as well as try-
ing to figure out what all the possible
conditions are).

While inherently inconclusive, the
simulation approach also has a num-
ber of other drawbacks. These draw-
’ backs are compounded by the fact

that there are a rising number of

gates in a design—an estimated

l 5,000,000 gates by the year 2000—

| that make the simulation idea an in-

adequate one as the sole means of
verification.

Primarily, the simulation method

fails to tell designers when to stop

running test cases. Rather, design-
|

Cheryl Ajluni

ers are forced to simulate with test
vectors until they feel comfortable
that they have tried every conceiv-
able failure mechanism.

It’s impossible, however, to pre-
dict every potential failure on a de-
vice. And, with rising gate counts,
the number of possible design failure
test cases and vectors to describe
these cases are growing at an astro-
nomical rate.

Even with faster simulators,
pseudo-random vector simulation is
quite slow. To make matters worse,
even if one of the simulated test
cases causes a failure to occur, it’s of-

COVER FEATURE

ten hard to figure out which
vector showed the problem
and how to fix it Conse-
quently, designers are left to

how to achieve an adequate
confidence level in a design
up front, and also
Y how to maintain
(W' that confidence level as the
b design evolves.

Modular Checkers

Realizing the overwhelming
magnitude of the verification
challenge, Chrysalis Symbolic
Design Inc., North Billerica,
Mass., has developed a family
of modular formal specifica-
tion-checking software prod-

ers can use to validate RTL
descriptions. As an addition to
the company’s current product offer-
ing, the Design Insight tool suite
uses mathematical proofs, rather
than simulation, to conclusively de-
termine whether or not a design op-
erates as expected at the funetional
level (Fig. 1). Based on the com-
pany’s proven symbolic-logic tech-
nology, the software tool can handle
up to a million gates, has no logic-
style or clock-scheme limitations,
and offers a full range of logic states.
The first module in the Design In-
sight software family, the State Ma-
chine Analyzer (SMA) model
checker, specifically validates se-

grapple with the problem of ,

ucts that ASIC and IC design- |
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TECH INSIGHTS

FORMAL VERIFICATION |

quential RTL design specifications
by treating any portion of the design
as a finite state machine.

Design Insight’s first available
module, SMA, bridges the gap be-
tween formal verification ideas im-
plemented in academic research tools
and real-world design. It’s not so
much that these ideas were only
thought to be possible in academia,
but that no one had put them into
practical tools specifically for com-
mercial designers before. The bot-
tom line, according to Scott Sandler,
product manager, “is that completely
validating RTL specifications is a
hard proposition. Design Insight
does it by providing conclusive an-
swers to tough questions, and in a
fraction of the time that would be re-
quired to simulate a meaningful set
of vectors.”

A number of earlier formal design-
verification approaches, such as
model checking and theorem prov-
ing, require the use of separate mod-
els or temporal logic relations and
special languages, which are differ-
ent than what designers are used to
working with. Design Insight, which
gives designers model checking capa-
bility, is able to read the exact model,
or source file, that’s going to be syn-
thesized, rather than the same logic
represented in a different model.

The Chyrsalis approach to the ver-

| ification crisis has been to break the

problem down into three parts—
identifying any change that would al-

| ter the function of an original design;

interactive formal tools to isolate the
cause of such a problem; and RTL de-
sign verification (or specification
checking) to help validate the design
to produce a good reference. The
company’s first product offerings
provide two pieces of the overall so-

Traditional design flow:
Functional Functional Physical
udnsil;:a v/ impranm;:{l:linn v/ implenﬂn%tionJ> v/
RTL Net-list Chip
sign off sign off sign off
[ Simulation ]
RTL design-verification enhanced verification strategy
Functional Functional Physical
design Vé implementation 4 implementation J
ATL Netlst Chip
sign off sign off sign off
[ Formal RTL design verification
| Simulation |
| Formal equivalence checking |

lution. These are: Design Verifyer,
which uncovers inaccuracy and lets
the designer know when the verifica-
tion is done; and Design Explore,
which grabs where the inaccuracy
occurs and shows the designer the
problem. Design Insight provides
the last piece by allowing the de-
signer to apply assertions to prove
whether a design behaves correctly
(Fig. 2). Consequently, any design
flaws, such as deadlock, livelock,, mu-
tual exclusivity, or unexpected tran-
sitions, can be identified early in the
design cycle when they are much eas-
ier to fix.

