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Performance Cham

The winning formula.

The new 2.5-V FLEX" 10KE devices bring a new level of
performance and capability to the FLEX 10K embedded
programmable logic family. With dual-port RAM
and breakthrough performance — an average of
30% to 40% faster thar the popular FLEX 10KA devices — FLEX 10KE
devices offer 100-MHz in-system performance in densities from 30,000
to 250,000 gates, all at a 50% power savings.

FLEX"

1 oMB0e-1

Leading the field.

FLEX 10KE devices employ a unique embedded array block structure to
support embedded memory of up to 86 Kbits. FLEX 10KE cevices provide
2.5-V core operation and |/0 structures that are PCl-compliant and
feature MultiVolt ™ I/0 to interface to 2.5-V, 3.3-V, and 5.0-V systems.
Fabricated on an advanced 0.25-micron, five-layer-metal CMOS
SRAM process, FLEX 10KE devices provide significant cie area
savings versus comparable FPGAs And, our space-saving 1.0-mm
FineLine BGApackages provide even more board area and cost savings.

The high-performance team.
Whether you use VHDL or Verilog HDL, the easy-to-use MAX+PLUS" Il
development system fits into your existing design flow, and supports

all FLEX 10KE devices
today. The MAX+PLUS Il
software interfaces ’S’,““‘::ddem'm
with all leading EDA

tools, giving you the

FEATURES FLEX 10K FUEX 10KA FLEX IOKE

PSuppIy Voltage
10K-100K | 10K-250K | 30K-250K

624 Kbits | 6-40 Kbts
best quality of results,

Enhanced Dual-PertRAM i
Space-Saving- [
FineLine BGA
. o Normalized Performince | 10 |
with the most efficient —————————

combination of speed and area. Altera MegaCore™and AMPP
megafunctions, which are optimized for Altera device architectures,
further increase design efficiency.

Get in the driver's seat now!

Visit the Altera web site for more information about all FLEX 10KE
devices, and sign up for a free megafunction literature pack. Then use
high-performance FLEX 10KE devices to race ahead of your competition!

.com/race

Copyright 1938 Attera Corporatior Altera, FLEX, FLEX 10K, FLEX 10KA, FLEX 10KE MAX+PLUS |, MegaCore, AMPP MultiVolt, Fineline BGA, and speific Jevice designations are tedemarks and/or service marks of Altera in the
United States and other countries AJ other trademarks ard service marks are the property of their respective holders All nghts reserved
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The BIG news in IR is really smal.

Hewlett-Packard introduces
two of the smallest IR
transceivers available for the
new generation of mobile
communication devices.

It doesn't get any smaller than this. Or, for
that matter, a whole lot faster. That's
because the new HSDL-3201 and HSDL-
3600 IrDA compliant transceivers from HP
offer the smallest footprint and highest
speeds, respectively, for today’s PDAs,
digital cameras, notebook computers and
more.

Need super low power to go along with
the small size required by today’s battery-
operated devices? The HSDL-3201 mini
transceiver with a height of only 2.5 mm

offers a low shut down current of 20 nA Want to find out
typical, permitting wireless data transfer more? Visit our
of up to 1156.2 kbps and at a distance of IR website for the

more than 30 centimeters. latest information,
technical litera-
ture, data sheets

and how you can

Of course, if you need to move data faster
or further, the 4.0 mm HDSL-3600 offers a

transfer rate of up to 4 Mbps at a distance get sample parts.
of more than one meter, with a flexible
operational voltage of 3V to 5 V. www.hp.com/go/IR

Either way, it doesn’t get any bigger
than this.

ﬁ] HEWLETT®
/B PACKARD
| Expanding Possibilities |
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Better. Faster.

Introducing the new LeCroy LC584AXL

e Second-Generation Persistence Technology
¢ Longest Acquisition Memory
¢ Most Powerful CPU

While some vendors have just announced the capability of capturing repetitive signals, formatting the data
into a pixel map and then “digitally” aging the persistence display, LeCroy has provided this capability for
two years. And now we have second-generation persistence technology that allows all the data in a
persistence map to be used for precision measurements. The newest member of the LC family of color
oscilloscopes sets two industry records: it provides 4 Mbytes of data acquisition memory per channel,
and it offers the most powerful CPU for computing fast answers from the data. If you work with complex signals,
the extra memory and computing power will give you more precise signal capture and faster answers.

Visit us on the web and see how to get there better and faster with LeCroy.

LeCroy

www.lecroy.com/axl 1 800 4LeCroy
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[ntroducing a technology that lets drivers see into
the tnture. Well, at least a quarter-mile 1nto it.

:
I Murata’s 77GHz millimeter-wave technology

Imagine designing a car that can spot an accident waiting to happen. With Murata on your team, this isn’t just
wishful thinking. Because as 77GHz evolves as a standard, Murata is there with millimeter-wave technology developed

from our current antenna, filter and oscillator products. So now it’s possible for designers to build cars that can
detect obstacles down the road, enabling drivers to avoid collisions. And it’s just one
example of how we're constantly pushing the envelope with LTCC, GaAs and other
materials to develop the kind of breakthrough technologies that can turn “what ifs”

into real possibilities. So partner with Murata for your next design project. e T - 3
P d N Lor in Electronies

We'll put you on the road to success. Call 1-800-831-9172 or visit www.murata.com.

© 1998 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, Ga. 30080. All Rights Reserved.
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* Greater speed, deeper memory,
lower cost, and more flexibility

make arbitrary waveform generators
“must have” items.

DIGITAL DESIGN

51 Careful HDL Coding Maximizes Performance In
LUT-Based FPGAs

o [t’s high time you understand the interaction
between HDL coding style, FPGA device
architectures, and design software.

* Overcoming the obstacles posed by high
Jfrequencies requires astute design decisions at
both the system and silicon level.

ANALOG OUTLOOK

65 Class-D Amps Raise Low-Power Systems To The
Next Level

¢ Use integrated class-D amplifiers to reduce
size, cost, and heat dissipation in battery-
powered audio systems.
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When A Leading Japanese Consumer Products
Company Needed High Quality LED Displays,

It Got Them From (T Optoelectronics.

Our Willingness To Work With You Sets Us Apart.

It's a simple matter of physics that the smaller, 0.4 inch  tinguishable. There's no need for the customer to sort

display located next to the larger, 0.56 inch display the parts; any two will meet the manufacturer’s quality

appeared brighter, even though the brightness level of expectations.

the two LED displays was identical. Of course we offer good products at a competitive
Regardless, it wasn't acceptable to the Japanese price. We couldn't stay in business if we didn't. But it's

manufacturer. The two displays had to appear identical our willingness, as well as our ability, to help a cus-

in brightness — that's what its customers expected. tomer meet a unique requirement that sets us apart.
QT Optoelectronics provides the OEM Call 1-800-LED-OPTO for more informa-

both display sizes, in volume, with brightness m tion, or browse our on-line product catalog

leve's that are matched to be visually indis- at www.qtopto.com.

OPTOELECTRONICS
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LOOKING AHEAD:

Engineering In The New Millennium:

The entire editorial staff leverages its many years of experience and takes an insightful look at
how engineering will change as the clock strikes 2000. There are three main thrusts in this
forecast: seven technology-specific reports addressing the issues shaping thot technology; a series
of viewpoints on the state of international engineering; and a final section addressing themes
that cut across all technologies and will decidedly affect how engineering is performed.

©® The Technology Beats.....Each of our seven technology editors speaks out on

future design trends, challenges, and solutions in their particular area of expertise. Hear their
opinions on what will drive the industry along the fast-paced millennium highway. Don't be
surprised if the system-on-a-chip is a common thread in many areas of electronics.

® Global Outlook..............0u international correspondents take a look at

tomorrow’s global engineering environment. You'll get perspectives from Europe, Chin, Japan,
and South America. Find out how far Europe will push smart-card technology.

© Supplementol TOpi(S.......Additionul topics getting their share of attention will
COVER ILLUSTRATION BY:

be matters that concern engineers not only as designers, but as people, too: Professional Issues, MARGARET ENDRES BANGS
Green Engineering, Nanotechnology, the Internet as a Tool, and Safety Concerns.

Jesse H. Neal Editorial Achievement

\ 1967 First Place Award 1978 Certificate of Merit
| 1968 First Place Award 1980 Certificate of Merit

Permission is granted to users registered with the Copyright Clearance Center Inc. {CCC) A
to photocopy any article, with the exception of those for which separate copyright I\
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copy of the article plus $1.00 per page is pa'd directly to the CCC, 222 Rosewood 5*'
Drive, Danvers, MA 01923 [Code No. 0013-4872/94 $2.00 +1.00). Can. GST K
#R126431964. Canada Post International Publications Mail (Canadian Distribution " 1972 Certificate of Merit 1986 First Place Award
Sales Agreement Number 344117). Copying done for other than personal or inernal 1975 Two Certificates of Merit 1989 Certificate of Merit
reference use without the express permission of Penton Media, Inc. is prohibited. -

Requests for special permission or bulk orders should be addressed to the editor. 1976 Certificate of Merit 1992 Certificote of Merit
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Call, write, fax or visit us on the
Internet for your FREE CATALOG today!

AL

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls, MN 56701
Toll-Free: 1-800-344-4539 « Fax: 218-681-3380
Order Online www.digikey com
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See Electronic Design Online’s
Table of Contents to preview
what'’s in store for you on the web!

NOW ONLINE:
And Now, The End Is Near

Believe it or not, we've come fo the end of another year. 1999 is just
around the corner, and let's not forget that we begin the new millen-
nium in less than 400 days! Pretty amazing, when you think about it!

And so, with the end of the year, we're asking you to send us your
thoughts on what happenecr during the year in engineering. What were
some of the most important events that took place during the year?
What were the best products? What companies do you see having a
major impact in the marketplace in 19992 Has your company taken the
necessary steps to overcome the Y2K bug?

Please take a few minutes and drop us a line. Just click on the mail icon on
our home page, and tell us what you think. In addition, tell us how we're
doing, and what we can do to improve our website.

Happy Holidays from all of us at Electronic Design Onlinel.

TECHNOLOGY LAB

The latest breakthroughs in research and design applications

NEWS CENTER

Up-to-the-minute industry news updates via the EDTN Network
BOOK SHELF

Purchase new technology titles at a discount through Amazon.com

NEW PRODUCTS SECTION

New product releases as reviewed by EE Product News

" ELECTRONIC DESIGN ONLINE

—your best source for technical

information on the World Wide Web!
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WE ENABLE 60% OF ALL INTERNET CONNECTIONS.
WE DRIVE 70% OF THE WORLD'S FAX MACHINES.
WE EMPOWER 80% OF CDMA CELLULAR PHONES.

NOT BAD FOR A COMPANY NOBODY'S EVER HEARD OF.

For more than 30 years, Rockwell Forward-looking technologies that are

Semiconductor Systems has, some- usable today. » Like Net-enhanced TV, digital

what invisibly, changed the way the cameras, super small celiular phones,
world communicates. « From xDSL home networks ard affordable video-

to GPS. Multi-function peripherals conferencing. « We're uniquely qualified

to cable modems. « Now we're to chart the future of communications

announcing one more change: our electronics. « We were doing it even

name. « We are now Conexant, before there were personal computers

the world's largest semiconductor In other words, we know what's next.

Because we're there today.

((?:'
e

C ONE X A NT
What's next in communications technologies

company totally dedicated to

comrnunications technologies.

www.conexant.com
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Our Solid State DC-AC Inverters Deliver

The SINE of Perfection

V¥ Precision Resulated
Output with Less Than
1% Harmonic
Distortion.

V¥ Rugged and Lightweight
for Mobhile Applications
(8KVA unit is under
75 pounds).

¥ Wide Ranging Standard
Inputs Between 12VDC
and 400VDC.

¥ Output Power between

¥ A% ADVANCED 85 Horsehill Road
1KVA through 15KVA. CONVERSION Cedar Knolls, NJ 07927
¥ UPS and Frequency PRODUCTS Telephone (973) 267-1900
Changers also available. Facsimile (973) 267-2047
A Division of Transistor Devices, Inc. Web Site  www.transdev.com

READER SERVICE 140

FEATURES:
24 and 48 Volt Systems
Output: 25 to 200 Amps
Power Factor Correction
Hot Bus Plug-In

N+1 Redundant Operation
Active Current Sharing
Alarm Signals

Front Panel Meter
Overvoltage Protection
Overcurrent Protection
Overtemperature Protection
Built-in fan for Self-Cooling
0° to 50°C Operating Range
UL, CSA, VDE Approvals
Racking Systems Available
Standard Products
Tailored Solutions

“Your Power System Partner"

o8 36 Newburgh Road

R MODU LAR Hackettstown, NJ 07840
[ ]

Phone:  908-850-5088

:: = POWER Fax: 908-850-1607

LR 28 28 2% 2R 2% % 2K 2K 2K 2% 2% IR 2% 2% X /

s
==' SYSTE Ms A Division of Transistor Devices, Inc.

READER SERVICE 112



FLEX|B|‘E 7A [bnton

SMD VCXO

SERlES VC8000 / VE8000 Epimor-iN-Ciier Tom HawLigan (201) 393-6228 thalligan@penton.com

Execttive Eprror — ROGER ALLAN (201) 393-6057 rallan@class.org
ManagiNG Epimor — Bos MiLE (201) 393-6058 bmilne@class.org
MANAGING Eprmor — Jous NoveLLino Special Projects

(201) 393-6077 jnovellino@penton.com

TECHNOLOGY EDITORS
ANALOG, PowER DEvices & DSP - Asnok Bixora (201) 393-6209  abindra@penton.com
CoymuNicaTioNs  Ler GoLpsere (201) 393-6232 leeg@class.org
POWER, PACKAGING & COMPONENTS  PATRICK Maxsion (201) 393-6097 pemann@ibm.net
ComptTER SysTess  JEFF ChiLh (603) 881-8206 jeffc@empire.net
ELECTRONIC DESIGN AUToMATION ~ CHERYL AsLuni (San Jose) (408) 441-0550, ext. 102
¢jajluni@class.org
DiGimAL ICs  DavE Bumsky, West Coast Executive Editor (San Jose)
(408) 441-0550, ext. 105 dbursky@class.org
TesT & MEASUREMENT  JosEen Deseosrro  (201) 393-6214 jdesposito@penton.com
New Probticts  RoGER ENGELKE Jr.  (201) 393-6276 rogere@csnet.net

¢ 1.00 MHz to 160.00 MHz,
including SONET and ATM EUROPEAN CORRESPONDENTS

LoNpoN  PETER FLETCHER
+44 1 322 664 355 Fax: +44 1322 669 829
panflet@cix.compulink.co.uk

¢ 3.3V and 5.0V Supp|y Voltage Munici ALFRED B. VoLLMER ‘

+49 89 614 8377 Fax: +49 89614 8278
Alfred_Vollmer@compuserve.com

¢ FlatpaCk (150 inCh) or J lead IpEas For Desiey Epitor st Bovp xI_research@compuserve.com |
3 0 . CoLu MAN, JunG, Rox y
(1 85 |nCh) Conflguratlon OLUMNISTS m:;::}nil,“l‘-‘:\s:v“T NG, Rox KMETOVICZ '

CoNTRIBUTING EDITOR  L1sA MALINIAK

¢ LOW power consum ption Cory Eprmor ~ Nancy Komisn (201) 393-622¢  nkonish@penton.com
)
en ab|e/disab|e opﬁon PRODUCTION MANAGER ~ PAT A. BosELLI
Prooterion CoORDINATOR —— WAYNE M. Mormis

- ELECTRONIC DESIGN ONLINE
WWW.ELECDESIGN.COM
WeB MANAGER  Dosna PovicasTro (201) 393-6269 dpolicastro@penton.com
l WEeB Enmor MICHAEL SCIANNAMEA (201) 393-6024 mikemea@ penton.com
WeB DesigNer — Joun T, Lynen (201) 393-6207 jlynch@penton.com
WesMasTER  DEsBie BLoom (201) 393-6038 dbloom@pop.penton.com

Group ART DiRecToR ~ PETER K. JEZIORSKS

i ASSOCIATE GROUP ART DikecTor — ToNy Viroro
A worIdWIde ManUfaCturer Of SENIOR ARTIST ~ CHERYL GLOSS, STAFF ARTISTS, LINDA GRAVELL, JAMES M. MILLER
Microprocessor Crystals,
. 4 EDITORIAL ASSISTANTS
Oscillators, Crystal Filters, EDITORIAL StirPORT SUPERVISOR  MARY JAMES (New Jersey)

EDImoRIAL AssiSTaNTs ANy Kunzwener (New Jersey), BRADIE SUE GriMALDO (San Jose)

Ceramic Resonators, SAW
EDITORIAL HEADQUARTERS

Resonators, VCO Products 611 Route 46 West, lasbrouck leights, N.J. 07604
(201) 393-6060 Fax: (201) 393-0204 edesign@class.org

ADVERTISING PRODUCTION
(201) 393-6093 or Fax (201) 393-0410

PropicTioN MANAGER  EILEEN SLAVINGKY
231 5 NW 1 07th Ave ASSISTANT PRODUCTION M.w:r,sn JOYCE Boml:
Miami FL 33172 U. S A PRODICTION ASSISTANTS  DoRIs CARTER, JANET CoNNORS, LUCKEZIA HLAvATY,
i THERESA LATING, DANIELLE ORDINE
TEL 305-593-6033 CIRCULATION DEPARTMENT
FAX 305'594'3973 CUSTOMER SERVICE (216) 931-9123

REPRINT DEPARTMENT ‘
REPRINTS MGR.  ANNE ApamS (216) 931-9626

PUBLISHED BY PENTON MEDIA INC.
E_ma" :sales@raltron.com Electronic Design Information Group

VIcE PRESIDENT/GROUPPUBLISHER — Jons G. Frescn (201) 393-6265

«©
o~
o~
—

-~
-t
—
[ 3
[
[—]
=
[l
\/
[
o
~
=
=
v
L
=)
=
=z
(=]
g
.
—
Rt

READER SERVICE NUMBER 87 — _— —




MICRON DDR SDRAM

Following the wrong path can be e supplier options, high volume, and a
costly, no matter how good your MICHDN

clear road map for the future. Micron
intentions. If you want to develop is sampling 286Mbit per second
winning  products, turn toward Micron 64Mb  devices in both 16 Meg x 4 and 8 Meg x 8
Double Data Rate SDRAM. Is the costeffective,  organizations, in é6pin TSOP packages. + To
industry-standard  alternative in  high-bandwidth  sample Micron DDR SDRAM, call 1208 368.3900
solutions. + DDR SDRAM is widely supported by @ or visit www.micron.com/mti. Because nobody
variety of manufacturers, so you'll have plenty of  should decide where you'ie going. except you

©1998 Micron Technology, Inc. Micron is a registered trademark of Micron Technology, Inc
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You have a IlSP product idea.

Your competitor has the same 108,

Who gets to macket fI'SE?
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The one who takes the shorter path.
TI DSP Software Solutions.

Gutting development time So you can cut your time to market.

To reduce costs and get your DSP designs to market faster, vou

need both a high-performance DSP architecture and powerful
DSP development software. As the world leader in DSP Solutions,
Texas Instruments helps you excel in the digital marketplace by

providing you with the industry’s mast compelling software devel-
opment tools and breakthrough DSP architectures.

Tl recently announced Code Composer Studio,” a comprehensive,
integrated DSP development environment. The extensible open
environment provides support for the full software life cycle and ry
lets you seamlessly add new development tool plug-ins from the world’s largest network of DSP
third parties. With features such as real-time analysis, real-time debugging and advanced data
visualization to analyze a live system without stopping it, Code Composer Studio can save you
weeks of valuable development time

Scheduled to be available for the breakthrough-performance TMS32006000 DSP platform
in 1Q 1999 and the power-efficient TMS320C5000 platform in 2Q 1999, faster DSP software develop-
ment is just around the corner.

To take the shorter path on your next DSP project. download a Code Composer Studio demo at
our Web site now, and while you're there, check out how to be among the first to find out about Tl's
plans to offer even more incredible DSP software in 1999.

o M ) R |

FEATURES BENEFITS

Intuitive, easy-to-use integrated development environment (IDE) Shorten the learning curve and increase productivity

based on Code Composer™

Standard, open APls and third-party plug-ins Extend the environment to build powerful custom tool suites

Real-time system analyss and debug Gather data in a live system without halting the processor to find
and solve real-time software problems in minutes instead of days

Advanced data visualization View data more intuitively a: images to identity and understand
unexpected system behavior at 3 glance

Download the Code Composer Studio demo at: ‘ www.ti.com/sc/studg

‘5 TEXAS

INSTRUMENTS
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Serial/Parallel
Conversion or

Networks

Paralle! to Serial

T 9

Strobes cYyan

Wire Saver

Paraliel Paralel

Seoriat
@&525@

Serial to Parallel

Sorial In |8 Paralisl Out,
( Strobes,
1 o

cYyzn Selection

Serial Ring Network with up to
25% Nodes or Stations {2044 1O Lines)
. i -

CY2209 CY23) sesulp CY22) )

$ 3

Altsrnate Topology for 258
8-Bit Ports or 2K /O Lines

-
The CY233  rm, e,
isavaliable W,

from stock @ $45/ea heey
$30/25, §27/100, $16/1k
Prototyping kit aiso avalicbie. Call
{or fr@e info or to order $ 10 manusl

NI o 650).72
ntrolChips.com
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ELECTRONIC DESIGN

EDITORIAL

Electronica ‘98: What Slump?

he beer was flowing and the aisles were packed at last month’s Electron-
T ica ’98 trade show in Munich, Germany. By the record number of ex-

hibitors and hordes of attendees, yow’d never know that the industry has
been in a slump these past two years.

When the predicted turnaround comes after next year, they’ll be drinking
champagne rather than steins of beer in the booths at Electronica 2000. Lay-
offs, fab cancellations, and red ink aside, there’s no one I spoke with at the show
who's not optimistic about the future of the electronics industry. At an opening
day forum entitled, “Semiconductors: Global Challenges in the Next Century,”
some of the continent’s heavyweights—Siemens, Philips, and STMicroelec-
tronics—shared their vision of a strong global demand in teleecommunications
and the automotive and consumer markets. They predict that the industry will
return to double-digit growth after the turn of the century.

To stay competitive in the future, there will be more alliances and partner-
ships in the industry, asserts Pasquale Pistorio, STMicroelectronics’ presi-
dent and CEQ. System-on-a-chip technology will force companies to work
more closely with their customers to develop customized solutions, Pistorio
said, adding that companies will have to move away from specialized knowl-
edge and focus instead on thinking (and know-how) in terms of systems.

Arturo Krueger, European corporate vice president and general manager,
Motorola Semiconductors, pointed out that in order to keep up the pace of de-
velopment in the future, productivity would have to more than double every
22 months. He emphasized the need for cooperation between companies that
compete with one another. This synergy will set the semiconductor market
apart from other industries.

Philips Semiconductor’s chief operating officer, Stuart McIntosh, agreed
that partnerships will occur. But, he cautioned, “Not all companies will sur-
vive, and many will have to make due with another ‘piece of the pie’ than they
are used to.” He added, “The market will continue to permit the coexistence
of different business models from fully integrated enterprises to companies
that only sell intellectual property and do not actually produce chips them-
selves. This also means that market segmentation will continue to increase.”

With the Euro rolling out next year and European chipmakers talking
partnerships, the sense at this show is that
the U.S. and Japan are in for quite a fight
for global marketshare.

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




ou already know our “No Excuses” one-time programmable Visit our website for complete information
microcontrollers are available right now—right off the shelf. You don’t need to search the universe so find everything you need—QOTP
Our most popular OTPs listed below are available worldwide device specs, application notes, development tools, third-party developers,
through most Motorola distributors. product availability, distributors and additional information—all you have to
Also available off that same shelf are four different levels do is reach for your mouse and visit our virtual OTP shopping mall on the Web.
of development support for each device—from free software We’re dedicated to getting you the OTPs with the development support vou

on our website to high performance development tools. need. When you need them. Visit www.motorola.com/semi/otp and
¢ Free Windows® software see for yourself.

* $99t In-Circuit Simulator Kits (complete-fully assembled)
*$950t Real-Time In-Circuit MMEVS Development Kits
(complete-fully assembled]
+$3,450" High Performance MMDS Development Kits OEVICE PRGN DESIGN-IN KIT MMEYS HIT HHOS RIT

lafockllpassemibied [utes)
(complete-fully assembled} 68HC705K]1 M68ICS0S] KITMMEVS0SK]  KITMMDSOSK]
. .. all with complete documentation and software. 68HC705)1A M68ICS05] KITMMEVS0SK]  KITMMDS0SK]
68HC705P6A M68ICSOSP KITMMEVS0SP6A  KITMMDSOSPSA
68HC705C8A M68ICS0SC KITMMEVSOSC ~ KITMMDS0SC
68HC705C9A M68ICS05C KITMMEVSOSC ~ KITMMDS05C
68HC705B16 M68ICS0SB KITMMEVSOSB  KITMMDS0SB
68HC705L16 KITPGMROSL16 KITMMEVS0SL16  KITMMDSOSL?6

'Suggested resales
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Low Profile .2" ht.
Surface Mount

Transformers &
Inductors

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

AUDIO
TRANSFORMERS

Impedarice Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response +2db 300Hz to
£0kHz. 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

&nd tested to MIL-T-21038.

Delivery~
stock (o one week

|__~,. J See EEM
or send direct

\‘5
// 7 for Free PICO Catalog.

Call 1o tree 800-431-1064

in NY call 914-738-1400

o FAX 914-738-8225

F ' C Electronics, Inc.

143 Sparks Ave Pelham NY. 10803 1837
£ Mail-HLSC73A@pro
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TECHNOLOGY BRIEFING

Telecom Is Shaping DSP Architectures

hile x86 and derivative microprocessors keep their stranglehold on the
W PC motherboard, programmable DSPs have snuck into the center of the
digital revolution in communications. And, digital signal processing is
getting stronger with each generation of digital wireless—as well as wireline
telecom—applications. Now, third-generation (3G) digital cellular phones and
basestations, in conjunetion with other high-performance emerging markets
like wideband communications systems, software radio, MPEG-4, and video-on-
demand, ask a lot more from DSPs. Their demands are in terms of MIPS, multi-
ply/accumulates (MACs), and other processing power. The result is the evolu-
tion of a whole generation of DSP architectures with a completely different way
of thinking. The DSP battlefield has risen to a much higher level. On this plane,
compilers, high-level languages, and the right set of integrated development
tools are the ammunition required to gain ground in this expanding market.
Some of these developments were unwrapped at the recent Microprocessor Fo-
rum in San Jose, Calif. The first result of collaboration between Lucent Technolo-
gies’ Microelectronics Group and Motorola’s Semiconductor Sector, the Star*Core
400, was revealed. Compiler-friendly and highly scalable, this 400 DSP architecture
departs from the traditional multi-MACs, super-
scalar, or very-long instruction-word (VLIW) types.
The partners call it a post-VLIW architecture that
offers a scalable instruction model with variable-
length execution sets (VLES) and explicitly parallel
instruction computing (EPIC). Planned for imple-
mentation in 0.13-um CMOS, the Star*Core 400 is
architected to offer 1200 DSP MIPs at a 300-MHz
clock frequency. Complete tools and design details
are expected to be released in the first half of 1999,
with core silicon implementation in the second half.
The same session also witnessed the unfolding of a
third-generation SHARC architecture from Analog
Devices Inc. Designated TigerSHARC, it imple-

ments a static superscalar design that promises to
perform 2 billion MACs/s using 16-bit data at a 250- IR AUILALCIL
MHz clock—or 500 million 32-bit MACs. In fact, it provides native support for 8-,
16-, and 32-bit data processing. Based on 0.25-um CMOS, ADI plans to sample the
250-MHz TigerSHARC by early next year.

Other late developments came from the DSP Group and Siemens AG. The DSP
Group described its newest, fixed-point engine PalmDSPCore with a high level of
parallelism using a dual-MAC architecture, a configurable data path (16-, 20-, or 24-
bit), and a variable-size instruction set. Meanwhile, Siemens unveiled a configurable
LIW (CLIW) DSP core developed by its design and development arm, IC Com,
Azor, Israel. Combining flexible instruction-set capability with a superscalar archi-
tecture, Siemens’ Carmel processes 120 multiple MIPS at 120 MHz and 2.5 V. Per-
forming 15 elementary operations in one cycle translates into 1800 MOPS. An eval-
uation board with Carmel is slated for sampling early next year. The Carmel
roadmap shows 180 multiple MIPS at 1.8 V using 0.18-um CMOS, with plans to push
it to 240 multiple MIPS at 1.3 V by the year 2000. Like the DSP Group, Siemens’
strategy is to license the soft DSP core.

These announcements come on the heels of Texas Instruments’ plan to extend
the advanced VLIW-based C6000 DSP platform with powerful members like the
(6202 and C6211. The compiler-friendly TMS320C6202 is rated to operate at 250
MHz and offer 2000 MIPS or 500 million MACs. These players and more will com-
pete for a portion of the communieations pie for DSPs, which is expected to reach $5
billion next year and over $7 billion by 2000, according to Forward Concepts, Tempe,
Ariz. To be successful in this market, it will take more than architecture and tools.
These powerful DSPs must work with high-performance, front-end analog and
mixed-signal data converters and interfaces. Such expertise will play a key role in
the success of the system-level DSP solution in this applications space.

Please send your comments to abindra@penton.com.
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. Full-Menuw DS37C550
Microconiroller

Anything Less Is a la Carte

Want the works on one chip? The new DS87C550 Microcontroller with
A/D and PWM whets the appetite for analog control in embedded
systems. You get layers of peripherals. Extra portions of
more features. More ways you can stretch, compress, and
shape signal patterns. So you control more externals eas-
ier and faster with standard 100% 8051 code compati-
bility.

Dallas’ recipe starts with a pin-compatible 8051
processor core, then cuts the fat of wasted clock
cycles. 33 MHz works like 99 at no extra charge. On
one side of the processor, a 10-bit, eight-channel A/D
converter inputs analog signals. On the other side, a
Pulse Width Modulator (PWM) outputs four channels
of 8-bit signals, or cascades to two 16-bit channels.
Four capture and three compare registers monitor
background events and can trigger processor activity.

Like two full-duplex hardware serial ports instead of
one. An extra kbyte of SRAM besides
8 kbytes EPROM. Enhanced reliability
with a watchdog timer and

power-fail reset. 55 1/O pins.

With abundant features you get flexi-
bility. Need to communicate with old,
slow peripherals? A Stretch Cycle feature
automatically inserts wait states into external
MOVX operations. Faster data pointers? You
get two, able to both increment and decre-
ment.

The DS87C550's Power Management Mode slows the clock
speed to use less power than Idle Mode. For less noise, EMI Reduction
Mode shuts off the ALE signal when not needed.

When you want it all for your embedded system design, give us a call and order up the
full menu on one chip. The DS87C550 EPROM Microcontroller with A/D and PWM.
(Even the name's a mouthful.)

]
e
( & DALLAS 0

J B’ SEMICONDUCTOR

www.dalsemi.com

4401 South Beltwood Parkway, Dallas, Texas 75244-3292 < Phone: 972-371-4448 < FAX: 972-371-3715
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PCB Moust High Isolation
Transformers

14A Series—nrovides high :solation, creepage, and
clearance necessary to comply with international
safety standards.

international Standards at Lower
Cost and Better Performance

A41 Series— transformers provide the high isolation,
crecpage, and elearance necessary to comply with
international safety standards.

* UL 94 V0 fasne-retardant, dauble-reinforced insulation
*25w56 VA
+ 100% hipot tested @ 4 kV RMS
* UL recognized Class F (155°C) insulation systern

Jds: UL 506, VDE 0805 / EN60950 / IEC
950, CSA €222 #66 1988; also designed to meet con-
struction requirements of UL478, 544, 1411, 1563, 1585,
2601-2, IEC 641-1, IEC 65, EEC 1010

wwwsignaltranstormer.co

Greater Performance In Less Space
MAL Series—featuring myin isolation for high-pewer
i

SeRIe®

+ UL %4 V0 flasne-returdant, dousble-reinfored insulasion
* 300, 600, and 1000 VA sizes

* 100% hipot tsted @ 4.0kV RMS

+ UL recognized Chass H (180T) insulation system

* IEC Touch-safe Exzostyle-type terminals

Agency approvals: ULS44, 506, CSA C22.2 #66 1988,
VDE 0805 / ILC 95 / EN6(950, also ta meet
construction requirements of IEC 601-1, IEC €5,

IEC 1010, UL 478, 1411, 1563, 2601-1, 1585

sgnaltransformer.com/MAl /ed

High Performance With Greater
Volometric Efficleacy

MPI Series—higher volumetric efficiency for
improved peribrmance conpared ta conventiorml
50/60 Hz transformers.

* 200 t0 900 VA

* International safety isolation and distribution

+ 25-zmp ratec 5-mil copper reen

* 100% hipot tested @ 4.0 kV RMS

+ UL zecognized Class F (155°C) insulation systerr:

+ IEC Touch-safe Eurostyle-tvpe terminals

Agency approvals: UL 506, CSA C22.2 #66 1988, TUV
Rheirland EN60742 / IEC 742

Greater Performance in Less Space
and Weight

HPI Series—featares col construction complying
with international safety standards.

