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Programmable logic density comes of age.

‘ With up to 130,000 gates and growing, Altera devices provide further power savings thanks to a .35-micron
ships tﬁe largest programmable logic devices.  process. FLEX 10K devices are available in a variety of packages
If you'd like to run rings around your competition,
Altera can help by providing the density to

handle your biggest design challenges. Now
delivering devices witn up to 130,000 gates, our
FLEX" 10K family extends the density barrier, allowing  including TQFPs and BGAs. The FLEX 10K design flow is

you to integrate more than ever before. smooth and efficient because our MAX+PLUS® |l development

High density, low cost, low power...FLEX 10K system is compatible with tools from leading EDA vendors.
stands tall. Let FLEX 10K take your designs to new heights.
FLEX 10K is the mdustry’s first programmable device family to Put high density and greater performance to work. Contact
feature an embedded array, making it easy to implement Altera today and we’ll send you our free Target
megafunctions such as memory, DSP, and specialized logic Applications CD-ROM featusing applications
functions that are available from Altera and our AMPP partners. ideal for FLEX 10K. See for yourself how the

The unigue continuous interconnect architecture and patented Altera programmable logic
redundancy of FLEX 10K provides industry-leading density at  family tree car benefit you.

the lowest possible cost. Our MultiVolt™ feature supports your

multiple voltage system requirements. Plus, our newest 3.3-volt 1-800-9-ALTERA &

FEATURES lliP”OKIq EPFIJK20 EPFIOK30 | EPF10KA0 EVIIUXSOM?!’!IOK?O EPfIOI(I‘)O;EPHOKlJOV

TYPICAL GATES | 10,000 | 20,08 | 30000 | 40,000 50000 | 70,000 | 100,000 | 130,000
USABLE GATES | 7K- 31K | 15K 63 | 22K- 69K | 26K 93K | SeK- 116K | 4D - 118 | 62K- 153K | 82K- 211K

LIS 15K 63K | 20K- 69K | 29K 93K | SeK- NAK 408 - 11BN | 62X - 158K | 824 2N
[T12,288 | 12208 | 16,384

MEMORY (bim) | 6,144

20,380 | 18,432 | 24,576 | 32,768

© Copynght 1997 Altera Corperation Altera, FLEX, FLEX 10K, MAX+PLUS IL, AMPP, Altera Megafunrtion Partners Program, MultWolt, and individual device designations are trademarks
and/or service marks of Altera in the United States and cther countries. All other trademarks and sevice marks are the property of their respective holders All nghts reserver




Turn your inverter
performance

upside-C

HCPL-316J » HCPL-0710 » HCPL-J456 » HCNB-3120 » HCPL-7820
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HP’s compiete line of opticaiiy-
isolated products helps you
dramatically improve the
performance of your motor
drives.

Want a sure fire way to more efficient and
lower overall cost inverters? It's simple:
choose from among HP’s family of high-
performance optocouplers to meet your
specific needs - from isolation amplifiers
and isolated A/D converters for current
sensing to IPM interface and integrated
gate drivers.

Superior HP design provides CMR levels
of 15 kV/us, making then ideally suited for
the harshest industrial invironments. Not
only that, these UL, CSA and VDE-
approved optocouplers are guaranteed
from 40°C to +100°C.

As the world’s smallest high-CMR circuits,
HP isolation products fit anywhere; just
drop them in and let our performance do
the rest.

i
s
e
2
e
g
g
{’?}

-Hv-

All HP optocouplers come with HP’s
superior quality, responsive service and
helpful applications suppport. And, they
are available right away, so you can get
your inverter products to market a whole
lot sooner than you - or your competitors -
expected.

Which really ought to turn things upside
down.

ﬂ HEWLETT®
PACKARD
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Call today your
local HP distribu-
tor for more
information and
how to obtain an
evaluation board
and design
support.

Gate Drive
evaluation
board

Current Sense
evaluation board

Visit our Web site at
www.hp.com/go/isolator
for more information and
a list of your local
distributors.
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New Flashkile™
memory saves you time.

And you know what time equals.

fI,AﬁH’ Time is money. And Intel’s new byte-wide FlashFile™ memory family
saves you both. How? Consider the times you’ve had to design two
different systems from the same platform. Or suddenly change density. With FlashFile
memory, you won't lose any time because our easy 4, 8 and 16Mbit density upgrade path
lets you drop a higher density chip in the same footprint, without redesigning your board.
This is the same symmetrically-blocked 8Mbit flash memory architecture you’ve been
using since Intel first introduced it in 1992. Only now we’ve made it available in 4
and 16Mbit densities to meet your expanding design needs and shrinking time budget.

TIME-SAVING TOOLS FOR EVERY STAGE OF DEVELOPMENT

: Leading-edge technology
You'll also shorten your development time with our advanced for cost-effective solutions.

development tools suite. It provides a complete range of tools that
will save you several steps during selection, design, prototyping and production.
Because Smart 3 and Smart 5 FlashFile memory extend the features of Intel’s
SmartVoltage technology, you can get 3- or 5-volt products for single power supply appli-
cations, plus fast 12-volt programming. So your manufacturing manager saves time
too with faster factory throughput. And the best news is that it’s available now. Superior
features, availability, value—you get it all with FlashFile memory. So visit our Web
site for immediate information and a link to Intel authorized distributors for a free FlashFile
component sample. Or call 1-800-879-4683, ext. 427 for more product information.
And put time on your side. A » déveldper.intel.com/deéign/flcomp/savetime

intgl.

The Computer Inside™




GaAs

SWITCH

DC-2GHz Immediate Delivery from i

Finally! A line of SPDT absorptive, reflective and transfer switches that
appeals to your technical side, and business side as well! it's
Mini-Circuits GaAs switches...providing outstanding performance
features such as very high isolation (up to 60dB), superfast 3nsec
switching speed and excellent compatibility with surface mount
soldering techniques. Additionally, the entire series is built
extremely tough and is immediately available from stock with a
1 week shipment guarantee. At only $2.95 (qty.10), this
top-of-the-line value is priced with your bottom line in mind!
To order, call or Fax Mini-Circuits with your requirements today.
Mini-Circuits...we’'re redefining what VALUE is all about!

Insertion 1dB In-Out Price

Freq. Loss® Comp.® lso. ® $ea.
Model No. (GHz) dB(max) dBm {typ.) dB (typ) (qty.10)
MSW-2-20 DC-2.0 1.0 +24 34 295
(Reflective)
MSWA-2-20 DC-2.0 13 +27 40 3.45
{Absorptive)
MSWT-4-20 DC-20 18TX@ +28TX@ 30 3.95
(Transfer) 20RX® +27RX®@

® Midband, 500-1000MHz @ Transmit @ Receive
All Units: SOIC 8pin Package
. Actual Size
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SPOT REFLECTIVE

1

SPOT ABSORPTIV

Antenna

Antenna
TRANSFER

[JMini-Circuits ® .0

P.O Box 350166, Brooktyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/www. minicircuits. com EADER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 760 -pg. HANDBOOK ¢ INTERNET « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM

ISO 9001 CERTIFIED

F174 REV A
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* MPEG-, standard to
allow access to individ-
ual objects within a
picture

o Japanese company
consortium is trying to
define a C++ subset for
embedded systems
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Peripherals Power Digital Systems Reader
o With a 50-M1PS throughput, this ® New hardware and software techniques for Service Card ....144A-D
MCU uses software to create appli- COVER cutting digital and mixed-signal system power
cation-specific virtualized periph- STORY Sfeatured at the conference on low-power elec-
eral support functions. tronics and design
44 802.11 Wireless LANs: A Blueprint For __
The Future?

L

e After overcoming many obstacles, the IEEE's
newest specification awaits final approval. This
could slash the cost of wireless data and pave the

75 Board-Level Connectors For High-Speed Systems
* Long considered a mechanical problem, these
connectors are now at the forefront of design as

way for future RF- and IR-based networks.

56 Update On Buses
® The Universal Serial Bus is ready to take off
as components and end products hit the street

Mbytes/s.
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82 Update: Board-Level Connectors And Sockets
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When you need a reliable source for IR components, QT Optoelectronics is hard to resist.

We have an extensive line of emitters, sensors, and switches. And if you can't find the ‘
component you need off-the-shelf, we can produce a custom IR product just for you. OPTOELECTRONICS
Our technical support engineers can help you select the right component for your
application. And our authorized distributors — in hundreds of cities around the world —
can deliver that component on time and at a reasonable price. Germany 49 089/36.30.3

How can you resist?

Call 800-LED-OPTO for more information and the phone number of your nearest

QT Optoelectronics distributor, or see our on-line catalog at www.qtopto.com.

SiMPLY IRRESISTIBLE
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August 4, 1997 Volume 45, Number 16

EDITORIAL OVERVIEW

84 Product Features

¢ Backplane connector compresses up to 101
“real” signals per linear inch

® 10- to 40-W dc-dc converters push price/per-
formance envelope

88 PIPS Products

SENSOR TECHNOLOGY

97 The IEEE P1451.2: A Smart Transducer Interface
For Sensors And Actuators

o At last, a proposed standard allows any sen-
sor or actuator to be interfaced with systems

and networks, independent of the network used.

108 Sensor Technology Watch
¢ CE approval means understanding and con-
Jorming to the EEC EMC directive

Permission is granted to users registered with the Copyright Clearance Center Inc. (CCC)
to photocopy any article, with the exception of those for which separate copyright
ownership is indicated on the first page of the article, provided that @ base fee of $2 per
copy of the arficle plus $1.00 per page is paid directly to the CCC, 222 Rosewood
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00). Can. GST
#R126431964. Canada Post International Publications Mail {Canadian Distribution

Sales Agreement Number 344117). Copying done for other tha

reference use without the express permission of Penton Publishing, Inc. is prohibited.
Requests for special permission or bulk orders should be addressed to the editor.

113 Ideas For Design

* Optically isolated input, single-supply true-
RMS converter

¢ Low-cost LED sequencer

e PC’s printer port controls a frequency
synthesizer

121 Pease Porridge
e What’s all this international business travel
stuff, anyhow?

123 Walt's Tools And Tips
* Computer tech support: Surviving with (or
without) it.

125 New Products

¢ Analog

o Test & Measurement
¢ Digital ICs

¢ Communications

|
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Mosel Vitelic.
DRAMs
with multiple
options and the
fastest speed
imaginable.

12/14ns EDO
BUFFER MEMORIES
FOR A WIDE RANGE OF
APPLICATIONS

[prRODUCT i

|
. 1 1 4 4 .
R T wa | svaw | sopTsor
MBKAS | WILU | B0 | NN | s0)Tso
oMb 128Kx 16| W.15.17 | B4045 | sv.an | SOLTSOP |
1\41;1281(1871 W17 | 3406 | svan | soLTsor

Satisfying the soaring demands
for increased speed required for
today’s complex computer

graphics is the reason Mosel Vitelic
developed a complete line of high-

performance EDO memories.

In fact, you'll find the fastest
EDO cycle times in the industry.

Our 256K X 16 DRAM challenges

100 MHz synchronous graphic

RAMs for overall performance.
This new DRAM features 12ns
and 14ns EDO cycle times
equating to 70 MHz and 83 MHz
clock rates. Ideal for use in
graphic controllers, optical drives,
handheld, network, and telecom
applications. Mosel Vitelic
memories are the most practical
alternative to SGRAMs, and
synchronous DRAMS (SDRAMS).

The Memory Specialists from
Mosel Vitelic bring you a
complete line of SRAMs, VRAMs,
as well as DRAMS all competi-
tively priced and all shipping
now. You will also find a variety

of packaging including TSOP.
And for your low voltage
requirements there are 3.3 volt
versions as well.

If you design for PC graphics,
for video games, CD ROMs,
mass storage, or digital video
call The Memory Specialists
today. Or look for us on the
world wide web @
www.moselvitelic.com.

Tew
"f* ) MOSEL VITELIC
The Memory Specialists

Tel: USA 408-433-6000

Tel: Taiwan 886-2-545-1213
Tel: Hong Kong 852-2665-4883
Tel: Japan 81-3-3365-2851

Copyright 1997 Mosel Vitelic. Mosel Vitelic is a registered trademark of Masel Vitelic Corporation. KIS Bryce images awe copyrighted by HSC Software

Background by Ray Downing/Studio Macbeth
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A family of true SMT Power MOSFETSs
to meet your system needs

Lowest Rps(on)

(10m Q)

Smallest Packages

(SOT23)

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

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

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

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

Reference Part Number Rpg(on)(Typical mQ) ‘ Package Type

~ > - P | Shown at actual size
| | | g

FDN337N FDN338P 52 130 SuperSOT™-3 =]
7 FDC633N | FDC634P | 35 ‘ 70 . SupersOT™-6 &
FDR4410 7} FOR836P | 11 25 SupersOT™-8 [
NDSB410A | NDSB435A | 10 21 50-8 =
| Nil;T4575N ‘ NDT456P 13 26 Power SOT !
NDM3000* 70 125 SO-16 —

1

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

CEEAS RS P
FAIRCHILD
Y S SRR TR, St
SEMICONDUCTOR

Focusing on Logic * Memory ¢ Discrete Power and Signal Technologies
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FLEXIBLE
SMD VCXO

SERIES VC8000 / VE8000

+ 1.00 MHz to 160.00 MHz,
including SONET and ATM

¢+ 3.3V and 5.0V supply voltage

+ Flatpack (.150 inch) or J lead
(.185 inch) configuration

¢+ Low power consumption,
enable/disable option

RALTRON

A Worldwide Manufacturer Of
Microprocessor Crystals,
Oscillators, Crystal Filters,
Ceramic Resonators, SAW
Resonators, VCO Products

2315 NW 107th Ave
Miami, FL 33172 U.S.A
TEL: 305-593-6033
FAX: 305-594-3973

E-mail:sales@raltron.com

http://www.raltron.com

ELECTRONIC DESIGN / AUGUST 4, 1997

READER SERVICE NUMBER 105

ELEGTRONIC DESIGN

NORTH AMERICAN EDITION

Editor-in-Chief: TOM HALLIGAN (201) 393-6228 thalligan@penton.com
Executive Editor: ROGER ALLAN (201) 393-6057 rallan@class.org
Managing Editor: BOB MILNE (201) 393-6058 bmilne@class.org

Technology Editors:

Analog: PAUL McGOLDRICK (San Jose) (408) 441-0550, ext. 113; 102447.346@compuserve.com
Analog & Power: FRANK GOODENOUGH (617) 227-4388 75410.2361@compuserve.com
Communications: LEE GOLDBERG (201) 393-6232 leeg@class.org
Power, Packaging, Components & Optoelectronics: PATRICK MANNION (201) 393-6097
pemann@ibm.net
Computer Systems: RICHARD NASS (201) 393-6090 richnass@class.org
Design Automation: CHERYL AJLUNI (San Jose) (408) 441-0550, ext. 102; cjajluni@class.org
Digital ICs: DAVE BURSKY (San Jose) (408) 441-0550, ext. 105; dbursky@class.org
Embedded Systems/Software: TOM WILLIAMS (Scotts Valley) (408) 335-1508
tomwillm@ix.netcom.com
Test & Measurement: JOHN NOVELLINO (201) 393-6077 jnovelli@class.org
New Products: ROGER ENGELKE JR. (201) 393-6276 rogere@csnet.net
Contributing Products Editor: MILT LEONARD