Known Good Value

Because the RTL specification can
be completely verified, it serves as a
good reference against which design
revisions such as changes to timing,
test-logic insertion, or placement and

2. As opposed to the traditional design flow that espoused simulation as the only means of
verification, Chrysalis” enhanced design flow incorporates formal RTL design verification and
formal equivalence checking as part of the overall verification strategy.

routing, can be compared. Having
this ability is crucial because it pro-
vides the solid reference models
needed to make formal equivalency
checking work properly.

According to Scott Sandler, “ De-
signers use a number of tools other
than verification tools to make de-
sign revisions such as timing modif-
cations, test logic insertions, and
place and route. What they need is a
solid regression testing method to
make sure nothing got broken. For-
mal equivalence checking gives de-
signers this method. DesignInsight
provides the solid reference models
to make it work.” In addition, with-
out having to use vectors and by lim-
iting the use of simulation to in-
stances where it's easy to make test
cases, Design Insight can eliminate
the time- and resource-intensive ran-
dom-vector simulation currently
used and provide a cheaper,

- asesosTEe i quicker, and inherently eas-

Verilog Graphical user interface ModuleGU |1 Module GUI | ier path to “golden RTL.”

Feemmmm— = . a
VHOL {beta) i ¢ To  accomplish this,
= T— Explore commands (cl) mnmo,gglfds '; co'm:!fds ¢ Chrysalis used the Design
commands bececoeamn i Explore tool as the founda-

NOL itie | -specilic | tion on which to base Desi
bolic i Module-specific | + Module-specific : gn
HOL m files iy S engine extensions | ; engine extensions : Insight. In doing so, Design
net-list readers Design Explore Insiwn:;ini ------- : Insight is able to leverage
s its general-purpose tecl

Design Insight .2, -

o scripting capability. The tel

1. The Design Insight software tool from Chrysalis, which is based on the company’s Design Explore product
and its proven symbolic-logic technology, offers an RTL verification method that's significantly less time-

consuming then traditional vector-based simulation.

language, currently being
propagated by a grass-roots
movement in the EDA in-
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Until now, powering your

megaprocessor was pretty
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today, with the PT7700 ‘Big
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current needs.
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dustry, offers a flexible, standard
syntax and execution environment
for an electronic-design-oriented
command-line interface. It includes
all standard programming con-
structs, such as if/then, case, proce-
dures, and file and terminal I/0.

The use of tecl script means that
there’s no need for designers to learn
a complex temporal-logic language.
Instead, the existing synthesizeable
RTL is validated as is. Consequently,
designers no longer have to recode
design descriptions in an unfamiliar
language—a procedure that often re-
moves crucial model detail. The
problem here is that while the valida-
tion on the model might be good,
there is no correlation between this
model and the one to be synthesized.
Chrysalis’ tool gets its value from
reading the same model that will be
synthesized and the use of the tcl tool
makes this possible.Abstractions are
produced automatically from
scripted assertions entered on the
command line. Literally, millions of
vectors are replaced with a few lines
of script. As Scott explains, “While
the Design Insight tool doesn’t re-
place the verification engineer, it’s no
longer necessary for the designer to
throw the design over the wall to the
verification engineer. For the first
time, this tool puts formal verifica-
tion capability on the desk of the ac-
tual designer. In doing so, it is the
first step toward comprehensive un-
derstanding of correct-by-design
RTL code.”

Language-neutral compilation and
the ability to customize the graphical
user interface are two additional fea-
tures enabled by the Design Explore
foundation. The language-neutral
compilation capability is unique in
that it can read a designer’s source
descriptions, standard simulation li-
braries, and standard net lists at the
gate and switch level, and then sub-
sequently enables the encoded logic
functions to be compiled into
Chrysalis’ symbolic-logic database.
Whatever the input language is, the
same mathematical structures (sym-
bolic logic databases) are built. The
compiled symbolic-logic database
contains equations that include the
clock, reset, and feedback terms vital
to accurate representation of sequen-
tial logic. It contains these equations
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States and

Design —=1 yransitions

User
“fitter"

States and
transitions

User
m

3. Whereas vector-based simulation starts narrow and widens, the SMA starts very wide and
uses constraints to narrow as the designer explores.

for every state bit and primary out-
put of the design.

The Design Insight tool works by
compiling a circuit into pure mathe-
matical representation (symbolic
logic) on which algorithms can oper-
ate.