* 1250 to 350C VA

* High-power 1solation, compact package

+ UL 94 VO flame-retardant ground insulation

+ 100% hipot rested @ 4.0 kV RMS

+ UL recognized Chs: H (180T} insulation system
+ 25-amp rated 5-md copper screen

+ IEC Touch-afe Eurostyle-type terminals
Agency approvals: (HPI-20, 27, 35) VDE 0550,
UL 506, UL 2601-1, CSA C22.2 #66 1988; (HPI-2,
15,17) TUV Rheinland, EN 60950 / IEC 950,
CSAC22.2 #6 1988, NRTL / C ANSI UL 506

WHPl/ e

maltransformer.cor

* Chassis mount isolaion and distribution

* UL 94 VD flame-rezurdant, double-reinforced insulation
+2510175 VA

+ 100% hizot tested € 4 KV RMS

+ UL reognized Clas- F (155°C) insulation system
Agency UL 506, VDE 0805 / EN60950/
1EC 950, SAC2220661988 also to meet
construction 6 of 1EC 601-1,IEC 65,1EC
lOlO.UL478,544 411, 1563, 1585, 2601-1

wwwsigmaltranstormer.com/ Ad1/ed

Low Profile Direct Plug-in
Replacement for Industry Standard
Pin Configuration

LP] Sesies—low profile pin compatibility with
North American industry standards.

+ 2118 VA (12 and 18 pending)
+ UL recognized Class B (130°C) insulation syster.
+ Hermetically sealed and 100% boand washable
* Ridged pins fos reliable board insertion
+ 100% hipot tested @ 4.0 kV RMS

h: TUV Rheinland EN60950 /
1EC 950, CSA NRTL / C22.2 #66 1988, ANS1 /

Ul.506;also to meet construction
ts of UL 478, 544, 1411, 1563, 1585,
2601-1, EN60742, IEC 601-1, IEC 1010

See Spees: wivwsignaltranstormer

om/LMLad

A\-—

>
Sepie®
*21030VA
+ UL recognized Chass B (130°C) insulation system
» Passes VDE dust test
* 100% hipot tested @ 4.0 kV RMS
+ 100% board washable
Agency : VDE 0805 / EN60950/ IEC 950,
CSAC221'661988,UL506.aI:o to meet
construction ts of UL 478, 1411, 1563, 1585,

2601-1, EN60742, IEC 601-1, IEC 742,
IEC 65, IEC 1010

www.signaltransformer.com/ TF e

Slgnal announces
glohal takeover...”

...with the world’s broadest
line of internationally
approved transformers.

No one makes it easier to find a transformer
thats accepted anywhere around the globe
than Signal. Our transformers are designed
from the ground up to meet international
standards, and each one is uniquely qualified
for specific applicatians:

© The M4L Series high-power isolation
transformers in less space.

® The MPI Series salety isolation and
distribution for high-power applications.

© The HPI Series high power but smaller
and lighter than conventional transformers

® The A41 Series for chassis mounting,
providing the high isolation, creepage, and
clearance to meet international standards

¢ The 14A Series for low-power PC-board
applications.

¢ The LP1 Series is a superior pin-to-pin
replacement of industry-standard, low-
profile transformers.

o The IF Series for low-power applications
mounting format.

Each of our transformers meets the

requiremnents of various international standards,

such as CSA C22.2 #66, VDE 0805/ EN

60950, IEC 950, UL 506, and UL 544.

When you need transformers that translate to
international acceptance in any language, call
Signal Transformer at (516) 239-5777 or visit
our Website at wwwisignaltransformer.com.

Signal Transformer
/711747744

Signal Transformer Co., Inc.
Inslico Technologies Group

500 Bayview Avenue
Inwood, NY 11096-1792
Call: 516-239-5777

Fax: (24 hrs.) 516-239-7208

i It f com
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TECHNOLOGY

 Electronic Nose
 Technology Enables

Sub-Second Smell

yrano Sciences, Pasadena, Calif,,
c has developed a portable, inex-

pensive technology that’s adapt-
able to practically any odor-detecting
task. It’s much like the complex sys-
tem of receptors and neurons that
“fingerprint” and store electrical sig-
natures to the brain in the human
nose. The essentially limitless number
of different patterns generated by
combinations of unique polymers en-
ables the company to offer a wide
range of odor-detection capabilities
from one technology base. The tech-
nology was demonstrated at this
year’s ISA Expo Show held in Hous-
ton, Texas.

Using a broadly tuned array of sen-
sors, the technology offers minimal
(currently sub-second) cycle time, is
able to detect multiple odors, can work
in almost any environment without
special sample preparation or isolation
conditions, and doesn’t require ad-

| vanced sensor design or cleansing be-

tween tests. Cyrano Sciences is the
worldwide exclusive licensee of the
patented original electronic nose tech-
nology, developed by professors at the
California Institute of Technology.

The underlying principle of the
electronic nose is simple. An array of
sensors, consisting of dispersed con-
ductive particles within organic poly-
mers, expands like a sponge when it
comes in contact with a vapor, increas-
ing the resistance of the composite.
The normalized change in resistance
then is transmitted to a processor to
identify the type, quantity, and quality
of the odor based on the pattern
change in the sensor array.

Polymers swell to varying degrees
because of their unique response to
different vapors. Regardless of
whether an odor results from a com-
plex mixture of chemicals in vapor or
from a single chemical, the technology
contains enough polymer arrays to
yield a distinct electrical “fingerprint”
for each vapor. In the end, the pattern
of resistance changes on the array is

diagnostic of the vapor, while the am- |

plitude of the patterns indicates the
concentration of the vapor.

Cyrano Sciences is in product de-
velopment discussions with several
companies. The company plans to in-
troduce its first handheld model by the
end of this year. A product is expected
to follow by the next calendar year.

For more details, contact Steven
Sunshine, president of Cyrano Sci-
ences at (626) 744-1700; fax (626) 744-
1777; www.cyranosciences.com. JC

Data-Acquisition
Standard Targets
Interoperability

group of PC-based data-acquisi-
tion product manufacturers re-
cently formed a new association,
the Open Data Acquisition Associa-
tion (ODAA). Its objective is to pro-
vide users of data-acquisition systems

with a universal, open standard. The
purpose of this standard, called the
Open Data Acquisition Standard, is to
achieve interoperability between
hardware and software products from
multiple vendors.

The specification defines a software
interface for PC data-acquisition hard-
ware. This interface functions as a
standard software driver for PC-
based data-acquisition produets.
There are separate software specifica-
tions for the five primary subsystems
found on most data-acquisition hard-
ware: Analog In, Analog Out, Digital
In, Digital Out, and Counter/Timer.
The specification is based on Microsoft
COM (Component Object Model)
based driver technologies, rather than
any one vendor’s current software im-
plementation.

Programmers have several choices
when writing software to use with
PC-based data-acquisition hardware.
They can write in their computer lan-
guage of choice, such as Visual Basic |

1

Featuring:
* TFT and passive color
» Brightness from 70 to 1,000 nits

* Sizes from 1.8" to 15.0"
* Unsurpassed contrast & viewing angle
» Control circuitry, inverters, cabling
* Expert technical support
Also, monochrome graphic,
character and panel displays

urdy

ELECTRONICS
CORPORATION

408.523.8218

email@purdyelectronics.com
www.purdyelectronics.com

Supporting electronics manufacturers for over 65 years
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or C++, or they can purchase a soft-
ware application like HP VEE or
LABTECH Notebook.

Founding members of the ODAA
are OMEGA Engineering, Inc., An-
dover, Mass.; Hewlett-Packard Co.,
Palo Alto, Calif.; LABTECH Corp.,
Andover;, ComputerBoards Inc., Mid-
dleboro, Mass.; Data Translation Ine.,

Marlboro, Mass.; and Strawberry Tree
Ine., Sunnyvale, Calif.

Any company who designs and
manufactures data-acquisition hard-
ware and software products are in-
vited to join the association and utilize
the Open Data Acquisition Standard
specification. Questions about how to
become of member of the ODAA can

Get our Freeware version

and you will know

why more and more PC-boards
are designed with EAGLE.

EAGLE Professional offers the full EAGLE power:
99 schematic sheets, pc-boards up to 64 x 64 inches,
16 signal layers.

With EAGLE Standard you can use 4 signal layers
and place components on an area of 6.4 x 4 inches.
EAGLE Light is limited to 1 schematic sheet (of any
sizg) and to 2-layer boards. Components can be
placed on an area of 4 x 3.2 inches. All other features
are equivalent to EAGLE Professional and Standard.

Y BET TR
=1id - ~f 3

EAGLE 3.5

Schematic Capture ¢ Board Layout
Autorouter

EAGLE 3.5 Light is Freeware!

= 3 o 1 lis iy
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be directed to John Coschigano,
OMEGA Engineering, by phone at
(203) 359-7808; or by e-mail at coschi-
agno@omega.com. More information
on this group can be obtained from the
association’s web site located at
wune.opendag.con. JD

Transistors Created
On Silicon Sphere

Solve Space Woes

eing able to fabricate a transistor
B on a 1-mm diameter sphere of sili-
con puts Ball Semiconductor Inc.,
Allen, Texas, one step closer to being
able to produce diodes, transistors,
circuits, and certain types of sensors
on a spherical shape. What this means
is a compact form factor for functions
that might otherwise require many
square millimeters of lateral area.

The process used to form the tran-
sistor combines traditional and com-
pany-unique semiconcductor manufac-
turing processes. Researchers were
able to fabricate a large NMOS tran-
sistor with a 5-pm gate that had elec-
trical characteristics comparable to
those of a transistor formed on a tradi-
tional planar substrate. The next chal-
lenge will be to fabricate a simple inte-
grated circuit on a sphere.

To create the spherical structure on
the ball, researchers had to generate
the mask data. Then they fabricated
the structures with a combination of
atmospheric chemical vapor deposi-
tion, high temperature oxidation
(1250°C), spherical resist coating,
spherical lithography, etching, and fi-
nally probe testing.

Unique to Ball Semiconductor are
the spherical processing steps. For
one, the spherical lithography makes
it possible to align and expose six indi-
vidual masks onto the sphere. Also,
there’s the resist coating process, in
which the 1-mm spheres drop through
an 8-m tube through a “soap bubble”
of coating material and then dry
within one second. Furthermore, the
company had to develop the atmos-
pheric CVD process to deposit mater-
ial on the sphere’s surface. Check out
www.ballsemi.com for more info. DB
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Issue 7

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

www.unitrode.com/products/portable/ucc3958.htm

www.unitrode.com/products/hotswap/ucc3917 htm

www.benchmarg.com/prod/bq2000.html

ucc39ss

The UCC3958 single cell
lithium-ion battery protection
circuit enhances the useful
operating life of single-cell
rechargeable lithium-ion
battery packs. The device
is ideally suited to portable
equipment utilizing
single-cell lithium-ion
battery packs, such as cell
phones, pagers and PDAs.

Reader Service 118

ucc3z

The UCC3917, part of
Unitsode’s family of positive
hot swap power managers,
features a unique floating
topology to allow essentially
unlimited voltage operation.
The device is designed for high
voltage communication and
EDP equipment, and is ideal
for high voltage and high power
hot swap power management.

Reader Service 120

bq2000

Unitrode’s bq2000 8-pin
low-cost switching charge-
control IC provides chemistry-
independent and high-accuracy
charge management for both
lithium-ion and nickel-based
rechargeable batteries.
Applications include cellular
telephones, portable PCs,
digital cameras, and other
censumer electronics.

Reader Service 122

www.unitrode.com/products/powsup/ucc3882.htm

Integrated Current Sensor
A ucc3nze

www.unitrode.com/products/powsup/ucc3926.htm

www. benchmarq.com/prod/bq2060.html

@ UNITRODE

iw~The Linear IC Company Everyone Follows

Tet: 603-429-8610 « hitp://www.unitrode.com  Fax: 603-424-3460

7 Continental Boulevard, Merrimack, NH 03054

UCC38s2

The UCC3882 Synchronous Buck
Controller includes functionality
to meet Intel VRM specifications.
This product is usable in a wide
variety of high performance, low
output voltage DC/DC applica-
tions, and offers superior load-
sharing capability for modular
solutions. The UCC3882 is
available in a small footprint
TSSOP package.

Reader Service 119

UCC3926

The UCC3926 converts up
to +£20 Amp current through an
internal non-inductive shunt
resistor into a proportional
voltage. The current to
voltage conversion is done
with a low offset, high
bandwidth, temperature
compensated amplifier and
a second programmable
gain amplifier.

Reader Service 121

bq2060

Unitrode’s bq2060 Smart
Battery System v1.0 compliant
Gas-Gauge IC monitors critical
battery pack parameters, con-
trols a battery’s fast charge, and
communicates information to
the host system. Advanced fea-
tures include single-cell voltage
monitoring, adaptive capacity
adjustment and backup safety
control for Li-lon systems.

Reader Service 123



Now you only need
One module for your Isolated

Power Factor Corrected
AC-DC applications...

STANDARD SIZE
(4.6”X 2.5 X .5”

e Power Factor Corrected

e Up to 200 Watts DC Power

e Universal AC Input Voltage
(85 to 265 VRMS, 47-400 Hz)

e 9 to 48 VDC Isolated
Regulated Outputs

e 380 VDC Tap Available

i http://www.picoelectronics.com

or send direct for
FREE 160 pg. PICO Catalog
featuring DC-DC Converters, AC-DC Power Supplies,
Transformers, Inductors

-

For immediate engineering assistance —Call Toll Free (800) 431-1064 i ﬁ'/‘“‘\
143 Sparks Avenue, Pelham, NY 10803-1837 © 914-738-1400 ° FAX 914-738-8225 ', l
Internet: http://www.picoelectronics.com @ E-Mail: HLSC73A@prodigy.com -2
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We just gave

programmable logic
a heartheat.

VIRTEX

It's a 1 million system gate, fully-programmable nugget of technology.

It's built on a 0.22 micron geometry, features four DLLs, true dual port

block RAM, plus enough routing resources to support even the most
complex design. And, it all hums along at 160 MHz.

It's revolutionary in every way. From its architecture, to its process,
its density, to its core based design methodology. It's an FPGA whose influence
transcends the socket and drives the pulse of your system.

It's called Virtex, and it will change everything you know abeut logic.

Starting today.

www.Xilinx.com
$7XILINX'

The Programmable Logic Company*
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Management Products — Performance Enhanced!
V¢ vs. Supply Current V¢ vs. Battery Current
150pA

VAT =12.8V
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>

ov 1.8V 2.8V 5.0V ov 1.8V 2.8V 5.0V
System Battery Normal System Battery Normal
Shutdown Backup Operating Shutdown Backup Operating
Made Mode Mode Mode Mode Mode

Introducing Power Management Products —

a family of products including microprocessor
supervisor circuits, DC-DC converters, and low
power data converters.

Our microprocessor Supervisor circuits
include a full complement of features
and functions with industry standard

pin outs and industry leading performance.

lcc VTH (Reset Watchdog RESET RESET PFI Vce to Vour  Vearr to Vout

Device (Max Sugpply) Threshold) Timer Accuracy Active Accuracy R-ON R-ON
SP791 75uA 4.65V YES 125mV LOW 4% 0.6Q 5Q
SP690A 60uA 4.65V YES 125mV LOW 4% 0.6Q 5Q
SP692A 60uA 4.40V YES 125mV LOW 4% 0.69 5Q
SP802L 60uA 4.65V YES 75mV LOW 2% 0.6Q 5Q
SP802M 60uA 4.40V YES 75mV LOW 2% 0.6Q 5Q
SP805L 60uA 4.65V YES 125mV HIGH 4% 0.6Q 5Q
SP805M 60uA 4.40V YES 125mV HIGH 4% 0.6Q 5Q

If efficiency, power savings, and
high performance are important to
your design, then choose a Sipex
microprocessor supervisor today!

NAavV _
MW/ www.sipex.com

22 Linnell Circle » Billerica, MA 01821 » Tel: 978-667-8700 « Fax: 978-670-9001 « e-mail: sales@sipex.com
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TECHNOLOGY BREAKTHROUGH

Process Simulator Analyzes The Impact
Of Contamination On MEMS Layouts

is a layout of the design in the Caltech
intermediate form (CIF).
o Process definition: This includes a
sequence of process steps with all the
required details, such as de-

apping particle conta- position thickness, etching
microstructures with e | " Contamination defini
a process simulator may help i %ﬂ@:’ - tion: This consists of the geo-
designers to analyze the im- el metrical and material charac-
pact of this type of contami- teristics of the particulate
nation on the layout of micro- contamination, its location in
electromechanical systems P.f°°'°§$ the MEMS layout, and the
(MEﬁli)é&hf? X;{V\I’g sli‘n(mlator g proczss s:lep in which it was
is calle conta- introduced.
mination and reliability
analysis of microelectro- CARAMEL performs
mechanical layout). It is built Structure 1 process simulation and cre-
around a tool called CODEF, extraction ates a three-dimensional rep-
a contamination-to-defect-to- Mesh resentation of the defective
fault mapper for pure electri- e | g microelectromechanical lay-
cal layouts. out. From that defective lay-
According to the deveop- out, it then extracts a mesh
ers of CARAMEL, Abhijeet representation whose form is
Kolpekwar, Chris Kellen, l completely compatible with
and R. D. Blanton, all of |gomechanical ' o=/ the mechanical simulator,
Carnegie Mellon University, |simulation mesh Abaqus. By mechanically
the success of any testing AT RS simulating the mesh, the user
methodelogy is highly de- sl B o im can link the contamination of
endent on the fault models I I 1 l 1 ¢ n to a defective struc-
gmployed. Fault models that IPREY tl(l):: ?ll;ld faulty tfgh;‘;?osl'.rgb-
do not cover real defective served faulty behaviors are
behavior can reduce defect Parameter | Fault class | Catastrophic |+ Unp classified and used to form
coverage and degrade test analyS's  I"Defect type | Comb defect | Shutle defoct | Anchor defect models at the next level of ab-
quality. MEMS fault models, straction. Monte Carlo itera-

unlike their digital and ana-
log counterparts, must ex-
plicitly consider the impact
of defects on the microme-
chanical structures. The trio pre-
sented their work at the Interna-
tional Test Conference, Washington,
D.C., in October.

CARAMEL is an integral compo-

nent of the authors’ MEMS fault
model generation (see the figure). The
simulator requires three inputs:

¢ Design definition: Typically, this

The CARAMEL process simulator requires three inputs to analyze
particle contamination of o MEMS layout: the process recipe,
contaminations, and the design layout.

tion around the flow shown in
the figure then provides a
mechanism for creating real-
istic fault models for MEMS.
For more information about
CARAMEL, contact the ECE De-
partment at Carnegie Mellon Univer-
sity, Pittsburgh, PA.
Joseph Desposito

—
' MEMS Performance-Analysis System Uses

Automated Video-Imaging Techniques

esearchers at Sandia National
R Laboratories, Albuquerque,

N.M., have devised a dynamic
characterization system for micro-
electromechanical systems (MEMS).
Based on the capture and analysis of
video images, the Performance Analy-
sis System uses stroboscopic illumina-
tion to facilitate the collection of time-
dependent position measurements.

Instead of tracking all device fea-
tures, the system quickly traces key
device topological features. It boasts a
high degree of accuracy under varying
illumination conditions and in the
presence of background interferences,
such as motion drift in the test setup.

The figure on the next page shows
the basic operational flow of the Per-
formance Analysis System, which was

described in a paper presented by
Glenn F. LaVigne and Sam L. Miller at
the International Test Conference in
Washington, D.C., this past October.
The system consists of a central com-
puter that controls a strobe light
source, a video camera, waveform
generators, and digital timer circuitry.
The computer system creates the
drive signals to run the MEMS device
under test. These are then down-
loaded to the waveform generators.
The control computer also gener-
ates a trigger marker at the start of
each cycle of the drive signals. This
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TECHNOLOGY BREAKTHROUGH

‘I trigger is fed into the timer this, the images are fed
ci_rcuitry. By pel.'forming a di- 3. Dl image | throug.h a series of image-

| vide-by-N function, the timer Position +—— storage/analysis Camera processing filters.

| circuitry steps down the sig- For example, to character-
nal—possibly from the multi- ize the rotational motion of a

| ple kilohertz range—to the Time Timer Strobe microengine, it's necessary to '

| operational range of the circuitry find two unique points: one
strobe light. Also in the timer, on the rotating surface, and
the divided trigger signal is the other point on a station-

l time-delayed by an amount ary surface. For the Sandia ‘
dictated by the control com- Control Wavelorm MEMS microengine, the center hub
puter. This pulse triggers computer generators under test and the gear/drive linkage
both the strobe and the acqui- provide such points. A series
sition of a video image. By ad- The dynamic characterization system for MEMS devices uses a of contrast enhancement and '
justing the strobe light phase computer-controlled strobe system to capture time-dependent position  binary morphological filters
relative to the start of the pe- measurements on video. accents these features and
riodic drive signal, the posi- removes unnecessary ele- l
tion of the images as a function of time 1 sired. At each step, an image is cap- 1 ments from the images.
is directly determined. tured and saved. Following the im- Once filtered, the image series is |

fed into a template search algorithm.
After this is done, additional analysis
algorithms convert x-y coordinates re-
ported by the search algoritm to an an-
gular position versus time data set. ‘
For more information on the Per-
formance Analysis System, check out
www.mdl.sandia.gov/Micromachine.

]
]
]
i
In a typical data-acquisition cycle, | age-capture process, automated im-
the user sets the frequency at which ! age analysis is performed.
the MEMS device is to operate, as ,  These video images contain a vast
well as the desired position resolu- | amount of information on the state of
tion for the data. Once started, the E the MEMS device at a particular mo-
control computer automatically ! ment in its operation. By reinforcing
changes the delay on the trigger sig- ! the desired features and removing ex-
nal in fixed increment steps so as to | traneous information, data is ex-
|

acquire the number of data points de- 1 tracted from the images. To achieve Joseph Desposito
— 1
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Take The World’s Lowest Power
Temperature-to-Digital ICs
Anywhere You Need To Go.

AD7817

From Industrial

Starting with an unbeatable 3 pW power spec
from a tiny pSOIC package, Analog Devices’

new family of single- and four-channel, 10-bit
converters allows you to monitor temperature
in your designs without conversion trade—offs.
In addition to the on-chip temperature sensor,

AD7417

To Communications

you’ll find multichannel ADCs, references and a
choice of interfaces for your portable, industrial
or automotive application. So, for the ultimate in
temperature measurement integration, design in
an AD741x/AD781x family member.

Temp. Acc. Power Price*
Product Channels Interface (°C) (pW) ($) Package Pins
AD7416 N/A I'c +2 0.75 mW @ 2 kSPS 1.30 S0IC, pSoIC 8
AD7816 N/A SPI +2 3.0 YW @ 10 SPS 1.30 S0IC, pSoIC 8
AD7417 4 I'c +1 0.2 mW @ 1 kSPS 2.95 S0IC, TSSOP 16
AD7817 4 SPI +1 3.0 y\W @ 10 SPS 2.95 S0IC, TSSOP 16
AD7418 1 I'c +2 0.2 mW @ 1 kSPS 2.25 S0IC, psoIC 8
AD7818 1 SPI +2 3.0 )W @ 10 SPS 2.25 S0IC, pSoIC 8
The Family Highlights
¢ 20 ps conversion time from a wide
2.7V to 5.5 V supply range For fast defivery of free data sheets and samples:

* 10-bit ADC resolution

¢ Wide temperature range from —55°C
to +125°C

* Automatic power—down

* USD 1,000s, recommended resale, FOB U.S.A.

1-800-ANALOGD
www.analog.com/AD7816
For immediate occess to data sheefs, application information and free samples.

ANALOG
DEVICES

Ad Code 3359




Looking To Step UpTo ~ &:#&™

Top-Down Design?

Start with what
you know. Design
your system-level
and programmable
devices with the
intuitive OrCAD
Capture® interface,
which is built into
OrCAD Express.

Simulate your
designs. Verify your
logic and timing by
cross-probing between
the schematic and
simulation waveforms.

entire designs with
Express’ integrated
VHDL debugger and
your VHDL test
benches.

Add VHDL
modules. Mix
schematics with VHDL
functional blocks, and
increase your designs’
VHDL content over
time.




Reach for higher
densities. Use Express

to design devices from all

the leading vendors,

including the newest

FPGAs and CPLDs.

To design high-density devices with VHDL, you’ve
had to make a big jump. But now there’s a better
way. With new OrCAD Express™, you can move
from schematic to VHDL-based design one step at a
time. From schematic design of 22V 10s, to VHDL-
based design and verification of the newest Spartan
chips. you can complete all your design projects
within the same environment.

L/EEAINT 4

Transition to VHDL a step at a time. With
OrCAD Express, you'll avoid the long learning
curve and start using VHDL in your designs right
away. Create functional blocks with schematics and
automatically generate VHDL code. Select from a
library of pre-written VHDL templates and code
samples, modify them and paste them into your
designs. Edit and debug your code in the built-in
editor, while the syntax checking and keyword

OrCAD Capture is a reg stered trademark and OrCAD Express and

OrCAD Expres

ss CIS are rademarks of OrCAD Inc

The Express Route.

color-coding catch common errors for you. If you
have questions, you'll find answers in the extensive
online references.

Design your devices and your system with
one application. OrCAD Express is the first
design application of its kind. It combines schematic
entry, VHDL-based entry and debugging, gate-level
and post-route timing verification, synthesis and
complete system simulation, all under a single
interface. The project management system
automatically handles the transition between the
chip and board levels at every stage of your project.

Create sophisticated designs with tens of
thousands of gates. Whatever level of design
you're aiming for, OrCAD Express can take you
there. It gives you sophisticated synthesis, VHDL-
based simulation, post-route timing verification,
and complete libraries and interfaces for devices
from Xilinx, Altera, Lattice, Actel, Lucent and
Vantis. Support for EDIF, VHDL and other industry
standards lets you incor-
porate other tools into the
Express design flow for
limitless capability.

Take your designs to
the next level. Many designers have made the
transition to VHDL-based design with OrCAD
Express, and are using it to create multi-device
designs with high-density FPGAs and CPLDs.
And so can you. Call to learn more about OrCAD
Express — and ask about -
OrCAD Express CIS™ too. B

It allows you to access part
data from your company’s
MRP system and the
Internet.

For a demo CD and a :
copy of “Step up to
Top-Down Design with
OrCAD Express”, visit our Web site

at www.orcad.com or call OrCAD Direcr
at (800) 671-9506.

EDA for the Windows NT Enterprise

OrCAD™

1
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Whether you need a data logger or an
automated test solution, the HP 34970A
offers you uncompromised functionality

and performance. And the features you
need to get the job done. Like built-in
HP-IB and RS-232 interfaces. A standard
three-year warranty. And a price tag that
fits within your budget.

“I'll tell you more about how the HP 34970A can meet all your
data acquisition needs—for an unbelievably low price. Just

give me a call at HP DIRECT, 1-800-452-4844%* Ext. 5286.”
Check out our on-line HP Basic Instruments (BI) Catalog at hitp://www.hp.com/info/bidaql

Faxback: 1-800-800-5281, Document 12254.

*U'S. list price
*n Canada, call 1-800-387-3154, program number THAIZ5

Windows® is a U.S. registered trademark of Microsoft Corporation

©1997 Hewlett-Packard Co. TMEMDS1¥ED

PERFORMANCE

* 6 1/2 digits resolution (22 bits}

» Built-in signal conditioning measures thermocouples, RTDs,
& Thermistors; ac/dc Volts & Current; Resistance; Frequency
& Period

« Scanning up to 250 channels per second

« Nan-volatile 50,000 reading storage witk timestamp

THREE-SLOT FLEXIBILITY

« Multiplexing and Actuation

« Digital /0, Analog output, Event counting
» RF switching up to 2 GHz

* 4 x 8 Matrix switching

WINDOWS® SOFTWARE

« HP BenchLink Data Logger application included T
» HP VEE and LabVIEW™ drivers available

(D Prstety

LabVIEW® is a U.S. registered trademark of National Instruments Corporation.
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M Improving designs while turning them out faster and less expensively

Versatile AWGs Tackle New Digital
Modulation And MEMS Testing

Greater Speed, Deeper Memory, Lower Cost, And More Flexibility
Make Arbitrary Waveform Generators “Must Have” Items.

s electronic signals become
A faster and more complex,

design engineers are de-
manding arbitrary waveform
generators (AWGs) that are
more powerful, easier to use,
and less expensive. To meet
these needs, a new crop of
AWGs are offering faster sam-
pling rates, deeper memories,
improved software, and other
goodies—at competitive prices.
This doesn’t mean older models
are becoming obsolete. Instead,
some AWGs and arbitrary func-
tion generators (AFGs) intro-
duced a few years ago are still
the mainstays of some compa-
nies’ product lines. After all,
many engineers still have to deal
with the same signals they have
worked with for years.

Several forces are driving the
market for AWGs. One is performance.
According to Chris Martinez, world-
wide business development manager
for Tektronix’ Measurement Business
Division, Beaverton, Ore., “Continued
advancements in the performance of all
types of digital equipment, the emer-
gence of more complex industry stan-
dards, and the ever-present pressures
to shorten product development cycles
are increasing the demand for AWGs.”
Tektronix responded to these chal-
lenges earlier this year by introducing
its AWG 500 series of arbitrary wave-
form generators.

Another market force favoring
AWGs and AFGs is the movement

/

Joseph Desposito

T O

P
=\ \

e

away from older function generators—
sine, square, and triangle waves—to the
more flexible AWGs. Hewlett-Packard
(HP), Palo Alto, Calif., is one company
capitalizing on this trend. According to
Cheryl Diller, product manager for sig-
nal sources at HP’s Electronic Measure-
ments Division, “Customers are realiz-
ing that they can now buy what I like to
call multipurpose function generators—
function generators that include AWG
and pulse capabilities—at the same or
often a lower price than their previous
function generator. Yet, customers are
still using AFGs primarily as a function
generator if they were previously using
that instrument. So, they’re buying

COVER FEATURE

these multipurpose AWG sys-
tems to fill their old needs.”

Diller continues, “Sometimes
customers wonder if they could
| get the instrument at a lower
cost if it did not have the arbi-
trary waveform capability. But,
fundamentally, the hardware is
there. We're writing
firmware to provide
gre access to the hardware
so customers can download their
own waveforms.”