Editorial Headquarters:

(201) 393-6060 Fax: (201) 393-0204 E-mail: edesign@class.org
P.O. Box 821, Hasbrouck Heights, N.J. 07604

Field Correspondents:
West Coast Executive Editor:
DAVE BURSKY (San Jose) (408) 441-0550, ext. 105; dbursky@class.org

Western Regional Editors:

CHERYL J. AJLUNI (San Jose) (408) 441-0550, ext. 102; cjajluni@class.org

PAUL MCGOLDRICK (San Jose) (408) 441-0550, ext. 113; 102447.346@compuserve.com
TOM WILLIAMS (Scotts Valley) (408) 335-1509 tomwillm@ix.netcom.com
2025 Gateway Place, Suite 354, San Jose, CA 95110
(408) 441-0550 Fax: (408) 441-6052

London: PETER FLETCHER
16 Maylons Road, Hextable, Kent, UK
44 1322 664 355 Fax: 44 1322 669 829 E-mail: panflet@cix.compulink.uk.co

Munich: ALFRED B. VOLLMER
Eichenstr. 6, 82024 Taufkirchen (near Munich) Germany
49 89 614-8377 Fax: 49 89 614-8278 E-mail: 75162.1246@compuserve.com

Chief Copy Editor: MICHAEL SCIANNAMEA (201) 393-6024 mikemea@class.org
Copy Editor: DEBRA SCHIFF (201) 393-6221 debras@csnet.net
Ideas For Design Consulting Editor: JIM BOYD xI_research@compuserve.com
Contributing Editors: RON KMETOVICZ, ROBERT A. PEASE, WALT JUNG, HOWARD JOHNSON
Production Manager: PAT A. BOSELLI, Production Coordinator: WAYNE M. MORRIS

Group Art Director: PETER K. JEZIORSKI, Associate Group Art Director: TONY VITOLO
Staff Artists: LINDA GRAVELL, CHERYL GLOSS, JAMES M. MILLER
Editorial Support Supervisor; MARY JAMES
Editorial Assistant: ANN KUNZWEILER, BRADIE SUE GRIMALDO (San Jose)

Advertising Production:

(201) 393-6093 or Fax (201) 393-0410
Production Manager: EILEEN SLAVINSKY, Assistant Production Manager: JOYCE BORER
Production Assistants: MYLAN CHU, BARBARA LATORRE, DORIS CARTER,
JANET CONNORS, LUCREZIA HLAVATY
Circulation Manager: BARBARA TILLETT (216) 931-9158
Reprints: ANNE ADAMS (216) 931-9626

Published by Penton Publishing
Electronic Design Information Group:
Editorial Director: STEPHEN E. SCRUPSKI (201) 393-6070
Publisher: JOHN G. FRENCH (201) 393-6255




No Distributor Turns
Your Order Faster!

Rated #1 for...
e Availability of Product
., *On-Time Delivery
Z f e Overall Performance
...5 Years in a Row!

On orders placed by
5:00 pm central time.
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Call, write fax or visit us on the
Internet for your FREE CATALOG today!

Sy

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls, MN 56701
TolFFree: 1-800-344-4539 » Fax: 218-681-3380
Order Online www.digikey.com
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TFT Color

Displays

Immediate Availability

Sizes (brightness up to 250 nits):
* Modules: 7.8, 9.5", 10.4", 12.1"
* Full Monitors: 4", 5", 6"

Also, monochrome graphic,
character and panel displays

{Ld 408.523.8218
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from $Z

Little Star, $195
301/0 Lines

Qur miniature controllers are ideal for machine

. =&
- ;
W control and data acquisition. Easy to program
with our Dynamic C. Start saving time and
money. Call for your free demo disk today!

1724 Picasso Ave.

Davis, CA 95616
916.757.3737

916.753.5141 FAX
hup:/lwww.zworld.com

For immediate information, use our 24-Hour AutoFAX.
Call 916.753.0618 from your FAX. Request catalog #18.

ENGINEERING

READER SERVICE NUMBER 94
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AUGUST 1997
| IEEE International Symposium on Elec-
| tromagnetic Compatibility (EMC ’97), Av-
| gust 18-22, Contact John Osburn,
| EMC Test Systems LP., 2205
| Kramer Lane, Austin, Texas 78758;
| (512) 835-4684, ext. 669; fax (512)

|

| 835-4729.
’ SEPTEMBER

Seventh Surface Mount International
(SMD) Conference & Exhibition, September
7-11. San Jose Convention Center,
San Jose, California. Contact
Miller Freeman information desk
(617) 821-6720; Internet:
http://www.surfacemount.com.

Telecom Interactive ‘97, Sept. 8-14.
Geneva, Switzerland. Contact (703)
907-7736.

Fifth European Congress on Intelli-
gent Techniques and Soft Computing
(EUFIT ‘97), September 8-11. Aachen,
Germany. Contact Promenade 9,
52076 Aachen, Germany; (49) 2408
6969; fax (49) 2408 94582; e-mail:
eufit@mitgmbh.de; Internet:
http://www.mitgmbh.de/elite/elite/-
eufit.html.

ICSPAT & DSP World Expo, September
14-17. San Diego Convention Cen-
ter, San Diego, California. Contact
Jennifer Call, Miller Freeman Inc.,
(415) 278-5239; e-mail:
jeall@mfi.com.

MCM Test Workshop, September 14-
17. Napa Valley, California. Con-
tact Y. Zorian, (408) 453-0146,
ext. 227, e-mail:
zorian@lvision.com.

Northcon, September 16-18. Oregon
Convention Center, Portland, Ore-
gon. Contact Electronic Conventions
Management, 8110 Airport Boule-
vard, Los Angeles, California 90045;
(800) 877-2668 or (310) 215-3976; fax
(310) 641-5117; e-mail:
northcon@ieee.org; Internet:
www.northeon.org.

The Vision Show, Sept. 16-18. Santa
Clara Convention Center, Santa
Clara, California. Contact Auto-
mated Imaging Association, Ann
Arbor, Michigan, (313) 994-6088;
fax (313) 994-3338.




FOR THE ACCEPTING, OPTIMISTIC SIDE OF YOU:

THE NEW GENERATION OF LOW-VOLTAGE
LITTLE FOOT TreNCHFETS.

FOR THE SKEPTICAL PESSIMIST IN YOU:

THE REST OF THE FACTS.

There is part of you that will gladly accept
the reality of « smaller, more power efficient
LITTLE FOOT MOSFET with a nod and a hurried
thank you in your rush to design a smaller, more
feature-packed product.

But then, there's the rest of you.

You know. the part that wants cold, hard

facts. Irrefutable evidence. For that large, command

ing section of your psyche, may we present our new

low-voltage LITTLE FOOT TrenchFETs.

First, they are half the size of our previous
generation of TrenchFETSs, or half the on-resistance.
That is verifiable, mathematical, and 100% accurate.
And then throw in something no other MOSFET
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8@ manufacturer can do: speak your lan

23v guage. We're talking about TrenchFETs

:3‘; with 2.5- and 4.5-volt ratings, the

0060 voltages you have available in your

g:‘,ﬂ, designs. We're talking about TrenchFETs

a.020 with pchannel options you use in your

0.05 .

0 ll’,::,' designs today, with lower resistance

:: ‘:3:: than the nchannel MOSFETs. We're
X\

o050 talking about the things you care about

P when you design products today—NOT

DY=S0 8 DV TSOP-6, DQ=TSSOP-8

the 10-volt and n-channel technology you used
yesterday (we'll let others tatk about that)

But if you're still in need of convincing,
Mr. Incredulous, there is sinply one thing to do.
Call us at 1-800-554-5565 ext.546 9 try our new
low-voltage LITTLE FOOT TrenchFETs when you're
designing your next batterv operated product.

We guarantee, that every bit of you will approve

www.temic.com

TEMIC

Semiconductors

TEMIC is a company of DaimierBenz. Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconia, Matra MIHS, Dialog Semiconductor. 2201 Laurelwood Road, Santa Clara, CA 93054 I'ax: 408-567-8v95

[1'MIC European Sales: GERMANY: 0130 857 320. UNITED KINGDOM: 01344-707300. FRANCE: 1:30 60 71 87. 1TALY: 02-332 121 SCANDANAVEA: 08-733-00%
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See how four of the world's leading
semiconductor companies turned MIPS into
the number one RISC architecture by working
happily together to offer you an amazing array
of embedded processor choices. Gompetitors
can he friends. Ah, will wonders never cease.

Are we supportive partners? You betcha. Do we start each day with our arms around each other singing

folk songs? Hmm, not exactly. (You see, we're not just partners, we're also competitors.) But the fact is, we have

come together; it clicks, and that’s nirvana for design engineers. Because now you can rely on any one of us to
supply you with the exact MIPS® RISC embedded processor for your design.

MIPS RISC is a stunning architecture—totally open, incredibly advanced and the only architecture that gives
you so many choices. Choose the MIPS RISC performance you need to make your design hum. Choose your reliable
MIPS RISC partner to deliver the heart of your design. And choose from the broadest range of industry leading
tools to bring your design to market faster. And you get all of it for about the same price as those conventional
embedded processors.

Eventually, you'll choose one of us to be your supplier for MIPS RISC processors. And that’s okay, because
hey, this town is big enough for all of us.

www. TeamMIPS.com

Only MIPS RISC embedded

.lte ted IIRIL.OGIC @h/ ¥%y,  processors offer you such an
Device NEC TOSHIBA SOET inreivie choic of prices

Technology, Inc. performance, manufacturing
partners and development tools.

y i SiliconGraphics
P mPs Group
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MEETINGS

SEPTEMBER

International Conference on Solid State
Devices and Materials (SSDM), Sept. 16-19.
Act City Hamamatsu, Hamamatsu,
Japan. Contact Secretariat of SSDM
‘97, Business Center for Academic
Societies Japan, 5-16-9 Honko-
magome, Bunkyo,Tokyo 113, Japan;
(81) 3 5814 5800; fax (81) 3 5814 5823;
e-mail: confg3@bcasj.or.jp.

(416) 588-3522;
http/fwww.ISS97.0rg.

Internet:

Photonics East & Electronic Imaging Inter-
national Exhibition, Sept. 22-24. Boston,
MA. Contact SPIE Exhibits Dept.,
P.O. Box 10, Bellingham, WA 98227-
0010; (360) 676-3290; fax (360) 647-
1445; e-mail: exhibits@spie.org.

AUTOTESTCON ‘97, Sept. 22-25. Disney-
land Hotel, Anaheim, CA. Contact
Robert C. Rassa, Hughes Aircraft,
P.O. Box 92426, MS R07/P553, Los
Angeles, CA 90009-2426; (310) 334-
4922; fax (310) 334-2578; e-mail:
rerassa@ccgate.hac.com.

|  Photomask Technology & Management
| Conference & Exhibition, Sept. 17-19. Red-
| wood City, CA. Contact SPIE Ex-
‘I hibits Dept., P.O. Box 10, Belling-
[ ham, WA 98227-0010; (360) 676-3290;
fax (360) 647-1445; e-mail: ex-
| hibits@spie.org.
‘ Electrical Overstress/Electrostatic Dis-
charge Symposium, Sept. 23-25. Santa
Clara Convention Center, Santa
Clara, CA. Contact ESD Association,
7902 Turin Rd., Suite 4, Rome, NY
13440-2069; (315) 339-6937; fax (315)
339-6793.

Thermionic Workshop, Sept. 21-23.
Cannes, France. Contact Bernard
Courtois, (33) 35 76 7 46 15; e-mail:
bernard.courtois@imag.fr.

155'97: World Telecommunications Con-
gress, Sept. 21-26. Toronto, Canada.
| Contact The Pinnacle Group: Victo-
E ria Lord, (416) 588-2420; Jane Tucker,
L N

Fifth China International Electronics Exhibi-
fion (CIEE ‘97), Sept. 24-28. China Inter-

national Exhibition Centre, Beijing.
Contact Gu Jinjing, CEIEC, P.O. Box
140, Beijing, 100036 China; (011) 8610
6822 3909; fax (011) 8610 6821 3348.

Eastern Regional Conference on Crystal
Growth & Epitaxy, ACCGE/East-97, Sept.
28-0ct. 1. Bally’s Park Place Hotel &
Casino, Atlantic City, NJ. Contact
Louis G. Casagrande, (516) 346-6379;
fax (516) 346-3670; e-mail:
Lou_Casagrande@atdc.grumman.co
m, or Ed Porbansky, Conference Sec-
retariat, 163 Carson Dr., Colonia, NJ
07067, (908) 382-1806.

Embedded Systems Conference, Sept. 29-
Oct. 2. San Jose Convention Center,
San Jose, CA. Contact Liz Austin,
Miller Freeman Inc., (888) 239-5563;
(415) 538-3848; e-mail: esc@mfi.com.

OCTOBER
OEMed Northeast, Oct. 1-2, Bayside
Expo Center, Boston, MA. Contact
Exposition Excellence Corp., 112
Main St., Norwalk, CT 06851; (203)
847-9599; fax (203) 854-9438.

"Surely...
we have a better option than these!”

Yes, you do.

Excess inventory today....student opportunity tomorrow

Turm your
excess inventory
into a tax break and

help send needy
kids to college.

Call for your
free guide to
learn how donating your
slow moving inventory can
mean a generous
TAX WRITE OFF

for your company.

Call (708) 690-0010

E:\L

P. O. Box 3021 Glen Ellyn, IL
60138 Fax (708) 690-0565




We really admire these guys, because they exist
for one reason: the crash. In a strange way,
that’s what we're about, too. You see, our PCI
series offers you a unique opportunity to stress
your design to its limits. And beyond. Before
your customers get a chance to. The HP E2920
PCI Series of computer verification tools
generates a wide variety of traffic across your
design. So you can start verifying your design
while you're still in the development stage.

It's also fully programmable for complete

integration in your validation test environment.

Our PCI Test Engineers

want to take a moment

to thank the folks who

inspired us along the way.

Which means you don't have to piece togeth

a test system from other PCI products. You've

waited long enough for a product that can

give you confidence in your design’s real-world (ﬁﬁ] ;Eg:vl:_AE;;
performance. The wait is over. Thanks to HP.
And a little help from our friends. HP's E2920
PCI Series of computer verification tools starts
at $7000* For more information on HP’s PCI
Series or other digital verification tools, call
1-800-452-4844,** Ext. 2244, or visit our web

site at http:/www-europe.hp.com/dvt.

*U.S. list price **In Canada call 1-800-276-8661, Dept. 289.
1996 Hewlett-Packard Co. TMBID647/ED
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ELECTRONIC DESIGN

EDITORIAL

May You (And I) Live In Exciting Times

wo items caught my eye recently as I was sifting through a pile of paper at
Tday’s end. One was a press release announcing the coming of the “second sili-
con revolution.” The other was a paper from Lucent Technologies celebrating
the “dawn of the information age” — the invention of the transistor 50 years ago.