The method in which the design’s
logic functions are checked by apply-
ing algorithms to the pure mathe-
matical representation of the de-
sign’s logic is part of the uniqueness
of the tool. In the past, verification
was done using vectors. Designers

Designers use a number
of tools other than

verification tools to
make design revisions.

used these vectors to pose questions
such as “does this vector cause this
error to occur?” The difficulty with
this line of questioning is obvious—if
you don’t ask the right questions, you
could end up never getting the infor-
mation you want. And, with millions
of vectors to choose from, asking the
right questions can be next to impos-
sible. Design Insight, on the other
hand, allows the designer to ask
questions like “will a certain error
condition ever occur, and if so, how?”
More importantly, it allows these
questions to be asked over the entire
solution space and not just over the
space of a few vectors.

This method of specification
checking is inherently easier than
simulation because it enables design-
ers to write assertions that specify
correct behavior. Once an assertion
has been entered, the software auto-
matically attempts to prove that the

design conforms to the assertion. If
the design doesn’t conform, a trace is
produced showing the conditions un-
der which the assertion does not
hold. As an added benefit, once the
logic functions have been compiled
into the symbolic database and the
appropriate validation scripts con-
structed, the designer can reuse
them whenever a portion of the de-
sign is edited, providing an easy way
to accurately replay important vali-
dation steps.

State-Machine Checker

The first module in the Design In-
sight family, the State Machine Ana-
lyzer (SMA) model checker, works by
automatically extracting a state ma-
chine with all the associated states
and transitions for a user-supplied
list of state bits. This feature is espe-
cially beneficial because rather than
requiring the designer to create
state machines from a logic design,
the module is empowered to work di-
rectly on the designer’s RTL code to
create automatic abstractions of
state machines.

State machines, often used to ex-
press the behavior of complex de-
signs as a set of state and transitions,
have in the past posed an especially
difficult validation problem. While a
single state machine is relatively
easy to design and validate, when de-
signing large state machines and
combinations of state machines, it’s
almost impossible to predict unex-
pected transitions that occur only un-
der obscure conditions. However, if
not planned for, these transitions
could cause the design to deadlock or
even go into a loop that could be bro-
ken only by resetting the entire de-
sign.

Design Insight’s SMA completely
eliminates the guesswork of predict-
ing unexpected transitions by com-
piling a view of a state machine or
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group of machines directly from the
user’s source description and a list of
state bits. Subsequently, all states
and transitions are found automati-
cally, independent of the designer’s
beliefs about the logic. And, because
the list of state bits is provided sepa-
rately, the designer can either ana-
lyze a combination of state machines
or portions of a state machine in iso-
lation.

Interactive Exploration

Once a design is compiled with the
SMA and the state machine to be ana-
lyzed is extracted, tel commands are
invoked to begin interactively explor-
ing the state space and identifying
specific conditions of interest. When a
condition has been identified, the
software attempts to prove whether
specific relationships between states
always, or never, exist. All non-con-
formities show up as a trace. The in-
vestigation can be further refined us-
ing constraints, which are often
included in scripts as an initialization
step prior to validating a particular
design function. These constraints
limit the analysis to a particular
range of input/state conditions, such
as a particular mode of operation, or
on a subset of a design’s functions
(Fig. 3). When a constraint is set, con-
stant values are applied to a small
number of the designs signals. Then,
as the software propagates these val-
ues through the design, constant-val-
ued terms are factored out of the
equations in the symbolic logic, mak-
ing the design appear to be in a par-
ticular operating mode.

Because the SMA software can
compile any combination of source
descriptions, including synthesize-
able RTL, gate-level, and switch-
level net lists, the same proofs used
to validate RTL models can be ap-
plied to any level of design abstrac-
tion. In addition, the designer can an-
alyze the design or apply assertions
at any level of the hierarchy without
constructing a separate test bench.
Constraints that are applied to sig-
nals of the block being tested set up
| conditions that would normally be

Call toll free 800-431-1064 | provided by the surrounding logic.
in NY call 914-738-1400

Consequently, functional relation-

| ships can be validated at any level of
the hierarchy without the overhead
of the surrounding blocks.

The benefits of Design Insight and ‘
State Machine Analyzer to the ASIC
and IC designer are enormous. De-
signers can now thoroughly validate
RTL descriptions using a combina-
tion of assertions that cover many of
the detailed behavioral requirements
of the design, and also simulations of
only the design’s fundamental opera-
tions. Given the ability to apply con-
straints, the designer can focus the
verification analysis on a specific
part of logic rather than having to
conduct a lengthy verification of the
entire design. And, because any
RTL-based problems can be identi-
fied and debugged earlier in the de-
sign eycle, the chance of finding a fail- |
ure later in the design cycle when it
can be costly to repair, if not deadly |
to the design, is eliminated. With the
time saved during verification, the
designer can spend more time con-
ceptualizing and optimizing the de-
sign function .