New applications also play a
part in increasing the demand
for AWGs. Take, for example,
microelectromechanical sys-
tems (MEMS). One company
with experience in this area is |
Pragmatic Instruments Inc.,
San Diego, Calif., “MEMS is a
unique application where you
really need a good sequence
generator,” says Henry Reinecke Jr.,
Pragmatic’s president. “Generally, to
operate a MEMS accelerometer,
there is sort of a startup curve where
you have to apply acceleration, since
the device is typically at a standstill.
There is an accelerate portion, and
then a constant velocity or constant
rotation portion,which can be at dif-
ferent speeds. Therefore, you have
different sample lengths for the dif-
ferent speeds or velocities. Then,
there’s generally a deceleration
waveform. For all of these to be
seamless, they have to be stored in
the memory of the AWG with a se- ’
quence generator capable of calling l
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_ TEST & MEASUREMENT

ARBITRARY WAVEFORM GENERATORS |

ARBITRARY WAVEFORM GENERATORS

Maximum Maximum
Vertical res-| sampling Waveform amplitude
olution rate memory Number of (Vp-p
Manufacturer Model/price (bits) (Msamples/s)| (points) channels Remarks
Anglogic Corp. DBS8751A 16 0.2 64k per ch. 4 12 C-size VXI module
8 Centennial Dr. $3770
Peabody, MA 01960 DBS8752A 16 02 64k per ch. 4 20 C-size VXI module
(978) 977-3000 $3770
fax (978) 977-6814 DBS8750 16 04 32k per ch. 2 20 C-size VXI module; math entry ca-
e-mail: jlong @ analogic.com $4190 pability
www.analogic.com 2030/$4195 12 50 256k 1 10
2020-100 12 100 512k 1 10 Math entry capability
$9495
2040/$13,995 8 800 512k 1 1 Math entry capability; true and in-
verted outputs; 1 Gsamples/s opt.;
2-Mpoint memory opt.
2045/$13,995 8 800 512k 1 51" Math entry capability; 1 Gsam-
pies/s opt.; 2-Mpoint memory opt.;
*5-V output at 400-MHz bandwidth
Berkeley Nucleonics Corp. 625A/$995 12 40 32k 1 5 Multi-unit phase lock capability
3060 Kerner Blvd., #2
San Raphael, CA 94901-5418
(415) 453-9955
fax {(415) 453-9956
e-mail: berkeley @berkeleynucle-
onics.com
' www.BerkeleyNucleonics.com
| [Datel inc. PC-423/$1250 12 1 1k per ch. 4 10 ISA bus card; four independent
11 Cabot Bivd. channels; four 16-bit digital pattern
Mansfield, MA 02048 generators; Delphi Windows virtual
(508) 339-3000 instrument software, $95; $1485
(800) 233-2765 with 8k/ch. memory
m&ls,g::)eﬁiriﬁs PC-420/$1645 12 40 32k per ch. 2 10 ISA bus card,; two simultam_—:&ous
channels; external clock, trigger,
and gate; eight software program-
mable output filters; Virtual Basic
software, $95; LabVIEW drivers,
$50
Hameg Instruments inc. HM8130 10 10 1024 1 10 Trigger output; sine, square, puise,
266 East Meadow Ave. $1110 and ramp functions; AM modula-
| {East Meadow, NY 11554 tion; RS-232, $235; IEEE-488,
(800) 247-1241 $285
fax (516) 794-1855 HM8131 12 40 4k 1 10 Sine, square, ramp, and triangle
e-mail: hameg@aol.com $1488 functions; AM, phase, FSK/PSK
www.hameg.com modulation; RS-232, $235; |IEEE-
488, $285
Hewlett-Packard Co. HP 33120A 12 40 16,000 1 10 Direct digital synthesis; nine built-
Cirect Marketing Org. $1795 in waveforms plus dc; stores four
P O. Box 58059 16,000 point waveforms; linear and
MSS51L-SJ log sweeps; AM, FM, FSK, and
Santa Clara, CA 95051-8059 burst modulation; IEEE-488, RS-
(800) 452-4844 232 std.; waveform generation
www.tmo.hp.com software, $300; can lock multipie
units together with option 001,
$403
HP E1340A 12 92 16k 1 10.2(20.4 |B-size VXI module; direct digital
$2680 using synthesis; includes seven standard
E1446) waveforms; sweep, FSK, and burst
capability; sine, square, ramp, tri-
angle, sine(x)/x, noise and haver-
sine, can store four waveforms in
active memory
HP E1441A 12 40 16,000 1 10 C-size VXI module; 11 standard
$2850 waveforms; AM, FM, FSK and
burst modulation; option 001,
$395; includes high stability time-
base with PLL and TCXO
HP 3245A 12 4 2k 1 10 Arbitrary voltage and current, dc,
$5495 ac source; 24-bit dc voltage and

current resolution; second channel,
$3495; 10X voltage amplifier,
$1590




~ WORLD’S SMALLEST 3V
~ 8-B1T A/D CONVERTER
~ ING6-LEAD SOT

NATIONAL’S ADCV0831 —
THE SMALLEST Low VOLTAGE
SERIAL I/0 A/D CONVERTER
AT 800pW

+AUTO SHUTDOWN WHEN NOT
CONVERTING
3 WIRE SERIAL DIGITAL
INTERFACE COMPATIBLE WITH
MICROWIRE & SPI INTERFACE
«0.8p B1CMOS PROCESS
TECHNOLOGY
«SUPPLY RANGE: 2.7V-5V
+CONVERSION TIME: 16ps
«TOTAL UNADJUSTED ERROR

1.5 LSB
«NO MISSING CODES OVER
TEMPERATURE
+SHUT DOWN SUPPLY CURRENT
10nA (TYPICAL)
+S0T23-6 PACKAGE SIZE
PROVIDES UP TO 70% SPACE
SAVINGS

IDEAL FOR APPLICATIONS SUCH
AS PDA’S AND OTHER PORTABLE
DEVICES, CAMERAS, INDUSTRIAL
SCANNERS, MEDICAL INSTRUMEN -
TATION, AND COMMUNICATIONS
AND SECURITY PRODUCTS

FOR MORE INFORMATION:
www.national.com/see/ADCV083 |
1-800-272-9959

Power Supply Level Detection
ADCV08

Vee (3V)

100k g
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Low-Cost Remote Temperature Sensor
Vee BV) ADCV0831

-

1998 Natlonal Semiconductor, and &) 318 registered trademarks of Natisnal Semiconductor Corporation. Al rights reserved.

—National Semiconductor
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TEST & MEASUREMENT ARBITRARY WAVEFORM GENERATORS |

ARBITRARY WAVEFORM GENERATORS

(949) 859-8999

| {tax (949) 859-7139

www. racalinst.com

Maximum Maximum
Vertical res- | sampling Waveform amplitude
olution rate memory Number of (Vp-p
Manufacturer Model/price (bits) (Msamples/s)| (points) channels Remarks
Hewlett-Packard Co. HP E1445A 13 40 256k 1 10.2 (20.4 | C-size VXI module; direct digital
Direct Marketing Org. $7960 using E synthesis; 32k sequence memory
P.O. Box 58059 1446) for waveform hopping; 250-kHz,
MSS1L-SJ 10-MHz output fitters; sweep,
Santa Clara, CA 95051-8059 FSK, and PM capability
(800) 452-4844
www.tmo.hp.com
PLeCroy Corp. LW410A 8 400 256k 1 10 Single point resolution, continuous
700 Chestnut Ridge Rd. $13.945 clock from 6 kHz, and wideband
Chestnut Ridge, NY 10977 noise source; 8-bit pattern genera-
(914) 578-6020 tor option; 1-Mpoint memory option
fax (914) 578-6059
e-mail: "
contact.corp @lecroy.com ;\?I;Sgg 8 400 256k 2 10 Sr?:;i;i LW410, but with two
www.lecroy.com -
National Instruments NI'5411 12-bit 40 4M 1 10 PCl or ISA bus; VirtualBench-Arb
11500 N. Mopac Expwry. $3495 and VirtualBench-FG software
Austin, TX 78759-3504 NI 5412 12-bit 40 4M 2 10 VXIbus card; VirtualBench-Arb and
(512) 794-0160 VirtualBench-FG software
fax (512) 794-8411
info @ natinst.com
www.natinst.com
Pragmatic Instruments Inc. 2711A 2 64k 1 10 WaveWorks Jr. software, RS-232,
7313 Carroll Rd. $1995 IEEE-488 std., sequence genera-
{ | San Diego, CA 92121-2319 tor opt., $695
(619) 271-6770 2714A/31995 12 20 128k 1 10 Same as 2711A
La_:n(:ilg) o 2411A/82495 16 2 64k 1 10 RS-232 std., IEEE-488, $395; se-
T
www.pragmatic.com 4
$495
2414A/52495 12 20 128k 1 10 Same as 2411A
2416A/52695 12 100 64k 3 10 IEEE-488 and sequence generator
std.; WaveWorks Pro software
3511A/$2695 16 2 64k 1 10 RS-232, HarmonicLink (GUI) soft-
ware std.; IEEE-488, $395; se-
quence generator. $695
2201A 16 2 64k per ch. 3 + noise 10 Three channels plus noise genera-
$10,985 tor; IEEE-488, RS-232 std.; 1
Mword/ch. memory, $3900; Wave-
Works Pro software (Windows),
$495
2205A 12 50 250k perch. | 2 + noise 10 Two channels plus noise genera-
$11,985 tor; IEEE-488, RS-232 std.; 256-
kword/ch. Memory, $3900; Wave-
Works Pro software (Windows),
$495
2211A 16 2 64k per ch. 6 10 Six channels with universal syn-
$22,500 chronization; WaveWorks Jr. soft-
ware; RS-232; IEEE-488; rack-
mount slides; sequence generator,
$695 per ch,
PREMA Precision Electronics ARB 1000 12 40 130,000 1 10
Inc. $2590
402 Valley Rd., Suite G
Canon City, CO 81212
(719) 275-1601
fax (719) 275-1621
e-mail: sales @prema-us.com
www.prema.com
Racal Instruments Inc. 3151/$3995 12 100 64k 1 16 C-size VXIi card; waveforms up to
4 Goodyear St. 50MHz; 512k waveform memory
Irvine, CA 92618 P points optional.
(800) 722-2528 3152/$4995 12 100 64k 1 16 C-size VXI card, phase lock, built-

in counter, programmable trigger
threshold; 256-to-512k waveform
memory points opt.

—— 9}
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90MHzZ Low CosT OP AMP
DELIVERS LOW
DISTORTION (-89dBc)

Harmonic Distertion vs. Frequency

NATIONAL’S CLC5665—$1.14 1IN
1,000 UNIT QUANTITY

*DELIVERS LARGE SIGNAL BW oFf
25MHz FROM £15V
+-89/-92dBc HD2/HD3 (R =500Q)
«SMALL-SIGNAL BANDWIDTH (Ay=+1) ey
OF 90MHz (TYP) 100 6%
+1800V/pyS SLEW RATE
«200ns DISABLE TO HIGH- Typical Application
IMPEDANCE OUTPUT o e ;
+0.1dB GAIN FLATNESS TO
20MHZ (Ay=+2) Differential Line Driver
«AVAILABLE IN 8-PIN ‘ for xDSL
SOIC/DIP

Distortion Level (dBc)

IDEAL FOR LINE DRIVING
APPLICATIONS SUCH AS

XxDSL, VIDEO DISTRIBUTION,
MULTIMEDIA OR OTHER
LOW-DISTORTION, HIGH-SPEED
APPLICATIONS

CLC5665
+

Note: Supply and Bypassmng not showr..

DIS

©1998 National Semiconductor, and ﬂ are registerad lﬁrmlrh of Nlonll I;Mr vl, l;rlqhtl ;'wv'd
- Price shown Is tor 1000 units In USD, FOB Santa Clars, CA USA.

FOR MORE INFORMATION:
www.national.com/see/CLC5665

1-800-272-9959

National Semiconductoz
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ARBITRARY WAVEFORM GENERATORS

Maximum Maximum
Vertical res- | sampling | Waveform amplitude
olution rate memory Number of (Vpp
Manufacturer Model/price (bits) {(Msamples/s)| (points) channels Remarks
Racal Instrumerts Inc. 3161/89495 12 300 256k 1 5 C-size VXI card; phase lock,
4 Goodyear St. counter, phase and amplitude
Irvine, CA 92618 modulation; frequency hopping; D-
(800) 722-2528 sub waveform control; 1-to-4M
(S49) 859-8999 waveform memory points opt.
fax (949) 859-7139 3171/$10.950 12 80 128k per ch. 3 22 C-size VXI card; one AWG ch. and
www.racalinst.com two 50-MHz pulse channels
3162A 12 500 M 1 5 C-size VXI card; 500 Msamples/s
$13.450 version of 3161; 4M waveform
memory points opt.
3162B 12 500 1M per ch. 2 5 C-size VXI card; two-channel ver- ]
$22,450 sion of 3162A; can generate 1&Q
signals
Stan‘ord Research Systems DS340/$1195 12 40 16,300 1 10 Arbitrary wavetorms; sine, square,
1290-D Reamwood Ave. ramp, and triangle waveforms; lin-
Sunnyvale CA 94089
(408) 744-9040 DS345/$1595 12 40 16,300 1 10 Arbitrary waveforms; sine, square,
fax (4G8) 744-9049 ramp, and triangle waveforms; lin-
e-mail: info@srsys.com ear and log sweeps; amplitude, fre-
WWW.STSys.com quency, phase, burst, and arbitrary
modulation
Tektronix Inc. AFG 310 12 16 4 by 16k 1 10 Function and arbitrary waveform
Measurement Business Div. $1895 generator, direct waveform transfer
P.O. Box 3960 via GPIB from all Tektronix scopes;
Portland, OR 97208-3960 waveform editing software included
(600) 426-2200 AFG 320 12 16 4 by 16k 2 10
e mail: info @tek.com $2695
www.tektronix.com VX 4790A 12 25 256k 1 10 C-size VXI card; waveform se-
$3825 quencing; 512-kbyte and 1-Mbyte
memory options; programmable
output attenuator
AWG 2005 12 20 64k 2o0r4 10 Digital editor for data generation;
$8495 waveform sequencing; GUI wave-
form editing; options: frequency
sweep, four channels, 24 digital
outputs
AWG 2021 12 250 256k 2 5 Digital editor for data generation;
$11,995 waveform sequencing; GUI wave-
form editing; options: two chan-
nels, 12 or 24 digital outputs
AMIQ 14 100 4M per ch. 2 1 Includes WinlQSIM software for W-
$14,950 CDMA, 1S-95 and multicarrier sig-
nal detection ) i
AWG 510 10 1000 4M 1 2 (4-V differ- | Digital editor for data generation;
$21,995 ential) waveform sequencing; GUl wave-
form editing; options: 4-Mbyte
__|record length; 10 digital outputs
AWG 520 10 1000 4M 2 2 (4-V differ- | Same as AFG 510
$28,995 entia;)
Telulex Inc SG-100A 12 40 32k il 10 fax (650) 938-0241 ]
2455 Old Middlefield Way S. $1295 e-mail: sales @telulex.com
Meuntain View, CA 94043 www.telulex.com
(650) 938-0240
Wavetek Corp. 29/$1295 10 27 1024 1 10 Frequency hopping, AM and FSK
9045 Balboa Ave. 39/$1695 12 30 64k 1 10 Pulse, sequencing. frequency hop- |
San Diego, CA 92123 ping. AM, sweep
G s 395/$3995 iz 100 64k 1 10 |Pulse, noise, AM, FM; RS-232,
2l % ptiad IEEE-488 opt.; 256k t
fax (619) 450-0325 e e g s YRR |
e-mail: 1375/$4795 12 20 32k 1 10 C-size VXI card; 128-kpoint mem-
testsupport@ wavetek com ory, $295; 512-kpoint memory, $395
www.wavetek.com 1385/$6395 12 50 128k 1 1 C-size VX card; floating main output:
512-kpoint memory, $395
1396/36395 12 50 512k 15 C-size VXI card; 4096 sequences
digital output; 2-Mpoint memory opt.
296/$7995 12 50 512k 1 15 4096 seq.; dig. out.; 2-Mpoint mem.
opt.; upto 4ind. ch., $3795 each;
100-V p-p out. into 500 €2 opt.




WIN A CYRIX*M II™- 300 PC FOR THE
BEST APPLICHTUARTETTESOUN CHRRENT
GAUGES! CHECK OUR WEBSITE FOR DETAILS.
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NATIONAL'S LM3812/13/14/15 —
ULTRA Low INSERTION LOSS

CURRENT GAUGES WITH DIRECT g . Delta-
ense+ Sigma
DiGITAL OUTPUT Comvestar

*PATENTED INTERNAL Sense- Digital
Digital Filter

4mQ SENSE RESISTOR FOR , Ramp
LOW INSERTION LOSS L Fitter+ eeaastind
«DIRECT DIGITAL MICROCON-

TROLLER INTERFACE—PWM
OUTPUT INDICATES CURRENT
MAGNITUDE AND DIRECTION
*HIGH-SIDE 1 AND 7 AMP CUR-

Speed
RENT SENSING (LM3812/14) . ____
«LOW-SIDE 1 AND 7 AMP CUR- LM3812-1/7 1A/TA High-side  Precision
RENT SENSING (LM3813/15) LM3813-1/7 1A/TA Low-side Precision
| *2% MAXIMUM ACCURACY OVER LM3814-1/7 1A/TA High-side Fast
PROCESS, TEMPERATURE AND LM3815-1/7 1A/TA Low-side Fast
| VOLTAGE INCLUDES INTERNAL - — —— S —

1998 Matlonat Semiconducter, O, Cyrix and M1l are wr registersd of Nationai Corporation. All rights reserved.

SENSE RESISTOR
«DYNAMIC RANGE OF 400:1

+SUPPLY RANGE OF 2V-5.25V FOR MORE INFORMATION:
«INTERNAL POWER-ON-RESET www.national.com/see/LM3812
«ONLY ONE EXTERNAL 1-800-272-9959

CAPACITOR REQUIRED

+S0-8 PACKAGE

IDEAL FOR BATTERY FUEL
GAUGES, BATTERY CHARGERS,
MOTION CONTROL, DIAGNOSTICS
AND LOAD CURRENT SENSING
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them up in a step routine. It’s accel-
erate, then some rpm, then a differ-
ent rpm, then go from one rpm to an-
other, and then decelerate to go back
to a halt.”

Another hot application area for
AWGs is communications. Reinecke
points out that dual-channel AWGs are
often needed for communications, espe-
cially for in-phase and quadrature (1&Q)
modulation. “Most of the digital modula-

tion is of the I&Q form,” says Reinecke.
“You need two channels and, in general,
the clocks have to be very close to-
gether—clocks without any skew. Then,
you need sample rates normally be-
tween 5 and 10 Msamples/s. And the
two channels often contain a packet of
information; therefore, you need rela-
tively long memories. For IS-95 CDMA,
26.7 ms is the total message length. For
wideband CDMA, it’s about 10 ms.”

Three
L
Sources

PRAGMATIC §}

INSTRUMENTS, INC.

100MSa/s

ARB Generator
With 99 waveforms,
64k memory and IEEE
488.2 interface, your
custom waveshape
needs are fulfilled.

Sequence
Generator

Total of 9 sequences
can link 99 waveforms
and loop each one up
to 32768 times.

50 MHz
Sine/Square

Function generator
includes triangle, pulse,
ramp, sinc, Gaussian,
exponential and dc.

The Pragmatic 2416A synthesized
Function/ARB/Sequence Generator
offers performance and economy.

For immediate support
call 1-800-PRAGMATIC.

E-mail awgsales@ pragmatic.com
Web http://www.pragmatic.com

7313 Carroll Road, San Diego, CA 92121-2319
Tel. (619) 271-6770 « Fax. (619) 271-9567
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Reinecke adds: “When you factor
that out at 5 or 10 Msamples/s, you need
alot of memory to get one packet in the
instrument. Data typically is generated
by means of some software program like
SystemView from Elanix Inc. (West-
lake Village, Calif.). They have a very
comprehensive software package for
doing most of the communications file
generation. Then the files are down-
loaded into the memory, and they simply
play back out of the memory. There isn’t
much for the instrument to do other
than receive the file and play it back con-
sistently at the data rates required.”

Latest AWG Features

So how are the current crop of AWGs
distinguishing themselves in the mar-
ketplace? In the case of the AWG 500
from Tektronix, one compelling feature
is digital outputs. This feature targets
the digital designer and mixed-signal
applications.

“We've actually added in this hard-
ware capability for people working on
semiconductors who need to have both
analog and digital signal control,” says
Bruce Virell, product marketing man-
ager. “Tektronix actually pioneered this
capability; it's in all of our AWGs. The
newer instruments provide more spe-
cific tools for design engineers in digital
applications—things like channel-to-
channel skew control and independent
amplitude control on the digital output.
It’s been an evolution of the products.”

Another new feature of the AWG 500
series is an integrated hardware noise
generator that’s capable of generating
truly random white noise. Why did Tek-
tronix include this feature? According to
Mike Phipps, U.S. business develop-
ment manager, “We made a number of
field visits to customers and looked at
their applications. It's pretty obvious to
us when the customer has an AWG con-
nected up to an external noise source.
They didn't have to tell us this would be
a good feature to build into our product.”

At LeCroy, Chestnut Ridge, N.Y.,
the LW410A and LW420A are the main-
stays of the company’s AWG product
line. “People like them pretty much the
way they are,” notes Mike Lauterbach,
director of product management. “We
did increase the size of the hard drive
built into the AWGs. Two reasons:
Larger hard drives became much
cheaper, and designers are creating
more long, complicated waveforms. So,
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As an American semiconductor component manufacturer
for 27 years, Standard Microsystems Corporation has
established the familiar image of a quality supplier of PC I/0
solutions. It is a picture we are proud to project. But it’s
time to take a closer look. Today, we are so much more.
Our new corporate symbol reflects a new SMSC — a
company that casts its expertise far beyond the Personat
Computer, across all high technology digital and analog
integrated circuit disciplines. Our dramatically expanded
breadth of product brings tangible value to every customer.

any.

OEM developers are enjoying increased choice and
access to a wider diversity of solutions, all with the cost,
ease and convenience advantages of a proven single-
source supplier. Distributors are offering a broader line
card, expanding their ability to deliver. SMSC is now
bigger, broader and more diversified than we’ve ever
been before. So, call 516-443-SEMI today, and view us
from a whole new perspective. You, too, will soon agree;

we’re more than a PC 1/0 company.

STANDARD
MICROSYSTEMS
CORPORATION

desktop portable ethernet connectivity consumer

©1998 Standard Microsystems Corporation, 8o Arkay Drive, Hauppauge, NY 11788
“axBack Information Service (516) 233-4260. Visit our website at www.smsc.com

MEMS
More to Build From.
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Preamble Instruments, Inc.

Performancel.eader in Differential Measurement

Microvolts to Kilovolts — DCto500MHz
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Preamble 1800 Series standalone
differential amplifiers are designed to
function as signal conditioning pre-
amplifiers for your oscilloscope,
spectrum or network analyzers. The
1800 Series features very wide range
offset capability with 5%z digit
resolution.

Model 1855 combines 100 MHz
Bandwidth, Gain, High CMRR, Very
Fast Overdrive Recovery and Wide

Common Mode Range to simplify Model ADPS860
direct measurement of such difficult DC - SO0OMHz
signals as a switching supply upper X10 Gain

gate drive. Offset

Model 1822’s X1000 Gain can extend
your scope’s sensitivity to 10uV/div

g inclu((ii(;s a ﬁﬂll) coglp.l:;::?p O g Preamble ADP800 Series Active Differential probes’ high
lslp per an ov;?r — d'WIl dnmtnlt)s. performance, high bandwidth, excellent common mode rejection ratio
LRI BALES, DIMMAQIGTLand. oiher (CMRR) and low noise floor make this series ideal for applications in

?hrgf_i;:clhpgﬁr:tf g; ; erwell within telecommunications and disk drive design.

Model ADP8GO features S00MHz bandwidth, X10 Gain, =1, 10 & 100

Attenuation, 10,000 to 1 CMRR, Autobalance, offset up to 250 div and
very low noise (5nVA Hz).

REAMBLE

INSTRUMENTS
XC Series of passive Differential P.0.Box 6118
Probes give the 1800 series wide Beaverton, OR 97007-0118
voltage and attenuation range. (503) 646-2410, FAX: (503) 646-1604

www . preamble.com
differential@preamble.com
A member of LeCroy Corporation worldwide
www.lecroy.com
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they want larger hard drives.”
According to LeCroy’s product man-
ager, Fred Lauricella, the most signifi-
cant change recently is the sample clock.
It is now continuous from 6 kHz to 400
MHz with 1-Hz resolution. “That was a
big request,” notes Lauricella. “There
used to be bands of allowed clock rates
to output the waveform; it wasn't con-
tinuously variable. If a designer wanted
to create a 92.8-MHz signal for some

GSM test, it couldn’t be done. But now,
the AWG is continuously variable.”

PC-Based AWGs

AWGs on plug-in cards have been
around for a while, predominantly for
the VXI platform. Last year, however,
National Instruments (NI), Austin,
Texas, announced an AWG card for the
PC, the NI 5411. This card comes in two
flavors: one for the PCI bus, and the

ABSOLUTE VALUE.

High performance LCR meters from SRS.
Absolutely lowest price. Starting at $1295.

For passive component measurement,  SR720 $1995
the new standards in value are the
SR720/715 LCR meters from SRS. + 0.05% basic accuracy

+ 100 Hz to 100 kHz measurement frequency
Two 5 digit displays for simultaneous readout of

Meters that offer significant advantages  »

in performance and price. Performance major and minor parameters.

like .05% basic accuracy, 100 kHz test  « Auto, R+Q, L+Q, C+D, C+R, Series and Parallel
frequency, and fast measurement rates measurement modes

up to 20 per second. Features like a + 100 mV fo 1.0 V test signals

built in Kelvin fixture, averaging, binning  »
and limits, stored setups, and quick cal-  »
ibration. With the standard RS232 and
optional GPIB and Handler interfaces,  «
the SR720/715 solves your incomingin-  »
spection and automated test needs. All
for a price well below what you'd expect.

Call (408)744-9040 today for more
information.

SRS

Internal and External Bias

Binning and Limits for production testing and
component inspection.

RS232 interface

GP1B and Handler interface (optional)

SRT5
Same as SR720 except:

+ 0.2% basic accuracy
+ 100 Hz to 10 kHz measurement frequency

STANFORD RESEARCH SYSTEMS

1290-D Reamwood Avenue, Sunnyvale, CA 94089
TEL (408) 744-9040 FAX (408) 744-9049
www: hitp//www.srsys.com  Email: info@srsys.com

$1295
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other for the ISA bus. Usually, a com-
puter-based or plug-in type AWG is de-
signed into an automated test or auto-
mated stimulus system. But this isn’t
always the case.

Ed McConnell, the strategic market-
ing manager for computer-based instru-
ments at NI, notes the use of computer-
based instruments in university labs.
“We're finding that universities want to
replace a lot of older instruments with
the newer virtual or computer-based in-
struments, such as AWGs and multime-
ters. But, the real benefit in a computer-
based AWG, be it a VXI-, PXI- or
PCI-based AWG, is that you can build
test systems that perform the measure-
ment of the stimulus more rapidly than,
say, a GPIB-based AWG. Plus, these in-
struments are easier to integrateina
system, using the instrument drivers
and software.”

A Specialty AWG

AWGs are typically general-purpose
instruments. But sometimes, a product
will be geared to a specific industry.
Such is the case with the AMIQ from
Rohde&Schwarz, sold in this country by
Tektronix. The primary purpose of this
AWG is as an I1Q modulation source for
digital modulation. Although an AWG, it
has been designed specifically for the
communications industry. It is pro-
grammed and set with its own
WinIQSIM software.

Tektronix’s Virell makes an interest-
ing comparison between the AWG 500
and the AMIQ interfaces. “One of the
major differences between our general-
purpose instrument and our focused
product is that we actually provide
benchtop operation through a graphical
user interface—a waveform display—
for the AWG 500 series. You can see the
waveform as it’s edited and created.

“One of the early claims to fame of
our general-purpose AWGs was the fact
that you didn’t need software or a con-
troller to create, edit, and output wave-
forms,” says Virell. “You can do all of
that right inside the box. The primary
reason for having that built-in interface
is for on-the-bench debugging—a really
popular application. You can download
your vectors out of the computer into
the AWG and output those signals. But
then, if you want to inject anomalies or
do debug testing, you can make changes
right there in the instrument and auto-
matically update your output.”
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Qur Single-Supply Op Amps Meet All Your Needs

The OPA241 series is the newest addition to Burr-Brown’s extensive
line of single-supply op amps. Featuring up to 36V operation,
25pA quiescent current, and common-mode range below V-,
the OPA241 family is ideal for battery-powered and portable
applications. Plus it has excellent dc specs too—250pV max Vgs!

Whether your design requires dc precision, superior ac
performance, or low power, Burr-Brown has the solution!
Single, dual, and quad versions allow maximum design
flexibility. Check the brief listing below and see our whole line
of op amps on our web site!

Single micro Power Supply 1g/Ch. BW Vgs  Price/Ch.
Products Description Dual/Quad Packages (1] (mA) (MHz) (mV)max (10k+)**
0PA241 Precision, Wide Vg, microPower S, D, Q S0-8 +2.7Tt0+36 0.025 0.035 0.25 $0.88
OPA237  Gen. Purpose, Wide Vg, Low Power S,D,Q SOT, MSOP, SSOP +2.7to+36 0.160 1.2 0.75 $0.75
0PA244 Wide Vg, Best Speed/Power S,D SOT, MSOP +2.210+36 0.040 0.3 15 $0.37
OPA336 CMQS, Precision, microPower S,D,Q SOT, MSOP, SSOP +2.110+5.5 0.020 0.1 0.125 $0.42
OPA337 CMOS, Lowest Cost, Smallest S,D SOT (incl. duall) +2.5t0+5.5 0.525 3 3 $0.25
OPA340  CMOS, High Speed, Rail-to-Rail /0 S,D,@ SOT, MSOP, SSOP +2.5t0+5.5 0.750 5.5 0.5 $0.46
0PA342* CMOS, Gen. Purpose, Rail-to-Rail /0 S,D,Q SOT, MSOP, SSOP +2.5t0+5.5 0.150 1 $0.51
0PA343 CMOS, Low Cost, Rail-to-Rail /0  S,D,Q SOT, MSOP, SSOP +2.5t0+5.5 8.850 5.5 8 $0.33
0PA350* CMOS, Highest Speed, Rail-to-Rail 1/0 S, D, Q MSOP, SSOP  +2.5t045.5 4.5 35 0.5 $0.85
*Coming Soon **Quad Version

BURR - BROWN®

o www DUIT-DrOWN com

Burr-Brown Corporation ¢ P.0. Box 11400 « Tucson, AZ * 85734-1400 * (800) 548-6132 » hitp://www.burr-brown.com '
Distributors: Arrow: (800) 777-2776 « Digi-Key Corp: (800) 338-4105 * Insight Electronics: (888) 488-4133 »J.1.T. Supply: (800) 246-9000 » Sager Electronics: (800) 724-3780 « SEMAD (Canada): (800) 567-3623
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JANUARY 1999
Annvol Reliobility & Maintainability Sympo-
sium (RAMS), Jon. 19-21. Washington Hil-
ton, Washington, DC. Contact V.R.
Monshaw, Consulting Services, 1768
Lark Lane, Cherry Hill, NJ 08003;
(609) 428-2342.

Embedded Executive Conference, Jan. 26-
27. La Quinta Resort, Palm Springs,
CA. Contact Douglas St. John, Miller
Freeman Inc., (415) 538-3848; (888)
239-5563; e-mail; esc@mfi.com;
www.embedded.com.

IEEE Power Engineering Society Winter
Meeting, Jan. 31-Feb. 4.New York, NY.
Contact Frank Schink, 14 Middlebury

| Lane, Cranford, New Jersey 07016;

(908) 276-884T; fax (908) 276-8847,
ieee.org/power.

FEBRUARY

EcoDesign ‘99, Feb. 1-3. Manufacturing
Science & Technology Center, Tokyo,
Japan. Contact Point Business Center
for Academic Societies Japan, 5-16-9,
Honkomagome, Bunkyo-ku, Tokyo
113, Japan; +81 3 5814-1440; fax +81 3
5814 1459; e-mail: van@bcasj.or.jp;
www.bcasj.or.jp/EcoDesign/.

Photonics West, February 6-12. San Jose,
CA. Contact SPIE Exhibits Dept.,
P.O. Box 10, Bellingham, WA 98227-
0010; (360) 676-3290; fax (360) 647-1445;
e-mail: exhibits@spie.org.

Seventh Automated Imaging Association
(AIA) Business Conference, Feb. 10-12. Buena
Vista Palace, Orlando FL. Contact
Kirsten Erickson, (734) 994-6088; e-
mail: kerickson@automated-imag-
ing.org.

IEEE International Solid-State Circuits Con-
ference (ISSCC ‘99), February 15-17. San
Francisco Marriott, San Francisco,
CA. Contact Diane Suiters, Courtesy
Associates, Suite 710, 2000 L St.,
N.W.,, Washington, DC 20036; (202)
331-2000; fax (202) 331-0111; e-mail:
issec@courtesyassoc.com.

Gigobit Ethernet Conference (GEC), Feb. 16-
18. San Jose, CA. Contact Conference
Pros, P.O. Box 9126, San Jose, CA
95157, (800) 351-6000 or (408) 526-
9194; fax (408) 526-9195; e-mail:
conference_pros@compuserve.com;
www.gecconf.com.

Portable by Design, February 21-25. Santa
Clara Convention Center, Santa
Clara, CA. Contact Rich Nass, Elec-
tronic Design, 611 Rte. 46 West, Has-
brouck Heights, New Jersey 07604;
(201) 393-6090; fax (201) 393-0204; e-
mail: portable@class.org.

The Wireless Symposium and Exhibition,
Feb. 21-25. San Jose Convention Cen-
ter, Santa Jose, CA. Contact Bill Rut-
ledge, Penton Publishing, 611 Rte. 46
West, Hasbrouck Heights, NJ 07604;
(201) 393-6259; fax (201) 393-6297; in-
stant faxback (800) 561-7469; e-mail:
www.penton.com/wireless.

MARCH
Embedded Systems Conference, Spring,
Mar. 2-4. McCormick Place South, Chi-
cago, IL. Contact F'S Communications
Inc., 888 Villa St., Suite 410, Mountain
View, CA 94041; (650) 691-1488; fax
(650) 960-0541.

IPC Printed Gircuits Expo ‘99, Mar. 14-18.
Long Beach Convention Center, Long
Beach, CA. Contact IPC (847) 509-
9700 ext. 361; fax (847) 509-9798;
www.ipc.org/html/expo99.htm; e-mail:
registration @ ipc.org.

Southeastcon ‘99, Mor. 25-29. Hyatt Re-
gency Hotel, Lexington, KY. Contact
Don Hill, 1676 Donelwal Dr., Lexing-
ton, KY 40511-9021; (606) 257-8487;

fax (606) 323-1034; e-mail:
d.w.hill@ieee.org.
APRIL

IEEE/PES Transmission & Distribution Con-
ference & Exposition, Apr. 10-17. Ernest N.
Morial Convention Center, New Or-
leans, LA. Contact Grace Juneau, ¢/o
Entergy, P.O. Box 61000, New Or-
leans, LA 70161-1000; (504) 576-2400,

fax (504) 576-5989; e-mail:
gjuneau@entergy.com.

415t IEEE Cement Industry Technical Confer-
ence, Apr. 11-15. Roanoke, Virginia. Con-
tact Margaret Peterson, Roanoke Ce-
ment Co., P.O. Box 27, Cloverdale,
Virginia 24077; (540) 992-1501; fax 966-
1542.

IEEE Radar Conference, Apr. 20-22. Bos-
ton, MA. Contact Robert Alongi, 255
Bear Hill Rd., Waltham, MA 02154,
(617) 890-5290; fax (617) 890-5294; sec.
boston@ieee.org.