What an interesting stroke of luck, I thought. In my hands I was reading
about the past, present, and future of the electronics industry.

Although I enjoy reading historical perspectives as much as the next guy, I ‘m
of the mind-set that the future is more important in my line of work. Moreover,
whenever I see or hear the word “revolution” tossed around on TV or in a head-
line, that in itself is generally enough to snap me to attention No one wants to be
the last to know that a revolution is brewing in the streets.

The Future: According to the release, Sandia National Laboratories has licensed
its intelligent micromachine technology to Analog Devices Inc., which will com-
merecialize the technology. An integrated micromachine is a tiny “smart” ma-
chine that combines microcircuits, sensors, and actuators on a single computer
chip. The agreement is expected to help stimulate production of a new genera-
tion of very small consumer and military devices.

“Devices we envision represent a second silicon revolution,” said Paul
McWhorter, manager of Sandia’s micromachine effort. “We’re not simply adding
more, smaller transistors to a chip. We are adding functions that can sense and act.”

McWhorter explained that packing more transistors onto a chip to make a more
powerful computer, for example, is history. He says the licensing agreement “will
beak this trend” by focusing on the development of chips with not only electronics
but also small machines, which gives this new revolutionary chip the ability to
sense where they are and what is going on around them. He predicts the micro-
mechanical industry will reach $8 to $12 billion by the year 2000.

The Past: Considering what the future may hold for us, it’s quite amazing to re-
call that the transistor was invented only 50 years ago. The report, ‘The Transis-
tor: 50 Glorious Years and Where We’re Going,” written by William F. Brickman,
vice president, Physical Sciences Research, Lucent Technologies
(http:/fwww.lucent.com/ideas2heritage/transistor), is a fascinating account of
the Bell Labs team that discovered the transistor effect only two years after the
formation of the team, and the subsequent growth of the industry.

The Chinese proverb that headlines this
editorial certainly holds true for those of us
involved in the electronics industry.

-

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




Best 12-Bit 1.25Msps ADC.

For Communications For Instrumentation

1.0
fsampLE = 1.25MHz
fiy = 599.975kHz

B4Ad  SFDR - 84.74B
SINAD = 71.7dB
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w
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-100
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0 100 200 300 400 500 600 0 512 1024 1536 2048 2560 3072 3504 4096
INPUT FREQUENCY (kHz) OUTPUT CODE

LTC1410: The Best AC Specs for Communications,
The Best DC Specs for Instrumentation.

The LTC1410 is the best all-around high speed, 12-bit ADC. Excellent linearity (+1LSB-MAX, INL and DNL) delivers
the precision required for instrumentation. Outstanding AC performance and +2.5V input range maximizes your high-
speed communication system’s range. Plus a latency-free architecture captures event-driven data without pipeline delay.
All this capability for so little!

WV Features 5V WV Free Sample '
 1.25Msps Sampling Rate sovnaonpn] s pais | Call: 1-800-4-LINEAR
¢ + ILSB(MAX) DNL and INL 25V : Visit: www.linear-tech.com
. 7t1 ﬁ]B SlN/t\D and 84dB SFDR iy WV Free CD ROM
at Nyquis - o AR
* 20MHz Full Power Bandwidth Gl Ll L L
« Internal or External Reference 2.5V ‘W More Information
* No Pipeline Delay i { i o Lit 1.800 4 LINEA
N = B25kHz No Pipeline ;
* 28-Lead SO and SSOP Delay Info: 408-432-1900
* Single 5V Supply Available (LTC1415) | SAMBLE = : -5V Fax: 408-434-0507
* $1090 EACh For 1000-Piece Quantities 1.25Msps éiczteual LT, LTC and LT are registered trademarks of
1630 McCartin Sind. Mipiten, Cr 950357417

LY LR

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN
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SLI.

System-Level Integration
It’s simply
fantastic

Introducing the industry’s finest line of 0.25um
(0.18um L-effective) ASICs:

[]CB-C10 cell-based ASICs
[ /EA-C10 embedded arrays
[ ]CMOS-10 gate arrays

Want to integrate all the circuitry for a digital set-top
hox on a single chip? No problem. Just use NEC's
new generation of cell-based ASICs.

Our 0.25um drawn ASIC families take you (0 new
heights of System-Level Integration. They give you
the power to dominate your competition in a wide
range of high-performance applications including:
multimedia. PCs. workstations. graphics. mobile

phones and trunk communications systems.

20 million gates; 300MHz speed
Our new generation ASICs offer extremely high
gate utilization. The CB-C10 cell-based ASIC family
supports up to 20 million gates. You get up to seven
million gates with our EA-C10 embedded arrays and
CMOS-10 gate arrays.

The high-performance CB-CI10 famiiy also features
blazing speed: 300MHz clock frequency. Power
dissipation is only 0.04pW/MHz/gate for 2.5V operation.

The industry’s first mixed-module process
NEC's new ASICs are ideal for SLI because our
‘modular’ process allows integration of cores that

For fast answers. call us at: USA Tel:1-800-366-9782 Fax:1-800-729-9288. GERMANY Tel:0211-650302 Fax:0211-6503490

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800
Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541.Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290
HONG KONG Tel:2886-9318.Fax:2886-9022. TAIWAN Tel:02-719-2377 Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451
SINGAPORE Tel:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3454-1111.Fax:03-3798-6059

On the Internet at http://www.ic.nec.co.jp/index_e.html|




The finest 0.25um ASICs
arrive en masse

Density up to 20 million gates
300MHz benchmarked system speed
Power dissipation down to 0.04 uW/MHz/gate at 2.5V
Integration of DRAMs and analog circuits
Volume production by Q4 97

demand different process technologies. Now you can  of 40 microns to support our new ASICs. Package
combine CPUs and logic with DRAMs and analog options include: Plastic/Tape BGA, Plastic QFP,
circuits-all on the same chip. Flip-chip (2000 pins max.) and chip-scale package.

Comprehensive macros, advanced design system The logical choice for SLI

To facilitate SLI, we offer a broad selection of System-Level Integration is the key to success
complex digital and mixed-signal cores. For fast, in high-performance products, and NEC offers
smooth design flow, use our OpenCAD™ Design everything you need to succeed in SLL
System version 5.0. It’s a unified front-to-back-end Our leadership is based on advanced process
design environment that allows you to mix and match technologies, systems knowledge, ASIC design
popular third-party tools with our specialized tools expertise and comprehensive macro libraries for
such as clock tree synthesis and floorplan. a wide range of applications. While other vendors
talk about 0.25um ASICs, we're ready to deliver
Wide choice of package options them in mass production quantities. That makes

We offer a variety of package types with a pad pitch NEC your logical choice for success in SLI.

just imagine
NEC MULTIMEDIA
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Low Profile .2" ht.

Surface Mount
Transformers &
Inductors

<O
R

All PICO surface mount units
utilize materials and methods
to withstand extreme
temperature (220°C) of vapor
phase, IR, and other reflow
procedures without
degradation of electrical or
mechanical characteristics.

AUDIO
TRANSFORMERS

Impedance Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response +2db 300Hz to
50kHz. All units manufactured
and tested to MIL-T-27.

POWER and EMI
INDUCTORS

Ultra-miniature Inductors are
ideal for Noise, Spike and
Power Filtering Applications
in Power Supplies, DC-DC
Converters and Switching
Regulators. All units
manufactured and tested to
MIL-T-27.

PULSE
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

Delivery—
stock to one week

=1 1

Ior Free PICO Catalog
" Call toll tree 800-431-1064
in NY call 914-738-1400

FAX 914-738-8225

P , CO Electronics, Inc.

143 Sparks Ave., Pelham, N.Y. 10803-1837
£ Mail-HLSC73A®@prodigy-com
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TECHNOLOGY BRIEFING

| the importance to you and the commerecial impact

Getting Back To Basics, Together

ix column is about working together, putting oneself in a secondary position,
T;nd trying to understand the whole. I have written several times here about
the dangers of land mines left on and in the fields of wars in various parts of the
world. Politicians, talk-show hosts, our competition, and even royalty have taken
up the cause in one form or another in the last year. Good for them! The need to get
these destructive devices that kill and maim the innocent out of the world’s arse-
nals is a no-brainer. But with all their good intent at banning, which the U.S. Gov-
ernment is still adamant about not doing, the well-intentioned forget the basics.

The mines that kill children, tear off legs, and destroy livestock are not the
products of most developed nations. In battle, in accordance with conventions, a
country like the U.S. plants mines and maps them; at the end of the conflict, they
remove them. The mines in Angola, Afghanistan, and all the other countries
where they lay waiting are mostly homemade. You can build a limb-ripper in the
casing of a pen for less than a dollar.

The world must rid itself of this menace with detection systems that will re-
cover those that are already planted, and make the planting of new ones a useless
exercise. The only people who are going to be able to design and build systems that
will work 100% of the time are you, our readers. If
you have a message about a (potential) solution let
me know; [ will get it circulated!

Editors, like me, have egos. Some are larger than
others, but there is no standard measuring system
available. That might be a blessing in disguise be-
cause it does at least stop individuals from develop-
ing their ego to match the highest available. We are
paid to have opinions, which we should be able to jus-
tify if we are called on them. But on a daily basis, we
make decisions about what stories we are going to
write and what we will accept as contributed arti-
cles. We do that on the basis of our experience as to

the technology or part is going to make.

This too is often an individual decision and it is ANALOG
hoped that individual editors have unbiased views of the companies, the way the
story is presented, and the outcome. Some of us go to great lengths to do that, even
to the extent of not owning any technology stocks at all. Some of us will talk with
our colleagues about their feelings about the importance of the story. We may dis-
agree and the other guy might write it because he/she thinks it is important. It
happens between Frank Goodenough and myself on a weekly basis.

I was at a housewarming recently. The house was located fairly deep in the
country with just the occasional Harley biking past at a rate of knots designed to
keep the deer off the road. The homeowner is a PR person who is incredibly smart
and who, at the moment, has no clients on my analog side of the fence. Another ed-
itor, from another magazine, also was there and the conversation somehow drifted
to talk about a third editor, known to all three of us, who consistently falls asleep
during briefings. The realization that from different sides of the fence and from dif-
ferent magazines we have been protecting this person is a little unbelievable. The
basies of grade-school “don’t-be-a-tattletale” obviously dies hard! That is the kind
of working together that is unhealthy, and downright unprofessional.

Visiting about ten companies a month, it becomes quite clear which of them
have got the real synergy of marketing, sales and engineering working together.
It is horribly few. The pressure to create the needed teamwork for it to happen can
only come from one place—the top. I once wrote about a management situation in
a major company that left a remarkable design team afloat without oars. A few
company staffers recognized the group involved and were suitably embarrassed.
It didn’t help. The design group is gone. The company had to purchase another
company to replace the lost products in what is a core area of their business. Cor-
porate America, please wake up!

As always, [ wait to be abused at PMcGoldrick@compuserve.com.
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ELECTRONILS .«

We Have Valuable Services
For Our Gustomers!
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| Allied Catalog
< 24-Hour
CD-ROM

; - Modem Access
“=-_ 1-800-433-5003
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Local Offices v <3  Extended
Nationwide * %“ < = Sales Hours

41 Internet Address:
(e http://www.allied.avnet.com

Keeping In Touch With Our Customer’s Needs!
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lean up your signal.
Free up your board.

Introducing the Stewart Maglack™:
the network magnetics you can plug into.

DON'T WAIT

The Maglack
connector brochure
is online at

http://www.stewartconnector.com/magjack

Save Your Signal.

When it comes to signal integrity, it's
what's inside that counts. That's why we
took the magnetics oft the board and
integrated them directly into the MagJack
body, 1o provide better EMC. Our
integrated design offers enhanced com
mon-mode performance over discrete
magnelic components at frequencies up
to 200 MHz and reduces
near-field noise coupling.

Less common-mode

current improves signal

integrity for clearer, more

reliable transmissions and

enhanced network perfor-

mance. And because Maglack integrates

Mag]uck minimizes the isolatlon transformer
and common mode filter

exposed PC board e

traces, it reduces the housling, minimizing

possibility of perfor- slgpeliceonadifan.and

conserving valuable
mance-robbing EMI. board space.

Save Your Space.

You need your space and MagJack
delivers. By integrating the isolation
transformer and common mode filtering
in the housing, you eliminate the
additional magnetics modules and gain
valuable board space with every port.
Whether you want to add components
or shrink your design, MagJack offers
flexibility unavailable in multiple-compo-
nent solutions. The single-component
design with industry-standard footprint
lowers costs through fewer parts to buy,
less inventory, and easier assembly to
the board.

We challenged our people to make
the best connectors in the world. They
did. To find out more about Stewart's
MagJack, call 717-235-7512.

Stewart Connector

Y oS

Stewart Connector Systems, Inc.
Insilco Technologies Group

North America
RD2 Old Trail, Glen Rock, PA 17327
Phone: 717-235-7512 « Fax: 717-235-7954

France

Tel: 33-1-47-55-16-40 « Fax: 33-1-47-55-16-50
Germany

Tel: 06172/9552-0 » Fax: 06172/9552-40
United Kingdom

Tel: 0702 433777 » Fax: 0702 431444
Japan

Tel: (045) 943-5177 » Fax: (045) 943-5178
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Advanced Silicon-On-Insulator

Process Boosts Performance

n enhanced silicon-on-insulator process employing
ATapphire substrates overcomes many of the yield-

imiting factors that held back the use of SOS tech-
nology from mass-market applications. Developed by
Peregrine Semiconductor Inc., San Diego, Calif., the im-
proved processing allows MOS transistors with 0.5-um
features to deliver £, values of 50 GHz. The process is
based on both a single solid-phase epitaxy regrowth tech-
nique to form ultra-thin silicon films on sapphire sub-
strates, and research done by Hewlett-Packard involving
material annealing to produce high-quality, volume-pro-
ducible SOS wafers. The process yields a low-defect-den-
sity film with a final thickness of 100 nm and electron and
hold mobilities similar to those found in bulk silicon.

The resulting wafers then are processed with stan-
dard CMOS processing equipment—as done by Pere-
grine’s production partner, Asahi Kasei Microsystems
Co. Ltd., Tokyo, Japan, which manufactures circuits
based on a 0.7-um single-poly, triple-level-metal
process. Local oxidation of silicon is used for device iso-
lation, gate oxides are 13 nm, and oxide spacers are used
to form lightly doped drain structures. One issue does
arise with SOS: Its transparency often causes optical
sensors on the processing equipment to not always de-
tect the presence of a wafer. Thus, to minimize such
problems, the back side of the wafer is coated with a
polysilicon/nitride sandwich to reduce the transparency.