Chrysalis plans to develop other
modules that will encompass ele-
ments from a range of formal-verifi-
cation techniques, such as model
checking and theorem proving. Tar-
geted at specific RTL problems, the
modules will focus on providing con-
clusive proof with less user guidance,
as well as advanced multi-cycle de-
bugging. In addition, they will seek to
extend the commands available for
proving correct design behavior. Con-
sequently, users will be able to make
assertions about expected behavior
in terms of the pins of a design, and
the software will automatically deter-
mine which state bits are implicated. |

PRICE AND AVAILABILITY

The Design Insight specification-check-
ing software is available now on Sun Mi-
crosystems SparcStations, Hewlett-
Packard 9000/700, IBM RS/6000, and
Digital Equipment Alpha workstations and
servers. It sells for $35,000. The State Ma-
chine Analyzer, which is priced separately
at $45,000, can be accessed through the De-
sign Insight or Design Verifyer software. ‘

Chrysalis Symbolic Design Inc., 101 Bil-
lerica Ave., North Billerica, MA 01862; (508)
436-9909; Internet: http:/lwww.chrysalis.
com, e-mail: info@chrysalis.com.
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INTRODUCING THE ADC12762
A/D CONVERTER. VERY
HIGH PERFORMANCE AT
A VERY LOW PRICE.

ADC12762 - Color CCD Scanner Application
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There are basically two ways to get a high speed 12-
bit A/D converter. Spend too much. Or buy the
ADC12762.

The ADC12762 delivers a sizzling 1.4MHz con-
version rate. As well as excellent numbers in every
other performance category—*-0.95 LSB DNIL,
67.5dB SNR and low power operation (170mW from
5V).

All for $12*. Which means the ADC12762 is
perfect for CCD color scanners, and a host of high-
speed communication applications. Where the only
thing as important as very high perfomance is very
low cost.

FREE INFO KIT—FAST.

For free datasheets, a selection guide,

and application support; contact us at:

CALL: 1-800-272-9959 Ext. 711 AC127g
INFO CARD: Mail or Fax o ki

WEB: http://www.national.com/see/ADC12762

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2%
in Southeast Asia, fax us at 852-2376-3901

& National Semiconductor

Moving and shaping the future
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PRODUCT INNOVATION

Logic Analyzer Hits 500-ps
Resolution On Up To 680 Channels

A New Modular System Architecture
Makes Circuit Verification And
Characterization Faster And Simpler.

John Novellino

nstrument manufacturers are con-
I stantly secrambling to keep up with

advances in the signals that their
customers must measure. Factors
like signal complexity and dynamie
range are often a problem, but fre-
quency most often creates the hur-
dle, either in the form of bandwidth
or “speed.” Logic analysis is a good
example. With processor speeds
now well over 100-MHz, advanced
digital logic circuitry is experienc-
ing analog-like problems such as
crosstalk and reflections. Conse-
quently, designers need extremely
high-resolution instruments to de-
tect fast glitches and subtle timing
problems.

Designed as an answer to that
problem of high-speed digital design
analysis, Tektronix (Tek) Inc.,
Beaverton Ore., has introduced a
card-modular logic analyzer series
that uses an asynchronous oversam-
pling architecture to deliver 500-ps
timing resolution (equivalent to a 2-
GHz sampling rate) on up to 680
channels. The new sampling tech-
nique, called MagniVu, was derived
from the Digital-Real-Time technol-
ogy employed in Tek’s TDS series of
digital oscilloscopes.

The TLA 700 series of logic ana-
lyzer products includes two main-
frames with color displays, the two-
slot portable TLA 704 and five-slot
benchtop TLA 711 (Fig. 1). Users
can equip the mainframes with logic
analyzer modules offering from 34 to
136 channels and digital scope mod-
ules with up to four channels. In addi-
tion to the 2-GHz timing analysis on
each channel, the logic analyzer mod-
ules provide 100- to 200-MHz state
analysis simultaneously through a

single probe. Memory depth is up to
512 kbits per channel. An optional
high-density probe features a con-
trolled impedance and only 2 pF ca-
pacitive loading.

Users can employ the 500-ps tim-
ing resolution to check out glitches or
other problems by “zooming” from
the state view to the timing view. Ifa
glitch occurs, the analyzer will mark
the data display, with 500-ns resolu-
tion, even if the operator is not look-
ing for a glitch. The high-resolution
samples are stored in a dedicated 2k-
deep, 2-GHz memory separate from
the main memory.