MAY

IEEE/IAS Industrial & Commercial Power
Systems Technical Conference (1&CPS), May 3-
6. Nuggett Hotel, Sparks, NV. Contact
Kerry Flannigan, Sierra-Nevada
Power Co., P.O. Box 10100, Reno, NV
89520; (702) 689-4848; fax (702) 689-
4139.

Sensors Expo Spring ‘99, May 4-6. Balti-
more Convention Center, Baltimore,
MD. Contact (203) 256-4700 ext. 173;
WWW.Sensorsexpo.com.

Sixth IFIP /IEEE Interational Symposium on
Integrated Network Management (IM ‘99),
May 9-14. Boston Park Plaza Hotel,
Boston, Massachusetts. Contact Judy
Keller, IEEE/COMSOC, 305 E. 47th
St., New York, NY 10017; (212) 705-
8248; fax (212) 705-7865; e-mail:
jkeller@ieee.org.

The Robotics and Vision Show, May 11-13.
Colocated with the International Au-
tomotive Manufacturing Show and
Motion Expo; Cobo Convention Cen-
ter, Detroit, MI. Contact (203) 256-
4700 ext. 173, www.motioncontrol-
expo.com.

JUNE

International Symposium on VLS| Technol-
ogy, Systems, & Applications, June 8-10.
Taipei, Taiwan, R.0.C. Contact Tak H.
Ning, IBM T.J. Watson Research Cen-
ter, Post Office Box 218, Rt. 134 &
Taconic Parkway, Yorktown Heights,
New York 10598; (914) 945-2579; fax
(914) 945-3623; e-mail:
ning@watson.ibm.com.

IEEE/MTT-S International Microwave Sym-
posium (MTT ‘99), June 13-18. Anaheim
Convention Center, Anaheim, CA.
Contact Robert Eisenhart, Eisenhart
& Associates, 5982 Ellenview Ave.,
Woodland Hills, CA 91367; (818) 716-
1995; fax (818) 713-1161; r.l.eisen-
hart@ieee.org.

JuLy

IEEE Power Engineering Society Summer
Meeting, July 18-22. Edmonton, Alberta,
Canada. Contact Dave Fraser, Ed-
monton Power Capital Square, Ed-
monton, Alberta, T5J 3B1, Canada;
(403) 448-3554; fax (403) 448-3192.
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Direct Photosensor Digitizer

Dual Current
Input 20-Bit ADC

Monolithic Charge Measurement ADC

The DDC112 is a precision, dual current input, wide dynamic
range A/D converter with 20-bit resolution operating from a
single supply. It combines the functions of dual current-to-voltage
conversion, programmable full-scale range, A/D conversion, and
digital filtering—all in a single chip, low cost solution.

The DDC112 is designed to accept low-level input signals
directly from current output sensors, such as photodiodes, which
make it ideal for applications such as IR Pyrometry, CT Scanner
DAS, Liquid/Gas Chromatography. and Blood Analysis.

You Won't Find These Features Just Anywhere

The DDC112 is unique in providing a direct analog interface to
sensors and allowing user-programmable full-scale ranges of
50pC to 1000pC. The input integration process is continuous with

A www.h“"'brown.com

each input containing two integrators; while one is being digitized,
the other is integrating. Additionally, DDC112 has a cascadable
serial data interface so that over 100 converters can be
daisy-chained together to minimize interconnections.

The DDC112 is available in a 28-lead SOIC package and is priced at
€71.5D in 1000s.

Key Specifications and Features:

« High Precision, True Integrating Function ......... .......... Dual Input
« Adjustable Full-Scale Range ...........c.ccoervevernev.. 50pC to 1000pC
« Integral Linearity .................... . +0.005% reading, +0.5 ppm FSR
« Digital Filter Noise Reduction .............c.ccccvvveurnnnee. 3.2ppm, rms

* Cascadable Serial Interface Qutput........ Daisy-Chain 100+ DDC112s

FAXLINE #:DDC112 ~ 11421

BURR - BROWN®

Burr-Brown Corporation « P.0. Box 11400 « Tucson, AZ » 85734-1400  Call (800) 548-6132 or use FAXL/NE (800) 548-6133 « hup://www.ihhr'r-hrown.com/
Distributors: Arrow: (800) 777-2776 « Digi-Key Corp: (800) 338-4105 « Insight Electronics: (888) 488-4133 » J.L.T. Supply: (300) 246-9000 « Sager Electronics: (800) 724-3780 - SEMAD (Canada): (800) 567-3623
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products that can

clear the obstacles

of prototyping, testing,
manufacturing and

regulations

a Wa y to make it happen.

Just partner

with Celestica.

When you've put your heart into a design, you want an outsourcing partner with the same determination

you have to make your product a success. With the expertise to see it through the process intact.

And the capabilities to make sure it not only ends up working the way you envisioned, but goes www.celestica.com

right on working once it gets to market.

At Celestica, we like seeing your brilliant ideas come to life as much as you do. Our design teams
work closely with you from the very earliest stages to help ensure your product’s viability—and
find ways to manufacture it as easily and cost-efficiently as possible. With facilities worldwide, we
can put a prototype in your hands in as few as two days. Our development and manufacturing
divisions are electronically linked, so new designs are released into production faster. And our
wide range of in-circuit and functional test capabilities will help you avoid any unpleasant surprises

down the line.

With quality, technology, and time-to-market awards from the world’s leading OEMs, it's clear we've
got a way of getting things done right. Find out how we can help make your next breakthrough
design a reality. Call us today at 1-888-899-9998. We're willing, able—and ready when you are.

©1998 Celestica, Inc. Celestica is a trademark of Celestica, Inc. CELEST I CA
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MARKET FACTS

Holographic Market Zooms Out To Hit $2.8 Billion

Think of a hologram, and most of us think of characters ! prising 29% of this market and bringing in $455 million in

on science fiction shows that could go on and off with a } 1998. Holographic optical elements (HOEs) hold only 6%,

flick of a button. Holograms appear to have a physical E but this is a high-growth sector and may be the area to
body, but it’s just an illusion. They seem like the stuff of | keep an eye on. These elements make heads-up displays
the future, along with robots that do our cooking and ! possible. They’re also the element that lets the pick-up
cleaning and hovercrafts that are available to the average | head for compact disk readers work extraordinarily fast.
consumer. But the reality is that the holographic market is | And, because they’re gaining importance in the $18 billion
flourishing right now. Products that are less flashy, but | optoelectronic component market, expect HOEs to start

technically still very vital,
are building on the indus-
try’s quality. Indeed, holo-
graphic elements make
lights shine brighter, CD-
ROM drives run faster,
and machines see better.
They can be found in a va-
riety of industrial ma-
chines, which results in the
making of smaller, cheaper,
more efficient machines.
These work much faster
and with greater precision.
Designers use them to cre-
ate machines and factories
digitally, and can then ex-
press them as virtual real-
ity in the form of holo-
grams. Though it’s not as
glorious, another common

everyday representative of industrial holography is in re-
tail scanners for both pricing and reading bar codes. This
technology also tracks products from the warehouse and
during transportation to delivery. But, what’s this market
worth? Well, Business Communications Co. Inc., Nor-
walk, Conn., resolved to answer this same question. The
worldwide market for industrial holography is up to $2.8
billion for this year. Business Communications’ study,
“RGB-225B Holography for Industrial Applications,” re-
veals a total U.S. market for industrial holographic uses at
$1.7 billion. Many different technologies and products em-
ploy holography, and all stand to make more money. Holo-

Industrial Market Share For Holography

Art: Jim Miller

more of the world.
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hoarding more of the prof-
its. Plus, the U.S. govern-
ment has backed the
development of these ma-
terials in an effort to cap-
ture a larger share of the
photonics component man-
ufacturing market. The
U.S. manufactured 9% of
the world’s optoelectronic
components in 1994, but
consumed 40%. In 1995,
Japan manufactured 72%
of these components.
These elements are set to
take a bigger role as
switching elements in elec-
tro-optical and communi-

cations systems, especially I

in holographic spec-
troscopy, interferometry,

microscopy, telescopy, and other measuring instruments.
They join together to form a $100 million per year busi-
ness. Next year, keep an eye out for the first prototype op-
tical computers. These machines will use holograms as
storage material for data. Able to deliver trillions of bits of
information at speeds faster than current computers de-
liver millions, these computers are expected to revolu-
tionize the industry and society at large. They’ll quickly
move into industrial and eorporate applications, and it
should only be a matter of time before they’re taking over

To get a copy of the Business Communications Com-

graphic scanning, for instance, has evolved into a $1 billion ! pany’s study, contact them at 25 Van Zant St., Norwalk,
per year business. It holds 60% of the total industrial mar- | CT 06855; (203) 853-4266; fax (203) 853-0348; www.
ket share for holography. Testing comes in second, com- | buscom.com.—NK
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| tinuously variable 10 to 1 multiplier. Sweep

40 YEARS AGO IN ELECTRONIC DESIGN

Oscilloscope Kit: 0 To 4.5 Mc

Professional oscilloscope kit OP-1 has de-coupled amplifiers and a dc-coupled
crt unblanking. The triggered sweep circuit operates on internal or external sig-
nals and may be ac- or de-coupled. The polarity of the tnggermg signal may be se-
lected, and a triggering level control can start
the sweep at any point on the waveform. The
sweep frequencies are provided by switch-se-
lected base rates of 2 and 0.2 msee, and 20, 2,
and 1 psec per cm in conjunction with the con-

frequencies are calibrated to within 10% at all
control settings. Vertical frequency response
is within 1 db from de to 2.2 me, and within 6
db from de to 4.5 me. Rise time is under 0.1
psec. Horizontal frequency response is within
1 db from de to 450 ke, and within 6 db from de
to 900 ke.—Heath Co., Dept. ED, Benton
Harbor, Mich. (ELECTRONIC DESIGN, December 24, 1958, p. 36)

It’s too bad that this item didn't include a price—I'd say it was about $300 in
kit form, but I could be way off. What's your guess? In any case, the Heath Co.
did a good job of keeping up with instrument technology, while holding its prices
within the reach of home experimenters.—Steve Scrupski

The Year In Review: Components

Thousands of new products were announced during the year. One of the most
important was the the silicon-controlled rectifier by General Electric. Sample
models created a stir in the industry, but they weren'’t available beyond sample
lots until now. The solid state device acts like a thyratron and can handle up to
about 60 amp.

A four-layer switch, ten times faster than most switching transistors, was
made available by General Transistor Research Laboratory. It had a switching
time of from 0.03 to 0.05 usec., and was designed for driving memory cores.

Ohio Semiconductor, Inc. and Westinghouse experimented with an 80-year-
old principle: the Hall effect. Both companies came out with devices that took ad-
vantage of this principle. The devices generated a voltage as a function of the
current and a magnetic field passing through the unit. Ohio Semiconductor went
one step further. Using the Hall effect, they developed the Magneto-resistor.
This unit changes its resistance as a function of the field passing through it.
Westinghouse also developed what they called the silicon Trinistor triode, which
is a high power switch. Still in the laboratory stage in the early part of the year,
these units were capable of blocking up to 200 v and carrying up to 10 amp. From
the on to off time, the unit is ten times faster than a comparable transistors.

Another component still in the laboratory stage was the constant-current
varistor. Work on it is being done by Bell Laboratories. This two-terminal pas-
sive semiconductor is applicable as a current regulator, where load or supply
varies from 20 to 120 v. It can be used as a coupling choke or ac switch.

And Lockheed Missile Systems announced a “fuel cell,” which attains unprec-
edented efficiencies in electrochemical conversions and “could revolutionize con-
ventional propulsion systems.” Almost 100 per cent fuel utilization and 70 per
cent energy conversion efficiencies were reportedly achieved in lab tests. Elec-
trochemical fuel is stored outside the fuel cell, so cell components are not con-
sumed in the electrode reactions. (ELECTRONIC DESIGN December 24,1958, p. 17)

Well, that wraps things up for the important events in the electronics indus-
try in 1958. Here's wishing all of you a healthy and prosperous 1999, when we’ll
look back at some truly significant developments, including the first public
showing of Texas Instruments’ first integrated circuit.—Steve Scrupski

Steve Scrupski is a former Editor-in-Chief of ELECTRONIC DESIGN. Now
semi-retired, he can be reached at scrupski@uworldnet.att.net.

Virtual School

hen you buy a computer
Wnowadays, you expect it to

come loaded with lots of
nifty applications. But, did you ever
think you’d get a university thrown
in? Well, that’s just what Micron
Electronics, Nampa, Idaho is doing.

The company is launching an In-
ternet-based component of all Mi-
cron personal computers, called Mi-
cron University. The idea behind
this virtual learning center is to let
power consumers, mid-market
businesses, and the government
make the most of their personal
computers. To create it, Micron
teamed up with ZDU, Ziff Davis’
online training division.

So, what can you expect if you de-
cide to go back to school? Industry
experts and professionals will teach
online, instructor-lead courses and
self-study tutorials from ZDU, tech-
nology and business seminars, and
other community and support ser-
vices. You can sign up for over 100
courses, including timely topics
such as: dynamic HTML, imple-
menting Intranets, Internet adver-
tising, investing on the Web, and op-
timizing web site performance. You
also can opt for one- to two-week
technical clinics and single-session
business seminars.

Just like a real university, there’s
a student union where Micron peers
can gather to discuss topics of mu-
tual interest. And, you get to shop at
an online bookstore featuring print
books from barnesandnoble.com
and electronic books through
beyond.com.

The free subscription ships
with the computer system and is
good for one year. After the initial
year, individual subscriptions can
be renewed for $59.95. Contracts
are available for organizations.
Micron University also can be ob-
tained as part of a Micron cus-
tomer’s subscription to mPower, a
comprehensive PC management
and obsolescence protection pro-
gram for mid-market businesses.

For further details, point your
browser to www.micronpe.com, or
call (800) 209-9686.




AT 5ns THEY RIP. BUT CPLD PERFORMANCE ISN'T MEASURED IN NANOSECONDS ALONE.

The MACH"® family of CPLDs. 32 to 512 macrocells. 32 to 256 |/Os. Speed is speed (and in this case, 5ns). But high

density and maximum flexibility also provide cost-effectiveness and faster time to

VvV RALAAE

BEYOND PERFORMANCE

market. Pick your definition of performance. Call 1.888.862.8472.

www.vantis.com/machad

© 1998 Vantis Corporation. Vantss, the Vantis logo, Speed_ocking and Beyond Performance are trademarks of Vantis Corporation. MACH is a registered trademark of Vantis Corporation

An AMD Company.
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TECH INSIGHTS /QUICKLOOK
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HDTV signals this fall, a whole

slew of new, high-definition tele-
visions are coming into the market.
It’s a very confusing environment
with many signal formats, television
specifications, and options. Now, just
imagine yourself a consumer walking
into your local high-tech electronies
emporium. You decide to peruse all
the latest wares in the TV section.
Some are direct-view, others rear-pro-
jection.

Most of these TVs are the wide 16:9
aspect ratio, but a small number re-
main the standard 4:3. High-end sys-
tems incorporate all of the digital elec-
tronies inside, while some offer a
set-top box for this purpose. But, one
point is clear. You’d better be pretty
well-heeled if you want to bring one
home. They are all quite pricey—
mostly over $7000 to $8000.

This January, that’s going to
change. At the winter Consumer Elec-
tronics Show in Las Vegas, Nev.,, a
very special, 50-in., rear-projection
HDTV will be on display in a suite off
of the main show floor. This device is
bound to create waves in the industry
for two reasons. One, it has an unheard
of price tag of $2000. And two, it usesa
new display technology that offers
true, full HD resolution of 1920 by
1080 pixels. The company that’s be-
hind this intention to rock the industry
is Digital Reflection Inc. (DRI), Los
Gatos, Calif.

To understand how revolutionary
this development could be, consider
the other options currently available
for HDTVs. Hitachi Home Electron-
ics America, Atlanta, Ga., for example,
just announced a new 61-in., rear-
screen HDTV. It has a suggested re-
tail price of $7999 and uses three high-
resolution, miniature CRTS to create a
full-color 16:9 image. But a CRT is an
analog device, so the digital signal
must be converted to drive the CRTS,
leading to the potential for artifacts.

Hitachi’s, and many other HDTVs,
can display HD signals in the 1080-line
interlaced (1080i) format, which
means it actually displays two 540-line
sub-fields every second. This is the
same way that NTSC signals are dis-
played on standard TVs. The TV also
can upgrade 480-line progressive

As broadeasters begin to transmit

(480p) signals into a 540p format.

Progressive scanning is the way
computer monitors present images.
But, if the HD signal is a 720p format,
some data will be lost.
This is because it does-
n’t have enough lines to
show all that informa-
tion.

Sony, Park Ridge,
N.J., has just released a
direct-view, CRT-based
HDTV. It is a 34-in., 16-
by-9 widescreen TV
with a suggested retail
price of $8999. It can
present 1080i, 480p, and
NTSC signals. But
again, this HDTV will
lose information on higher resolution
signals like 720p.

Plasma display panels (PDPs) and
plasma address liquid crystals (PALC)
from a number of companies also are
arriving on the market. The big set-
back is that it’ll cost you over $10,000
for a 40/42-in., direct-view TV/monitor.
Yes, these are digital devices—but the
resolutions are typically 853 by 480.
That means they can show 480p signals
with full resolution, but will lose infor-
mation for 720p or even 1080i data.

The HDTV from Digital Reflection
uses a liquid-erystal-on-silicon
(LCOS) display technology. It is a hy-
brid device whereby the active display
electronics (the backplane) are fabri-
cated on CMOS silicon lines. LCD
manufacturing techniques are used to
add a liquid crystal layer on top. Light
is reflected off of the device, which is
less than an inch in diagonal. With a
full 1920 by 1080 pixel format, this de-
vice should have no trouble displaying
1080p HDTYV signals—or twice the
native resolution of the CRT, PDP, or
PALC systems.

IBM, Yorktown Heights, N.Y.,
makes an SXGA LCOS display that’s
being used by several customers in
large venue projection systems. “I
know how to make an HDTV system
with that kind of resolution,” says Paul
Alt, IBM’s manager for exploratory
display technology, “but I don’t know
how to do it at that price point. If DRI
can do it, this is a really big deal.”

According to DRI principle Inge-
mar Jansson, their new HDTV will

only be about 15-in. deep and weigh
less than 75 Ib.—once again trouncing
the other rear-screen competition.
They are now shipping samples to cer-
tain OEMs, and predict
that they’ll be selling
the sets to consumers
by the third quarter of
1999.

Industry analysts
point out that there are
three challenging tech-
nologies that must be
overcome if such sets
are to become reality.
The first is the microdis-
plays themselves. Sec-
ond are the rear screens

CHRIS CHINNOCK needed to present the

magnified image, and the lamp and il-
lumination optics stand third. The
small size of the display makes it diffi-
cult to efficiently reflect light off of the
display, so compact and bright light
sources are needed. DRI says they
have solved these problems, however.

LCOS displays are an example of
perhaps the hottest new category in
the display community: microdisplays.
Typically under about 3 in. in diagonal,
microdisplays are used in projection
systems or virtual display systems for
head-mounted or bring-to-the-eye
types of applications. There are proba-
bly 50 companies worldwide working
on the transmissive, emissive, reflec-
tive, or scanned systems that are used
for projection or virtual applications.

Of course, the potential for this
technology is huge. But, whether they
can reach the price points so that mil-
lions of consumer products can incor-
porate them has yet to be proven. As
for me, I've personally jumped on the
bandwagon by starting a newsletter
devoted to tracking this promising
new segment of the industry. We’ll
keep you posted on exciting develop-
ments like this.

Chris Chinnock holds a BSEE
from the University of Colorado.
He’s the editor of the “Microdisplay
Report,” a newsletter covering all
technologies for projection and vir-
tual-based display systems
(www.mdreport.com). Chris can be
reached at (203) 849-8059;
' fax (208) 849-8069; or e-mail:
i chinnock@mdreport.com.




When planning, to market on time, in today's fast Products with proven technology such as combination
paced electronics industry, the best technology and  d-sub connectors with a wide selection of signal,
design are key to success. Making the right selection power and coaxial contact design are readily available
of connector products is part of winning. with very short delivery times.

Conec manufactures high quality connector products, Design with Conec combination d-subs; fully industry
providing fast service and competitive pricing. compatible with other manufacturers. Contact us today
or look at our website - www.conec.com

AMERICAN

CONEC QUALITY C<>I~IE‘

‘““SMART CHOICE” CORPORATION

"TECHNOLOGY IN CONNECTORS"

¢ |S0O 9001 CERTIFIED e
102 Pheasant Wood Court, Morrisville, NC 27560

Tel: (919) 460-8800 « Fax: (919) 460-0141 « E mail:105317.122@compuserve.com
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bit speed.

STMicroelectronics’ high speed serial bus technology

By 2001, the IEEE1394 market is expected to explode to
more than 400 million devices. Already today, both Gigabit
Ethernet and Fibre Channel are ramping-up to large volume.
STMicroelectronics is providing the catalyst for that explosion
by pushing networks to gigabit speed and beyond. Utilizing
completely digital technology, ST is providing high-speed
plug ‘n’ play serial bus connectivity for PCs, peripherals,
digital TV, camcorders, DVD and a hest of multimedia
applications and home networking needs.

®© 1998 STMicroelectronics

Today, based on 0.35p HCMOS6 low power technology
that is already migrating to 0.25p HCMOS?, ST is offering
low cost/high performance solutions for Gigabit Ethernet,
Fibre Channel and 1394 at 400Mbit/s (1394a compliant,
1394b-800mb/s in design). These advanced products
represent just a few of the ways ST technology and global
manufacturing capabilities are helping industry shape the
future. Find out how we can help you. Fax 781-861-2677.
Visit ST on the web at www.st.com.
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The ST logo is a registered irademark of STMicroelectronics.

www.st.com
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hen was the last time you pur-
WChased an interactive software

program that you could use
just as much as your child? If your an-
swer is never, don’t despair. Many of us
purchase software for our children,
show them how to use it, and never
look at it again. But, if you're looking
for something for both you and your
child, Microsoft may have the answer:
the interactive Encarta Reference
Suite 1999 CD-ROM and DVD.

While Encarta was first developed
in 1993 to assist both children and
adults with research, its newest incar-
nation goes far beyond this capability.
Using state of the art technology, the
Encarta Reference Suite 1999 CD-
ROM and DVD was specifically de-
signed to foster lifelong learning and
achievement through discovery.

It’s comprised of three separate
software programs: Encarta Encyclo-
pedia Deluxe 1999, Encarta Virtual
Globe 1999, and Microsoft Bookshelf
1999. To assist anyone researching a
topic, the Deluxe 1999 version of the
popular Encarta Encyclopedia soft-
ware tool features over 40,000 updated
articles and 20 million words, including
8000 new and 3500 revised articles.

It also boasts a num-
ber of new capabilities.
Content Page is a home
page that allows you to
see all the information
available on a subject.
Encarta Explorer en-

best of the encyclope-
dia. You can use com-
mon phrases to search
for a subject with Nat-
ural Language Search-
ing. And finally, En-
carta Study provides a research
organizer, report creation tool, and les-
son collection. These new features are
invaluable for children who have diffi-
culty narrowing down a subject matter
to one topic, or for those learning to
write a research paper or report for the
first time.

The second software program, En-
carta Virtual Globe 1999, features de-
tailed maps with more than 1.2 million
place names. It also boasts 18 different
customizable map styles; 10,000 arti-
cles about the countries of the world,

including land and cli-
mate, society and cul-
ture, and geographic fea-
tures; 65 global themes;
and 19 world tours that
bring images and sound
together.

As if this weren’t
enough, web links permit
you to search for addi-
tional information not
contained in the software
program’s resources. The b
user can even compare
traditions, customs, and
the social and economic conditions of
countries around the world. I particu-
larly liked the virtual flight feature,
which lets you soar above the country
of your choice to get a bird’s view of the
area’s landscape. If this isn’t exciting
enough for you, you can always try ex-
ploring the lunar surface of the moon—
just another innovative feature of this
software tool.

The third program, Bookshelf 1999,
contains nine frequently used refer-
ence titles. You'll find the Encarta
Manual of Style and Usage; Encarta
1999 New World Almanac; The Amer-
ican Heritage Dictionary of the Eng-

e lish Language, Third
Edition; The Original
Roget’s Thesaurus of
English Words and
Phrases; and more.
With such a breadth of
material available, this
program is ideal not
only for adults in the
workplace, but also
the at-home writer—
young or old.

Using the Quickshelf
Information Retrieval
Tool and Quick Synonym, Bookshelf
1999 conducts searches with short-
cuts. Such innovations as Quick Foot-
note, Quick Define, Quick Quote, and
over 6000 web links make it easy to
enhance whatever you write. And, the
Dictionary and Thesaurus can be in-
stalled directly on your hard drive,
giving you easy access to these re-
sources at any time. Also, for those of
you concerned about your child gain-
ing access to potentially offensive
words or articles, Bookshelf 1999
comes equipped with a parental con-

.\‘

MARIFRANCES
WILLIAMS

trol feature that hides
these inappropriate ref-
erences.

The DVD version in-
cludes high-resolution,
full-screen video play-
back, MPEG video en-
hancements, and better
quality sound. Its
brightest star, however,
is Suite Links, which
permits the user to fol-
" low a train of thought
from one suite CD-ROM
to another using one of
more than 6000 connections. I found
this feature particularly helpful when
going back and forth between the
three CD-ROM programs. Once
you've used it, you'll wonder why all
programs don’t have this capability.
The DVD version also includes 356%
more videos, 20% more 360-degree
views, high resolution, full-screen
video playback, and high-quality audio
with the ability to store uncompressed
audio files.

What sets the Encarta Reference
Suite 1999 apart is the user’s ability to
explore every corner of the globe from
the desktop, while learning to enrich
writing with quotations, know precise
definitions, and use more exact word
choices. It also integrates all three
CD-ROM titles so seamlessly that the
ability to use one program will enable
the user to interact with the other ti-
tles easily. It uses the same tool bars,
menu commands, navigation features,
and powerful pinpointer search en-
gine. Students and adults alike will
find it user friendly.

The Encarta Reference Suite 1999
CD-ROM is now available and sells for
$99.95. The DVD sells for $139.95. For
more information, contact Microsoft
Corporation, One Microsoft Way,
Redmond, WA 98052; (425) 882-8080;
www.microsoft.com.

Marifrances D. Williams holds a
degree in Liberal Studies from San
Diego State University, Calif. She is
currently a fifth-grade teacher at Los
Ranchos Elementary, San Luis
Obispo, Calif. Williams specializes in
the identification of advanced tech-
nology for the use of child-focused ap-
plications. She may be reached at
williamsofsm@lightspeed.net.
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The Wizard of Ooze and
his Slimy Sycophantic 0
Syndicate of Paychos hit
Teletropolis; oozies blazing. v

Now the network capital
wakens to find itself mired in Ll |
muck, stuck in slime, and
steeped in sludge. And the 00
weather's lousy too.

Teletropolis is
too slug-ish for
my taste.

We get
results
Ether way.

Ladies first!
Up and ATM,
sister.

Let's open
things up a bit. Or lots
of bits. Or lots and lots
and lots of bits!

Light on his feet and lightning
fast, HI FIBER still has
bandwidth he hasn't even
used yet| He's always ready
to expand it in a “modular
minute” for anybody
challenging him to plug and
play. HI FIBER expands the
bandwidth; widening avenues
and freeing traffic flow.

Enter the LAN-WAN TWINS; packin’ 8 Port W -
MACs and MAC 1000s (not to mention framer
and UniPHY). These twins are cell-mate sisters
wearing 100 and 1000-base Tsl When push comes
to shove, the LAN-WAN TWINS do both; pushing and =

shoving the slime out of the way, and establishing
robust local and wide area networks.

Thanks to Hi FIBER's robust character and
the LAN-WAN TWINS' fast response,

traffic's flowing faster than ever! So, fellow

superheroes, take care crossing the streetsill

—_ - 2
OKI T :
T Shirt 1 fres o1 Super Devignars ke you t9, Oki Semiconductor

01998 Oki Semsicondzetor, 785 North Mary Avenve, Sunnyvale CA 94036-2909. Phone: 408-710-1900. Fax: 408-720-1918. Al rights reserved. All frademarks or registered frademarks are properties of their respective owners.



Once again, we've finished ahead of the field:
Introducing the WORLD’S FIRST
128M DRAM.

[ By the way, what HAPPENED fo the field?]

It's the highest-density praM ever The pc 100~Compliant, 128M SORAM and if you want it in quantity,

made available in production volume. | cOMPONENTS the place where you can get it
’ . . KM41658030T-GL 8Mx16 .
It’s a smgle chip that. has Py oy i ey emxg | NOW is Samsung.
hundreds of times the capacity of | xm44qs32030T-GL 32MX 4 The 128M is particularly notable
the computer that took Apollo 11 | mopuLes = when you put it into a module. For
to the moon. R 77504271 6L 512MB DIMM® | jngrance, we offer a 128-megabyte

, KMM37753323T-GL 256 MB DIMM
It’s the 128m S)’nChronOUS DRAM, | kmMM46651723T2-FO 128 MB SODIMM soDIMM, for notebooks. And DIMMs

© Samsung Semiconductor, Inc., 1998. *Assembled with Samsung 128N DRAMS, stacked by packaging-technology partner STAKTEK.®
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with capacities up to 512 mega-
bytes, for high-end applications
like servers.

When you think about what
that kind of capacity will do for
your customers’ applications, you
see one thing.

A product that will let you—
like us—finish well ahead of
the field.

For complete information, visit
www.samsungsemi.com, now. Or
call 1-800-446-2760 or write
to praM Marketing, Samsung

READER SERVICE 133

Semiconductor Inc., 3655 N. First

St., San Jose, CA 95134.

I

SEMICONDUCTOR
Still A Generation Ahead.
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l A new breakz‘/ymugly for NETWORK SWITCHING:
\

|

"The Perfarmance—En/mncing
NtRAM.

[ Soon, it’ll be 2 HOUSEHOLD WORD. ]

When a product is as note-
worthy as our new Synchronous
SRAM, it isn’t long before every-
body is talking about it.

Our 8 Mb NtrRAM is tailored
for network switching, and it’s
' a 100%-bus-efficiency chip. In
fact, the N7 in NtRAM stands

Us

Better in Every Way

Them

167
MHz

Us

for “no turnaround.”

And of course, that’s exactly
what you're looking for if you
do network switching.

In that sense, NtRAM 1s compa-
rable to some other products.

On the other hand, it’s not
all that comparable.

1998 Samsung Semiconductor, Inc., San Jose, Califernia. NtRAM 15 a trademark of Samsung Semiconductor, Inc.




After all, we give you a 167-
MHz part and they give you
143 MHz. We give you a 2.§-volt
part while they give you a
3.3-volt part. And we're already
at 8 Mmb—while their densest
part is 4 Mb.

(Also expect a 16 Mb NtRAM

from us in the near future.)

With greater density, higher
performance, and lower power,
we think you’ll agree.

Sooner or later, NtRAM won't
just be a great sRAM. It’ll be a
household word.

For complete information,

READER SERVICE 134

visit www.samsungsemi.com,
now. Or call sRaM Marketing
at 1-800-446-2760.

SEMICONDUCTOR
Still A Generation Ahead.
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Modularity And Flexibility

any people notice that SOME
Mmodular designs are flexible.

This has led some observers to
conclude that ALL modular designs
are inherently flexible. Let’s take a
closer look at this issue.

Although modularity itself may be a
fairly fuzzy concept, most of us would
probably agree on certain characteris-
ties. For example, modularity implies
some ability to achieve different con-
figurations by mixing and matching
modules. We normally expect to be
able to alter the capabili-
ties of a modular system
by changing modules. If
we can provide a wide
range of capabilities,
with minimal effort and
cost, we consider the de-
sign to be flexible.

Yet, some modular
designs are nightmar-
ishly complex and very
difficult to reconfigure.
Alter a single module
and you must make a
large number of subtle adjustments in
many unexpected corners of the sys-
tem. Why do some modular designs
seem to easily adapt to changing con-
ditions, while others are fragile and
inflexible? The key is not whether the
design is modular, but rather how you
modularize it.

To make a modular design flexible,
you need to do four things. First, par-
tition the design to isolate the effects
of change. Ask yourself what function-
ality is most likely to change. Then, try
to place this functionality into isolated
modules. For example, if you expeect a
lot of changes in the user interface,
you should isolate it from the rest of
the system. That way, everything else
doesn’t have to change when you in-
evitably alter the user interface.

Second, reduce the number of in-
terfaces that you create between your
modules. This is a classic architectural
heuristic, and justifiably so. It’s im-
portant because the number of inter-
faces in a system can far exceed the
number of modules. Since each inter-
face is an interaction between mod-
ules, and each interaction is a poten-

DON REINERTSEN
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tial failure mode, more interfaces
means more ways for the system to
break when you change a single mod-
ule. So, shared modules can often re-
duce system flexibility.

Third, reduce the complexity of in-
terfaces that you create between
your modules. The more contact
points between modules, the more in-
teractions you create. There are two
obvious ways to reduce the complex-
ity of interfaces: Make modules more
self-sufficient, and pass data at a
higher level of abstrac-
tion. For example, the
reduced interface com-
plexity of object-ori-
ented programming
comes from its higher
abstraction level.