Transistors manufactured with the SOS technology
have extremely linear performance. Such a characteris-
tic make them ideal for CDMA communication applica-
tions and high-compression-point signals, such as found
in high-frequency communications. As proof of concept,
last month the company released a dual fractional di-
vide-by-N phase-locked loop that has an upper fre-
quency of 1.1 GHz or 510 MHz. The circuit achieves a
very low phase noise—less than —-82 dBc¢/Hz at a 2-kHz
offset or a 30-kHz step at a carrier frequency of 900
MHz.. Contact Jon Siann at (619) 646-8888; or on the
web at http://www.peregrine-semi.com. DB

Changes In The World Of Images
Spurs Interdisciplinary Programs

he sweeping way in which the world is represented
Tby images has changed: Gone are the analog, mono-

chrome, standalone, passive images; in are the digi-
tal, color, communicative, interactive images. These
changes were recognized by Stanford University by the
formation of Image Systems Engineering, a multidisci-
plinary program established from psychology, electrical
engineering, and computer science with the aim of train-
ing students for the growing number of positions in the
new field of imaging science.

NEWSLETTER

The prime mover behind the program is professor of
psychology Brian Wandell, who sees the single curricu-
lum as making sense. Another psychologist, David
Heeger, who also is involved in other departments, feels
that imaging science is a peripheral subject in all three
disciplines. In psychology, it is the study of human vi-
sion; in electrical engineering, it is image processing; in
computer science, it is research into computer vision.
Tangible evidence of industry interest comes by way of
a $1 million equipment grant from Hewlett-Packard to
equip a new image processing laboratory. Xerox has
also given financial support.

HP circulated an RFP on programs in image-systems
engineering. Out of 23 applications, the company funded
five. In addition to Stanford the University of California
at San Diego, the Georgia Institute of Technology, the
University of [owa, and Purdue were selected.

The curriculum now includes 14 courses that fall into
three paths: medical imaging, image processing, and
Fourier and statistical optics. Ninety students used the
lab in the first year. For more information, contact Brian
Wandell, Psychology, at: brian@psych.stanford.edu;
Joseph Goodman, Engineering, at: goodman@EE.stan-
ford.edu. PMcG

Integrated Smart Micromachine
Technology Focus Of Agreement

andia National Laboratories, Albuquerque, N.M., and
SAnalog Devices, Woburn, Mass., have reached an

agreement in which Sandia has licensed Analog Devices
to commercialize the technology used to make Sandia’s inte-
grated micromachines. An integrated micromachine is a
tiny “smart” machine that combines microcircuits, sensors,
and actuators on a single computer chip.

Expectations are that the agreement will help stimu-
late production of a new generation of very small con-
sumer and military devices. In cars, these should in-
clude anti-tamper, anti-skid, and active-vibration
control systems. Says Paul McWhorter, manager of
Sandia’s micromachine effort, “Devices we envision
represent a second silicon revolution. We’re not simply
adding more, smaller transistors to a chip. We are
adding functions that sense and act.”

The long-term license involves transfer of Sandia’s
intelligent micromachine technology to Analog De-
vices. Analog has been in the forefront of micromachin-
ing; its airbag sensors use micromachines to signal
when a vehicle is undergoing sufficiently rapid, sus-
tained deceleration for the airbag to deploy.

Because batches of silicon micromachines ean be fab-
ricated through manufacturing techniques already
widely used to make ICs, micromachines are much less
expensive than the complicated multi-metal construc-
tions originally necessary to signal an airbag to inflate.
Rather than being made individually, micromachines
can be fabricated quickly and inexpensively by the
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thousands. Furthermore, due to the machines being so
lightweight, they’re less likely to be damaged by sudden
deceleration, because force is proportional to mass
(which in this case is almost nonexistent). Contact San-
dia at (505) 844-8066; fax (505) 844-6367. RE

Gallium-Nitride-Based Blue

Lasers Last Over One Hour

ased on gallium nitride (GaN) on a silicon-carbide
B(SiC) substrate, a pulsed blue laser developed by

Cree Research Inc., Durham, N.C., was measured
with a lifespan of over one hour. Emitting at a wave-
length of 402 nm, the laser uses a2 0.1 % duty cycle at a 1-
kHz repetition rate and has threshold current density of
1.2 A at 42 V. Key to the device’s operation is the use of
SiC as the substrate.

While other manufacturers have based their efforts
on sapphire, the high current density of Cree’s
device—48 kA/em?*—necessitates using SiC due to its
higher thermal conductivity. This prolongs the device’s
active life before burnout. Proclaimed the Holy Grail of
optical storage systems, a blue laser source could in-
crease storage capacity by a factor of four or five times
due to its shorter wavelength, relative to the red or in-
frared laser being used today.

While an operating lifespan of one hour is a far cry
from the 10,000-hour minimum required for commercial
applications, researchers at Cree are continuing to focus
their efforts to improve the device along epitaxial and
fabrication avenues. Cree is the first to demonstrate a
pulsed blue laser based on this technology here in the
U.S., but the competitive nature of the research being
done in this area unfortunately means that details on de-
vice structure often are vague. Competition comes
mainly from Japan, where Nichia Chemical, Neijo Uni-
versity, and Toshiba have made substantial gains. Al-
though Nichia’s sapphire-based devices are more ad-
vanced— achieving lifespans in the tens of hours—Cree
feels that, due to the high levels of power dissipation,
SiC is the way to go. Call Alan Robertson at (919) 361-
5709 or fax (919) 361-4630. PM

Record Solar Efficiency Achieved
By Thin Film Photovoltaic Array

:sts conducted on a series of thin film photovoltaic
arrays at the National Renewable Energy Labora-
tory (NREL) yielded a new world’s record for effi-

ciency. The 1-kW array under test consisted of 28 mod-
ules, each producing an average power level of 33 W,
with an overall efficiency of 9%. Manufactured by
Siemens Solar Group, Munich Germany, the modules
contain solar cells fabricated using advanced copper-in-
dium di-selenide (CIS) thin-film technology. The entire

cell structure consists of four layers: a molybdenum
base that serves as a contact and a mechanical sub-
strate; a modified CIS semiconductor absorber; a very
thin layer of cadmium sulfide that acts as a junction; and
a transparent zinc oxide top conductor/electrode. The
best module in the array was confirmed by NREL to
produce 40.6 W, setting a new world-record for effi-
ciency for thin-film modules of this size at 11.1% from
aperture area of 3665 square centimeters.

The cells have several advantages over conventional
wafer-based crystalline silicon units. For instance, the
panels are constructed monolithically on large sub-
strates with built-in interconnect circuitry. This elimi-
nates the wiring and labor needed to assemble a panel
from a large group of small cells. Also, the vapor-deposi-
tion fabrication process has the potential to be much
less expensive than conventional semiconductor manu-
facturing methods. The new Champion module is based
on the standard frame and junction hardware from
their SM55 series of modules. For more information,
contact the Siemens Solar Group’s offices in Camarillo,
Calif. at (905) 388-6525, or in Germany at +49-89-636-
59307; http// wwwsolarpv.com. LG

ANSI Group Merges CAP, QAM
Line Codes In RADSL Standard

e emerging rate-adaptive ADSL (RADSL) stan-
TSard will support interoperation between both carri-
erless amplitude/phase (CAP) and quadrature/am-
plitude modulation (QAM) formats, according to a
recent announcement from the Ad Hoc committee ap-
pointed by ANSI to study the matter. In an agreement
between QAM advocate Broadecom Corp., Irvine, Calif.,
and CAP supporter GlobeSpan Technologies, Red
Bank, N.J., the specification requires that receivers can
handle both QAM and CAP signals to assure rapid and
widespread adoption of this technology.

Interoperability is possible because they produce
similar signal constellations. The only difference is that
CAP has no carrier frequency, while QAM employs a
carrier tone. According to the agreement, the first unit
to transmit a signal determines whether CAP or QAM
will be used for that connection. During the startup
training sequence, the receiver will detect the presence
or absence of a carrier signal and adjust itself to demod-
ulate the appropriate signal.

RADSL can independently adjust its upstream and
downstream data rates, according to prevailing line
conditions. This permits telcos to install RADSL ser-
vice without time-consuming and expensive line-condi-
tioning procedures. The new specification defines data
rates of up to 7 Mbits/s in the downstream, and up-
stream rates of up to 1 Mbit/s. Contact GlobeSpan at
(908) 345-7500; http//www.globespan.net, or Broadcom
at (714) 450-8700; http://www.broadcom.com. LG

Edited by Roger Engelke
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|w—The Linear IC Company Everyone Follows

Issue 1

This season’s IC highlights from Unitrode help your designs perform with greater
efficiency at a substantial savings. We'll provide samples and free application
information. Give us a call today.

U(3548 Primary Side PWM Controller

ucc3ssa
Eliminate The Current Tails
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The UC3548 is a unique
primary side PWM
controlier. It is the first
IC 1o combine the sim-
plicity of voltage mode
control during normal
operation and average
current mode control
during overload or short
circuit conditions.

UCC3sss ]
The UCC3884 is a
high performance
controller designed for
high-frequency. single-
ended converters. The
device’s frequency fold-
back feature decreases
PWM frequency under
overload conditions

to reduce the average
output current and to
eliminate current tails.

UC3902 |
This simple-to-use. low-
cost controller balances
the output current of
two or more indepen-
dent. paralleled power
supplies sharing a
common load. System
reliability is improved
due to redundancy and
lower thermal stresses.
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Tel: 603-429-8610 « http://www.unitrode.com « Fax: 603-424-3460
7 Continental Boulevard, Merrimack, NH 03054
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ucaois i
Operating at 3V to 6V.
this programmable Hot
Swap Power Manager™
Control IC is ideal for
communication port,
router. server. and disk
drive hot swapping.
Incorporating a program-
mable active current limit
(0 to 4A) and on-chip
power FET (60 mS2). the
device provides a com-
plete hot swap solution.

uccaots l

A member of the
programmable Hot Swap
Power Manager ™ family.
the UCC3915 operates at
7V to 15V and is ideal
for communication port
hot swapping and high
voltage disk drive hot

swapping.

3

uca921 !

Part of Unitrode’s
family of negative
voltage Hot Swap
Power Manager ™ ICs.
the UCC3921 provides
complete power man-
agement, hot swap, and
fault handling capability.
while operating over
the full -20V to -200V
telecom range.



Micropower 12-Bit A/D
for Por table"Applications

Introducing the new SP8538 and SP8528, 12-bit If your application calls for best-in-class perfor-
ADC'’s which redefine price/performance leadership mance at micropower, you need to select an IC
in the micropower range. Delivering dynamic perfor- from SIPEX's broad line of 12 Bit A/D and D/A
mance of 73dB Signal to Noise Ratio at a mere converters.

1.25mW. Plus, the simple 3-wire SPI serial interface
works easily with a wide range of microprocessors For data sheets and technical information, contact
and microcontrollers. Noisy environments? SIPEX at the number or web site listed below.

: ?eneﬁts 8538 1298 8528 1286 Conditions

Cost $4.20 $5.20 $4.20 $5.20 @1k qtys

Power 0.56mwW 1.7mW SmW 1.25mW @5v and 80/90ps
Complete Cycle Time  40ps 90us 30us 80us @5v

Inputs True Differential Pseudo Differential True Differential Pseudo Differential

Linearity 1LSB 2LsB 1LSB 2LsB

Input CMR 88dB 32dB 88dB 35dB 60Hz@5V

SP8538 and SP8528 are direct replacements for (Linear Tech) LTC1298 and LTC1286.

The SP8538 and SP8528 with “True” differential
inputs are the solution to your problem.

The SP8538 and SP8528 in 8-pin NSOIC packages
are ideally suited for Battery-Operated Systems,
Portable Data Acquisition Instrumentation, and
Remote Sensing.

22 Linnell Circle, Billerica, MA 01821
Tel. 508-667-8700 Fax 508-670-9001
web site: www.sipex.com
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MPEG-4 Standard To Allow Access
To Individual Objects Within A Picture

any design engineers rely heav-
Mily on the implementation of

MPEG-1 and MPEG-2 solutions.
Both video standards have enough fea-
tures to make them very useful; how-
ever, they suffer from one big restric-
tion—they both process rectangular
pictures. The processing is performed
blockwise, and the geometry of the
blocks is fixed because the entire pic-
ture is divided by a grid into individual
subpictures. As a result, the picture’s
content and the block geometry do not
match, meaning that access to individ-
ual objects within the picture (such as a
house, tree, or person) is not possible.
MPEGH+4, the latest standard, however,
overcomes this limitation. Committee
drafts of the standard will most likely be
finalized by the end of this year.

“This content-based interactivity al-
lows the interaction with objects within
an audio-visual stage; currently, it is
only possible with synthetic objects in
the computer graphics area,” says Dr.
Ralf Schaefer, head of the image-signal-
processing department, the Heinrich-
HertzInstitut in Berlin, Germany.
“Such an interactivity is planned to be

extended to natural and hybrid syn-
thetic objects to enable new forms of in-
teractive audio-visual services.”

A better encoding efficiency is said
to allow “very low data rates,” enabling
the transmission of images over nar-
row-banded channels. Furthermore,
MPEG+4 will allow the universal access
to audio-visual data from different stor-
age media over a variety of different
networks, with a special focus on mo-
bile networks. This feature requires
special immunity to transmission er-
rors and small bandwidths.

MPEG+4 will offer tools for content-
related multimedia data access as well
as the possibility to manipulate and edit
data in a content-based manner at the
bitstream level. It also will allow the
coding of hybrid natural/synthetical
stages, and offer an improved random-
time access. Additionally, MPEG-4 also
will allow scalability in different dimen-
sions such as quality (local, timely reso-
lution) and contents (priority of differ-
ent objects in the picture) (Tuble 1).

To allow users access to individual
objects within a video-picture se-
quence, MPEG-4 video object planes

CORE EXPERIMENTS OF MPEG-4

Kind of experiment

Movement prediction

Texture coding in pictures

Contour coding and alpha-plane coding

Texture coding in arbitrarily formed picture
segments (video-object planes)

Fault tolerance/ruggedness

Scalability of bandwidth and complexity

Others

prediction

wavelet/subband coding

Techniques being investigated

Global movement compensation, block
partitioning, short-term/long-term picture memory,
movement compensation with variable block size,
2D triangular mesh prediction, and sub-pel

Wavelet transformation, matching pursuits, 3D
DCT, overlapping transformations, improved
intrapicture coding, and DCT coding with variable
block size

Gray-level contour coding, geometrical
transformations, contour-adapative macroblock
grid, and segmenting with blocks of variable size

8 by 8 DCT with pixel extrapolation,
contour-adaptive DCT (SADCT), 8 by 8 DCT with
pixel enlargement/interpolation, and

Resynchronization techniques, hierarchical
coding/structures, back-channel signaling, and

error concealment

contents-related time scalability

Generalized time/spatial coding, and

Bit-rate control, noise suppression, automatic
segmentation, SPRITE generation, and
stereo/multiview coding
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(VOPs) support fundamental content-
related functionalities at the decoder.
Every VOP describes specific picture
content, and is encoded in a separate
VOP layer. A VOP may contain just
one object. The decoding of all VOP
layers enables the reconstruction of an
original picture sequence in total. Sin-
gle VOP picture content can be de-
coded and reconstructed separately by
using the content-related scalablility.