The scope modules offer a 1-GHz
bandwidth, a 5-Gsample/s sampling
rate, and a 15k record length (all on
each channel). Advanced time-do-
main fault triggering allows users to
capture both the digital and analog
context of hard-to-find problems.
Triggers include edge, pulse width,
timeout, glitch, runt, setup and hold,

slew rate, immediate, and logic and
wait-for-system triggers.

Both mainframes come with Win-
dows 95 fully integrated and embed-
ded. As a result, the instruments’
user interface is familiar to designers
and is compatible with networks and
printers through standard PCMCIA
peripherals. Tek also offers a broad
range of microprocessor support
packages for the units.

Slow Clock, Fast Sampling

The beauty of MagniVu is that it
relies on a clock rate of only 250-MHz
to sample at 2 Gsamples/s. The heart
of the architecture is a full-custom,
digital sampling front end that ac-
quires all signals, including clocks,
asynchronously. The Digital-Real-
Time technique used in the Tek DSOs
is what allows the analyzer to sample
at eight times its clock rate. Using
the higher clock rate would have
been much more difficult and more
expensive,

Instead, Tek built a delay chain
made up of eight 500-ps delays to
clock a set of eight sampling circuits.
For every 4-ns “tick” of the 250-MHz
clock, the analyzer acquires eight
samples at 500-ps intervals for each
channel. After sampling, the data is

1. The TLA 700 series logic analyzers include a two-slot portable model (left) and a benchtop
version with five slots available to users. Both come with Windows 95, so the user interface is
familiar to designers.
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OUR LM3460 & LM3411
CONTROLLERS PROVIDE
ENHANCED PERFORMANCE FOR
HALF THE PRICE OF MONOLITHIC ICs.

200nS/div.,

LOAD TRANSIENT RESPONSE
Vis-a-vis monolithic IC solutions, our new regulator
circuit packs an unparalleled price/performance
punch for high-current pawer supplies.

As part of our complete LDO voltage-regulator
circuit, the IM3460 and LM3411 controllers boast
1% accuracy and excellent wransient response and
load regulation. All with a minimum of input and
output capacitance and zero EMI.

Theyre also very versatile, with an output
voltage that's adjustable from 1.2V w0 3.6V, and
an output current that generates up to 8A. Plus,
SOT23-5s. All of which

they're packaged in

makes them invaluable for your volume designs

FAMILY OF CONTROLLERS

Part Number Vour Typical Applicatibh 5
LM31460-1.5 — TST—CTTLTI;l;s fé;lninaii()n
LM3460-1.2 1.2\ GTL Bus Termination
LM3411-3.5 SV CPU Power Supplies
LM3411-3.3 3.3\ 5V 10 3.3V Conversion

FREE SAMPLES—FAST.

For a datasheets, free samples, and
application support contact us at:
CALL: 1-800-272-9959 Ext. 711.
INFO CARD: Mail or Fax

WEB: http://www.national.com sce/LM/LM3460

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan. call 81-13-299-23
in Southeast Asia, fux us at 852-2376-3901

National Semiconductor

Moving and shaping the future
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processed digitally, so the
signal is not degraded and
skew is minimal.

Each consecutive 8 bits of
data are loaded in parallel
every 4 ns into a shift regis-
ter that feeds out selected
pieces of the data to the off-
chip 512k main memory,
which consists of common
RAM devices. The register
feeds out the data based on
user-defined clocking, trig-
gering, and storage parame-
ters. The RAMs can store
asynchronously acquired
data at up to 250 Msamples/s
or synchronously acquired
state information at up to
200 Msamples/s.

At the same time, the
faster 2k-deep memory,
which is implemented as
a custom array on the
chip, directly stores the
unconditioned stream of
data straight from the
sampler for each channel.
This high-speed memory
is deep enough to store 1
pus worth of data for each channel,
which is eight to 50 bus cycles
worth of information for state-of-
the-art systems.

Simultaneous Acquisition

Note that these acquisitions are
going on simultaneously. As the
overall state activity is stored in the
larger, slower memory, complete tim-
ing information is being directly cap-
tured in the faster memory. Conse-
quently, only one set of probes is
needed to supply one data stream to
provide both 2-GHz timing and 200-
MHz state analysis. Therefore, when
an anomaly occurs, the designer can
immediately take a closer look at a
timing resolution of 500-ps without
having to reacquire data. This capa-
bility is especially usef<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>