Finally, pay careful at-
tention to the degree of
coupling between mod-
ules. As I mentioned in a
column earlier this year,
interface margins are
critical to preventing re-
work when individual modules change.
They provide the buffer, permitting
changes in a single module to stay
within that module. The more tightly
we couple the system, the broader the
effects of any change and the higher
the cost of making such changes.

For example, shared software mod-
ules often create cross-coupling prob-
lems that are fiendishly difficult to
troubleshoot. Many computer users
have probably experienced this when
they load a new Windows program
that writes over shared DLL files,
thereby breaking another program.

You see, flexibility is not the auto-
matie companion of modularity. It
arises from specific architectural
choices in the design. Once we realize
this, we can truly exploit the benefits
of modularity.

Don Reinertsen is a consultant spe-
ctalizing in product development
management. He is coauthor of “De-
veloping Products in Half the Time”
and author of the new book, “Manag-
ing the Design Factory.” Reinertsen &
Associates, (310) 373-5332; e-mail:
DonReinertsen@compuserve.com.

BOOK REVIEWS

ourney into the future of micro-
jelectronics with The Quantum

Dot. A computer officer in the
physics department at the Univer-
sity of Newcastle Upon Tyne in
England, Richard Turton employs
analogies to explain the physical ef-
fects used in the design of semicon-
ductor devices. Much of the book
deals with more basic semiconduc-
tor principles (in the author’s words,
it’s directed at first-year undergrad-
uates in electrical engineering and
physics, as well as readers without
previous knowledge of these topics).

Yet it’s quite entertaining, partic-
ularly the epilogue on “Computing
the Future.” Here, the author pon-
tificates on how far we can go with
conventional technology. Even ex-
perienced electrical engineers and
physicists will find this 211-page pa-
perback refreshing, if only to catch
up on basic principles that were for-
gotten in a fast-moving and dynamic
semiconductor device world.

The Quantum Dot is available
from Oxford University Press for
$14.95; ISBN 0-19-510959-7.

Serious surveillance and counter-
surveillance buffs should welcome
Tom Larsen’s 72-page book, More
Benchtested Circuits, which concen-
trates on stealthy telephone-tap-
ping and countermeasures circuits.
It shows how to build a range of cir-
cuits that cost less than $100 each.
The “poor man’s component signa-
ture analyzer” ostensibly checks to
see if an ac power line is bugged,
while another circuit provides “sim-
ple, reliable radio control for bugs.”

As the author points out, all
these circuits were benchtested to
make sure they work. This follows
up Larsen’s earlier book, Bench-
tested Circuits for Surveillance and
Countersurveillance Technicians.
Need to build a circuit that per-
forms “incendiary destruction of in-
accessible taps and line-connected
bugs?” This book is for you.

More Benchtested Circuits is
available for $21.00 from Paladin
Press, Boulder, CO; www. paladin-
press.com; ISBN 1-58160-007-0.

Roger Allan




MICROPOWER Or AMP (SIVES

RAIL TO RAIL PERFORMANCE

942 PERFORMANCE ENHANCED, PRICE COMPETITIVE
DIRECT SOCKET REPLACEMENT

With supply current a miserly 1.2pA per operational
amplifier, the 75942, from STMicroelectronics, gives
rich returns in battery operated systems. What's more,
thanks to ST's circuit mastery the supply current does
not vary significantly over the entire 2.6V to 10V
supply range. Couple this with full rail to rail
performance and it is easy to see why the TS942
Micropower Op Amp is becoming a major
contender in portable and intrinsically safe systems.
For more information on the TS942 op amp, fax
781-861-2677 or visit us on the web at www.st.com.

> 2.6 to 10V operating voltage
> Rail to rail output
Extremely low supply current of
1.2pA per amp
> Dynamic: GBP = 10kHz
Slew Rate = 4V/ms
> Temperature range: -40 to +85°C

v

942

consumption current per channel
LM358 (350pA)
MC3317x (200pA)
LM324 (175pa) 1106 (200pA)

TS27M2/M4 (100pA)
dl/oud
STMicroelectronics

T52712/14 (10pA) low power op-amps
dual/quad (a selection)

15942 (1.2pA)
dual

Az,

®
The ST logo is a registered trademark of STMi

D 1998 STMicroelectronics, www.st.com
READER SERVICE 142
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The Roth IRA: A New Family Play For All Ages

Individual Retirement Account

that comes in two basic flavors,
the traditional IRA and the new Roth
IRA.

Both permit you to save up to
$2000 a year ($4000 with a spouse).
And, they both grow and provide you
with tax benefits. Here, the new Roth
IRA takes a turn that currently
makes it the more popular choice.

Contributions to a Roth IRA are
not tax-deductible and participation
has AGI limits. But, there is one ma-
jor benefit (subject to special provi-
sions). After a five-year holding pe-
riod, all withdrawals are tax free.
That means that after five years, you
can take out this money and not have
to claim it.

Act One: A Star Is Born

The legislation that spawned the
Roth IRA phenomenon also gave
those with traditional IRAs the op-
tion to convert these accounts to a
Roth IRA. Many IRA account hold-
ers did the math and decided that this
was a prudent course of action for
them.

Initiating a conversion in 1998 has
also been particularly attractive,
since account holders may elect to
spread the income and the taxes due
over the next four tax returns. This
window of opportunity is available
only through December 31, 1998.
Conversions done in subsequent
years will result in the entire conver-
sion amount being added to the in-
come in the year of conversion.

Act Two: The Roth IRA Is Modified

Some technical corrections to
1997’s legislation were passed in 1998.
They added a new wrinkle to the tra-
ditional Roth IRA conversion. IRA
account holders converting assets toa
Roth IRA in 1998 now have the option
to include the entire income from the
conversion in 1998, or spreading the
income equally over the next four
years. For those investors who expect
their tax bracket to rise in the future,
this could be an attractive option.

Also, the income realized from
Roth IRA conversions may affect the
taxation of Social Security benefits.
Those collecting Social Security

O verture: What is an IRA? Itisan
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might want to take all the income
from a Roth conversion in 1998. This
way, they could shelter more of their
Social Security income from taxes in
future years.

Since many people effecting tradi-
tional to Roth conversions will not
know if they qualify until they file
their income taxes, the question
arises: What if a conversion were
done in 1998, and then the taxpayer
found out that his adjusted gross in-
come was above the $100,000 qualifi-
cation mark for doing a
conversion? The 1998
legislation also set forth
the mechanism for undo-
ing a traditional to Roth
conversion.

The IRS has just re-
leased new rules per-
taining to Roth IRA
conversions. Effective
November 1,1998, an in-
dividual can only decon-
vert and subsequently
reconvert the same ac-
count one time per cal-
endar year. For example, if an ac-
count is originally converted in 1998
and subsequently reconverted before
the end of 1998, that same account
cannot be reconverted again in 1998.
However, it can be deconverted and
reconverted one more time in 1999
(until the individual’s tax filing dead-
line, plus extensions). If a client ex-
ceeds this limit, taxes must be paid
on the last “valid” or allowable con-
version.

Act Three: Enter Stock Market

. Volatility

The Roth to traditional IRA re-
conversion provision could help the
many IR A holders who converted ac-
counts in the beginning of 1998. They
will have to pay taxes on equities
that, due to recent stock market con-
ditions, could be worth less today.
The question then becomes: Can
these accounts be converted back toa
traditional IRA, and then subse-
quently be reconverted to a Roth
IRA, in order to reduce the tax liabil-
ity? You can breathe a sigh of relief,
because the answer is yes.

If you converted to a Roth IRA

HENRY WIESEL
CONTRIBUTING EDITOR
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earlier in the year, you may find that
market volatility has now eliminated
some of your gains. But, the taxes
due remain the same. By undoing
your earlier Roth conversion and
returning to a traditional IRA,
and then reconverting the assets at
their (lower) current market value,
vou eliminate the inflated tax liabil-
ity. Technically, the unwinding of
a Roth conversion is called a rechar-
acterization.

If you recharacterize your Roth
IRA, you may immedi-
ately reconvert back to
another Roth IRA.
However, you have un-
til your tax filing dead-
line, plus extensions, to
do the initial recharac-
terization. That would
mean a 1998 conversion
could be reversed
through April 15, 1999,
plus extensions. How-
ever, if—for example—
you undo a 1998 con-
version in January 1999
and convert it again in February
1999, this would count as a 1999 con-
version. It would not be eligible for
the optional four-year tax payment
option.

Finale

You might be one of the many in-
vestors who converted IRA assets
into a Roth IRA at the beginning of
this year. A lot of investors did this
when the stock market was reaching
all-time highs. If so, you should con-
sider recharacterizing those assets.
There is no guarantee that the Trea-
sury Department will allow recharac-
terization in subsequent years due
solely to market conditions. But at
present, there is nothing in the regu-
lations to prevent you from making
this transaction for any reason.

For help in creating a new Roth
IRA or traditional IRA for yourself
or a family member, or to review Is
Recharacterization Right For You?,
contact Henry Wiesel, vice president,
qualified plans coordinator at Sa-
lomon Smith Barney, 1040 Broad St.,
Shrewsbury, NJ 07702; (800) 631-
2221, ext. 8653.




We partner with you
to get the job done right
and on-time.

Power Supply - Project Aurara XYZ Corp.
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FT « FS SERIES MODUFLEX ® SWITCHERS

DESCRIPTION

The FT and FS Series are comprehensive
lines of ultra compact power factor corrected
models derived from our Moduflex® family of
switching power supplies. This series utilizes
advanced technology to produce a high
quality input current wave form that is
compliant to the harmonic requirements of
EN61000-3-2. Based on modular
construction, “off the shelf” modules permit
high volume manufacturing with an
outstanding quality level assuring timely
delivery at a competitive cost.

Three classes of output modules are
available. The STANDARD outputs allow
short duration surge currents on all
auxiliaries for hard starting loads. Optional
CURRENT LIMITED outputs have square
current limiting and feature wireless droop
current sharing. Optional ENHANCED
outputs have square current limiting, one wire
star point current share, output good logic
signal with LED, nominal 5V local bias,
individual inhibit and margining. For
requirements that cannot provide minimum
load on the main output, the ZERO
PRELOAD option is available for main
outputs up to 500 watts.

DELIVERY

Choose stocked units or construct a model
number using stocked modules for fast
delivery. Otherwise, form a model from the
adjacent page to meet your specific re-
quirements. Contact factory for deliveries on
models derived from non-stocked modules.

FEATURES

B 0.99 power factor.

I 5.5 watts per cubic inch.

I 1-7 outputs, 400-1000 watts.
B 120 kilohertz MOSFET design.
BE Universal input.

B UL, CSA, TUV (IEC, EN), CE.
I FCC, EN Class A EML.

I |EC, EN Immunity.

I All outputs:

Adjustable

Fully regulated

Floating

Overload and short circuit protected

Overvoltage protected
I Standard features include:

System inhibit
Fan output

@ Options and accessories include:
Power fail monitor
Redundancy
Current Limited Outputs
Enhanced Oultputs
Zero Preload
End fan cover
Top fan cover
Rack Assemblies

STOCKED MODELS - Available in 3 days.

Max
Power Output 1

400W 5V @ 50A 12V @ 12A
400W | V@ 12V @ 12A

| 600W | 5V@60A | 12v@12A |
BOOW | 5S5V@60A | 12V@12A |

*400W models include power fail monitor, current limited modules, zero preload and end fan cover options.
600W models include the same options except fan cooling is built into the unit.

UNITS FROM STOCKED MODULES - Available in 2 weeks.

FT 4B 2336-YYX

OPTIONS
Option
Code Function
) o 00 | None
Sl aiO0e 01 | Power Fail Monitor
02 | Redundancy
. . ) ) 04 Current Limited
Configuration: Allowable quad output configurations are 42, 44, 46 and 48. 08 | Zero Preload
Power Code: Choose Power Code A through D for 400-750W models. 16 | Enhanced
Output Codes: Select any outputs from the shaded area on the Output Types table |
consistent with the configuration chosen. B
64 Top Fan Cover

Option Code:  Specify Option Code. Refer to the Option table. Codes 02 (redundancy)
and 16 (enhanced) are excluded from models available in 2 weeks.
Fan cooling is built into 600 and 750W units.

the Option Codes.

Replace the YY with the sum of



MODEL SELECTION

Models are available in power ratings of 400 to 1000 watts, with
cor-esponding code letters A through E. See Power Code chart.

Output modules are available in six types:J,K,L,M,Nand Pin
nominal power ratings from 75 - 500 watts. Type M, N and P
modules are variable power rated depending upon the unit
powerrating. The M, N and P Module table directly below shows
the corresponding multiplier applicable to the output current
ratmgs of the M modules and allowable power ratings for the N
and P modules. For example, a 750 watt multiple will have its M
type module configured to produce 120A @ 5V or 12A @ 48V.
The voltage and current rating of output modules are listed in the
table of output types. This table assigns an alpha-numeric code

designating the nominal voltage rating of the module.

M Module Current N/P
Unit Muiltiplier Module*

Power  Single Multiple Allowable
Rating Output Output Power
Rating

A | 400w | 08 | 05 | 250W
B 500W | 10 | 06 | 300W
c | eo0w 1.2 08 | 400w
D 750W | 15 | 12 | 500W
E | 1000w | 20 | 15 | 750W

*‘When an N or P module is used as the main output,
the allowable power and the module current ratings
must not be exceeded.

Output Types”
Module Type

J K L M NP
Code Volts Amps Amps Amps Amps Amps
! ] { 30 | 1OO i 60 |
33 10 | 20 | 30 |900)
e tat |

Womy]. 80~ [ 78D 1OO _L_GO
28y 24 [FNaoh a0
| 20 33 | a3 |

0
1

2

3

4 — — -
5 8 16 | 28 | 28 |
6 6 12|
7 5 10 [ 18 | 18 |
8 4 8 | 14 | 14
9 18 3 6_| 10 | 10
A |22 10 | 20 [ 30 | 100 | 60
B |24 10 | 20 | 30 | 100 | 60
@ | | 20 | 30 | 100 | 60
D | 3 ] 10 | 20 ; 30 | 100 | 60
E |36 ] 10 | 20 | 30 | 100 | 60
F } 4] 10 Lzoﬂ 30 | 100 | 60 |
G |45 | 10 | 20 | 30 | 100 | 60 |
H 167 10 | 20 | 30 | 90 | 60
J

K

L

M

N

P

Q

R

S

T

U

Vv

w

X

Y

63 | 10 | 20 30 [ 80 | 60 |

| 9 [ 18 ] 3 | 70 | 60
8 | 8 | 16 | 30 | 62 | 60 |

9 8 15 | 30 | 56 | 56 |

10| 7 14 | 30 | 50 | 50
171 7 13 | 27 | 45 | 45
135| 6 I 2271 & N ar |
17 | 5 1 9 | 18 ] 30 | 30
19 4 | 8 16 | 26 | 26

21 . 14 | 24 | 24 |
Lzg ) a b v I 0g | 22 ¥ 22
26 | 3 | 6 | 12 | 19 | 19
29-1 3 5 A

gl 2 5 9 16 1 16 |

0 | 2 4 8 13 ] 13 3

Z [ 44| 2 4 o 7T 12 § 0% i

Multiple output modules of a given type are arranged in
ascending order by voltage magnitude in the same sense as
the output number sequence in the configuration diagrams.
*Shaded ratings are stock.

HOW TO ORDER

To form the proper model number defining a custom requirement,
select the letters FS or FT to designate the series, then choose the
desired configuration and list the configuration code. Insert the power
code letter for the power level and follow with the output code numbers
or letters for each specific output. Enter a dash and from the option
table insertthe sumof the option codes. Where lower poweris desired
for the main module, an N module can be substituted and is denoted
by a letter N in the output variant position. In addition, when no
preload is available for the main output, choose Option Code 08 and
add a P in the output variant position. For an enhanced main and
current limited auxiliaries, specify both 04 and 16 option codes.

HARMONIC CORRECTED 500W QUAD SWITCHER
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OUTPUT CONFIGURATIONS

The boxes below are diagrammatic representations of the power supplies as
viewed from the output end. The twe-digit numbers above the boxes are the
configuration codes.
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Refer to the table below for allowable configurations by series.
Unit P war Mating

500W ___600W 750W

12 [ . | . e X ° x | x
24 . | o |
26 ° | o X o X X
) | x ]
32 . o x
34 . o I o X . )(h
36 | e e | ex ex | x|
38 | X
40 i X |
42 ° ° o X o X
44 . . o X o X X
46 I . o X e X X
48 X X
£ 50 i ! ! X
52 [ . ® X e X X
54 . e X s X X
56 | x | «x
62 1 . f e X ® X X
64 | | X 3
72 | ' ' x x

* Represents allowable configurations for the FT Series.
x Represents allowable configurations for the FS Series.




SPECIFICATIONS

INPUT
90-264 VAC, 47-63 Hz.
POWER FACTOR

0.99 typical.

EMISSIONS

FCC 20780 Part 15/EN 55022, Class A Conducted. EN
61000-3-2, Harmonics. EN 61000-3-3, Voltage Fluctuations.
IMMUNITY o

IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. |1EC
1000-4-3/EN 61000-4-3, Radiated Field. 1EC 1000-4-4/EN
61000-4-4, Electrical Fast Transients. |EC 1000-4-5/EN
61000-4-5, Level 3 Surge. |EC 1000-4-6/EN 61000-4-6,
Conducted Field.

INPUT SURGE

230 VAC - 38 amps max. 115 VAC - 19 amps max.
EFFICIENCY

75% typical.

HOLDUP TIME

20 milliseconds from loss of AC power.

OUTPUTS

See model selection table. Qutputs are trim adjustable +5%.
OUTPUT POLARITY

All outputs are floating from chassis and each other and can
be referenced to each other or ground as required.

LINE REGULATION

Less than £0.1% or +5mV for input changes from nominal to
min. or max. rated values.

LOAD REGULATION

+0.2% or +10mV for load changes from 50% to 0% or 100% of
max. rated values.

MINIMUM LOAD

Main output requires a 10% minimum load for full output from
auxiliaries. Use Option 08 it no minimum load is available for
mains up to 500 watts. Singles require no minimum load.
RIPPLE & NOISE

1% or 100 mV, pk.-pk., 20 MHz bandwidth

OPERATING TEMPERATURE

0-70°C. Derate 2.5%/°C above 50°C.

COOLING

A min. of 10 LFS* for models without internal fans directed
over the unit for full rating. Two test locations on chassis rated
for max. temperature of 90°C. 600 watt, 750 watt and 1000

watt models have built-in ball bearing fans.
‘Linear feet/second.

TEMPERATURE COEFFICIENT

10.02%/°C.

DYNAMIC RESPONSE

Peak transient less than +2% or +200 mV for step load
change from 75% to 50% or 100% max. ratings.
RECOVERY TIME

Recovery within 1%. Main output - 200 microseconds.
Auxiliary outputs - 500 microseconds.

SAFETY

Units meet UL 1950, CSA 22.2 No. 950, EN 60 950, IEC 950.
ISOLATION

Conforms to safety agency standards.

INPUT UNDERVOLTAGE

Protects against damage for undervoltage operation.
SOFT START

Units have soft start feature to protect critical components.
OVERVOLTAGE PROTECTION

Standard on all outputs.

REVERSE VOLTAGE PROTECTION

All outputs are protected up to ioad ratings.

N
Deltrori inc.
POWER N PRODUCTS

98703A

OVERLOAD & SHORT CIRCUIT S s
Outputs protected by duty cycle current foldback gu((:unt with
automatic recovery. Standard auxiliaries have additional back-
up fuse protection. Options 04 and 16 have square current
fimiting with automatic recovery when overload is removed.
THERMAL SHUTDOWN
Circuit cuts off supply in case of local over temperature. Units
reset automatically when temperature returns to normal.
FAN OUTPUT
Nominal 12 VDC @ 12 watts maximum.
INHIBIT
TTL compatible system inhibit provided. Option 16 has,indi-
vidual output inhibit.
REMOTE SENSING
On all outputs except standard and 04 Option outputs 75
watts or less.
SHOCK & VIBRATION
Shock per MIL-STD 810-E Method 516.4, Procedure |.
Vibration per MIL-STD 810-E Method 514.4, Category 1,
Procedure |.
MECHANICAL
CASE SERIES WATTS
FT  400W/500W
FT 600W
FS 600W
FT 750W
ES] 750W
FS 1000W

w L

8.00"
10.03"
11.00
10.03"
11.63"
11.63"

5.08"

OPTIONS
POWER FAIL MONITOR
Optional circuit provides isolated TTL and VME/VXI compatible
ACFAIL signal providing 4 milliseconds warning before main
output drops by 5% after an input failure. A SYSRESET signal
following VME timing requirements is provided when an N
module is used as a main output. Both logic signal outputs can
sink current per the VME specification.
REDUNDANCY
Optional Or-ing diodes for hot pluggable N+1 redundant oper-
ation. For FT Series 500 watt & 750 watt models with 1-4 out-
puts. Main output current limited to 100 amps. Remaining out-
puts 16 amps max.
CURRENT LIMIT
Option provides on all outputs:
= Square current limit with auto recovery.
B Wireless droop current share for parallel or N+1 redundant
operation.
ZERO PRELOAD
Optional circuit removes need for preload on main output up
to 500 watts.
ENHANCED
Option provides on all outputs:
B Square current limit with auto recovery.
® Single wire active current share for parallel or N+1
redundant operation.
@ DC output good logic signal with LED indicator.
| Logic inhibit.
8 Nominal 5V bias.
B Margining.
END FAN COVER
Optional cover with brushless DC ball bearing end fan which
provides the required air flow for full rating.
TOP FAN COVER
Same as above with fan cover mounted on top of the power supply.
ACCESSORIES
RAS50 and RA75 Series 2U high rack assemblies provide hot
pluggable interface and hold up to 3 FT Series 500 watt or
750 watt units respectively.

Specitications subject to change without notice

290 WISSAHICKON AVENUE, P.O. BOX 1369, NORTH WALES, PA 19454
PHONE: 215-699-9261 ¢ FAX: 215-699-2310 « TOLL FREE: 1-800-523-2332
E-MAIL: sales@deltroninc.com * VISIT OUR WEB SITE: www.deltroninc.com
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HP 81100 family of pulse/pattern generators:

+HP 81101A 50 MHz - HP 81110A 165/330 MHz
-HP 81104A 80 MHz - HP 81130A 400/660 MHz

[ﬁﬁ HEWLETT®

PACKARD
[ Expanding Possibilities |

Now you can choose a pulse/pattern generator
with the performance you need.

Until now, you haven't had much of a choice in pulse/pattern generators.
And that sometimes means buying more performance than you need. Meet
the new family of 81100 pulse/pattern generators: Multiple products spanning
the performance curve from maximums of 50 MHz to 660 MHz.

Of course, every member of the family has the same user interface and
programming commands. Some give you not only standard pulses, but
digital patterns, sequenced and looped data, multi-level waveforms and
glitch-free change of timing. And choices of fixed delay between trigger in
and signal out or more precise and flexible edge placement mean you
get all the performance you want. Without buying more than you need.

The choice is yours.

To find out more about the HP 81100 family of pulse/pattern generators, call
1-800-452-4844; Ext. 6083. Or visit our Web site: http://www.hp.com/go/dvt

1998 Hewlett-Packard Co. TMBVS838/ED “In Canada call 1-877-894-4414, Progr.am Number TMU426.

READER SERVICE 101



B Exploring the world of digital logic, memory, and microprocessors

Careful HDL Coding Maximizes
Performance In LUT-Based FPGAs

It’s High Time You Understand The Interaction Between HDL
Coding Style, FPGA Device Architectures, And Design Software.

SAMIR SAMHOURI, Lucent Technologies Inc., 555 Union Blvd., Allentown, PA 18103; (800) 372-2447.

would understand and exploit all
field-programmable gate array
(FPGA) architectures and their spe-
cial features without designer inter-
vention. In the real world, however,
this isn’t the case. Applications that

I n an ideal world, synthesis tools

are speed- and area-intensive require !

that designers be aware of the conse-
quences of coding style. To obtain opti-
ma] results, an understanding of the
FPGA'’s architecture, the synthesis
tool, and the back-end layout software
also becomes necessary.

Most FPGAs are not fine-grained.
Instead, they're made up of program-
mable functional units (PFUs) that
implement combinational logic in
lookup tables (LUTSs) and a certain
number of ilip-flops or latches. The fol-
lowing lists some FPGA features that

synthesis tools may have difficulties !

implementing:

» The flip-flops insicle the PFUs share
some control signals, such as the clock,
clock enable, and reset/set. Inan ORCA
architecture, for example, four flip-flops
will fit inside a single PFU only if they
have the same mentioned signals. Most
synthesis tools don't understand this. If
a design is coded without keeping this
fact in mind, the tools might utilize some
of the flip-flops inefficiently. This results
in an inflated chip size.

» Memory elements inside some FP-
GAs can be implemented in the LUT
portion of the PFU. This method of con-
structing RAM or ROM inside FPGAs
saves a large number of gates and dras-

tically improves the speed of a device.

O =

Unfortunately, there's no one way to
implement memory in HDL,. Hence, the
synthesis tools can't detect their pres-
ence to utilize the FPGA’s LUT feature.

 Counters and state machines also
are difficult. With so many different
kinds of these circuits, the reason for us-
ing one over another is mostly depen-
dent on the application. A knowledge of

an FPGA’s architecture also helps in de- !

ciding which method is most efficient.

e Design hierarchy and floorplan-
ning is hard for synthesis tools to im-
plement.

» Global Set Reset (GSR) signal is an
internally routed reset signal that does-
n't consume any of a chip's routing re-
sources. There’s currently no way toim-

plement this feature in VHDL.

Consequently, synthes.s tools can't uti-
lize this feature unless the GSR compo-

|
nent gets instantiated in the HDL code. ’

There are three basic techniques for ,
writing VHDL code. Starting with the
least efficient method, they are:

1. A generie code that has not been
targeted to an architecture.

2. A generic code targeted towards a
device architecture.

3. An HDL code with macro instanti-
ation.

It helps to compare these three '
methods, incorporating coding
styles that would be targeted to re-
duce the aforementioned synthesis
inefficiencies. ‘

Synchronous Logic '

Flip-flops and latches in most LUT-
based FPGAs can be configured in syn-
chronous set/reset mode using the Lo-
cal Set Reset (LSR) assigned by the l

Listing 1 |

entity fig25a is
Port ( clk_w, reset, wr: in std_logic;
add_in : integer range O to 15;
data_in : in std_logic_vector(7 downto 0);

end fig25a;
architecture synth of fig25a is
constant depth : integer := 16;

signal data : data_array (0 to depth - 1);

begin
process (clk_w)
begin
it {clk_w="1"and clk_w'event) then
if wr='0"then
data (add_in) <= data_in;
end if;
end if;

end process,
data_out <= data (add_in},
end synth;

data_out : out std_logic_vector(7 downto 0));

type data_array is array ( integer range <> ) of std_logic_vector (7 downto 0);

ELECTRONIC DESIGN / DECEMBER 14, 1998
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FOR FPGAs |

\ Listing 2

end fig25b;
architecture synth of fig25b is
constant depth : integer := 16;
constant idepth : integer := (depth - 1);

mdﬂa:dm_m‘ly(()bdopm-ﬂ:
GEN_LABEL : for | in idepth downto 0

(others=>'Z);
Process begin
wait until (clk_w'event and clk_w = '1');
if (1 = add_in and wr = ‘0’) then
data(l) <= data_in;
end if;

end process;
end generate GEN_LABEL;
end synth;

m_ou out std_logic_! WMO)).

mmmwhm(mwo)dm.mﬂmo):

generate
data_out <= DATA(I) when (wr='1"and I=add_in) else

designers. In order for a latch or flip-
flop to be implemented correctly, the
synthesis tool must instantiate the
proper library macro. But, this won't
happen unless the HDL code contains
the correct description. A basic under-
standing of the FPGA architecture to
be used is a must.

Designers have to keep in mind the
kinds of flip-flops and latches that are
available in the vendor’s macro library.
If the code implements a register func-
tionality that’s not represented by a
corresponding macro in the library,
the extra functionality will be added to
the circuit using additional logic. Most
of the time, this extra logic ends up on
the registers’ datapath, increasing
area and delay.

Each PFU can implement uptoa
certain number of latch and/or flip-flops
that share some of its inputs. To get the
highest area utilization out of the de-
vice, latches and flip-flops are best
grouped in multiples of the PFU’s regis-
ter capacity.

If synchronous functionality of the
flip-flops is required, the Global Set Re-
set signal can’t implement the set/reset
signal. This is because the GSR has asyn-
chronous functionality. It can, however,
be used in addition to the LSR signal.

If the code implies a gated Clock En-
able (CE) signal, the synthesis tool
tends to duplicate the enable logic for
every register in the design. To avoid
this, it’s recommended to keep the
gated signals in a separate process.
Also, pass their output to the CE input
of the main module.

In order to use the correct flip-flop,

the HDL code has to describe the cor-
rect functionality. For instance, the fol-
lowing code listing is used to implement
a two-bit register with a +V level syn-
chronous reset and a +V level enable
signal.
DO <= D1 AND D2;
SYNC_RST : Process (CLK,RST)
begin
if (CLK’event and CLK="1’) then
if (RST =1') then
DATA_OUT <= (others => ‘0');
elsit (DO =‘1") then
DATA_OUT <= DATA_IN ;
endif;
end if;
end process SYNC_RST;

Note that to implement a synchro-
nous reset correctly the “if (RST = 1)
then” statement has to be entered after
the CLK’event inside the process. And
for “DO” to be connected to the CE in-
put of the flip-flop, the “elsif (DO = ‘1")
then” statement must go after the “if
(RST =‘1") then”.

Be vigilant with this approach, be-
cause some synthesis tools have known
limitations in implementing synchro-
nous reset/set. They can produce some
unpredictable results that, although

. functmnaﬂy COPOCt, would on

ot thies
VY SRR SR I VY Pl

CE ofthe ﬂ1p-ﬂ0ps only if the code is im-
plemented, as shown in the previous
HDL example.

Also, some signals weren’t meant to
get connected to the CE port. But, be
aware that they will be if designers
don’t know what kind of coding algo-
rithm will result in a CE connection.
Consider:

Ares and -ymu .
“Btaes &5 a4

SYNC_RST : Process (CLK,RST)
begin
it (CLK'event and CLK="1"} then
if (D1 ='0" and DATA_IN = “10”) then
DATA_OUT(0) <= DATA_IN(0} ;
elsif (D2 = ‘0’ and DATA_IN =“01") then
DATA_OUT(1) <= DATA_IN(1);
end if;
end if;
end process SYNC_RST;

The code in this listing will generate
two flip-flops with two different CE
signals for a couple of reasons. First,
there are some undefined states in the
process (such as the state when D1= 1’
and DATA_IN=‘10’). Also, not all of
the outputs for the defined states were
defined under every “if”” statement.

Both of these issues will force the
synthesis tool to use the CE port of the
flip-flops in order to retain their previ-
ous values. As a result, this circuit will
consume two programmable logic cells
(PLCs) instead of one. To avoid these
kinds of inefficiencies, try the following
when writing HDL code:

¢ Always attempt to group multiples
of four flip-flops under every “if” state-
ment.

o Try to define all the states of the
control signals and the status of the reg-
ister outputs for every state.
if (CLK'event and CLK="1") then
if (D1 ='0") then

DATA_OUT <= “01";
elsif (D2 = ‘0') then

DATA_OUT <="10";

else DATA_OUT <= DATA_IN;

end if,

Listing 3

architecture ram16x8z of ram16x8z is

add_in : in std_logic_vector(3 downto 0);
data_in : in std_logic_vector(7 downto 0);
wr : in std_logic;

end component;

begin
u1: ram16x8z port map (clk_w, reset, add_in,
end ram16x8z;

data_out : out std_logic_vector(7 downto 0));

data_in, wr, data_out);
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FOR FPGAs |

DIGITAL DESIGN HDL CODING

based FPGAs. In an ORCA architec-
ture, for instance, each LUT can be con-
figured in a ripple mode so that the

Listing 4

begin s PFU can implement up to 4-bit arith-
"‘"'."n'n"”"“ : 500 metic functions. Moreover, most com-

o c&w«(.;)&m”ogo) mon synthesis tools understand this

DIFF_PTR <=0; FPGA feature and can take advantage

elsif (clk="1" and clk'event) then
if wr = ‘1" and (status=not_empty or status = empty) then
WR_ADD <= WR_ADD + '1;
: DIFF_PTR <=DIFF_PTR + 1;
elsif rd = 1" and (status=not_empty or status = full) then
RD_ADD <= RD_ADD +‘1";
DIFF_PTR <= DIFF_PTR-1;

of it, while still keeping the HDL code
generic. The following code reveals a
simple HDL implementation of a syn-
chronous 8-bit upcounter with an en-

ELECTRONIC DESIGN / DECEMBER 14, 1998

end if;
end if;
end process;
status <= empty when DIFF_PTR =0 else
full when DIFF_PTR = depth else
not_empty;

This listing shows an example of
code that will not try to utilize the CE
inputs of the flip-flops.