This basic feature of the VOP struc-
ture allows the content-related manip-
ulation of picture data at the decoder
without a new transcoding. Practically,
this means that there must be an algo-
rithm which is able to determine indi-
vidual objects within a picture. the al-
gorithm also must follow these objects
through a video sequence.

! . . l
Imagine a picture of a house with a

tree in front of it, a person running
through the picture, and some blue sky
with little elouds. You also might de-
seribe this picture by its different ob-
jects. Let’s call the house and back-
round Object 1, the tree Object 2, and
the running person Object 3. If you're
only interested in the running person
and his or her movements, you only
have to decode Object 3. By bitstream
manipulation, this object can be placed
in front of a totally new background like
the Great Salt Lake in Utah or the lush
rain forests of Hawaii. This kind of bit-
stream manipulation at first resembles
the well-known blue-screen technique.

At the Heinrich-Hertz-Institut, Dr.
Schaefer showed some first examples
of manipulations of pictures described
by VOPs. He videotaped a TV modera-
tor in front of a wall comprising operat-
ing TV monitors, and defined a binary
“alpha-plane” mask describing the out-
line of the person. Even though the
person was constantly moving, the out-
line followed the person. The next step
was the exchange of the backgrounds.
When the number of VOPs is limited to
one, and the outline shape is deter-
mined to be rectangular, the precondi-
tions for MPEG-1 and MPEG-2 are set.
These older standards are included
within MPEG4.

Dr. Schaefer thinks that “a major
number of MPEG4 applications will be
running on general-purpose signal
processors with algorithms imple-
mented in software,” which would
eliminate the need for dedicated hard-
ware. Consequently, he says MPEG-4
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TECHNOLOGY BREAKTHROUGH

will not be standardized the usual way
where entire algorithms for audio and

' TIME SCHEDULE FOR MPEG-4’S STANDARDIZATION

video encoding”, he adds. “In order to
stick to the MPEG-1 and MPEG-2 ter-

4 Systems Description Language) also
will transmit the decoder’s structure in
addition to the traditional MPEG sys-

next year (Table 2).
Contact Dr. Ralf Schaefer, Ein-
steineufer 37, 10587 Berlin, Germany;

]
|
1
Call for Committee International | International | : . "

Title proposal | Working drafts draft standard draft | standard ' tem requirements (multiplexing for au-
MPEG-4 T qies11e6 | 1wz | e8| 1wes | dioand video)in the bitstream. So in-
systems . formation about how to use the tools
description i and how to interpret the bitstreams is
::;‘g;i?e ' transmitted to the decoder as well.

- ‘ — ' Currently, the MPEG+4 verification
Synthetic Sub$|986$|0n: 11/96-7/97 11/97 7/98 11/98 : model is apphed to plxel displays with
22;‘:;;[ B i i YUYV signal components in the 4:2:0
(SNHC) 11/96  format where each pixel is quantized

| Video Submission: | 1/96-11/96 1/97 7/98 yes | with8bits. The size as well as the form
3/96 ' of the input pictures may vary accord-
Notification: ! ing to the application.

L ! Withallof MPEG-4's working drafts
Audio S“bg;sg'm e i " o . completed, the next step is the formula-
Notification: E tion of the committee drafts which will
jadilerd 3/97 | in | be done later this year. The interna-
| MPEG-4 11/96-7/97 11/97-3/98 7/98 11/98 ' tional standard draft, as well as the
integration ! standard itself will likely be finalized by
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video decoding and system multiplex- E minology such a video tool might, for ! telephone: 49 3031 002560,
ing were standardized in MPEG-1 and | example, be a DCT module or amodule | fax: 49 3039 27200; e-mail:
MPEG-2. “The target of MPEG-4 is ; for movement compensation.” schaefer@hhi.de.

mainly to standardize a set of tools for 1 This means that the MSDL (MPEG- ALFRED VOLLMER

1997
Proceedings

PROCEEDINGS
OF THE
FOURTH
ANNUAL

HSELRIE

CONFERENCE
MARCH 24.27, 1997

NOW
AVAILABLE

A valuable tool for design
engineers of portable,
nomadic, mobile, and

transportable products.

From low-power systems design to low-cost
solutions, the Proceedings of the Fourth Annual
Portable by Design Conference offers over 500

pages of vital, timely, and usable information

for the portable OEM designer.

l SIGNATURE

Proceedings

Order Form

0O 1997 Proceedings: $175 + $10 s/h; # of copies
O 1996 Proceedings: $100 + $10 s/h; # of copies
O 1995 Proceedings: $100 + $10 s/h; # of copies
0 1994 Proceedings: $100 + $10 s/h; # of copies
O 1994/95/96 & 1997 Proceedings:  $295 + $28 s/h; # of copies
Sales Tax*

TOTAL

*Sales Tax (CA, CT, FL, GA, IL, MA, MN, NJ, NY, OH, PA, W1, Canada residents add appropriate sales tax)

NAME
TITLE ——
COMPANY
ADDRESS
city STATE WP
Make checks payable to: PORTABLE BY DESIGN

O Check Enclosed O MasterCard 0 Visa DO American Express
ACCT. NAME -
ACCT. # EXP

Fax or mail this form to:
PORTABLE BY DESIGN « 611 Route 46 West  Hasbrouck Heights, NJ 07604
or call: 201/393-6075 « Fax: 201/393-6073 = E-mail: portable@class.org



New Voice Codec Speaks Volumes
In Consumer Applications.

VOICEBAND
CODEC

AD73311

Digital Telephone Answering Machine (DTAM)

Analog Devices’ AD73311 marks the first linear Running on 30 mW of power (max. 50 mW at
codec that takes volume voice applications to 2.7 V), the AD73311 complements your battery-
mass market with no performance sacrifice. powered systems. And a low group delay of 25 ps

per channel works for your telephony and multi-

Uisg Wip \altsor o QLG channel active control designs.

While Lowering System Costs

For under $3.00%, 16-bit A/D and D/A conver- A Configurable Solution
sion channels with up to 76 dB SNR/-83 dB To Make DSP-Based Designs Sing
THD will keep your voice compression, speech Now you can enhance the DSPs in your digital
enhancement, recognition and synthesis designs answering machines, camcorders, PDAs and
performing high. modems with the AD73311. All it takes is a simple
5.00 serial port (SPORT) connection, which atlows
= cascading of up to eight SOIC or SSOP packages.
g 400 ° Order an evaluation board today, and you can
8 cascade as many as four codecs. You'll find it’s an
5 3.00 easy interface to popular DSP evaluation boards
g von like Analog Devices’ own EZ-KIT"™ Lite.
With that kind of quality and such unheard of
1.00 1— Y Y - . pricing, your consumer applications now have a
1 1 100 250 500 1000 much stronger mass market voice.
Volume (K)
While integrated circuit conditioning helps For felivery of samples and
overall system costs stay low ona 2.7 t0 5.5 V evaluatlon board information call 1-800-ANALOGD
single supply. (262-5643). For data sheets dial AnalogFax® at

1-800-446-6212 (Faxcode 2083) or visit us on
the World Wide Web.

ANALOG
DEVICES |

Amlog l)lgltal Solunom

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106.
Distribution, offices and application support available worldwide.

USD 100,000s, recommended resale, FOB U.S.A. Ad code 3158




3-D SOUND
with only two
speakers ...

Jrom a mono or stereo audio source

Part Number: NJM2178
EVALUATION BOARD

The NJM2178 is a stand-alone monolithic Srs (@) three dimensional sound IC with analog
signal processing. The NJM2178 is suitable for application in Computer, TV, Radio, Electronic Game,
Keyboard, Musical Instrument, Home Stereo and other typical Audio Systems. The NJM2178 uses
analog signal processing derived from a patented Sound Retrieval System technology developed by
SRS labs to achieve a “three dimensional” audio image from only two standard speakers.

Features of the NJM2178 chip:
e Mono and Stereo Signal enhancement ¢ SRS, 3D-MONGQ, by-pass mode selection

 Wide Dynamic Range (>110 dB) e Single supply, wide operating vc tage 4.7v-13v

e Low output noise (90 dBu typ.) e LOW supply current (SRS mode, 10mA typ.)

e | ow distortion * 30 pin SDMP (SMT) and SDIP (tru-hole) package
e CENTER and SPACE control * Low cost solution

Visit our web site: www.njr.com
To qualify for a NJM2178 Evaluation Board contact:
A SUBSIDIARY OF NEW JAPAN RADIO COMPANY, LTD
440 East Middlefield Rd. ¢ Mountain View, CA 94043
Phone (415) 961-3901 ¢ Fax (415) 969-1409 e e-mail: sales@njr.com

SRS and the SRS symbol SRS (@) are registered trademarks of SRS Labs, Inc. in tne United States and selected foreign countries
READER SERVICE 161



50 MIPS 8-bit MCU

Superior Performance.
Clocked at 50MHz and
executing nearly 50 MIPS,
the SX can accomplish in
software what other MCUs
attempt to provide in fixed
ardware. Imagine designing exactly the on-chip perpiherals you want in
>ftware! High MIPS, jitter-free interrupts, and flexible I/O’s are there to
alp you close the gap between hardware speed and software flexibility.

SX at 50 MHz is the fastest

8-bit MCU on earth.

amiliar Grounds. While the SX is an all-new MCU, it is designed for pin-
1d object code-compatibility with the popular PIC°16C5Sx series from
icrochip. We've boosted CPU performance ten times, added clean
terrupts and new instructions, made the 1/O’s very flexible, and left
aths open in the architecture for higher pin counts and analog blocks. If
au're familiar with the 'Sx series, you've got just a few new things to
1ow, and you'll be on your way.

o High Speed
DC-50MHz operation
Turbo mode yields 1 instruction per clock (branches 3)
Half the consumption per MIPS of competitive devices
o In-System Development
In-circuit programming via OSC pins
Single-step and breakpoint debugging via OSC pins
E?Flash rated for 10,000 cycles
o Interrupts
Hardware context save of PC, W, STATUS, and FSR
Jitter-free interrupt response to RTCC rollover (3 clocks)
RB pins provide interrupt/wakeup-on-change
o Flexible 1/0
All pins individually programmable as inputs or outputs
Inputs are TTL or CMOS level selectable

‘eatures

SX-18

sazaalie

HHTHTH

SX-28 All pins have selectable internal pull-ups (~20Kw to VDD)
<ds »huan  RB and RC inputs each selectable as Schmitt Trigger
e 21 afoscy All outputs capable of sinking and sourcing 30ma
5 E§ = ncr RA outputs have symmetrical drive (same Vdrop )

w s 2 acs Analog comparator on RB (RBO out, RBL in-, RB2 in+)
v EZ ZB R4 o Component Reduction

SER 2 pirce Internal oscillator (off, 4MHz , 2°7 + 8%)

;E:; ;gg heo Built-in brownout detector (off, 1.5V, 2.5V, 4.0V)

: E :3 :: g z o Additional

E¥lash code memory - 2048 x 12

RAM - 136 bytes

Selectable 8-level hardware stack

V\ Code memory is run-time readable (lookups & ‘98 UL)
= New instructions for increased code efficiency

CENIX SX-18 is $3.24 and SX-28 is $3.49 @ 1,000 units

cenix Semiconductor, Inc. e hitp://www.scenix
160 De La Cruz Bivd., Suite 110 ¢ Santa Clara, Cahfomm 95054 USA e (408) 327-8888, fax (408) 327-8880

C is & registered of Microchip

Friendly Development
Environment. Parallax’s
SX/E Development System
provides a snappy way to
develop fast assembly
language applications for
the SX microcontroller. The easy-to-use environment includes an integrated
text editor, assembler, and debugger. With a single keystroke, you can
assemble, download, execute, and debug your project.

Parallax’s SX/E Development

System provides in-circuit
programming and debugging.

Elegant hardware. The SX/E hardware provides full-speed emulation
including breakpoints, single-stepping, and asynchronous breaks - all while
using your target circuitry over the entire voltage range. No funny stuff
with ICE's, bondouts, and power supplies. You simply build your target
board with a 4-pin header routed to the VSS, VDD, 0SC1, and OSC2 pins of
the SX chip. You'll get faithful emulation using whatever crystal, resonator,
or RC clock circuit you implement. The SX/E hardware tool is as simple as it
sounds: a 0.5” x 1.5” module with a 4-pin female socket, 6’ of miniature coax
cable, and a DB-9 host serial connector. When your project’s done, you've
already got a production programmer.

Easy Instruction Set. Parallax has pioneered tool support for the
PIC16C5x family since 1991. Our simple dialect of assembly language has
made it easy for many people to master the PIC. Since the SX is designed to
be an object code-compatible superset of the PIC16C5x, it is perfectly
suited to inherit the Parallax dialect. Aside from several new instructions to
support new op-codes, we've added conditional assembly and macros.

Low Cost Development Tools. Parallax’s SX/E Development System
($199) consists of the SX/E hardware, a demonstration board, two SX
chips, PC software, and a manual. Technical support is included. The SX/E
Development System will be available September, 1997.

Request . :f:aﬁc;zzf ::,;:p;/émﬁgri%r;:ﬁ:dnc.mm
SX and SX/E  « callus at (916) 624-8333
Data Sheets  * 0 o o tecmmical presentations,
San Jose Convention Center @ o
e IC EXPO
g'ﬂl‘?‘l’:g Santa Clara Convention Center

CONPERENCE

November 4 to 6, 1997
Booths #5405 and #5407

PARALLAX

Parallax, Inc. o hitp://'www.parallaxinc.com
3805 Atherton Road Suite 102 @ Rocklin, California 95765 USA  (916) 624-8333, fax (816) 624-8003
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M Exploring the world of digital, logic, memory, and microprocessors

ingle-chip 8-bit microcon-
| S trollers solve many embed-

ded control applications by
inexpensively integrating
many system control functions
| along with the processor onto a
single chip. However, as sys-
tem needs grow more complex,
the silicon area of the microcon-
troller unit (MCU) also
grows—often to the point of
making the chip too expensive
for the application. Further-
more, many of the application
sub-tasks (counting, timing, se-
rial and parallel communica-
tions, pulse-width modulation,
etc.) do not demand the ulti-
mate in CPU performance, but
can usually be accomplished
with a CPU that runs at a few
megahertz, since on-chip logic
supports those functions.

To lower the cost of the silicon,
Scenix Semiconductor has a better
idea. Instead of putting application
support functions in hard logic, they
use software to create virtual periph-
erals. Each support function is actu-
ally a software module that can be in-
corporated into the MCU’s program
storage memory. Modules are exe-
cuted from memory when the func-
tions they represent are needed. Thus,
each function requires only a portion
ofthe CPU’s overall throughput, limit-
ing the number of support functions a
CPU can handle simultaneously. How-
ever, by using software, custom silicon

Dave Bursky

development is eliminated in many
cases. As a result, silicon costs and
hardware turnaround time drop.
After analyzing support-function
requirements, Scenix decided to de-
velop the fastest CMOS &-hit micro-
controller—the SX. The chip can run
at a clock rate of up to 50 MHz. With
its one-instruction/clock execution
rate, it can deliver a throughput of
about 50 MIPS. The chip is designed
to operate from supply voltages as
low as 3.7V, consuming just 12 mA at
50 MHz. The circuit, however, can op-
erate over a supply range spanning
the range of 3.7t06.25 V.
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Speedy 8-Bit Microcontroller
Crafts Virtual Peripherals

With A 50-MIPS Throughput, This MCU Uses Software To Create Appli-
cation-Specific Virtualized Peripheral Support Functions.