Memory Modules

The most efficient way to imple-
ment memory in an SRAM FPGA is
by using the internal lookup tables in-
side of the PFU. In a Lucent FPGA,
for example, each PF'U can implement
two RAM or ROM arrays: a single 16-
by-4 element or two 16-by-2 memory
blocks. Multiple PFUs can then be
used to implement other array sizes
(such as 16 by 8, 32 by 4, and 64 by 8).
Let’s discuss three methods for imple-
menting a 16-by-8 memory block.

The first method is generic VHDL
code (see Code Listing 1). When the
VHDL code in this listing is imple-
mented in a 2C04, the design uses 128
flip-flops, 76 out of 100 PFUs, and 0 out
of 800 three-state buffers (TBUF's).
The timing report states that 38 MHz
is the maximum frequency for this cir-
cuit after map, place, and route.

Method two is generic VHDL code
targeted towards FPGAs (see Code
Listing 2). When this VHDL code is im-
plemented in a 2C04, the design utilizes
128 flip-flops, 41 out of 100 PFUs, and
128 out of 800 TBUF's. According to the
timing report, 40 MHz is the maximum
frequency for this circuit after map,
place, and route.

The third and final method is instan-
tiation of RAM (see Code Listing 3).
When the VHDL code in the listing is
implemented in a 2C04, the design uses
20 flip-flops, six out of 100 PFUs, and
eight out of 800 TBUF's. The timing re-
port states that 52 MHz is the maxi-
mum frequency for this circuit after

map, place, and route.

The advantages to the first method
are that it maintains generic VHDL
code that can be targeted to any tech-
nology. Plus, no knowledge of the
FPGA architecture is required. There
are, however, disadvantages to this
method. There’s no utilization of the
FPGA'’s architectural features. And, it
produces poor area and timing results.

Method two flaunts several advan-
tages. It maintains a generic VHDL
code that can be targeted to any tech-
nology. Compared to method one, it of-
fers an improvement of almost 50% in
terms of area. It also beats the first
method out with an almost 200% im-
provement of clock-to-out delays.

Yet, method two also has its weak
points. One disadvantage is its use of
the FPGA’s tri-state buffers, which
might make routing difficult in big-
ger designs. Also, this method does-
n’t exploit the FPGA’s architectural
features.

The last method has two main ad-
vantages. It offers an improvement of
almost 25% in the overall timing perfor-
mance of the design, and provides a re-
duction of almost 35 PF Us over method
two. Unfortunately, though, this
method’s VHDL code is locked to a spe-
cific technology.

Counters And State Machines

There are many types of counters
and state machines that can be imple-
mented through VHDL. Each type is
application-specific, with its own effi-
ciencies and inefficiencies.

Binary counter circuits are the easi-
est to implement in HDL. They also fit
very efficiently in some of today’s LUT-

able line.
SYNC_CNT : Process (CLK,RST)
begin
if (RST =*1') then
CNT <= (others => ‘0');
elsif (CLK'event and CLK="1") then
if (ENBL = '1") then
ONT <= CNT +*1";
end if,
end if;
end process SYNC_RST;
DATA_OUT <= CNT;

Implemented in a 2C04, the counter
uses eight flip-flops and two out of 100
PFUs. The maximum frequency for
this cireuit after map, place, and route is
91.542 MHz.

Its advantages are very straightfor-
ward. It’s very simple to implement,
and fits efficiently in most LUT-based
FPGAs. But, there is one main disad-
vantage. If the counter’s output needs
to be decoded for applications like a
state-machine controller or a generic
memory block, the decode logic will add
a considerable amount of gates to the
circuit. This will most probably degrade
the performance.

If performance is the desired goal,
using one hot key or shift-register
counters is more suitable than the pre-
vious solution. Still, this method has a
serious drawback: It consumes a large
number of gates. The following listing
shows the HDL code for a 4-bit
counter implemented in a one hot key
configuration.

SYNC_CNTR : Process (CLK,RST)
begin
if (RST = ‘1") then
CNT(3 downto 0) <= “0000";
CNT(4) <="1";
elsif (CLK’event and CLK='1’) then
if (ENBL = ‘1) then
CNT <= CNT(3 downto 0) & CNT(4);
end if;
end if;
end process SYNC_RST,
DATA_OUT( 3 downto 0) <= CNT(3 downto 0);

The resulting circuit, implemented in
a 2C04, uses five flip-flops and two out
of 100 PFUs. After map, place, and
route, the maximum frequency for this
cireuit is 109 MHz.

A one hot key or shift-register
counter circuit is much faster than the
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binary implementation, especially
when it’s combined with some sort of a
machine controller. This is because the
decoding of the counter’s output will be
done on just a single bit. In addition,
this circuit is easy to implement in
VHDL. As can be seen from the pre-
ceding software listing, it takes only
one line of code using the concatenation
operation (and).

On the down side, implementing the
circuit requires a large number of flip-
flops. Assume that an N-bit counter is
to be built. Using this method, [(2N)+1]
registers will be needed to implement
all of the counter states. This form of
counter or state machine doesn’t take
advantage of the FPGA's architectural
features, which would allow for a
straightforward implementation of
arithmetic functions.

An Example

Let’s look at an example that dis-
cusses the implementation of a FIFO
memory block. The size of the FIFO is
going to be 127 by 4. It will be imple-
mented in two methods: both with and
without instantiation of memory.

The FIFQ is a single-port device,
meaning that the memory array can
only be read or written at one time.
FULL_L and EMPTY_L signals in-
dicate the status of the FIFO. WRL
and RDL are the active low write
and read signals.

First, let’s try a generic VHDL de-
scription for a 127-by-4 FIFO. For
this method, the whole FIFO design
is placed under one process and then
synthesized as a single block. Due to
the limitation on the length of this ar-
ticle, the code for this method will not
be shown. When implemented in a
2C15 FPGA, the design uses 528 flip-
flops and 200 out of 400 PFUs. The
timing report reveals that 20 MHz is
the maximum frequency after map,
place, and route.

Now, let’s try an instantiated
VHDL code approach. The same code
that was used for the previous method
is now divided into two blocks. Block
one is a single process with the follow-
ing functions:

o Calculates the Write and Read ad-
dresses depending on the addresses’
previous values, as well as the
FULL_L, EMPTY_L, WRL, and
RDL signals.

e Calculates a value named

DIFF_PTR that gets incremented by 1
in a write operation and decremented
by the same value during a read opera-
tion. This value gets used to set the
FULL_L and EMPTY_L signals of the
FIFO.

This first block includes every-
thing except the RAM_ARRAY en-
tity. The process for this block can be
found in Code Listing 4.

Block two is created with instanti-
ated VHDL code. In this entity, there’s
an instantiation for eight RPP16-by-4z
macros from the ORCA FPGA library.
These macros were netlisted so as to
create the 127-by-4 memory block of
the FIFO (RAM_ARRAY).

Implemented in a 2C15 device, the
design uses 20 flip-flops and 25 out of
400 PFUs. After map, place, and route,
the maximum frequency for this circuit
is 29 MHz.

Conclusion

For designs that aren’t speed- and
area-sensitive, it’s probably enough to
write generic, synthesizable HDL code.
However, for designs in which speed
and area are critical, a basic knowledge
of the FPGA architecture and the cor-
rect HDL coding style for that architec-
ture is a must.

Synthesis vendors are currently
working with the FPGA suppliers in
hopes of advancing the tools to a level
where they automatically exploit all
of a device’s architectural features.
But for now, designers must apply
their digital hardware experience
while coding HDL. This is the only
way to get the highest utilization out
of FPGAs.

Recommended Reading:

1. Cohen, B., VHDL Coding Styles
and Methodologies, Kulwer Academic
Publishers, 1995.

2. Lucent Technologies Inc., 1996
Field-Programmable Gate Arrays
Data Book, Oct. 1996.

3. Lucent Technologies Inc., ORCA
FPGAs HDL Design Guide, 1996.

4. Ott, D., and Wilderotter, T., A De-
signer’s Guide to VHDL Synthests, Kul-
wer Academic Publishers, 1994.

Samir Samhouri is FPGA applica-
tions manager, Europe and Middle
East, for Lucent Technologies. He holds
a B.Eng degree from McGill University
in Montreal, Canada.
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So if you want the right connection to 2x
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site to download reference designs and
application notes today. We'll hand you
the answers to all your integration and
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ver the past decade, the escalat-
0 ing need for faster communica-

tions speeds have driven net-
work infrastructures well beyond the
limitations of traditional copper me-
dia. In addition, they have spurred a
migration to the inherently higher
bandwidths achieved through fiber
optics. Optical links, running at speeds
from 622 Mbits/s to 2.5 Gbits/s, have
already emerged as the preferred me-
dia for campus backbone LANS, stor-
age area networks (SANs), metropoli-
tan area networks (MANs), and wide
area networks (WANs). However,
from the designers’ standpoint, mak-
ing the leap from 10/100BaseT speeds
to 2.5-Gbit/s data rates presents a host
of new design challenges.

Many of the tried-and-true basic
digital design assumptions that pro-
vided ample extra margins and head-
room at 10/100BaseT speeds must
now be reconsidered in light of the
constraints imposed by multi-gigabit
l data rates. Designing robust trans-

ceiver systems that can reliably deal
with such high frequencies at the
board-edge connector requires push-
ing the on-board circuitry into a whole
new realm, where even relatively
short traces can exhibit characteris-
ties of analog transmission lines rather
than crisp digital waveforms.

In addition, the higher frequencies
show much greater susceptibility to
the effects of transient noise on the
board and/or to jitter in the data line.
Ground and power bus isolation be-
comes a paramount consideration,

—
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Advance Transceiver Designs To
Meet 2.5-Ghit /s Data Rates *

Overcoming The Obstacles Posed By High Frequencies Requires
Astute Design Decisions At Both The System And Silicon Level.

Ken Prentiss and Richard Spehn, Applied Micro Circuits Corp. (AMCC), 6290 Sequence Dr., San Diego, CA 92121-4358; |
(800) 755-2622 or (619) 450-9333; www.amece.com.

along with careful power-supply selec- |

tion criteria. And, the on-board pres-
ence of potentially noisy parallel data
buses provides more layout challenges
for the board designer.

Clearing The Hurdles
Successfully overcoming all of
these new obstacles requires astute
design decisions at both the system
level and the silicon level. Not only do
system engineers need to use optimal
board design and layout rules to mini-
mize noise, jitter, and interference, but
they also need to leverage new semi-
conductor-integration options to maxi-

mize available margins and headroom.
A critical first step in effective sys-
tem design is the selection of trans-
ceiver components that match your ‘
architectural design requirements.
Options in the newest generation of
transceiver silicon include such fea- |
tures as internal versus external clock
recovery, built-in parity checking, and
diagnostic loopback capabilities. Pack-
age size, power requirements, and
component cost can vary significantly
depending on the transceiver’s feature
set and performance capabilities, so
prudent selection of transceiver sili-
con is required. '

8
L PMC
a3 PM5355
5D 7 Mhe ; l
. Sum?lomo e 2.4 GHz AMCC 8, 8
fiber-optic receiver | R Data $3042 — PMC
SOT8908-R | U 311tz 8 PM5355
Clock ~ B
AMCC 77 MHz
$3045 8
- PMC
. 8 PM5355
Sumitomo )
7.
fiber-optic transmitter | 2:4 GHz AMCC i/ 77 MHz2 y ‘
SOTBO08-T or Data SHT
$0T8028-T Clock 8, PMC |
Notes: 8/ 3 PM5355
1. SDTB008-T is for intermediate reach applications. 77 MHz D
2. SDT8028-T is for short reach applications.
3. CRU = clock recovery ‘

1. Shown is a block diagram for a SONET STS-48 /STM-16 transceiver application designed to l
provide a fully integrated 2.488-Gbit/s PMD layer. The 2.5-GHz data and dock lines between
the board-edge fiber-optic components and the multiplexer /demultiplexer chips represent ritical
pc-board layout challenges. In addition, the multiple 311-MHz and 77-MHz data streams can

present significant noise problems.




LTI MPLIRIIGI I A8 2.5-GBIT/S TRANSCEIVERS |

For example, let’s look at a block di-
agram for a SONET STS-48/STM-16
transceiver application designed to
provide a fully integrated 2.488-Gbit/s
PMD layer (Fig. 1). The Sumitomo
fiber-optic receiver and fiber-optic
transmitter components are paired re-
spectively with integrated demulti-
plexer and multiplexer devices, which
provide the deserialization and serial-
ization functions to convert between
high-speed bit-serial and byte-serial
data. In turn, the 311-MHz byte-serial
data streams to and from these compo-
nents are interfaced (via an integrated
multiplexer/demultiplexer) to a bank
of four PMC-Sierra PM5355 devices,
each handling a 77-MHz data stream.

As will be discussed in more detail ,
the 2.5-GHz data and clock lines be-
tween the board-edge fiber-optic com-
ponents and the multiplexer/demulti-
plexer chips represent critical
pe-board layout challenges. In addi-
tion, the multiple 311-MHz and 77-
MHz data streams can present signifi-
cant noise possibilities.

Integration Benefits
Silicon-level integration of trans-
ceiver components offers the immedi-

ate benefits of sharing the cost of |

packaging and common reference and
threshold generators, as well as open-
ing the door to simplifying the design
of complex multi-channel boards. At
the silicon-level, having the transmit-
ter multiplexer, receiver demulti-

plexer, and clock recovery all in the
same chip set allows for on-chip imple-
mentation of closely-coupled loop-tim-
ing structures.

For instance, by wrapping the re-
ceive timing back around on the trans-

made to look like a complete low-cost
terminal to the system on the other
side of the transmission link. And by
migrating much of the channel-switch-
ing functionality down onto a four- to
eight-channel transceiver board, de-
signers can better leverage new high-
speed system-level switching fabries,
such as serial backplane architectures,
i that yield improved overall through-
E put and lower cost per channel.

' Not only does sharing the receive
i clock with the transmitter greatly
. simplify the clock and timing distribu-
) tion within the system, it also allows
E for simple on-chip implementation of
' repeater timing. The matching of
¢ chip-level timing with the network’s
. overall clock synchronization can be
i especially important as higher-level
E optical network topologies migrate
' toward wavelength-switched capabil-
! ities (such as wavelength division
, multiplexing).

From an architectural standpoint,
| it’s beneficial to conduct chip-level
' switching of separate wavelength
! data transmissions while staying com-
. pletely within the overall network’s
i time domain. Using the same bit-syn-
+ chronous timing at the chip level also

mitter, a channel can essentially be |

enables cost-effective implementation
of integrated performance monitoring
on-the-fly at the repeater level.

Of course, packing all of this addi-
tional functionality onto a multichan-
nel, board-level, transceiver module
at 2.5-Gbit/s speeds pushes noise and
Jjitter management to the forefront of
design challenges. Because the re-
quirements of Bellcore, ANSI, and
ITU specifications have to be met “at
the connector,” designers must build
in appropriate margins at every point
where noise and/or jitter may con-
tribute to the overall problem. In
essence, the designer has to allow for
the nonideal behavior of the electro-
optics, equalizers, and other factors
involved in getting the signal from the
off-board media to and from the seri-
alizer/deserializer circuitry in the
transceiver.

As transceiver board designs move
up above OC-12 (622 Mbits/s) and on
to OC-48 (2.5 Gbits/s), one key prob-
lem in controlling noise and jitter re-
volves around transmission-line chal-
lenges that were negligible at lower
frequencies. In an OC-48 design, both
the tolerance for input jitter and the
acceptable jitter-transfer ratio drop
off significantly as the modulation fre-
quency increases (Fig. 2).

At multi-gigabit speeds, maintain-
ing acceptable cireuit-routing and
board-layout practices become even
more stringent constraints for control-
ling jitter on the input circuits. In Fig-
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2. Above 0C-12 (622 Mbits /s), transmission-line effects really come into play. In an 0C-48 (2.5 Ghits/s) design, both the tolerance for input jitter
and the acceptable jitter-transfer ratio drop off significantly as the modulation frequency increases.
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3. The circuit chain between the 3041 transmitter die and the laser driver indudes a series of intermediate links between the transmitter’s die, bond
wire, pad, package, the pc-board transmission line, and then the package and bond wire on the luser driver side. To effectively characterize this
overall transmitter-to-laser-driver circuit at 2.5-Ghz speeds, every one of these intermediate links would have to be induded in the Spice model.

ure 1, for example, the 2.5-GHz lines
between the fiber optics and the multi-
plexer/demultiplexer chips will by de-
fault take on all the characteristics of a
transmission line for any connection
longer than 2.5 cm.

In addition to minimizing the length
of these lines, particular attention also
must be paid to terminations, stubs,
corners on circuit lines, and balancing
differential lines to make sure they
have equal electrical lengths. Termi-
nation resistors should be as close to
the end-point of the line as possible. In
the Figure 1 reference design, all of
the 2.5-GHz circuits are equal length
50-C2 transmission lines, terminated
directly at 50-Q resistors that are em-
bedded in the S3045 device. Other key
issues in layout are to avoid any 90Y
turns in the high-speed lines and to al-
ways use adequate decoupling.

Another key factor to keep in mind
when modeling and matching the 1/0
circuits between the fiber optic and se-
rialization/deserialization components
is, at 2.5-GHz levels, every portion of
the circuit can have a significant im-
pact on the final jitter-tolerance of the

overall link. For example, the circuit
chain between the 3041 transmitter
die and the laser driver includes a se-
ries of intermediate links between the
transmitter’s die, bond wire, pad,
package, the pe-board transmission
line, and then the package and bond
wire on the laser driver side (Fiig. 3).
To effectively characterize this overall
transmitter-to-laser-driver circuit at
2.5-Ghz speeds, every one of these in-
termediate links would have to be in-
cluded in the Spice model.

The designer also must be ex-
tremely careful about the integrity of
ground planes beneath the signals to
avoid undesirable cross-coupling. As
the frequency gets up beyond 1-GHz
levels, the selection of board materials
also becomes critical. Less expensive
fiber-reinforced glass (FR-4) boards
may actually start to become dissipa-
tive at these frequencies, requiring a
transition to alternatives such as
Teflon-content boards if longer circuit
traces are used in the layout.

Generally, designers can live with
lower-cost FR-4 if they keep high-
speed runs very short, about two

inches or less. Here again, the trade-
offs in choice of transceiver features
and packaging size can play an impor-
tant role. Keep the transceivers small
so that they can be moved closer to the
board-edge fiber-optic components,
thereby minimizing transmission-line
lengths. Transceiver size becomes es-
pecially eritical in multichannel
designs, where both card-edge spac-
ing and overall board real estate are at
a premium.

In addition to substrate dissipation
issues, longer on-board transmission
lines can run into problems with both
skin losses from the copper itself and
attenuation losses as a result of using
only the outer portions of the conduc-
tor for signal propagation. At frequen-
cies around 1 GHz, the combined
losses from all these sources can be
empirically measured as inter-symbol
interference or blurring of the ideal
bit-edge.

For instance, tests conducted by
AMCC have demonstrated that
launching a 1-GHz signal with a clean
100% open eye-diagram across a one-
foot-long 50-Q transmission line on an
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4. A microstrip provides a separate strip connector that can be
dielectrically isolated from the board’s primary ground plane.

FR-4 substrate yields only a 90% open
eye-diagram at the receiving end. At-
tenuation losses across any media typ-
ically roll-off at a rate equivalent to the
square root of the frequency. But
when combined with skin-losses and
dielectric dissipative losses, the total
signal loss begins to drop directly with
the frequency increase for frequencies
ahove 1.5 GHz.

Radiated losses also can easily oc-
cur at these high frequencies unless
return paths and ground planes are
carefully maintained in a very clean
board layout. If the high-speed trace
begins to act as an antenna, it obvi-
ously results in two major
problems—Iloss of adequate signal at
the destination optic module, and in-
Jjeetion of unwanted noise into the rest
of the system (such as EMI and/or
cross-talk between channels that in-
creases jitter).

Good board design practices in-
clude making sure that high-speed
traces don’t have to jump between dif-
ferent board layers. In some cases, for
a trace that has to be longer than an
ineh or two, it may even be useful to
bring it down a layer and make it a mi-
crostrip embedded within the board.
Essentially, a microstrip provides a
separate strip connector that can be
dielectrically isolated from the board’s
primary ground plane (Fig. 4). If the
thickness, width, and height of the line
above the ground plane are carefully
controlled, the microstrip will exhibit
a consistent characteristic impedance.

New-generation integrated trans-
ceiver chip sets also help with the
maintenance of noise and jitter in two

primary ways. First, by reducing the
size of the overall package, they allow
board designers to pack more func-
tionality into a smaller amount of
board real estate while simultaneously
reducing trace lengths. Secondly, the
integration of both the transmit and
receive functions into a single chip set
pulls into silicon many of the traces
that would otherwise have to be im-
plemented on the pe board.

For example, consider that all of
the diagnostic loopback and line loop-
back circuits are included on-chip,
thereby avoiding the need for the
board designer to manage a series of
inch-long board traces that would
have a high potential for radiated
losses. Pulling such circuitry into the
chip and eliminating the requirement
for driving several high-speed board
traces also yields a significant power
savings, greatly simplifying the over-
all challenge of power and ground
management.

Bus Isolation Challenges
Maintenance of a low-noise envi-
ronment relies heavily on the choice of
the multilayer board structure and the
effective placement of ground planes,
along with the type and location of the
power supply. While modern switch-
ing power supplies can be relatively
cheap in terms of power efficiency, in a
high-speed 2.5-Gbit/s communications
board, they can turn out to be quite ex-
pensive in terms of the noise budget.
Selecting a power supply rated for
95% efficiency and a seemingly rea-
sonable 200 mV of peak-to-peak noise
could create real problems when at-

5. Referring to the circuit in Figure 1, appropriate use of series-damping
resistors is needed to avoid ringing from the CMOS output transistors,
which can accumulate into noise problems throughout the system.

tempting clock recovery on signals
that have only one volt of amplitude
outside the chip and amplitudes as
small as 0.25 V inside the chip.

Therefore, good power-supply de-
coupling is required in at least two ar-
eas. First, whatever noise the power
supply is intrinsically generating
must be filtered and smoothed by dis-
tancing it at the far end of the board
from the critical high-speed analog-
like traces. Then the use of distrib-
uted decoupling capacitors can effec-
tively average out the noise, thereby
getting down to the 20- to 50-mV lev-
els typically required at the PLL
power supply pins. Using good low-
impedance filter capacitors at the de-
vices themselves, with a direct low-in-
ductance path to the pins, is eritical to
managing power line noise. And keep-
ing the decoupling capacitors on the
same side of the board as the compo-
nent helps to minimize unwanted in-
ductance due to vias.

Parallel Bus Interface

Another potential noise generator
is the inevitable on-board presence of
multiple chips required for functions
like framing, segmentation, and re-as-
sembly of data. These are usually
CMOS devices that have large single-
ended parallel buses operating at vari-
ous frequencies. For example, the
feeds to a large 32-bit, 1565-MHz device
could easily fall down within the loop
bandwidth of the clock-recovery or
transmit PLLs, thereby causing sig-
nificant interference problems. Such a
possibility becomes especially likely if
the switching bus on the CMOS device




Got the 256Gb/s jitters?

for SONET/SDH, ATM,

Fibre Channel and Gigabit

Ethernet allows you to

reduce cost, chip count,

board space and power

AT K 5 p
A FEID P oW

requirements. Besides % & i
meeting SONET jitter

specification requirements

with margih.tq- spare.

Visit-our websituef

« SONET. SDH - ATM - “ibre Charnel - Gigab:t Ethernet

It all adds up. www.vitesse.com




3
-3
>
-
3
e
@
=
s
o
e
(=)
~
=
o
A
e
[=)
-
=z
o
g
-~
e
-~

Visit The New ‘98

Electronic Design
Website.

Discover a whole
new world of information.

* CURRENT ISSUES

Articles, schematics, columns, show preview, and more

* QUICKLOOK

Interesting short news items on industry topics

* TECHNOLOGY DEPARTMENTS
Analog, Boards and Buses, Components, Packaging,
ond lots more

* ED JetlINK

Get linked to vendors fast by application or market

* NEW PRODUCTS
Find the latest new product listings in the EOEM industry

* CUSTOM SEARCHES

Find information on the hottest topics in the industry

* INFORMATION SOURCES
1997 back issues of Electronic Design

* FORUMS
Find out what decision-makers have to say about industry
topics

* MARKET STUDIES

Important industry studies, surveys, and reports
from the experts

* TECHNICAL PAPERS
Selected proceedings of the Portable by Design Conference
and Wireless Symposium

* FEEDBACK

Give your opinion on a variety of important topics

* CAREER/JOB BANK
Keep updated on your job market

* SUBSCRIPTIONS

Subscribe online 1o receive Electronic Design every two weeks

- ELEGTRONIC DESIGN
ONLINE

www.elecdesign.com

eIt 2.5-GBIT/S

|

is processing long patterns of 00-to-
FF rollover counts, which are often
used in system testing.

The intricacies of parallel bus inter-
face management further underscore
the need for good distributed decou-
pling throughout the board design, not
just between the transceivers and the
power supply. Referring again to Fig-
| ure 1, the series of 8-bit 77-MHz inter-
faces between the four PMC-Sierra
devices and the S3045 device would
need to be carefully routed to maxi-
mize timing margin and minimize cou-
pling risk. Line spacing between all
signals of different origin should be at
least three to four line widths to re-
duce the potential for coupling and in-
terference. In addition, the appropri-

l
z
|
|

needed to avoid ringing from the
CMOS output transistors, which can
accumulate into noise problems
throughout the system (F'ig. 5).

Margins And Headroom

As demonstrated above, next-gen-
eration OC-12 through OC-48 multi-
channel transceiver systems will rely
heavily upon semiconductor-level inte-
gration as a key for achieving required
performance, simplifying overall
board-level design issues, and manag-
ing the noise and jitter issues that
emerge at higher speeds. In addition to
leveraging the further refinement of
existing bipolar and CMOS processes,
next generation transceiver designs
also will benefit from new high-speed
and high-integration processes, such
as Silicon Germanium (SiGe), which
will provide more performance head-
room and low-power capabilities.

With almost every component on
the transceiver board design (except
for the optical module) now available in
a 3.3-V configuration, the goals of cost-
reduction and noise management are
helped by using only one power source
and the elimination of multiple require-
ments for on-board power conversion.

Ken Prentiss is product marketing
manager for AMCC's telecommuni-
| cations group. He earned a BSEE
Jrom San Diego State University, San
Drego, Calif.

Richard Spehn is senior staff appli-
cations engineer at AMCC. He holds a
| BSEE and MSEE Srom the Univer-
sity of California, Irvine.

ate use of series-damping resistors is |
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LTC1626: Step-Down Converter Operates
from Single Li-lon Cell - Design Note 196

Tim Skovmand

Introduction

The LTC1626 is a low voltage, high efficiency, monolithic
step-down DC/DC converter featuring an input supply
voltage range of 2.5V to 6V, which makes it ideal for
single-cell Li-lonapplications. A built-in low Rps(on)switch
provides high efficiency and allows up to 0.6A of output
current. The LTG1626 incorporates automatic power sav-
ing Burst Mode™ operation to reduce gate-charge losses
when the load current drops. With no load, the converter
draws only 160pA and in shutdown it draws a mere 1yA,
making it ideal for current-sensitive applications.
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Figure 1. Typical Single-cell Li-lon Discharge Curve

(27V1045V)

Single-Cell Li-lon Operation

As shown in Figure 1, a fully charged single-cell Li-lon
battery begins the discharge cycle between 4.1V and
4.2V. During most of the discharge period, the cell pro-
duces between 3.5V and 4.0V. Toward the end of dis-
charge, the cell voltage drops fairly quickly below 3V. The
discharge is typically terminated somewhere around 2.5V
(depending upon the manufacturer’s specifications).

The LTC®1626 is specifically designed to accommodate a
single-cell Li-lon discharge curve. For example, using the
circuitshown in Figure 2, it is possible to produce a stable
2.5V/0.25A regulated output voltage with as little asa 2.7V
from the battery, thus obtaining the maximum run time
possible.

100% Duty Cycle in Dropout Mode

As the Li-lon cell discharges, the LTC1626 smoothly
shifts from a high efficiency switch mode DC/DC regulator
to a low dropout linear regulator (that is, 100% duty
cycle). In this mode, the voltage drop between the battery
input and the regulator output is limited only by the load
currentand the series resistance of the PMOS switch, the
current sense resistor and the inductor. When the battery
voltage rises again, the LTC1626 smoothly shifts back to
a high efficiency DC/DC converter.

LT, LTC and LT are registered trﬁerﬁarks of Linear TeE:hnolToy Corporation, 3
Burst Mode is a trademark of Linear Technology Corporation.
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Figure 2. Single-Cell Li-lon Battery to 2.5V Converter
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Figure 4. Efficiency vs Load Current

High Efficiency 5V to 3.3V Conversion

The circuit of Figure 3 shows the LTC1626 being used for
board-level conversion of 5V to 3.3V at up to 0.6A.
Although a linear regulator could also perform this func-
tion, it would resultin an additional 1W of power loss. The
high efficiency of the LTC1626 (Figure 4) reduces thisloss
to only 230mW.

Current Mode Architecture

The LTC1626 is a current mode DC/DC converter with
Burst Mode operation. This results in a power supply that
has very high efficiency over a wide load-current range,
fast transient response and very low dropout characteris-
tics. Further, the inductor current is predictable and well
controlled under all operating conditions, making the
selection of the inductor much easier.

Current mode control also gives the LTC1626 excellent
start-up and short-circuit recovery characteristics. For
example, when the output is shorted to ground, the off-
time is extended to prevent inductor current runaway.
When the short is removed, the output capacitor begins to
charge and the off-time gradually decreases. The output
returns smoothly to regulation without overshooting.

to provide extremely low resistance at low supply volt-
ages. Figure 5 is a graph of switch resistance versus
supply voltage.

Note that the Rpg(on) is typically 0.32Q at 4.5V and only
rises to approximately 0.40Q at 3.0V. This low switch
resistance ensures high efficiency switching as well as
low dropout DC characteristics at low supply voltages.

-
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Figure 5. PMOS Switch Resistance vs Input Supply Voltage

Conclusion

The LTC1626 is specifically designed to operate from a
single-cell Li-lon battery pack. With its low dropout, high
efficiency and micropower operating modes, it is ideal for
cellular phones and handheld industrial and medical
instruments.

For literature on our DG/DC Converters,
call 1-800-4-LINEAR. For applications heip,
call (408) 432-1900, Ext. 2377

Linear Technology Corporation

1630 McCarthy Blivd., Milpitas, CA 95035-7417
(408)432-1900+ FAX: (408) 434-0507 * www.linear-tech.com

dn196f LT/TP 1298 370K * PRINTED IN THE USA
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= Exbloﬁhg the world of analog, mixed-signal and power developments

(APAs) were first introduced

nearly 50 years ago. Since then,
they have been used sparingly in a rel-
atively small number of applications
with limited bandwidth, such as public
address systems and telephony equip-
ment. This will soon change as a new
class of integrated Class-D APAs
make their way into such mainstream
applications as portable computers,
battery-operated music systems,
wireless communication devices, and
other compact low-power systems.

It’s becoming clear that moving to
next-generation designs requires tak-
ing advantage of this technology’s
greater power efficiency and its re-
sulting reduction in heat dissipation.
The bottom line is that Class-D ampli-
fiers have the potential to reduce sys-
tem size and cost while extending the
life of battery-powered systems.

Only recently have advances in
semiconductor fabrication processes
made integrated Class-D audio ampli-
fiers possible. Fast-switching, rugged
DMOS power MOSFETSs can now be
integrated with analog circuitry, elimi-
nating the need for a discrete output
power stage. The resulting Class-D
APA is an effective, highly efficient so-
lution for compact, battery-powered
audio applications in the music band-
width.

In a laboratory test designed to
compare the power efficiency of Class-
AB and Class-D APAs, a Class-D am-
plifier extended the life of a battery by
2.5 times. The test took a linear Class-

c lass-D audio power amplifiers
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AB APA and placed it on an evalua-
tion platform in a test system with
bass/treble volume control modules,
de-de converter modules, and one 9-V
alkaline battery. The test system ran
until the de/de converter tripped its
undervoltage lock-outlockout at 5.2 V.
Subsequently, the voltage in the bat-
tery would drift upwards and the sys-
tem would turn on again. After three
such incidents, the test was deemed
complete. Then, a Class-D APA was
substituted for the Class-AB amplifier
and the same procedure was repeated.

It's important to note that the test

Class-D Amps Raise Low-Power
Systems To The Next Level

Use Integrated Class-D Amplifiers To Reduce Size, Cost,
And Heat Dissipation In Battery-Powered Audio Systems.

RICHARD PALMER, Texas Instruments Inc., P.O. Box 660199, Dallas, TX 75266-0199; rpalmer@ti.com.

utilizes a real-world signal. Music was
used instead of the sine waves or tones
that are typically used in a lab to as-
sess the power efficiency of audio am-
plifiers. Unlike the widely varying and
often unruly music signals, tones are
uniform and well behaved. In other
words, the crest factor of music is
much higher than that of a tone.

Using Crest Factor

Crest factor can be used to analyze
the differences between the ampli-
fiers. Essentially, crest factor repre-
sents the difference between a signal’s

Crest factor

Ppx=4W
L /W]\\,\/U" ] AR -

o Music: 16 6B Cind !