With such a high instruction
throughput, multiple support
functions that might require
from several thousand instruc-
tions/s to several millions of in-
structions/s to implement, can
execute on a time-sliced basis.
The time multiplex-
ing provides the ap-
pearance that they all simulta-
neously exist (see the table).
However, sometimes addi-
tional hardware must be used
due to resolution or speed re-
quirements. High-resolution
ADCs (beyond 10 bits), for ex-
ample, are best implemented
as separate chips because their
integration with the MCU
usually brings conflicting
process requirements.

Overhead And Code
Just how much overhead and/or
code do the virtual peripherals re-
quire? Not too much for some specific
functions, and most of the CPU’s capa-
bility for others. For example, code
needed for an IR transceiver interface

is about 170 words of EEPROM. This |

code requires about 5% of the 50-
MIPS throughput, leaving about 45
MIPS for other tasks. An SPI/Mi-
crowire serial port takes about 50

words of storage and about 10% of the |

CPU throughput. A stepper-motor
controller also requires about 50
words of storage, yet demands only
about 2% of the CPU throughput.

|




Introducing MicroSim DesignLab:

Imagine what it would take to design a better circuit faster. You'd have a single EDA system — not a collection of point tools. Your new system
would have a single interface to all facets of your mixed analog/digital design. No more wasted time or errors from converting, translating
or re-entering designs. With a dick of the mouse, you could go back and forth between design stages, making a change and seeing the results,
confinuously improving your design from start to finish. Now it's here. Now you can. Introducing MicroSim® DesignLab™ — the new standard
for desktop EDA. It's the world's first and only comprehensive, fully-integrated start-to-finish desktop EDA system. See how easy it is to design

a better circuit faster. Call for our MicroSim DesignLab evaluation software. lt Wi" change thﬂ way
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Popular functions such as
| a keypad scanner or LCD
controller require only 70 or
120 words of code, respec-
tively, but both consume just
1% of the CPU throughput. A
full PC keyboard and mouse
controller also would require
about 80 words of code stor-
age, yet the larger keyboard
demands no more process-
ing—just 1% of the CPU'’s
throughput. More complex
functions such as a 1200-baud
modem or a music synthe-
sizer require 280 and 180
l words of code, respectively,
but each consume 20% of the
CPU'’s horsepower, leaving

| 40 MIPS for other tasks.
Since these and many
other support functions can
be implemented via software,
the processor only needs to
pack a minimal complement
of on-chip support logic (Fig.
1). The wide operating volt-
| age range, coupled with the
| on-chip brown-out detector,
reset circuit, and watchdog
timer eliminate the need for
external circuitry such as
voltage regulators and power
| monitor ICs. This design al-
lows the MCU to run directly

from batteries.

‘l
the virtual peripherals. The
4-bit port (RA) and one of the
8-bit ports (RC) provide TTL
or CMOS interface levels
with Schmitt-trigger inputs
and pull-ups on the outputs.
The other 8-bit port (RB) has
the same features, but also
includes an analog compara-
tor and a wake-up capability
on edge detection.

The minimal feature set will
keep the chip cost low. They
also will allow it to serve as a
low-cost addition to an embed-
ded PC or RISC system. In
| this way, the chip would pro-
vide the I/0 functions that
don’t make economic sense to
integrate into the host CPU, or

TECH INSIGHTS

HIGH-SPEED 8-BIT MCU |

—

b

Program memory
(flash)

512 words by 12 bits
1024 words by 12 bils
2048 words by 12 bits

Internal 4-MHz
oscillator with
1:110 128:1 divider

External 0-50 MHz
clock interface
(XTAL, RC, etc.)

Power-on
reset timer

rown-out detection

-
i

with programmable
threshold

Watchdog timer
with 14.2 kHz
oscillator

|

SX
cry

Hegisler file
(SRAM)

136 words by 8 bits

8-bit timer/counter
with 8-bit prescaler

| TTLorcMos

Port A options:

Schmitt trigger
Pull-up

Port B options:
Same as A
plus analog
comparator

and wake up on

edge detection

Port C options:
same as Port A

1. On the SX CPU from Scenix Semiconductor, most peripheral functions

can be created with software and a minimal complement of hardware
support. In addition to the flash program memory and 136 bytes of

SRAM, the controller contains o 4-MHz dock oscillator, power-on reset

timer, brown-out detection with programmable threshold, watchdog

timer, 8-bit timer /counter with 8-bit prescaler, and three 1/0 ports—

one with four lines and two with eight lines each.

Key to the processor’s flexibility is |
the high-speed 8-bit CPU core. It runs |
at 50 MHz, and has three programma- !

would add too many CPU cycles. By us-
ing the SX to handle the I/O, the host
CPU is free to handle more complex op-

ble 1/0 ports (one 4-bit and two 8-bit
ports) that can be used to implement

erations that better
16-, 32-, or 64-bit CPU data path.

use the

|

On-chip memory consists of
a 136-byte static-R AM-based
register file, and a choice of
either 512, 1024, or 2048 12- |
bit words of nonvolatile,
flash-based program mem-
ory. The decision to use flash
memory was critical in light
of the performance objec-
tive—memory access times
of just 12 ns, 3.7-V operation,
and a 10,000-write-cycle en-
durance. The EEPROM also
is in-system programmable.
Consequently, a separate ex-
ternal programmer is not re-
quired for updates. l

To implement the high-
speed flash, designers at
Scenix developed a new,
asynchronous flash-EEP-
ROM structure. Address
transition detection also
helps lower the memory
power by deselecting the
EEPROM between cycles.
Once the address stabilizes, a
differential sense amplifier |
with a bias in the linear re-
gion is turned on and fully
saturated. Consequently, the
flash EEPROM is enabled
only 60% of the time. Fur-
thermore, the EEPROM has
a high signal-to-noise ratio
with reduced loading and a

reduced voltage swing.

The high-speed CPU structure on '

Writeback

Instruction fetch | Datafetch | Execute |
m Instruction |—.|Decode ALU
£ 3

Flash SRAM

|

2. A four-stage pipeline is used for the 8-bit CPU core in the SX
microcontroller. The simple pipeline includes an instruction-fetch stage,
dota-fetch stage, execute stage, and write-back stage. This
arrangement allows the CPU to achieve a throughput approaching 50
MIPS when clocked at 50 MHz.

the chip is similar to the Microchip
PIC architecture, the first 8-bit
processor to employ a RISC-like

pipelined architecture (Fig.
2). And the SX instruction set
is an object-code-compatible
superset of the Microchip
PIC 16C5x family instruec-
tions. However, at the assem-
bly mnemonic level, the SX
also supports an opcode for-
mat previously defined by
Parallax Inc. Designers can
select whichever they prefer
since it’s a simple matter to
perform the 1-for-1 transla-
tion between the mnemonics.

In The Pipeline

To keep the pipeline simple
and fast, there’s no fancy in-
terlock hardware, nor soft-
ware delay slots that waste
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TECH INSIGHTS HIGH-SPEED 8-BIT MCU |

code space. In the pipeline are the in-
struction-fetch-and-decode stage, the
operand-fetch stage, the instruction-
execute stage, and the write-back
stage. Once the pipeline is full, a com-
plete instruction can be executed
every clock cycle.

By relying on a streamlined four-
stage pipeline with a Harvard-style
memory structure, and employing ex-
tremely fast (12 ns tp¢c) on-chip in-
struction and data memories, the SX

VIRTUAL PERIPHERAL CODE AND PERFORMANCE NEEDS

Percentage of 50 |Remaining |
Peripheral function EEPROM words MIPS ‘._iPsi
Dc-100-kHz frequency generator 30 4% | 48
Dc-100-kHz frequency measurement 40 5% | 475
100-kHz background timer 30 L 4 2°o 4 j19
1°C master 50 ‘ 6% 47
1%C slave 80 T L T 485 =
Keypad scanner 70 3 1% r 495
PC keyboard and mouse cont;oller 80 ‘ 1% ‘ 495
IR transmitter 60 G 2% 49
IR rec;:wer Z 110 ’ 3% _T' E5~
LCD module s R 1% * 495
Dc-lOwO:kH;esonvanc;orcmrﬁ 130 G% N _T—45—
19.2-kbi/s serial UART 60 R
Centronics parallel port 30 A% 1 a9s
i - = ! — L 22 ,__+. =TSR
500-kHz SPI/Microwire 50 10% | 45
Dallas microwire serial port N 130 e T 485
DMX-512 23T TREEER RN TR A % | 46
X-10 ' 60 IS 1 495
Video controller 130 20% 40
DRAM server 40 3% | 485
Switch-mode power-supply controller ‘( 30 4% 48
Networking ‘ 130 5% 475
Music synthesis 180 20% 40
20-kHz 8-bit PWM output 30 10% 45
D-X ADC (1 kHz/8 bit; 4 Hz/16 bit) 50 10% 45
Dc-100-kHz spectrum analyzer 150 7% 465
P L T 120 R e
Caller ID 180 10% l 745 ¥
300/1200baud modem X TR T 15% 425
. Speech synthesis 300 ’ 20% o 40
Stepper-motor sequencer | 50 2% | 49 w
250-kHz quadrature encoder 40 10% ‘ 45
Servo loop 170 10% T T
" PID loop 160 10% [

can run at 50 MHz and execute almost
any instruction in a single clock cycle.
One exception, though, are Branch
operations. They require three clock
cycles and simply annul (replace with
a no-op) the two instructions that fol-
low the Branch command. With a 20-
ns instruction cycle, the chip packs
enough punch to deliver about 10
times the performance of popular 8-
bit MCUs from other suppliers. And,
even when running with the low-

speed 4-MHz internal oscillator, the
SX delivers a higher throughput than
a40-MHz 8051-type MCU.

Although the MCU can run at 50
MHz, it doesn’t have to, thanks to the
use of static logic in the MCU’s cir- |
cuits. The chip can run at any fre-
quency below 50 MHz (even stopped)
without data or state loss. With the
lower frequency comes the associated
reduction in power consumption due
to the CMOS logic. Designers can take
advantage of the on-chip 4-MHz oscil-
lator, for instance, since it offers eight
programmable division ratios, from
1:1 to 128:1. The on-chip oscillator, re-
duces system cost, board space, and
electromagnetic interference.

The 12-bit-instruction word width
also is very efficient—it allows both
the opcode and the operand in the
same instruction. Additionally, the
partitioning of the word between the
opcode and operand is flexible, permit-
ting maximum code density. And, to
further optimize access to all the I/0
features, 11 special-purpose instruc-
tions were added to speed common op-
erations and reduce code size. For ex-
ample, an additional carry-flag mode
that works in conjunction with a
carry-bit in the CPU significantly ac-
celerates multibyte numeric calcula-
tions. It also yields performance ap-
proaching that of MCUs that have
costly hardware multipliers. Addi-
tional enhancements include a Bank
instruction that switches execution to
a new register bank and a Page in-
struction that switches the CPU to a
new instruction page. Other new in-
structions deal with I/0 mode bits and
returns from interrupts.

Speedy Interrupts

The processor’s high performance
also gives it a very short response
time to interrupts. The interrupts can
be generated by a built-in timer or ex-
ternal-pin edge detection. By exploit-
ing deepened and dedicated hardware
stacks, the SX guarantees response
times of just three cycles (60 ns) for
internal timer interrupts and five cy-
cles (two extra for synchronization) ‘
for external inputs (100 ns total). One- ,
level special hardware stacks auto-
matically store critical registers dur-
ing an interrupt and restore them
upon return. That dedicated support
lets the MCU quickly switch tasks to




First with USB

SmartLink Measurements
Available exclusively from Channel K.
The only USB* equipped measurement
devices. Link a wide array of measure-
ments from signal source directly to
network or bus. From $5741
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SmartDAQ P(l Boards
High performance from Channel K.
12- and 16-bit PCI data acquisition
hoards featuring on-board DSP. Up to
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universal serial bus {USB), PCI, and
software products from Channel K.
Just call 1-888-KEITHLEY for a free catalog
of all our data acquisition products.

Couldn't you use a little less stress?

TestPoint Software

Channel K has it now. The most intuitive
Windows-based software package for
data acquisition, analysis, and control.
Easy to use. Minimal programming.
License-free executables. Only $995!
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implement virtual peripherals or exe-
cute application code specific to ser-
vice that interrupt, all while execut-
ing code for other tasks.

Most older MCUs only interrupt
tasks at instruction boundaries. In
RISC processors, this limitation can
be somewhat unpredictable because
instruction lengths and the number of
clock cycles required for the instruc-
tion change depending on the instruc-
tion. As a result, interrupt responses
are slower than those with the SX
RISC processor. The slow response
also may introduce jitter into system
timing, which ends up forming a fun-
damental limit on system performance
and accuracy. In contrast, the SX’s re-
sponse to interrupts is much more pre-
dictable and repeatable.

Versatile Interfacing

The chip’s I/0 lines also incorporate
the latest interface technologies, giv-
ing designers a flexible set of lines. All
I/0 pins are individually programma-
ble as inputs or outputs, with or with-
out 20-kQ pull-up resistors. Inputs of-
fer selectable TTL or CMOS levels
with optional Schmitt triggers. Every
output can sink or source up to 30 mA.
The four pins on the 4-bit port (RA0-3)
include symmetrical drive character-
istics that permit the SX to easily
drive inductive loads, which require
equal push and pull (speakers, ultra-
sonic transducers, etc.). Additionally,
three lines on the 8-bit RB port (RB0-
2) can optionally connect an internal
analog comparator to external signals.
Furthermore, eight of the pins can be
configured as external interrupt in-
puts. Besides redirecting program
flow in response to external events,
these inputs can wake up the chip
from a power-down mode.

On-Board Emulation

To ensure the SX controller is prop-
erly configured, built-in, in-circuit em-
ulation circuits allow designers to use
the standard SX chip to debug soft-
ware and hardware operations, as well
as program the on-chip flash memory.
No special bond-out chip or complex
tools are required, thereby lowering
development cost. The approach com-
bines the best of traditional ROM
monitor and newer remote-debug
schemes, and is tailored to the SX’s
specific characteristics.

Since the SX is flash-based, it over-
comes the single-chip-only dilemma—
the application program can be re-
peatedly modified and downloaded
into the chip along with a tiny debug
kernel. To minimize memory con-
sumption, the kernel handles only the
bare minimum of functions needed to
control the MCU (read and write in-
struction memory, go, and stop). All
higher-level debug and human inter-
faces are performed on a host PC. The
CPU'’s static nature also allows for
true hardware single stepping or
slowing of execution speed.

The low-pin-count packages
planned for the SX (18, 20, or 28 leads)
also limit the number of pins that can
be dedicated to the background debug
or a JTAG-like test port. To overcome
the pin limitation, programming and
debug operations take place over two
clock pins (OSC1 and OSC2). This de-
sign works because these pins usually
serve no application function other
than clocking the CPU. That avoids
any conflicts between the active 1/0
lines and the debug signals.

To ease software development,
Scenix created the SX development
system. It includes an assembler, an
in-circuit development tool that also
doubles as a programmer and debug-
ger, a demo board, and two sample
parts. The kit is available from Paral-
lax Inc., Rocklin, Calif., (916) 624-8333,
and sells for $249. Parallax also is de-
veloping a Basic compiler for the SX
that will include an assortment of pre-
designed virtual peripherals. The
compiler and peripheral library will be
available as an upgrade in the fourth
quarter for $99. Byte Craft Ltd. also is
developing a C compiler and assem-
bler for the SX. The company can be
reached at (519) 888-6911.

PRICE AND AVAILABILITY

The SX microcontroller with 2 kbytes of
EEPROM sells for $2.98 apiece in lots of
10,000 units. Samples will be available in
September and production quantities will be
available in the late fourth quarter.

Scenix Semiconductor Inc., 3140 De La
Cruz Blvd., Ste. 200, Santa Clara, CA 9505};

Steve Leung, (408) 327-8888.  CIRCLE 566
How VALUABLE CIRCLE
HiGHLY 567
MODERATELY 568
SLIGHTLY 569
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INA125 combines a precision instrumentation amp with an
on-board voltage reference—what a concept! Perfect for
amplifying low-level signals from bridges or other sensors that
require dc excitation. Plus, you can use the reference output for
your A/D converter to produce ratiometric error reduction—
a great combination.

INA125's internal instrumentation amp uses the familiar two-
op-amp topology, similar to the INA126. Laser trimmed on-chip
resistors provide excellent gain accuracy and reject common-
maode input signals such as that produced by a bridge sensor.

Available in SO-14 surface-mount or 14-pin

DIP, INA125 is a low cost, compact solution o~

to your difficult application problem.
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INA126 is a low cost, precision instrumentation amplifier for
low-level differential signal acquisition. Its two-op-amp design
provides excellent performance with only 175pA quiescent
current. And a wide power supply voltage range of +1.35
to +18V makes it ideal for portable or battery operated
instrumentation. INA126's tiny MSOP-8 P
package option is a space saver, 100. ~ L
Also available in SO-8 and 8-pin DIP.
INAT26............. $1.60 in 1000s 9@

With or without a voltage reference, Burr-Brown provides you
the best value in instrumentation amplifiers.

For Technical Info: http.//www.burr-brown.com/Ads/INA125-Ad.htm!
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- 802.11 Wireless LANs: '

- A Blueprint For The Future?

| After Overcoming Many Obstacles, The IEEE’s Newest Specification |
Awaits Final Approval. This Could Slash The Cost Of Wireless Data
And Pave The Way For Future RF- and IR-Based Networks. l

Lee Goldberg

fter a long and often frustrating development
A period, the IEEE’s 802.11 committee has is-
sued the final draft of its specification for wire-
less local-area networks (LANSs), and submitted it to
the IEEE’s main body for final approval. If all goes
well at the IEEE Standards Activity Board Meet-
ing, we can expect to see the release of a published
document this Septem-
ber. If its window of
market opportunity has
not passed, the spec’s
completion could signal
the beginning of a wire-
less land rush. By pro-
viding a pathway for in-
teroperability, chip
makers can now commit
the huge chunks of
money required to de-
velop and produce the
highly integrated cir-
cuits that will be the core
elements of low-cost
| wireless data systems.
Even though the ink
is still not completely
dry on the 500+ page
| document, the changes
| that might occur at this
point are small enough X
that many manufacturers are already rushing to
build products to meet its specifications. The result-
ing chips, boards, and modules will allow designers
to pick and choose the portions of a wireless system,
if any, they wish to engineer themselves. This will
not only accelerate their product’s time-to-market,
‘ but also allows them to concentrate more closely on

the details of their intended application.

Electronic Design has extensively covered the
development of the 802.11 standard, but we thought
it might be a good idea to give you a quick refresher
course and bring you up to date on recent develop-
| ments. Later, we'll finish up this report with a look at

what the future holds for 802.11 and other wireless
| LANS. And, if you still want more information, refer
to the June 26, 1995 issue of Electronic Design to ex-

o _

Art Courtesy:
Raytheon
Semiconductor

plore additional details of 802.11’s inner workings
(see the references section for details).

One of the best things about 802.11 is its flexibil-
ity. For example, the standard encompasses wire-
less data transmission using both RF in the 2.4-
GHz band, and diffuse IR energy over 850 to 950
nm. To comply with the Federal Communications
Commission’s (FCC’s) re-
quirements, the RF in- ‘
terface uses spread-spec-
trum modulation, with
specifications provided
for both frequency-hop-
ping and direct-sequence
techniques. Some of this
flexibility is the product
of intense wrangling be-
tween “control freaks”

N who believe in rigidly
d structured networks,
B and members of the {
committee more in-
clined to letting users
define as much of how |
they use a system as |
possible. As a result,
there are provisions
within the spec that al- ‘
low two or more devices
to establish a simple
peer-to-peer network on an “ad hoc” basis, or to at- '
tach themselves to a centrally controlled wired or
wireless LAN infrastructure.

This allow you to roam across a building or cam-
pus and access all your e-mail, Internet connections,
and critical files from your laptop (Fig. 1). Equally
important, the ad hoc feature lets you and your
friends set up impromptu electronic workgroups in
an airport lounge, a sunny meadow, or wherever
else you happen to be.

Physical Facts

At the physical level, the standard specifies pa-
rameters that allow unlicensed operation within
North America per the FCC'’s regulations, speci-
fied in Document 15.247, part 15. It allocates 83
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MHz of spectrumin the U.S,, beginning
at 2.4 GHz, with a maximum output
power of 1 W. It also contains fre-
quency and power specs that allow op-
eration in compliance with regulations
| in Europe, Japan, Spain, and France.
Spread-spectrum modulation using
| both direct sequence (DS) and fre-
quency hopping (FH) transmission
| techniques are employed to provide
| some level of noise immunity, and to
minimize interference with other unli-
censed applications. For infrared sys-
tems, a 16-value pulse-position modula-
| tion scheme is employed to transmit
data at 1 Mbit/s while an enhanced ver-
| sion supports 2 Mbits/s. Using office
ceilings as reflectors, the IR systems
| achieve a range of about 10 meters.
The direct sequence system uses dif-
| ferential binary phase-shift keying
(DBPSK) modulation for data trans-
mission at 1 Mbit/s, shifting to differen-
tial quadrature shift keying (DQPSK)
to support a 2-Mbit/s rate. An 11-bit
Barker sequence is used as the DS
| spreading code against which the data
is modulated (Fig. 2). Besides spread-
| ing the transmission across a wide
spectrum to resist interference, the
Barker code’s unique property of hav-
ing a low correlation coefficient unless
| it is precisely aligned (in time) lets the
receiver lock on to a very weak and
| noisy signal. The receiver thus enjoys
| an additional 10 dB of “processing

gain.” Unfortunately, the current spec-
trum allocation scheme does not permit
use of a longer spreading code that
could further enhance noise immunity.
The 802.11 spec’s frequency hopping
provision employs 2-level Gaussian fre-
quency shift keying (GFSK) for 1-
Mbit/s operations, and 4-level GFSK
when transmitting at 2 Mbits/s. The 83-
MHz band is broken up into 79 1-MHz
channels, which the radios hop be-
tween at a minimum rate of 2.5 hops/s.
There are 22 orthogonal hop patterns
that are defined as sequences that min-
imize the chance of 2 or more networks
“bumping into each other,” even if they
are operating in the same office. This al-
lows wireless to LANs increase their
capacity by distributing traffic across
several of these hopping “channels.”
There’s still a heated debate going
on between F'H and DS advocates as to
which system is better. Conflicting
claims are being exchanged about per-
formance, noise immunity, and spectral
efficiency, with each party waving
reams of “conclusive evidence” to back
them up. The only definitive thing that
can be said at the moment is that most
of the research for implementing faster
data rates beyond the current 2-Mbit/s
limit are centered around DS technol-
ogy. For an informative look at both
sides of the DS/FH debate, you might
want to get a copy of the Jan. 1997 issue
of Wireless System Design (see the ref-

erences section for details).

802.11 data is carried within a highly
modified Ethernet packet structure
that has some additional control and er-
ror-recovery features to help it cope
with the rigors of the wireless environ-
ment (Fig. 3). Part of the packet’s
header is devoted to a synchronization
sequence, giving the receiver a known
string of bits to lock on to.

The header also includes a short
string of bits that specifies the speed at
which the payload will be transmitted.
Space has been reserved within this
string for the higher data rates (10
Mbits/s or more) that should be avail-
able within the next few years. To en-
sure backward compatibility with all
802.11-compliant units, the header is al-
ways transmitted at the slower 1-
Mbit/s rate. While this incurs a slight
performance penalty, it allows slower
and faster radios to interoperate, as
well as negotiate the highest data rate
they can mutually support.

Besides handling PH Y-layer chores,
the frame’s header also plays a crucial
part in coordinating network media ac-
cess control (MAC) functions. The
wireless MAC shares most of the con-
cepts used in the original Ethernet
shared-media protocols, where two or
more devices hang off the same
twisted-pair or coaxial cable, but it has
been significantly modified to cope with
problems not found in a wired environ-
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1. The IEEE 802.11 standard for wireless LANs supports peer-to-peer “od hoc” nets, and more traditionol centraly controlled wireless nets. In an ad hoc
environment, each terminol communicates directly with any other net member. The same terminals can associate with an access point (AP), which gives

|[ them access to the LAN's wired infrastructure in the building, campus, or area, With AP control, all LAN communications are directed through the AP.
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TECH INSIGHTS 802.11 WIRELESS LANS |

ment. For this reason, 80.11’s MAC is
the most complex protocol in the 802.x
family of standards.

The MAC Three-Step
To keep everybody from talking at
once, most 802x wired flavors use car-
rier-sense, multiple-access, collision de-
tect (CSMACD). In CSMACD, a trans-
mitter listens before talking. After
waiting for a clear channel, it then
transmits its data while checking the
line for an abnormal voltage that indi-
cates another unit started to talk at the
same time. If a collision is sensed, both
parties “back off” the channel, and set a
timer with a random delay that must
pass before they try to transmit again.
Since a collision is much harder to
detect in a wireless environment,
802.11 employs a set of rules known as
carrier-sense, multiple access,

ble. Having both transmit and receive
stations positively acknowledge each
other and state the amount of time they
intend to use the channel helps ensure
that other stations within earshot will
not interfere.

This two-way handshake also cures
what is known as the “hidden node”
problem, where a station on the LAN’s
far side might not hear a distant neigh-
bor as it tried to talk to an access point
located part way between them. For
short exchanges (under 100 bytes), the
protocol does allow the data to be sent
in a modified RTS frame without a
CTS, eliminating some of the overhead.

The MAC and its CSMACA protocol
was developed some years ago, but has
undergone some recent tweaking by
the committee, prior to release of the fi-
nal draft. Whereas the standard origi-

nally called for a fairly sophisticated
(read “expensive to implement”)
method for clear channel assessment,
the latest version allows a transceiver
to check for radio traffic using detection
of RF energy levels, carrier sensing, or
both. The time-out provisions called for
by earlier versions has been eliminated.

Once the connection is set up, a frame
is transmitted much like in a wired net-
work. While it can be shorter, a frame’s
maximum size is 2312 octets (802.11
folks hesitate to use the word “byte” be-
cause the frame can contain binary data
in any form). The frame’s header con-
tains the traditional 48-bit MAC ad-
dresses for source and destination, plus
two more address fields to accommo-
date connections to APs. Also included
isatag that indicates the type of data be-
ing carried, the speed it will be transmit-
ted at (currently 1 or 2

collision avoidance (CS-
MACA). As with wired net-
works, a transmitter does its
best to listen for a time when
nobody else is on the air be-
fore talking. Instead of trans-
mitting its entire message,
however, the sending station

11-chip code

Ifthe receiving station gets
the RTS, it issues a clear to
send (CTS) message, which
echoes the addresses and the
[ NAV. The message’s main
| body is then transmitted, fol-
lowed by an acknowledge
(ACK) from the receiver after
each packet, if it was received
properly. If the receiving sta-
tion fails to issue a CTS or
ACK, the transmitter is
obliged to go back to square
one and begin all over again.

While seemingly time-con-

+

(b)

signal
11-chip code
1
Data

Direct sequence transmitter

-1

Mbits/s), and several other
pieces of information required
for controlling traffic in a wire-
less environment. A 32-bit

il s

Data
[ + |
T Xy M R I

| first issues a short request to Direct sequence !

send (RTS) message that spmtlizmtum
gives the transmitting sta-
tion’s address, the destination Power Power
address, and the type of data T H s
to be sent. Also included is the
network allocation vector (a) f—y, — E—
(NAV), which indicates the ) :
length and number of packets Direct sequence receiver
waiting to be sent. Direct sequence

spread spectrum

Courtesy: Vic Hayes/Lucent Technologies

Data

frame check sequence (FCS)
code follows the data frame to
insure its integrity.

Pretty Good Security

The idea of a wireless data
network inevitably raises
concerns about privacy and
security. Thankfully, the
802.11 committee has devoted
much time and effort to pro-
viding technologies that offer
at least as much protection
against uninvited eavesdrop-
ping as a traditional wired
Ethernet network. Known as
wired equivalent privacy
(WEP), it employs a 40-bit
seed key and the RC4 encryp-
tion algorithm.

When enabled, WEP only
protects the data-packet con-
tents, leaving the physical-
layer header unencrypted.
This is necessary to allow all
the nodes on the network to
share NAVs, control signals,
and other information re-
quired to interoperate with

suming and wasteful of band-

RTS/CTS/ACK is essential to
ensure that data transfers
happen with as little interfer-
ence or dropped bits as possi-

2. In direct sequence (DS) spread-spectrum modulation, an 11-bit “chipping
width, the little dance of code” is combined with a single data bit in a basebond mixer (a). The
resulting product “spreads” signal energy across a lorge piece of spectrum,
moking it more immune to narrowband transients. A DS receiver has a
despreading function that uses the some chipping code to correlate the
incoming signal and extract the modulated data from background noise (b).

each other.

While WEP should be ade-
quate for most applications,
additional layers of encryp-
tion can be easily added to the
upper layers of the protocol.