::;l:/|;| 19% Class-AB 63%
5% Class-D 86%
N&rvnglal 6% Class-AB 25%
\}:%gi) 30% Class-D 3%

Calculated efficiency
(results from T1 audio power program files: JZZ_2 M, Tst_tkhz playing on 5-V BTL amplifiers)

1. The crest factor of music is much higher than that of the sine waves or tones typically used
in a lub test of efficiency. This is important to note whem comparing test results because crest
factor significantly affects an audio power amplifier’s power efficiency as these calculated

efficiencies show.

, 1998
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2. This diagram illustrates the architecture of a typical Class-AB linear power amplifier used in a
bridge-tied-load configuration. The input capacitor forms an RC high-pass filter with the input
resistance of the amplifier, and attenvates signals below 20 Hz.

peaks and its RMS power:
Crest factor = 10 log (Ppk/Prus)

This is sometimes referred to as head-
room. Music signals can have crest fac-
tors as high as 15 dB, which means
that peaks of over 30 times the RMS
value can occur. There is a dramatic
difference in test results when musie
signals rather than sine waves are
used to determine the power-effi-
ciency of Class-AB and Class-D ampli-
fiers (Fig. 1).

The simulations outlined in Figure
1 were done at full power, which oc-
curs when the input signal is large
enough to drive the output to the rails
without clipping. The results are even
more dramatic when the same simula-
tion is done at normal listening levels,
which are usually much less than full
power. At less-than-maximum power,
the efficiency of linear amplifiers
drops considerably faster than does
the efficiency of Class-D devices.
These simulation results support the
empirical battery-life tests that found
that Class-D APAs are two to three
times more power efficient than linear
devices.

Basically, an audio power amplifier
is a special type of operational amplifier
optimized to drive low-impedance
loads—typically speakers or head-
phones—at frequencies in the 20-Hz to

20-kHz range. Consider the architec-
ture of a typical Class-AB linear APA
used in a bridge-tied-load (BTL) config-
uration (Fig. 2). The input capacitor
forms an RC high-pass filter with the
input resistance of the amplifier, and at-
tenuates signals below 20 Hz.

Linear amplifiers derive their name
from the fact that they produce an in-
stantaneous output that’s equal to a
given input multiplied by a constant,
known as the gain of the amplifier.
This requires that the output transis-
tors be biased to operate in the linear
region. The output transistors are
analogous to variable resistors in
which the input voltage adjusts the re-
sistance to create the required output
voltage. The output voltage of an am-
plifier must be derived from the sup-
ply voltage, with the difference being
dropped across one of the device’s out-
put transistors to attain the output
voltage level.

Linear Amps Always “On”

Even when there is no input signal
present, the output transistors are on
and drawing precious quiescent cur-
rent. This results in inefficient power
dissipation and the generation of a
great deal of heat. Heat sinks are re-
quired to transfer the excess heat to
the ambient air.

The only way to improve the power
efficiency of such an APA is to operate

the output transistors as switches
rather than as variable resistors. This
means that when the output transis-
tors are turned on, current is passed
through the circuit but very little volt-
age is developed across it. When the
switches are off, the circuit has the full
supply voltage across it and virtually
no current, minimizing I’R power
losses. This type of switching arrange-
ment is precisely how Class-D APAs
operate.

So a Class-D amplifier is essentially
a switch-mode power delivery circuit,
much like the switch-mode voltage
regulators that are found in most per-
sonal computers. Rather than using a
de reference to set the output voltage,
as switch-mode regulators do, Class-D
amplifiers use the audio input signal as
the reference.

Class-D APAs rely on a technique
known as pulse width modulation
(PWM) to sample the input signal and
then recreate it as an audio signal at
the load. PWM resembles digital data
in that it has an on state and an off
state. With PWM, a wider time pulse
will represent a signal with greater
amplitude. These pulses are used to
modulate the power FETS on and off
so that power is efficiently delivered
from the power supply to the load. An
output filter smoothes the Class-D
amp’s PWM output back into an ana-
log waveform that is sent to the
speaker.

In a Class-D APA using linear
PWM, a square-wave signal with a
50% duty cycle and a frequency much
higher than the audio is fed into an in-
tegrator to create a triangle waveform
at the same frequency (Fig. 3). A com-
parator then compares the triangle
wave with the audio input signal to
create a variable-duty-cycle square
wave. In effect, a pulse-train is created
with a duty cycle proportional to the
audio signal level. These pulses then
turn the output transistors on and off
at a frequency that’s much greater
than that of the audio input frequency.
Finally, a passive inductor-capacitor
(LC) low-pass filter is used to remove
the high-frequency content of the out-
put signal so that only an amplified
version of the input signal is delivered
to the load.

The architecture shown in Figure 3
is of an integrated Class-D APA. More
specifically, DMOS power FETs are
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integrated on the same piece of silicon
as the analog circuitry. This integra-
tion reduces the size of the output
drive circuit, saving space and de-
creasing the number of components.
It’s important to have a stable
power supply, a linear triangle signal,
and an accurate and fast voltage com-
parator to minimize the PWM’s distor-
tion level. Feedback can be taken from
the output of the PWM just prior to
the low-pass filter with little difficulty.

System Design Issues

With a Class-D APA, the layout of
the pe board is critical to the overall
performance of the amplifier and the
entire system. Faulty layout practices
can affect the system’s total harmonic
distortion and noise by orders of mag-
nitude. Electromagnetic interference
(EMI) also can be minimized with care
and forethought.

Adding decoupling capacitors close
to the power supply and locating high-
frequency bypass capacitors close to
the power pins will reduce noise from

the supply and help provide current to
the amplifier. It’s especially important
to filter the analog sections of the am-
plifier because any noise and distor-
tion in this stage will be amplified in
the output stage. The input circuitry
should be isolated as much as possible
from the output circuit, with care
taken to avoid ground loops. Adher-
ence to these and other current layout
standards will minimize the distortion
introduced by the input power and
ground loops.

Another aspect of board layout that
is central to an effective audio system
using Class-D amplifiers is the use of a
demodulation filter. This low-pass fil-
ter, which removes the high-fre-
quency carrier (the PWM signal) from
the amplified audio signal, must be
properly located in order to ensure ef-
fectiveness.

If the Class-D APA output is config-
ured as an H-bridge or full-bridge, a
low-pass filter must be used on both
outputs. The designer can use a simple
passive LC arrangement (Fig. 3,

again). The filter should have a maxi-
mally flat magnitude response within
the passband, which results in minimal
ripple. Ripple would reduce the dy-
namic swing of the output, lowering the
crest factor and introducing asymmet-
ric distortion in the output. The corner
frequency is set by the equation:

Fy=1/2nLC)

This is a second-order filter, charac-
terized by a <40-dB per decade attenu-
ation of the output above the corner
frequency. As frequency is increased
by a factor of 10, the inductive imped-
ance increases by a factor of 10 and the
capacitive impedance decreases by a
factor of 10. Because the inductor
blocks high frequency and the capaci-
tor readily passes it, these factors mul-
tiply and the effect is to decrease the
high-frequency component seen by
the load by a factor of 100 (40 dB) per
decade.

Designers must consider a number
of issues when creating this filter.
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3. The general architecture of a Class-D audio power amplifier shows that the device is essentially a switch-mode power delivery drcuit, much like
the switch-mode voltage regulators that are found in most PCs. But rather than using a de reference to set the output voltage as switch-mode
regulators do, Class-D omplifiers use the audio input signal as the reference to create a variable-duty-cyde square wave.
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They can increase the filter order by
two for each LC combination added.
The choice of components and the or-
der of the filter will depend on the
switching frequency, since the filter’s
sole purpose is to remove the switch-
ing frequency component from the
output. This, in effect, averages the
output pulse over one duty cycle. To
accurately represent it at the output,
the switching frequency should then
be much higher than the audio input
waveform’s highest frequency compo-
nent. There is a trade-off, however, in
that as the switching frequency in-
creases, the switching losses increase
as well, reducing the efficiency of the
amplifier.

Careful consideration should be
given to the low-pass filter because
peaking will occur at Fy when a
speaker, which is reactive instead of
purely resistive, is placed at the out-
put. Placing a dampening resistor in
series with a capacitor across the load
or speaker can reduce the peaking.

Power losses also must be taken
into consideration during the design of
the low-pass filter. Because the indue-
tor is in series with the power signal
path, the series resistance of the in-
ductor will reduce the power deliv-
ered to the speaker, decreasing the ef-
ficiency of the amplifier. The use of
low-resistance inductors will lessen
this problem.

Inductor Saturation

The inductors’ saturation current
also is critical. If the inductor satu-
rates during operation, it looks like a
short and will not influence the output
signal. As a result, distortion will sub-
stantially increase. In the case of a
BTL configuration, the inductors’ tol-
erance should be tight for good match-
ing. The capacitors’ tolerance should
also be tight. Variations in these com-
ponents can lead to increased har-
monic distortion and reduced filter
performance through changes in the
frequency response.

The filter also contributes a portion
of the quiescent current used by the
Class-D APA. Because the output of a
Class-D amplifier’s H-bridge is a
switching signal, the capacitors in the
filter are either partially charged or
partially discharged with each signal
transition. Low-leakage, low equiva-
lent series resistance capacitors

——— Micin
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4. A notebook computer is an excellent application for a Class-D amplifier. The digital controller
receives and transmits data from the PCl bus, and performs high-quality sumple conversions for
the audio codec. The codec functions as a slave to the contreller, which then performs digital-to-
analog conversions, analog-to-digital conversions, analog processing, and mixing.

should be used to minimize the power
dissipated in the amplifier.

If the system allows users access to
the speaker terminals, several other
issues relating to the low-pass filter
should be considered by the designer.
First, the output of most low-voltage
Class-D amplifiers is usually trans-
ferred across a BTL or H-bridge eon-
figuration of power MOSFETS in or-
der to increase the maximum output
power from a given power supply
voltage. In a BTL configuration, nei-
ther terminal is grounded and prob-
lems could arise if users attempt to
plug ground-referenced leads into the
output terminals.

A final consideration comes from
the fact that the low-pass filter must
be designed for a specific load imped-
ance. For example, if the filter is de-
signed for an 8-Q speaker and a 4-Q
speaker is connected to the system,
the high-frequency response will be
reduced because the bandwidth is re-
duced. Likewise, if an output filter is
designed for a 4-Q speaker and an 8-Q
speaker is attached to it, the corner
frequency is increased, which in-
creases harmonic distortion, and the
maximum power output is decreased.

Class-D amplifiers rely on high-fre-
quency switching for their operation,
and whenever switching is present in
a system, the risk of EMI increases.
The output of a typical Class-D APA
prior to the output filter consists of

200- ta 500-kHz rail-to-rail square
waves. EMI will be generated from
the pe-board traces connecting the
output of the H-bridge to the low-pass
filter, and from the inductor. EMI can
be minimized by using a shielded in-
ductor and minimizing the trace
length between the H-bridge and the
filter.

Other sources of EMI are the rise
and fall times of the output PWM.
Faster rise and fall times require
higher frequencies and this, in turn,
produces more KMI. There’s a trade-
off to consider between the higher effi-
ciency provided by the reduced
switching losses in the H-bridge and
the EMI created. With a tight, well-
placed component layout, the EMI
produced by high frequencies is mini-
mized, as long as the more sensitive
analog circuitry is not close to the
EMI-producing power stage.

Notebook Computer

An excellent application for a Class-
D amplifier is a notebook computer be-
cause it has certain space restrictions
and must operate efficiently to pro-
long its battery life (Fig. 4). The digi-
tal controller (DC ‘97) receives and
transmits data from and to the PCI
bus. It performs high-quality sample
conversions for the audio codec (AC
‘97). The codec functions as a slave to
the controller, which then performs
digital-to-analog conversions, analog-
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5. This block diagram shows the connection between an audio codec in a notebook computer, a
Class-D audio power amplifier, and speakers. The input capaditors are in series with the input
resistance of the amplifier, forming a high-pass filter that blocks any dc signals.

to-digital conversions, analog process-
ing such as tone and 3D stereo en-
hancement, and mixing.

The audio codec accepts analog in-
put from a microphone, CD or DVD,
or an external source (Line in) for mix-
ing. It may provide external outputs
for connecting headphones (with or
without microphones), speakers,
speakerphones, or modem connec-
tions. A Class-D amplifier can connect
to the codec via an analog output (Line
out).

Consider the connection between
the notebook computer’s audio codec,
a Class-D APA, and a set of speakers
(Fig. 5). The input capacitors, in series
with the amplifier’s input resistance,
form a high-pass filter. This filter
blocks any dc signal and sets the low-
frequency (F,o ) -3-dB point at 20 Hz
according to:

FLO = l/(21tRC)

Because the input signal is small,
these capacitors can be small, surface-
mount ceramics. Ceramic capacitors
offer a smaller footprint, lower equiva-
lent series resistance, and a longer life
than do electrolytic capacitors. In an
environment where high, widely vary-
ing ambient temperatures are ex-
pected, it’s important that the capaci-
tor tolerance and temperature
stability be taken into account. As

noted, the second-order, low-pass
(LC) filter at the output sets the high-
frequency corner (fy;) of the desired
bandwidth, and must be designed for a
specific load impedance.

In the case of a BTL load configura-
tion, the equations used to determine
the capacitance and inductance for a
given load are:

Cpr = 1 2 Rymp)
LgrL=(2Rp)/ 2 ay)

where wy = 2nfy; is the frequency in
radians per second.

The high-frequency corner should
be far enough above the highest-fre-
quency component of the Class-D
APA to avoid attenuation of the audio
signals, yet low enough to limit the
switching losses due to the switching
frequency (fg). For example, to filter fg
=250 kHz to about 1% (40 dB) of the
amplitude of the audio signal at the
speaker requires an fy; of 25 kHz for a
second-order filter. This is high
enough to have minimal impact on the
audio band. Substituting fy; into the
equation for , yields 157
kradians/sec. For a 4-Qload, R, =4 Q,
Lpri, = 18 uH and Cgry, = 1.1 pF. Stan-
dard values of C =1 puF and L = 18 uH
can be used. Surface-mount capacitors
and inductors can be used for the out-
put, reducing the space required for

the filter.

The two other capacitors in the out-
put filter, labeled C, may be added to
provide a high-frequency bypass to
ground. These capacitors should be
approximately 10% of 2Cgry. If the
switching frequency is set close to the
audio band, then a dampening resistor
should be placed in series with Cgry..
The choice of this resistor is based on
the impedance characteristics of the
speaker.

The frequency of the ramp, or trian-
gle, generator in the APA can be ad-
justed by an external capacitor, Cogc,
over a wide range. A ceramic capaci-
tor with stable temperature charac-
teristies and a tight tolerance over the
desired frequency range should be
used because any nonlinearity intro-
duced here will ripple through the sys-
tem. Increasing fg will increase the
resolution and attenuation through
the output filter. However, this also
will increase power losses in the tran-
sistors and filter.

The designer also must consider the
control pins. Most audio power ampli-
fiers have a shutdown pin so that the
amplifier can be placed in a low-power
sleep mode. This pin can be connected
to the headphone jack so that the APA
will be shut down and the speakers
disabled when the headphone ampli-
fier is in use. An added benefit of a
Class-D amplifier is the device’s abil-
ity to alert the system when a fault
condition, such as under-voltage or
thermal overload, is present. These
pins can be monitored by the system
for a fault condition, making diagnosis
quick and efficient.

Be Well Grounded

When well-established layout prac-
tices are followed, a solid ground plane
is as effective at reducing electrical
noise on a board as a split ground plane
or a star configuration. In a star con-
figuration, one location provides a
ground connection and all of the traces
on the board’s network are connected
to it. A split ground is often found in
mixed-signal systems because it’s
sometimes necessary to isolate the
analog ground plane from the digital
ground plane.

The split ground plane has induc-
tance between both sections of the
plane that dampens the noise and can
cause uneven voltage potentials. How-
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ever, a solid ground plane has low re-
sistance so that when a voltage or cur-
rent spike hits the ground plane, the
entire plane shifts up or down. By us-
ing a solid ground plane, the overall
design of the board can be simpler and
will be less prone to errors in layout.

Successful use of a solid ground
plane is sometimes dependent upon
the architecture of the Class-D ampli-
fier. If the device is configured in such
a way that the designer can keep the
input and output sections of the chip
separated from each other, then the
chances are reduced that high- and
mid-frequency return currents will
make a path to the analog input sec-
tion of the chip.

The traces for the analog circuit
grounds should be extremely short
and connected to the ground directly
underneath the chip by vias. The
power circuit grounds connected to
the ground plane should be placed
slightly farther out from the chip and
closer to the signal and power outputs.
This type of arrangement uses the
ground plane to separate the large
current traces of the output from the
input cireuitry.

Next-Generation Amplifiers

Class-D APAs offer many capabili-
ties that will allow designers to ad-
vance many systems to the next gener-
ation. Improved power efficiency will
extend the battery life of portable sys-
tems. Higher efficiency also means less
heat dissipation, which in turn reduces
the need for heat sinks and other ther-
mal management techniques. This is
particularly important for portable ap-
plications because it saves board space
and allows smaller enclosures.

Because Class-D amplifiers are
based on a different technology than
Class-AB audio power amplifiers, a
different set of design issues must be
taken into consideration as Class-D
devices are implemented. Just as
switch-mode voltage regulators re-
quired some getting used to, designers
will have to learn the requirements of
Class-D amps. But, as with switch-
mode regulators, the benefits far out-
weigh the learning curve.

RICHARD PALMER is an applica-
tions engineer at Texas Instruments
Inc. He received bis BSEE from the
University of Tennessee, Knoxville.
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IDEAS FOR DESIGN

Circle 520/

Broken Bulb Safety Trip

C.J.D. CATTO
11 Church Lane, Elsworth, Cambs. CB3 8HU, England, U.K.

volves disconnecting the ac mains
supply from a light bulb should
the glass envelope become broken. Al-
though the filament can draw a much
higher than normal current upon expo-
sure to air prior to burning out, this
can’t be relied on to blow a fuse or tripa
miniature circuit breaker (MCB).
With the solution shown, on the
other hand, the current through the
bulb is sensed by means of the low-
value resistor R19 (see the figure).
That resistor is then compared with a
reference derived from the mains
voltage so that fluctuations in the ac
mains are compensated out. R9 to
R11 act as a voltage divider for the
sense voltage developed across R19,
and R3-R5,R7,and R8 act similarly

A classic safety requirement in-

for the mains voltage reference (rec-
tified by D3). D5 and D4 provide rec-
tification and protection.

Usually, the output of op-amp Nlais
aseries of pulses at the mains frequency
that keeps C7 discharged via R12 and
D6. However, if the bulb current falls
substantially below the reference level
for more than a few seconds, the voltage
on C7 rises until the comparator N1b
toggles, activating relay RL1. This, in
turn, draws a large pulse of current
through the PTC resistor R18, causing
the MCB S1 to trip. Thus, the bulb-
holder is rendered “dead.” Note that S1
also will trip if the bulb is removed, ren-
dering the contacts “safe.” A triac may
be used in place of the relay.

The current-limiter disk R18 was
chosen for reasons of compactness. Its

resistance remains low for just long
enough to trip S1, whereas even a
large wirewound resistor will often
fuse during the surge. Initially, this
circuit was developed to offer safety
for a 60-W tungsten bulb, but in the
arrangement illustrated, a phase-an-
gle detector has been added. As a re-
sult, the lamp may take the form of a
fluorescent tube.

With a conventional ballast, consist-
ing of a series inductor and a parallel
capacitor, one has to be able to tell the
difference between “normal” current
(which is roughly in phase with the
mains voltage) and the “no tube” cur-
rent (which can be appreciable, but
leads the voltage by 90° due to the
large compensating capacitor). A lead-
ing ac reference from C1 is fed into
N1a via R6, making the latter behave
as a phase-sensitive detector. The out-
put pulses at R12,D6 spend much
more time high than low if the tube is
removed or broken (and the in-phase
current consequently disappears).

This can be understood by seeing
what happens in the absence of the

L
\-ast
Carlingswitch
MA1-B-30-420
Vool
(D "
R3 M B o3 a0k L 4.
R ™ | 10,F 2322-661-51113
330 130k T“V RS '
Cl w - o | um
R < 1000 circuit
400V |
20V ™ < T N . ’12!"'.“22“' | S
~ 50k 0 470 pF | "l
R15 08 :
= duf)
N
E
oy 36-W
N O > RL1 tube
TN313012
D1-3 = 1N4002
D4-7 = 1N4148
N1 = LM358N “0—
33(3W)

This design eliminates the weakness in conventional earth-leakage circuit breakers, which don’t trip until they have delivered a shock to
someone touching the live wire. The addition of phase-angle detector circuitry allows it to be used with fluorescent lomps.
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tube: Appreciable current is drawn
through the compensating capacitor,
but the signal produced at Nla’'s in-
verting input is overcome by the sig-
nal from C1 at the noninverting input.
Thus, the output goes high. C1 addi-
tionally serves as a capacitive-divider
or charge-pump to create the 12-V
rail to power the circuit. To allow for
random firing of the discharge upon

initial switch-on, R13,C7 provides a
delay of four seconds. A photoelectric
switch S2 can be added to provide
dusk-to-dawn lighting control.

Note that for the circuit as drawn,
the MCB is tripped through over-
current when RL1 closes. However,
if an MCB with an additional high-re-
sistance coil (“voltage coil”) is avail-
able, this coil can be employed for

tripping. Hence, R18 can be omitted.
Unfortunately, such MCBs aren’t
common. As an overall safety device,
the novel system described here has
an advantage over an earth-leakage
circuit breaker alone, since it trips
with a broken lamp even if no earth-
leakage has occurred. Thus, the rem-
nants of the lamp are “dead,” not
“live” until touched!

Circle 521

ne way to generate a sine wave
0 is to pass a square wave through

a low-pass filter. The high-order
harmonies will be filtered out, leaving
only the fundamental. The higher the
order of the filter, the purer the sine
wave produced.

The MAX292 is an 8th-order Bessel
low-pass switched-capacitor filter. Its
—3-dB corner frequency is controlled
by its clock frequency in a 1:100 ratio.

Microcontroller-Based
Sine-Wave Generator
Has Crystal Accuracy

YONGPING XIA
Teldata Inc., 8723A Bellanca Ave., Los Angeles, CA 90045.

Using a 1:64 input-signal/clock ratio
will produce a very clean sine wave. If
this ratio is kept constant across the
entire input frequency range, the am-
plitude of the filter output will be inde-
pendent to the frequency.

Here, a high-speed microcontroller
(Atmel’'s AT90S1200) is used to gener-
ate square-wave and clock signals (see
the figure). Meanwhile, the microcon-
troller accepts 13-bit frequency-con-

trol signals. The 13 bits are divided
into two parts—the lower eight bits
(D7-D0) are named delay_1, and the
upper five bits (D12-D8) are named
delay_2. No matter what frequency is
selected, the base square wave and
the clock will maintain a 1:64 ratio.
Thus, the circuit will generate both
sine-wave and square-wave signals at
the base frequency, as well as a higher
(64x) frequency square wave.

The frequency of the sine wave is
given by:

f()[!'r = f()S(‘ / (98[388 i ((leluy_2-1) +
384 * delay_1 + 1408)

where four is the sine-wave fre-
quency and fogc is the clock fre-
quency of the microcontroller.

To generate a specific frequency
sine wave, the values of delay_1 and
delay_2 can be calculated from the
equation above. For instance, assume
fosc is 16 MHz and a 60-Hz sine wave

|
D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO +BV
ety 1] b
VCC out
16.0000 MHz
GND
1 l High-frequency
: RESET voe 2 square wave
PO0 pB7 12 — 0
. PD1 PB6 e Sine-wave
—5— XTAL2 104 PBS MAX292 output
S e 1§ row i i
1 P02 pB3 > 2y itz wfl Low-frequency
3 P03 PB2 1L 3 0P OUT Ghp |8 square wave
Al Bt 1 JLURL [T our |2
DS pBo 12 R2 10k —\ Ry ke (2
[ﬂm oo 1 ANA— S T 01
AT9051200-16 VCe 2 1

This programmable SI@' generator can generate sine waves between 5.2282 Hz and 8928.6 Hz when operating with o 16-MHz dock.
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A , ! is needed. By using this equation, you
; Microcontroller-Based Sine-Wave Generator ) 5 |
; Author: Yongping Xia 1 can determine that delay_1 and de-
. : lay_2 should be 177 and 3, respec-
.include “1200def.inc" | Ay - ’
‘device AT90S1200 i tively. Plugging these numbers back
dafant =16 ! into the equation, the calculated out-
~de; e e =r17 ! put frequency will be 59.98 Hz.
ot gl.:;:z i ! The useful frequency range that
e ': can generated by this circuit is be-
“ser out_data ; : ' tween 5.2282 Hz and 8928.6 Hz when
o B s on ' the microcontroller operating at a 16-
Idi out_data, $00 : ' MHz clock frequency.
out DDRB,  out data ;set PORTB direction i
Idi out_data, $41 } !
out DDRD, out_data ;set PORTD direction )
loop_1: |
in delay_2, PIND ; read PORTD i
ror 3 delay_2 " . :
o g:::;:?ﬁ Pg i read PORTB | R. N. Schouten, Faculty of
loop.25 Rl oA | Applied 'Physics, DIMES, Delft
bme loop_2 ''| University of Technology, P. O.
i ey | | Box 546, 2600A Delft, The
bme loop_2 ; ' | Netherlands. The idea: “High-
o %h"“é?“azm_da,a ! send out signals 1| Voltage Power Pulse Circuit”.
dec cnt ; ' | December 1, 1997 Issue.
fimp loop_1 1
]

20 mA when using a 20-25 V de supply.
The circuit gain is selectable by a
subminiature center-off SPDT toggle I
switch to suit the local RF environ- |
ment (see the figure). For strong-sig-
nal areas, the low gain (9 dB) position is
best. When all signals are weak, the
standard high gain (HG) setting (19
dB) should be selected. But, to receive
weak shortwave signals where the lo-
cal MW broadcast stations are strong,
use the frequency-selective (F'S) gain
position. Here, the gain curve slopes
from 9.9dB at 1.6 MHz to 19 dB at 25
MHz, so you get high shortwave ampli-
fication with simultaneously low
medium-wave amplification.

The frequency response at low gain
is very flat (+0.2 dB) from 200 kHz to
35 MHz, and is only 0.4 dB down at 60
MHz. At standard high gain, the re-
sponse is very flat to 256 MHz and -3
dB at 50 MHz. The maximum output
level in all gain configurations is over
500 mV rms into a 75-Q load. |

A matched pair of high-frequency
low-capacitance FETs, such as the
2N5246 with an Ipgg of about 3 mA, is
the best choice for the input stage. It’s
important to minimize the input capac-
itance by using miniature carbon-film
resistors and minimal board footprints
for the gate connections.

The toroidal transformer’s primary
is 36 turns of No0.24 enameled wire
wound on a core from a Sony 1-421-

Circle 522
Frequency-Selective Gain
Increases Dynamic Range
Of An Active Antenna

M.J. SALVATI
Flushing Communications, 150-46 35th Ave., Flushing, NY 11354; (718) 358-0932.

Therefore, dual FET source follow-
ers are used to present a high imped-
ance to the antenna elements, and pro-
vide power gain to drive the LM733
integrated circuit. This, in turn, sup-
plies voltage gain to compensate for
the small capture area of the antenna
elements. The toroidal transformer

his much-improved version of the 1

T“High-Gain Broadband Active |

Antenna” (ELECTRONIC DESIGN, !

Jan. 6, 1997, p. 164) features wider !

bandwidth and lower noise at half the ,

power consumption and a fraction of |

the cost (the IC complement here costs

about $1.20 versus $10 for the previous i
version). But its most important differ- ! that follows provides differential-to-
ence is a method of coping with the | single-ended conversion and imped-
problem that plagues all active broad- E ance matching to the 75-Q load. More-

[}

]

)

[}

)

band antennas: How to achieve high i over, it multiplexes the output signal
gain for weak shortwave signals with- 1 and de supply voltage on the coax con-
out being overloaded by the local | necting the antenna unit with the
medium-wave broadcast transmitters. | power supply/receiver end of the sys-
The figure-eight polar pattern of an | tem (where another circuit separates
electrically short dipole has sharp nulls, | power and signal).
allowing you to null out on-frequency To facilitate this multiplexing, the
interference by rotating a short dipole ! circuit is configured for single-ended
antenna. However, the output imped- ! operation by biasing the LM733 in-
ance of an electrically short dipoleis too ! puts (pins 1 and 14) at approximately
high to drive a receiver directly. | 6 Volts. Total power requirement is
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LM733

75-()coax

76M12 >
L 047 ,F +20-25V @20 mA
50V
22 i T me MLC = multilayer ceramic

Out Antenna 0,05 iF receiver
22
1

i

This improved version of the “High-Gain Broadband Active Antenna” from a previous Idea For Design has much wider bandwidth and lower noise,
ot half the power consumption and a fraction (approximately12%) of the original parts cost.

302 line choke. Its secondary is nine
turns of No.24 telephone wire. The
antenna elements are two 24-in.

i lengths of 3/8-in. thin-walled alu-
» minum tubing (old TV antenna ele-
i ments are ideal). The 50k trim pot

should be adjusted for equal clipping
of the output signal peaks at just past

maximum output.
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PEASE PORRIDGE

BOB PEASE

Bob’s Mailbox

Dear Mr. Pease:

In the Aug. 3 issue of Elec-
tronic Design, you mention the
Heathkit C.D. ignition system.
I believe it was the same as the
Delta unit that I have been us-
ing for many years. I have one
installed in my '69 Bronco, and
another in my "71 Ford F-250.
Both were installed sometime
around 1972, and have been functioning |
with no failures. I recently came acrossa |
box full of the same at an auction—some E
working and some not—cheap. My ex- !
perience with these is that the usual fail- !
ure is the SCR, and second the inverter !
transistors. The whole system is fairly
simple. The inverter supplies the high E
voltage to charge a capacitor. There’s a !
trigger circuit, and that’s about it. !

Now, on another subject, Home |
Circuits: I have a front and rear en- |
trance. The front has a motion detec- E
tor, but I normally park in front and !
use the rear entrance. Being in a rural !
area, it gets black out here. I didn’t |
want a motion detector in the rear, as
I didn’t want it on at times. E

What I did was wire a relay to “Blip !
the motion detector,” which would cy- !
cle it. The motion detector lights also |
turn on the side and rear lights at the E
same time. So, I have three minutes to !
park, unload, and walk to the rear—un- !
der lights. The reverse is the neat part. |

I rewired the the rear doorbell with |
an SPDT switch. I charge a large (2000 E
uF) capacitor through a resistor. The !
switch grounds the doorbell and Blips !
the motion detector relay by discharg- |
ing the capacitor through the relay to ;
the ground. The resistor controls the E
rate the capacitor charges (to prevent !
anyone from holding the switch in and !
keeping the lights off). Now, on leaving |
the rear door, I can cycle the motion de-
tector by hitting the doorbell, and visi- !
tors are greeted by the lights coming !
on. Or, I have the lights for my normal !
exit and they turn themselves off. The |
system works quite well, and [ had a |
similar setup in a house I used to own. !
JOSEPH J. SYCZYLO ,
Sy-Enterprises i
North Fork, Idaho '

Isn'tit amazing how a study
of our different “consumer
needs”—and a little cus-
tomizing of circuits, delays,
interlocks, and interac-
tions—can lead to some very
versatile applications? And
surprise the heck out of the
deer and raccoons, too!—
RAP

Robert:

You learned to type the HARD way.
I took a typing and shorthand class (only
two males in our class!) when I was in
the 11th grade of high school. (No, be-
cause I learned in the 4th or 5th grade.
Learning skills there are better than in
the 11th grade. /rap) I was thinking
those two skills would eome in handy
when I entered Ohio State University
(taking notes during lectures, typing
English essays, etc.).

Well, I did quite well in both typing
AND shorthand, being “certified” at 125
wpm in both (mechanical typewriters, 1
might add!). I made one big mistake,
however. I didn’t continue with the typ-
ing and shorthand classes during my Se-
nior year. So, by the time I entered uni-
versity the following fall, ’'d TOTALLY
lost my shorthand skills. I DID manage
to keep my typing speed up.

Now that I'm much older, I can still
do a respectable 80 to 90 wpm in
“straight text” on a decent keyboard. I
come to a screeching halt, however,
when numbers are thrown in.

Thank you, Robert, for all your eru-
dite writing(s). Please don’t ever stop!
KARL H. KANALZ
via e-mail

Hey, I'm happy with 30 wpm.—RAP

All for now. / Comments invited!
RAP/Robert A. Pease / Engineer
Please note NEW e-mail address:
rap@galaxy.nsc.com. The older one
at “webteam” seems to be broken.

Sorry. /rap—or:

Mail Stop D2597A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

Step Up
to Higher

Micro Linear's ML4870 and
ML4770 boost regulators provide
integrated, highly efficient DC 1o
DC conversion solutions for high-
current multiple cell battery
applications in PDAs, celtular
phones and portable instruments.

Pulse Frequency Modulation
(PFM) and built-in synchronous
rectification reduce radiated
noise, lower component count,
provide true load disconnect and
boost conversion efficiency to
>85%, all of which should give
your designs quite a boost over
the competition.