Status/
O Shutdown

1/0 Pin

0 to 750mA
Adjustable
Current Limit
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More Control
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TECH INSIGHTS 802.11 WIRELESS LANs |

Sufficient provisions have

been made to allow 802.11 to | Octets 2 2 § § 6 2 6 0-2312 4

support a wide variety of en- Franks Durationy | Address? | Address? Sequence Frame Frame

eryption/privacy schemes R el e el -
A separate arrangement

permits secure registration and
authentication. When a node

wishes to associate with the
network, it waits for an opening
in the traffic and issues a re-
quest for authentication. The
network responds by sending out a
block of random text to the potential
user’s node. The node takes this text
string and encrypts it, using the net-
work password as a cipher key, and
sends it back to the network for au-
thentication. This prevents the pass-
word from being exposed to the less-
than-tender mercies of potential
intruders.

Two Ways To Network

As mentioned earlier, a network can
be established as an ad hoc affair, with
nodes simply hopping in whenever
they have something to say. This is
quite useful in many situations, where a
few people need to exchange files, coor-
dinate schedules, or collaborate on a
project in an area far away from a cen-
trally wired backbone. In higher traffic
situations with many users, a more cen-
trally coordinated approach is needed.
802.11 provides a protocol for routing
traffic through an access point (AP).
When an AP is in use, all traffic in the
area is routed through it, whether it is
messages between mobile terminals or
the wired portion of the LAN.

Because of bandwidth and complex-
ity restrictions, the 802.11 specifica-
tion is not really intended to support
high-density, real-time multimedia ap-
plications. It does, however, contain
limited provisions for carrying some
time-bounded data, such as voice,
while using synchronized time slots.
The time slots are available when an
AP activates an optional centralized
control mechanism known as the Point
Control Function (PCF). The PCF is a
mechanism that ensures that all play-
ers on the network get their fair share
of the channel’s limited bandwidth in
an efficient manner.

The PCF allows the stations under
its control to communicate in two dif-
ferent ways. It creates a time window
known as a “contention-free period,”
during which each radio is allowed to

use the channel for a specific slice of
time. The PCF steps through each
registered node, ensuring that every-
body gets a turn. Units that have
nothing to say are passed by, allowing
them to be powered down to conserve
battery life. If the PCF does not hear
from a node within a certain number of
cycles, that node is dropped from the
“active list” and is no longer polled.

The contention-free interval is fol-
lowed by a “contention period.” During
this period, individual transceivers can
jump in and vie for extra bandwidth.
The contention period also is the time
during which new transceivers can an-
nounce their presence and register
themselves with the network. In addi-
tion, network nodes that have been in-
active for long periods also can use this
time to reclaim their time slot in the
contention-free period.

Current estimates are that a single
wireless LAN using PCF can support
up to four full-duplex, line-quality
voice channels. The use of advanced
compression techniques may increase
this number in the future.

Faster, Better, Cheaper

The release of this long-awaited
specification should give rise to a
larger market for wireless data prod-
ucts. This also should fuel the engi-
neering required to cut production
costs to consumer-friendly levels.

Brian Mathews, marketing man-
ager at Harris Semiconductor’s Wire-
less Products Group, predicts that we
will see wireless LAN cards intro-
duced with a retail price ranging from
$300 to $350 before the end of this year,
with products in the $200 range ap-
pearing after the second quarter of
1998. Several companies also are plan-
ning to introduce lower-cost consumer-
grade wireless data products that use
a subset of 802.11’s features.

802.11’s architects wisely chose to
get their standard out into the world

3. An 802.11 data frame begins with a 2-byte frame control block whidh lets the system know the kind of data
in the frame ond ot what speed it will be transmitted, followed by a duration/ID word and source and
destination oddresses. Two addifional address blocks are reserved for communication between terminals.

as quickly as the committee’s con- :
tentious politics would allow. For this ’
reason, several key issues, including
roaming protocols and higher data
rates, have been left for resolution at a
later date. The current standard has
space reserved within its header to
specify faster data rates, but they
have not been defined as of yet.

There is currently an initiative un-
derway to develop a faster PHY, with
two technical proposals jockeying for
an inside track in the approval
process. The leading contender is an
11-Mbit/s DS scheme submitted by
Harris, which uses M-ary orthogonal
keying. In plain language, this means
that it uses several orthogonal, or non-
overlapping, spreading codes simulta-
neously to multiply channel capacity.

Running second is Bell Labs’ propri-
etary scheme that uses pulse position
modulation (PPM), and is rumored to
support 8 to 10 Mbits/s. It is a variant of
the original 1-Mbit/s DS modulation
method, but instead of having a fixed
symbol period, the PPM scheme over-
laps some symbol periods. This code
shifting varies the time between auto-
correlation peaks, allowing the detection
of eight distinct pulse positions within
the 11-chip symbol. By implementing
PPM on both the I and Q channels, 64
distinct states can be achieved, provid-
ing eight bits worth of encoding during
every symbol period (8 Mbits/s total).
Lucent’s technologists are attempting to
bring it up to a full 10 Mbits/s by adding
some sort of quadrature amplitude mod-
ulation (QAM) to the signal.

Of course, speed comes with a price.
In this case, it will be a significantly re-
duced range (200 feet or less, versus
the 500 to 1000 feet typically found in 1-
to 2-Mbit systems). Both modulation
techniques also will have somewhat re-
duced noise immunity. Since their cod-
ing schemes are at least partially ampli-
tude-based, they become much more
susceptible to spurious RF energy that
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v T1 audio power amplifiers i ) ey i .
also includes a signal conditioning section so you ¢an

D> Compatible with TPA4860 and TPA4861 add equalization or mixer circuitry tailored to your
(1-W BTL mono), TPA302 (300-mW SE sterea),
TPAO102 (1.5-W BTL/SE stereo) and TPA1517

(6-W SE stereo) evaluation modules our professional kit or each of the modules separately.

application. You can purchase one of our standard kits,

B> High-efficiency DC/DC converter module available el Al cornes, fnianeasy-(o-CHlRy  Gasc, a0 e

for battery-powered cperation entire system as mobile as you need to be.

For pricing, ordering information and module availability, contact us at:

1-800-477-8924, ext. 5800, or http://www.ti.com/sc/5800

i
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occurs within their operating range.

The issue of how mobile units roam
between access points was also left open
in the original 802.11 standard, but an
initiative is under way to address this.
An alliance sponsored by Lucent Tech-
nologies, Aeronet Wireless Communica-
tions, and Digital Ocean has developed a
protocol known as the inter-access point
protocol (IAPP), which will allow net-
work access points to communicate with
each other via the network’s wired back-
bone. Control signals and information
about a mobile terminal could be ex-
changed between access points, allow-
ing smooth hand-offs as it roamed across
a building or campus. It has been de-
signed to work in concert with both the
802.11 wireless protocol and all other
802.x wired protocols.

A preliminary version of the IAPP
standard has been issued, with the
sponsoring companies currently devel-
oping products around it. Submissions
to the IEEE for incorporation into the
802.11 standard is still under discussion.
However, since it sits much further up
on the protocol stack, it is beyond the
scope of the committee’s original char-
ter. For more information on the techni-
cal aspects of the [APP, call Lucent’s
technical hotline at (800) ATT-WAVE.

5 MHz And Beyond

Last year’s allocation of spectrum in
the 5.2-GHz band for what is now
known as the National Information In-
frastructure (NII) has caused in-
creased interest in horizontal wireless
data applications. Theoretically, the un-
licensed NII (U-NII) band could be
used to link students’ laptop computers
to a school’s central network, or let a
traveler access maps, directories, and
Internet connections at airports, ho-
tels, and even street corners.

At the present time, however, no
firm decision has been made as to which
technology will be used to implement
these services. The two primary tech-
nology candidates for the job are the
European HiperLAN II standard and
a slightly modified version of the
802.11 specification.

The IEEE'’s 802.11 working group is
preparing to define a new PHY layer
for the U-NII band, using as much of
the original 802.11 MAC as possible. A
5.2-GHz version of 802.11 probably
would have slightly wider channels (us-
ing 10 to 20 MHz of bandwidth to trans-

mit 20 Mbits/s) and not be obligated to
use the spread-spectrum modulation
required by the FCC for the 2.4-GHz
band. Because of the 802.11 committee’s
mature body of work, and its proactive
response to the U-NII development
process, it stands a good chance of being
chosen to develop the blueprint for this
next-generation standard.

It’s a good bet that the higher cost
of 5-GHz radio components in the first
generation U-NII transceivers will
make their price 25 to 50% higher than
their 2.4-GHz counterparts. This dif-
ferential could shrink rapidly, how-
ever, as demand fuels competition and
technological innovation.

Words Of Caution

It’s customary to close a forward-
looking technology story such as this
with some cheerful babble about a
rosy wireless future, or something to
that effect. In this case, it’s also impor-
tant to explain that there may be a few
potholes in the road on the way to a
wireless nirvana.

The actual approval and release of
802.11 is still up in the air at the time
this article is going to press. While
everything looks good for final ap-
proval, it’s not a sure thing. Despite all
the hard work and good intentions on
the part of most of its members, the
committee’s open-door, consensus-
based policy has made it vulnerable to
last-minute disagreements that have
held up the standard’s progress for
months at a time. We can only wish
them well on the home stretch, and
keep a close watch on their web site
(http://stdsbbs.ieee.org/group/802/11)
for the latest developments.

During the course of researching
this article, several sources cautioned
about some manufacturers claiming
“802.11 compatibility” ahead of the ac-
tual release of the standard. Depend-
ing on the product, this can be a big or
little issue.

When designing a product to a
specification as complex as 802.11,
there is always some margin for inter-
pretation and/or error that can make it
deaf and dumb to similar units from
another manufacturer. Mike Jones,
vice president of the Wireless LAN
Alliance Forum, estimates that if the
802.11 committee stays on schedule, it
should be some time in early 1998 be-
fore manufacturers are actually pro-

ducing interoperable products.

Even if the standard does not
change from its current form prior to
approval, it will be some time before
extensive interoperability testing be-
tween products from different manu-
facturers will be complete. The kinds
of testing required for a carefully engi-
neered product should be fairly subtle,
such as the duration and timing rela-
tionships between various signals or
functions. Nevertheless, make sure
that the components you select have
enough programmability in them to
permit the updates, adjustments, and
tweaks required to allow you to
achieve true interoperability.

The author wishes to acknowledge
Vic Hayes of Lucent’s WaveLAN Divi-
sion, and chair of the 802.11 commit-
tee, as well as Tom Tombler and Carl
Andren from Harris Semiconductor's
Wireless Products Division, for their
invaluable assistance in preparing
this and other 802.11-related stories.
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Build it
Faster!

National Instruments has a

wide variety of software tools to
help you in every development

phase of your instrumentation

LabWindows®/CVI
and ComponentWorks™
Instrumentation Software

for C/C++ and Visual Basic

system. Control and acquire
data from GPIB, VXI, serial,

and plug-in data acquisition

instrumentation. Perform
extensive signal analysis, FFTs,
curvefitting, and statistics.
Build intuitive virtual instrument
front panels. Best of all, develop your system using your favorite Windows
development tools from Microsoft and Borland. LabWindows/CVI 4.0 gives the C/C++
programmer a suite of dynamic link libraries(DLLs) to speed development.
ComponentWorks ActiveX (OLE) controls are designed for building virtual instruments in

Visual Basic. Build your system faster with a complete instrumentation toolbox.
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WE’RE WITH YOU
~ ALL THE WAY.

From design through final tests and ongoing technical support,
we deliver complete probe cable assemblies for ultrasound.

You have challenging requirements for signal integrity, miniaturization, termination
density, ergonomics, sterilization, and price performance. We have proven expertise and
the worldwide resources to provide complete cable assemblies for all your

product lines. J / "
Our experience, combined with the latest in rapid prototyping techniques, -*]//
enables us to offer faster responses and more effective solutions.
Get us involved. We're committed to partnering from start to finish. PRECISION
. ; . INTERCONNECT
At Precision Interconnect, we're with you all the way. \MP v
Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131

Internet: http://www.precisionint.com Sales offices in U.S.. Europe and Japan.
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UPDATE ON BUSES

The Universal Serial Bus Is Ready To Take Off
As Components And End Products Hit The Street

are configured properly or not. As it re-
sult, it helps the end user identify and
resolve invalid connections and over-
current and over-bandwidth problems,
Phoenix also offers a USB devel-
oper’s kit which lets design-

he Universal Serial Bus ers rapidly prototype, evalu-
T (USB) has arrived and is Applications/ ate, and test devices based on
ready for boarding. After ites the company’s USB fune-
about two years of defining tional core. The kit contains
the specification and product an interface card with a
design, components and end WOM USB _ Class specification Device-specific daughtercard connector. The
products are hitting the device driver firmware daughtercard, which has di-
street. The USB offers a sim- rect access to the functional
ple connection of up to 127 de- core, would then contain the
vices, a bus bandwidth of 12 USB-enabled Devs e USB interface OEM’s specific USB function.
Mbits/s, and a 500-mA maxi- system software firmware One of the applications where
mum current supply. Periph- USB will make an impact is in
erals can draw power di- input devices. Alps Electric
rectly from the bus, meaning USB host USB device Inc., San Jose, Calif., offers a
that peripherals can be built controller USB cable controlier keyboard and a gamepad. The
with a single external cable. Windows 95/Windows NT host USB device nature of USB allows users to
Most of the PCs now ship- connect multiple gamepad to a

ping contain a pair of USB
ports. The only missing link is
in the operating system. The
latest release of Windows 95 contains
the USB drivers, but that operating
system isn’t available in a retail form. It
was released by Microsoft in an OEM
version, meaning that systems can be
sold with the software preloaded if the
manufacturer was using the latest oper-
ating-system version (called OSR2.1).

On the component side, Lucent
Technologies, Berkeley Heights, N.J.,
developed its Instant USB USS-720
application-specific standard product
(ASSP) which offers is a simple-to-im-
plement interface. It permits periph-
eral makers to quickly offer USB com-
patibility in existing products without
extensive re-engineering. Function-
ing as an intelligent device controller,
the USS-720 initiates and manages au-
tomatic negotiation for the fastest pro-
tocol available. The USS-720 can be in-
corporated into PC peripherals built
with a conventional parallel-port in-
terface by providing a bridge between
USB and the IEEE 1284 parallel port.
Peripherals that make good candi-
dates for the USS-720 include print-
ers, scanners, digital cameras, and
back-up storage systems.

A family of 8-bit USB microcon-
trollers hails from Motorola’s Customer
Specified Integrated Circuits Div.,
Austin, Texas. The 68HC705JB2 and
68HC05JB2 are aimed at lower speed
applications, such as a mouse or key-

1. The USB Scanner Suite speeds development and eases
implementation of USB products by conforming to the USB standard.

board. Each chip comes with 2 kbytes of
ROM (EPROM in the 68HC705JB2)
and 128 bytes of user RAM. Other fea-
tures include ten bidirectional I/O pins, |
a low-voltage reset circuit, and power- |
savings modes. The difference between i
the two components is that the !
68HCT705JB2 offers a voltage regulator. !
A complete set of development tools is |
available for the microcontrollers. |

A 4-bit microcontroller from Sam- E
sung Semiconductor, San Jose, Calif., !
supports a 1.5-Mbit/s data rate, suitable !
for mouse and joystick applications. The |
KS57C6002 is a low-cost device that has
an 8-bit internal data bus, comparator i
inp