* True load disconnect com-
pletely isolates the load from
the input during shutdown

¢ Guaranteed full load start-up
and operation at 1.8V inpat

¢ Continuous conduction mode
generates less noise

* Fixed 3.3V or 5V output
(ML48701 or programmable
ouptut (ML4770)

For more information

contact Micro Linear at;

Tel: (408) 433-5200 ext.403
Fax: (408) 432-0295

E-mail: info@ulinear.com
Website: www.microlinear.com

Distributed by:
Insight Electronics,
Interface Electronics,
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WALT’S TOOLS AND TIPS

Op-Amp Audio

Minimizing Input Errors

or this second December issue,
F the column looks at a number of

op-amp issues regarding their use
in high quality audio circuits. For now,
this wraps up the series on this topic.
As noted below, this final 1998 install-
ment also marks my departure from
this regular monthly column, in order
to partake in a new project.

Op-amps and audio: Recalling the im-
perfect op-amp gain stage model
printed in the Sept. 1 column, we will
first review it with regard to the error
sources, V1-V5 (Fig. 1). There is an
errata note for the OP177 data sheet
circuit originally referenced. It was
Figure 3 on early revisions, but Fig-
ure 24 now.

In the first two parts of the series,
we discussed using buffers (both IC
and discrete), along with their role in
minimizing output-to-input power-re-
lated errors. This error source is sym-
bolized by V5, with the dotted cou-
pling indicated. With the use of an
appropriate U2 buffer or load-im-
mune op amp U1, we'll consider V5
errors negligible, and then move on to
the others.

The remaining errors are V1-V2
and V3-V4, four in all. But note that
these are paired error sources, so if
you understand how to deal with one
of the pair, you also can deal with its
twin. In essence, these pairs reduce to
two basic types of error sources, each
with distinct minimization solutions.

V1-V2 source-impedance-related er-
rors: V1and V2 are ac errors, and they
are proportional to the impedances
seen at the op amp’s (+) and (=) inputs
(again as indicated by the dotted cou-
pling). Understanding a very basic
semiconductor distortion mechanism
is helpful here.

A byproduct of semiconductor
manufacture is the fact that often, the
junction capacitance is a nonlinear
function of applied voltage. Applied ac
(audio) modulates this capacitance,
which gives rise to even-order har-
monic distortion. You can see the ba-
sis of this by studying various transis-
tor data sheet C/V curves. Note that
it doesn’t matter if such junctions are

within a discrete transistor or an IC,
the result is the same.

For audio circuits, taking various
steps can help to minimize distortion
due to this nonlinear capacitance. One
is to bias the capacitance to a high de
voltage. Another is keeping the ac sig-
nal swings small. A third step is to
choose devices with less raw capaci-
tance (and therefore, less sensitivity),
and, finally, operating with low source
impedances.

In op-amp circuit configurations, it
is important to note this input stage
distortion mechanism applies to non-
inverting-mode operation, such as in
Figure 1, where the applied common-
mode (CM) voltage is highest. And, in
terms of susceptible device
categories, by and large it is
found in op amps using junc-
tion-isolated FETs (JFETS).
Note also that it is not a fac-
tor in inverting mode cir-
cuits, since by nature these
don’t see CM voltage.

Within JFET-input op-
amps there are actually two
such capacitors present, cor-
responding to V1 and V2 er-
rors. They are directly in the

WALT JUNG

thumb to use low feedback resistances
to minimize noise contribution. In Fig-
ure 1, the feedback source resistance
(Rg(0) = Rp Il Ryn) is <1 k€, but the in-
put Rg may be higher, so the amplifier’s
Rg(+) and Rg(-) aren’t necessarily
equal. In practice, given the very-low-
distortion capability of today’s op amps,
(THD+N of -100 dB or better), it is eas-
ily possible to see distortion effects due
to mismatched Rg(+).

Fortunately a neat distortion solu-
tion is at hand, involving profitable
use of the op amp’s basic nature. Any
such op amp always has two similar
nonlinear capacitances, and with the
input devices matched, it can be as-
sumed the capacitors are the same.
So, the distortion effects can be bal-
anced and nulled, if within the exter-
nal eircuit, Rg(-) is made equal to
Rg(+). Or, more precisely, when the
total impedance seen looking out of
the (<) input is made equal to that at
the (+) input.

With an equal source im-
pedance condition, the two
sets of distortion components
generated by the nonlinear
capacitances match, or V1 =
V2. Since this distortion is
CM to the op amp (not differ-
ential), it is rejected. A dis-
tinct operational “sweet
spot” occurs, with even-or-
der output THD going to a
minimum.

signal path, with one appear-

ing at each input terminal, i.e., the
gate of the FET input devices. The ca-
pacitance is formed as part of the
manufacturing process. It electrically
appears between the corresponding
input and one supply rail, or ac com-
mon (for p-channel FET amplifiers
the rail is typically —Vg).

In Figure 1, source resistance Rg
and the internal nonlinear capacitance
of U1 form a low pass filter at some
high frequency—usually well above
the audio bandwidth. However, this
seemingly innocuous relationship
doesn’t fully reveal what can happen
in sensitive, low-distortion circuits, or
if Rg is high. Or, worse yet, when the
op amp has appreciably higher input
capacitance (as it might in the case of
large-junction, low-noise input tran-
sistors). All these factors exacerbate
the distortion generation.

Normally it is an audio rule-of-

Therefore, to optimize
noninverting op-amp circuits against
V1-V2 errors, choose Ry and Ry so
their Thevenin equivalent value is
equal to Rg, which minimizes distor-
tion. Cy, if used, can upset exact
high-frequency balance. For such
cases, a compensating value can be
used, from pin 3 to ground.

Wondering about your favorite op
amp’s susceptibility to this distortion?
A good test for it is a noninverting
gain stage of 2X (with Rg(-) <1 kQ),
and Rg switchable between <Rg(-),
=Rg(-), and >Rg(-).With V1-V2 er-
rors, THD+N plots vs. Rg can reveal
higher distortion for mismatches.!

Extrapolating JFET-input op amps
to even more sensitive topologies
leads us to Sallen-Key active filters,
which, by definition, use noninverting
amplifiers (often unity-gain, JFET-
based followers). For absolutely low-
est distortion here, a mirror-image
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WALT JUNG

network “Zg(-)” can be used in the |
feedback path, in lieu of a direct con- !
nection. Zg(-) is simply a dummy RC !
component set, to mimic the real Zg(+)
filter elements, as seen looking out
from the op amp’s (+) input.2 Other
JFET-input op-amp circuits also can
optimize Rg, as described below.

V3-V4 power-supply-related errors:
The two remaining errors are V3-V4,
which relate +V and -V, supply-rail
noise to the amplifier inputs. These
power supply rejection (PSR) errors
are usually given in dB. Some might
think these errors straightforward.
But in real life, things are a bit more
complex. Let’s see why.

If you study a typical op-amp data
sheet, you'll notice that there is a PSR
spec for both +Vg and -Vyg, as well as
one for common-mode rejection
(CMR). But, close inspection reveals
that these are dc specs. Over audio fre-
quencies, typical PSR behavior is
plotted, and it degrades with fre-
quency at 6 dB/octave. Common val-
ues are 100 dB or more of de PSR (or
CMR), dropping to 80 dB at 1 kHz.
Ironically, such popular audio op amps
as the 5532 and 5534 don’t provide
their users PSR and CMR curves!

Also, note that PSR will often be
poorer for one of the supplies, some-
times noticeably so. CMR and PSR are
related—both measuring front-end re-
sponse to signals common to the nor-
mal inputs, or via the rail(s) as a signal
source. It is typical to specify PSR for
symmetrically varying (1) supply volt-

g o—e +——0 +15V
1oy les
C1-CAadjacentto U2 = o' ¢ =< 100 F
(o Low ESR
, o
2 100 uF
g :I 0.1F Tlow ESR
$ wa Yso—e 5 15V

AD812
(See text) R6
49.9
W Output
Rg § § Rin ——O Output low
10M —L
Re =
2.4%
(See text)
R1
1k Vs
A 'AA%
V, R2
N @ g
=
2. This example design appiies ail the concepts of the audio series, in an optimized gain-of-five

stage. In addition to minimizing V1-V5 errors,
in output stage U2. Open-loop bandwidth of th
100 kHz.

ages. Unfortunately, real-world
sources don’t always vary neatly. So, a
realistic audio consideration would be
to analyze things in terms of the worst
PSR/CMR curve from the data sheet,
and use that data at various frequen-

power E cies. We'll assume an 80 dB/1 kHz PSR

it also eliminates thermal distortion and crosstalk
e first stage is set by local feedback, and is about

error in an example calculation.

An error 80dB down may sound
good, until we add some mitigating
factors. In Figure 1, for example, the
5X noise gain makes an 80 dB/1 kHz
error about 14 dB worse, or 66 dB/1

kHz, as referred to the output. And in
almost every case with conventional
op amps, this still gets worse by 6
dB/octave with increasing frequency.
Putting it in perspective with an
actual output signal, we'll talk in
terms of op-amp input-referred er-
rors (since that’s where PSR errors
couple). Assume 1 V p-p output at 1
kHz, and an op amp gain-bandwidth of
10 MHz. This means that to produce
the 1V p-p, the amplifier’s input sig-
nal will be 100 uV p-p. If the supply
rail sees a 1 mV p-p/1 kHz noise (for
whatever reason), this noise referred
at the amplifier input will be 0.1 uV p-
p- The ratio of the desired signal to the
noise is 60 dB—not such a good ratio.

u2
Output buffer
OB ? ?
: . 3¢ . Vour
b
Hs § ...... S
| Cr
E 100 pF T e
i &
5 —W\ §"‘
L - a I
ViN i 1k"
1. Depicted here is a noninverting op-amp gain stage with five error sources, V1-V5. Output

butfering or a load-immune op amp minimizes V5. V1-V2 are minimized by matching source
impedances, and V3-V4 are minimized by careful power-supply design.

Also, consider the possibility that
CMR or PSR could be worse than 80
dB, or the power-rail noise higher.
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MORE
SUPPLEMENTS

for our readers

January 25, 1999
Wireless/Communications
Some of the fastest growing
markets today are wireless
and communication systems.
Electronic Design will cover
the latest hot designs
with contributions from
Wireless Systems Design,
Embedded Systems
Development,
and EE Product News.

March 8, 1999
Digital Technology |
A large segment of our
readership specifies or design
with digital semiconductors.
Design application articles
solicited specifically for this
supplement will offer solid
advice on an array of digital
design subjects. Plus, the very
latest product information.

April 5, 1999

The Best Of Pease Porridge
Bob Pease’s column, Pease

Porridge is one of the best read
features in Electronic Design.
This supplement is the fourth
annual compilation of Bob’s
best columns, plus new com-
ments and updates to apprise

readers on how it all turned out.

June 28, 1999
Analog Technology
In spite of the digital
revolution, Analog Technology is
thriving. Besides traditional
analog applications, the increas-
ing frequencies and smaller
sizes of digital circuitry require a
solid grasp of
analog principles. Analog
Technology Editor Ashok Bindra
provides expertise
in a staff-written report as well
as new contributed appliction
articles.
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Another subtle point is that the
PSR frequency-response corners for
the +Vg/-Vg rails may vary from one
another, and may also vary with re-
spect to the open-loop-gain corner.
Thus, the sample numbers used here
could be different in reality.

The example assumed a 10-MHz
gain-bandwidth op amp. But, if we
consider an op- amp with ten times
the gain-bandwidth (100 MHz), the in-
put signal reduces ten-fold, to 10 uV
p-p. With the same power-rail noise,
this tends towards an effect of PSR
errors of similar order (80 dB) being
much more serious. In practice, such a
higher gain-bandwidth op amp will
very likely also have greater PSR.

The main general point being made
is that real-world PSR and CMR er-
rors can be much worse than a casual
glance at a data-sheet curve may sug-
gest. In fact, a better way to look at the
topic of V3-V4 errors is to consider the
rails of an op amp simply as another
signal input, and proceed accordingly.
Good supply regulation and bypassing
will go a long way toward minimizing
and controlling these errors. In fact, it
isn’t unrealistic to set V3-V4 error
goals referred to a working op-amp in-
put signal of 100 dB (or better). This
will generally require some careful
supply regulation, since you can’t al-
ways count on an op amp providing 100
dB of V3-V4 error isolation over the
applicable frequency range. Current-
feedback types, for example, have typ-
ical PSR and CMR of 60-70 dB.

An optimized amplifier example: To il-
lustrate all of the error-minimization
and bandwidth-extension principles
discussed in this series, the circuit of
Figure 2 is offered. It can be recog-
nized as a cousin to a previous 0.5-A
line-driver/headphone amplifier.? It
also has similar thermal-distortion
suppression, as the Ul stage servos
out U2 thermal errors. Three distinct
feedback paths are used.

This line-driver circuit has an over-
all gain of about 5X, as set by the R1-
R2 loop. U2 is a dual current-feedback
amplifier, allowing 50 mA or more of
output while buffering U1.

Compensation for V1-V2 errors in
U1 (a JFET-input op amp) is provided
by R, set equal to Rg. With a variable
Rg such as a volume control, a nominal
gain value is used, in this case 2-3 kQ.

First-stage open-loop bandwidth

! control is exercised in this circuit, as it

i applies to U1 and the local feedback

' loop Rp-Rc. For the values shown,
' U1’s open-loop bandwidth is about
' 100 kHz. Were R open, the U1 stage
i would function as a more-conven-
! tional (narrow bandwidth) op-amp.

Control of V3-V4 errors is not inte-
gral to this amplifier, except for the lo-
' cal bypassing shown. Tight regulation
| of +Vg will aid this, and is recom-
. mended for noise minimization.

Summary of audio op-amp series notes:
The discussions above wrap up our
' Jook into various op-amp and circuit
| issues which help determine high au-
 dio performance. Over the years, I
have found all of these techniques use-
ful for improving audio circuits, and
hope you will also.

Some parting comments: This column
wraps up a two-year run of “Walt’s
Tools and Tips,” an experience I have
enjoyed immensely. I hope you have
as well, and I thank all those who have
contributed comments.

Over the next year (or more), I will
be embarking on a major new project.
Unfortunately, this will preclude the
time expenditure it takes to put to-
gether the kind of material I like in
this column. Therefore, I am taking a
column sabbatical for a period of time.
I hope to return to these pages some-
time soon to continue these analog-
oriented talks. Happy Holidays to all.

E References:

' 1.Jung, Walt, “Op-amp Device/
' Topology Related Distortions” of ‘Au-
i dio Line Drivers and Buffers,” part of
': Chapter 8 of System Applications
' Guide, Analog Devices, 1993.

' 2. Wurcer, Scott, “An Input-Imped-
' ance Compensated Sallen-Key Filter,”
i Analog Devices AD743 data sheet.

i 3.Jung, Walt, “Composite Line
' Driver with Low Distortion,” Elec-
! tronic Design Analog Special Issue,
' June 24, 1996, p. 78.

1

Walt Jung is a corporate staff ap-
plications engineer for Analog De-
vices, Norwood, Mass. A long-time
contributor to Electronic Design, he
can be reached via e-mail at: Wjung
@USA.net.

Walt, it’s been a real pleasure Tool-
ing and Tipping with you. We’ll miss
| you.—Bob Milne, Managing Editor
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DIGITAL ICs

Cost-Reducing Flat-Panel Controller Converts
RGB Signals Into Digital Signals

transistor (TFT) flat panels makes
them attractive for monitors that
replace the bulky CRTSs now sitting on
everyone’s desk. However, to drive the
TFT panels from the computer’s RGB
outputs requires an interface circuit
that can accurately convert the RGB
signals into the digital drive signals re-
quired by the flat panel. Just such a chip
is the Bridge 120 from Paradise Elec-
tronics, a circuit that combines a triple
8-bit analog-to-digital converter, a
clock/source timing generator, scaling
engine, on-screen display control panel,
and panel control modules. The on-
screen display control block includes a
character ROM and provides a choice of
four background and four foreground
colors as well as some special effects.
All of the B120’s functions let the chip
handle displays with up to SXGA reso-
lution (1280 by 1024 pixels) and with
16.8 million colors. When used in con-
Jjunetion with an 80251 or H8-type mi-
crocontroller, which controls the Bridge
120 with API calls to the operating sys-
tem, the Bridge 120 can convert the
analog R,G,B, HSync, and VSync sig-
nals to produce the digital control sig-
nals required by the display panel.
After sampling the input video
source timing with a 200-MHz precision
reference clock, the chip’s source sam-
pling clock is programmed. After that
clock is programmed, the destination
clock is derived, based on the ratio of
the total pixels per frame of the source
and destination images. Direct digital

T he plummeting cost of thin-film-

synthesis is used for the clock genera-
tion. The triple analog-to-digital con-
verter employs a two-stage pipelined
design, and has separate gain (full scale)
and offset (zero scale) adjustments for
each channel. The converter also can
handle the full range of RGB inputs
from 0.4 to 1 V. In addition, the chip can
detect the interlace timing to support
even/odd field displays for TV/video
playback.

To minimize the potential jitter, an in-
ternal digital-to-analog converter pro-
vides inputs for separate ealibration sig-
nals on the R,G, and B channels. This
cancels out the random offset and gain
mismatch common among the R, G, and
B channels. The same adjustment also
can be used to adjust real graphics im-
age patterns (a gray-scale image, for ex-
ample), thus delivering perfect color bal-
ance among the three channels. Color
brightness, contrast, black level, and
white level can all be adjusted thanks to
aninternal filter and various on-chip line
buffers. Colors are blended after inter-
polation to reduce artifacts, and images
are gamma-corrected and dithered be-
fore they’re sent to the TFT panels.

In lots of 1000 units, the B120 chip
sells for $35 each. Production quantities
are immediately available.

Paradise Electronics Inc.

1999 Concourse Drive

San Jose, CA 95131

(408) 325-8760,

www.paradiseelec.com

CIRCLE 485
DAVE BURSKY

CrossVolt Logic Gets
1.8-V Operating Spec

The VCX family of logic circuits, al-
ready optimized for 2.5-V operation,
now has a guaranteed set of perfor-
mance specifications for operation at a
1.8-V nominal supply voltage (1.65 to
1.95 V). The 1.8-V VCX chips possess
propagation delays of less than 10 ns
and include 3.6-V overvoltage-tolerant
inputs and outputs, providing designers
with a simple interface as supplies
change from 8.3 to 2.5 and 1.8 V. The
chips also operate at low current lev-
els—just 10-pA Icc—and offer func-

tions with 16-, 18-, and 20-bit data paths.

Some of the first available devices
with the guaranteed 1.8-V specifica-
tions include the 74VCX16500, 16600,
and the 162601, which are a series of bus
transceiver chips. For example, the
162601 is an 18-bit universal bus trans-
ceiver that combines D-type latches
and D-type flip-flops so that data can
flow in transparent, latched, and
clocked modes.

The chip packs 26-Q series resistors
in the outputs and deliver static drive
currents of +3 mA at its worst-case sup-
ply level of 1.65 V. It has a propagation
delay of 9.8 ns (maximum) over the 1.65-

to-1.95-V supply range. The remainder
of the 1.8-V portfolio, totaling about 22
functions, will be available by the end of
this year.

Devices are available in thin, shrink
small-outline packages (TSSOPs).
Prices start at $2.67 apiece in 1000-unit
quantities. DB

Fairchild Semiconductor, 333 West-
ern Ave., South Portland, ME 94106;
{207) 775-8100; Internet:
www.fairchildsemi.com/pf/74/.

CIRCLE 486

64-Bit RISC Core Delivers
800 MIPS And 800 MFLOPS

The SR1 64-bit RISC processor core is
designed to serve as the central process-
ing engine for applications such as digi-
tal set-top boxes, 3D gaming consoles,
Internet TV systems, and network sub-
systems. The reason for these target ar-
eas is that it ean deliver 800 Dhrystone
(2.1) MIPS and 800 MFLOPS of compu-
tational throughput.

Implemented in a 0.18-um technol-
ogy, the core will be able to operate at
clock rates of up to 400 MHz yet con-
sume just a little more than 1 W when
powered by a 1.8-V supply. The core is
based on a new two-way superscalar
pipeline that implements the MIPS IV
instruction set. However, architects ex-
tended the instruction set with 16 addi-
tional multiply and multiply-accumulate
instructions, rotate instructions, debug
instructions, and count leading zeros or
ones operations for data normalization.

The company also plans to use the
new architecture to create a family of
cores that can be licensed to semicon-
ductor and system manufacturers.
Complete with 16-kbyte data and in-
struction caches and the floating-point
unit, the core occupies an area of just 16
mm? when implemented in a 0.18-um
process. The architecture, though, is
configurable and extendable, and can be
ported to different processes, ranging
from 0.15 to 0.25 um. The core also in-
cludes a 133-MHz, 64-bit R5000-compat-
ible bus interface. The SR1 will be avail-
able in the second quarter of 1999 as a
hard macro, designed to a customer-
specific process. Contact the company
for licensing and fee information. DB

SandCraft Inc., 3003 Bunker Hill
Lane, Ste. 101, Santa Clara, CA 95054;
Dirk Smits, (408) 490-3200, Internet:
www.sandcraft.com. CIRCLE 487
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New AWG Targets Aircraft

Accelerometer Testing

The Model 9011 accelerometer power-
supply system is specially designed for
testing aircraft accelerometers. This
system can be programmed with spe-
cific amplitude, phase, and frequency to
create a wide range of sine-wave out-
puts. It features accurate and stable
waveforms with 0.005% distortion and |

TEST & MEASUREMENT

phase resolution of 0.001 degree. The
9011 system combines a 9011A wave-
form generator and a 9011B power am-
plifier. With six flexible output channels,
the unit may be configured in two dual
channels and two single independent
channels. Output frequencies range
from 1.6 to 32 kHz with output voltages
up t08.0 Vrms. Both in-phase and quad-
rature signals are available. All phases
use phase-lock feedback to guarantee

All-in-One Embedded PC

* 5x86-133 or 486DX4-100

e PC software compatible

e -40°C to +70°C operation

e Up to 32MB of DRAM

* Up to 72MB Flash SSD

e CRT/Flat Panel VGA1/F

e NE2000 Ethernet
controller

» 48 Digital I/O lines

¢ LPT, 4 serial, IDE, FDC
and keyboard controllers

» Watchdog timer and
powerfail reset

* 16-bit PC/104 expansion

e Size: 5.75” x 8.0”

» 2-year warranty

* Technical support

&

PC won't fit.

Ideal as an Internet or Intranet network PC, flat panel
computer or industrial embedded PC, the LBC-Plus is
optimized for high-performance, space-sensitive and
extended temperature applications where a standard

Call or FAX today for details!

715 Stadium Drive ¢ Arlington, Texas 76011
Phone 817-274-7553  FAX 817-548-1358
http:/ / www.winsystems.com

WinSystems’

THE EMBEDDED SYSTEMS AUTHORITY ™
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precise output signal synchronization.
Interchannel timing is digitally con-
trolled to assure phase integrity and
waveform fidelity. The 9011 is priced at
$56,500, with availability 90 days ARO.
Dedicated software is included. JD
Pragmatic Instruments, 7313 Carroll
Rd., San Diego, CA; (619) 271-6770;
fax (619) 271-9567; e-mail:
awgsales@pragmatic.com, Internet:
www.pragmatic.com. CIRCLE 488

Test/Debug System Connects
To mBGA Package

The Signal Access Tool Kit (SAT)
helps designers test micro-ball-grid-
array (WBGA) chip-size packages
(CSP). The SAT delivers a convenient
signal access solution for debug/func-

tional validation during the design and
prototype stage of product develop- |
ment. The SAT is footprint-compati-
ble to the pBGA package and fits di-
rectly on the printed-circuit board |
landpad site, so there’s no need to re-
design the pe board. The uBGA pack-
age then is secured on top of the SAT.
The SAT connects the pe board and
uBGA package in a two-step reflow
process via solder paste or flux using
standard rework equipment. Once in
place, the SAT provides test point ac-
cess around the perimeter of the
uBGA package to all input/output sig-
nals. The company has modified its Mi-
croGripper to further simplify access
to uBGA packages by rotating the
tynes 90 degrees. The MicroGripper
fits into holes on the SAT and connects
the signals from the uBGA package to
test equipment. The Signal Access
Tool Kit is sold in packages containing
three SAT units and ten MicroGrip-
pers. Pricing is $595 per package. Stan-
dard orders are filled in ten days. JD
Emulation Technology Inc., 2344
Walsh Ave., Bldg. F, Santa Clara, CA
95051-1301; (408) 982-0660; fax
(408) 982-0664; www.emulation.com.
CIRCLE 489
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Notebook-Based Analyzer

Tackles Ultra2 SCSI

The Model SV-3000 is a notebook-based
SCSI bus analyzer: A 5-ns timing reso-
lution makes the SV-3000 eapable of an-
alyzing Ultra2 LVD SCSI systems. The
device also features a two-million-event
capture buffer, which is needed for tack-
ling Fast-40 transfer rates, according to
the company. The SV-3000 connects to a

notebook PC through a PCMCIA PC |

Card interface that’s included with the
package. Also included is Release 3 of
SCSI-View for Windows 95 software,
This release consists of a DOS pro-
tected-mode application and a 32-bit
VxD driver that accesses the analyzer
hardware. This combination uses Win-
dows95 plug-and-play services to allo-
cate I/0 and interrupt resources to the
VxD. The current release of the soft-
ware includes features for the SV-3000,
such as recirculate capture and phase
filter. Price of the SV-3000 is $7995. An
SV-3000/P model is integrated with an
IBM 600 ThinkPad for $11,995. D
Verisys Inc., 335-H Spreckels Dr., Ap-
tos, CA 95003, (831) 662-7900; fax
(831) 662-7910; www.verisys.com.
CIRCLE 490

Facsimile Tester Offers Remote
Monitoring Via A Modem

The FaxProbe Kit, a PC-based analysis
tool, can remotely originate, answer, or
monitor a facsimile transmission via
modem for fast and efficient diagnosis.
The kit consists of software (FaxProbe)
and hardware (FaxTrap). FaxProbe
helps locate errors by graphically rep-
resenting transmissions in colors—by
results or by modulation. It offers easy
replication of configurations and trans-
mission pages when multiple FaxTrap
devices are involved, and produces a re-
sults database in Microsoft Access for-
mat. Featuring a client/server architec-
ture, FaxProbe can be used on a
network, attached locally, or connected
via a phone line. Users can remotely log
onto the fax test hardware via a modem
from anywhere in the world. This offers
the ability to troubleshoot remote prob-
lems from a local site. The FaxProbe
Kit is available at a cost of $6955. JD
Genoa Technology Inc., 5401 Tech
Circle, Moorpark, CA 93021, (805)
531-9030; fax (805) 531-9045;
www.gentech.com. CIRCLE 491

hliley has developed two important and
uniquely new Crystal Oscillators for telecommunications
s and other specialized applications. _ e
S, You (cian review e:cilch integacgsely e
¥, on its direct-to-product web address. " :
_ Here are their, highlights o -
NV45A (OCVCXO) 1"x1"x.5"| T79C (TCXO) SINGLE DIP

High stability over a wide High stability over a wide
temperature range. Small footprint temperature range. High reliability.
reduces PCB space. Low cost, low Hermetic seal. Square Wave, fast
power consumption, hermetic seal. * | rise/fall time. Drives 10 TTL loads
maximum. HCMOS compatible.

Frequency Fr

: equency
Range: 2.5 MHz to 20 MHz Rahge: 1 MHz to 40 MHz
Temperature 6 x 10" over Temperature +1.5 ppm maximum over
Stability: -30°C to +70°C Stability:  -40°C tof +85°C

i Qutput: Waveform = HCMOS or

Output: HCMOS or TTL TTL compatible
Direct-to-Product Direct-to-Product

Web Address: www.bliley.com/nv45a,htm | Web Address: www.bliley.com/t79¢.htm
The Bliley standard of dynamic, single-source capability is a tradition

of consistency in performauce, specifications, reliability and

engineering service. These qualities are amply expressed in our

: remarkable new oscillators. Check them out.

BLILEY ELECTRIC COMPANY
2545 West Grandview Boiilevard, PO. Box 3428 * Erie, PA 165080428
Tel.: (814) 838-3571 ¢ Fax: (814) 833-2712 * E-Mail: info@bliley.com
Web Address: http://www.bliley.com

READER SERVICE 80

7

o

- PC/Il+DX Features

*Intel/AMD 486 DX4 100MHz CPU

* up to 32MB of EDO/ 128MB of SDRAM

* super VGA & panel video w/2MB memory
*10Base-T & AUI Ethemet LAN

* up to 8MB flash storage

* M-Systems Disk-On-Chip support

megatel
1-888-smallpc
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ELECTRONIC DESIGN CATALOG/LITERATURE REVIEW

GIANT NEW SWITCH CATALOG
APEM's 420 page full-line cat-
alog is packed with their exten-
sive switch offerings. Hundreds
of new products have been added |
buttons, tacts, keys, industrial |
controls, DIPs, rotary DIPs, mi-
cro-limits, pushwheels, slides,
ing boots, as well
as numerous accessories and a
broad selection of control knobs
and many state of the art switch |
models. APEM Tel: 781-246-
1007, Fax: 781-245-4531, URL:
hitp/iwww.APEM.com
E-Mail: info@APEM.com

From the creators of EA-
SYLABEL® comes the
tamp-type APOLLO 1 AP-
PLICATOR. Ideal for deli-
cate, high-precision print
and apply applications like
electronic components and
PCB'’s, for small labels with
an accuracy of +0.02".
With field tests recording a
best of 0.008 inches and a
worst case of 0.031 inches.
The smallest label end-
users are currently apply-
ing is .5” wide x .2" high.

THARO SYSTEMS

CIRCLE 251

DS345 creates synthesized
(DDS) sine, square, triangle
and ramp waveforms with 1
wHz frequency reeolution. Ar-
bitrary waveforms of up to 16k
points with 12 bit resolution
can also be generated. Capa-
bilities include AM, FM, PM
and burst mode as well as lin-
ear and logarithmic frequency
sweepe. The GPIB and RS-232
interface option provides easy

ion with put:
ers and includes software for
ing arbitrary fi

(408) 744-9040
STANFORD RESEARCH SYSTEMS

CIRCLE 254

Kepco's extensive inven-
tory of power modules from
3W to 1500W may be custom
assembled into 19" rack hous-
ings. A large selection of front
& rear metering, connection,
signaling and adjusting pan-
els may be custom configured
for your needs. This ‘
brochure, 146-1863 describes |
Kepoo's Power Assembly Pro- .
gram, how to select modules,
options available for your as-
sembly. 718-461-7000, fax:
718-767-1102; www.kep-

KEPCO, INC.

e

" CIRCLE257

Accutrace offers the Best
Quality along with Excellent
Service and Best Turnaround
Time. Our capabilities
include SAME DAY
Prototypes, Instant Quotes,
SMOBC & LPI, Scored
Panels, Electrical Testing,
SMT & Thru Hole, Complete
CAD/DFM, Gold/ Nickel
Plating, Blind & Buried Vias,
UL Approved and more. e-
mail: info@accutrace.com
Tel: 408-748-9600,

Fax: 408-748-1982

ACCUTRACE INC.

CIRCLE 260

6050 1/0 With 1/Q
Octagon Systems has intro-
duced a new family of single
card industrial computers
called the PC Microcon-
troller Series. The card fam-
ily combines the industry
standard PC architecture =
with industrial-class [/O
and an extensive suite of
embedded software in a
small 4.5 X 4.9 package
rated from - 40° to 85° C.
Phone: 303-430-1500. Fax:
303-426-8126; www.oc-
tagonsystems.com

OCTAGON SYSTEMS

nen > wyvse sy

1999 catalogue features
hundreds of software & hard-
ware products for your com-
puter-based measurement
and automation applications.
Products include additions to
our modular CompactPCI
(PXD) platform, new computer-
based instruments, & latest
versions of our instrumenta-
tion and automation software
such as LabVIEW. (512) 794-
0100; (800) 433-3488 (US and
Canada); Fax: (512) 683-8411;
E-mail: info@natinst.com;
www.natinst.com
NATIONAL INSTRUMENTS

1999 catalog offers the in-
dustry’s largest selection of
display systems. New en-
closed systems, Class I/Di-
vision 1/2 flat panel com-
puters/monitors for harsh/
hazardous environments.
Open-frame systems for
OEMs. Sunlight-readable
assemblies. (864) 627-8800;
fax: (864) 675-0106; email:
sales@cdynamics.com;
www.cdynamics.com.

COMPUTER DYNAMICS

POTENTIOMETERS
A/D Electronics free Poten-
tiometers catalog features a
variety of different configura-
tions. This 68 page catalog of-
fers rotary, slide, cermet, and
wire wound style potentiome-
ters along with information on
rotary encoders. Design engi-
neer can obtain complete spec-
ifications, dimensional draw-
ings and evaluation samples
upon request. Included are ro-
tary styles in body diameters
ranging from 9mm-24mm.

253-851 8005; fax: (253) 858- CIRCLE 258
www.adelectronics.com
AD ELECTRONICS
FREE PCB DESIGN DEMO cD!
ACCEL Technologies’ AC-

CEL EDA electronic design
automation software for de-
signers of analog, digital, and
mixed-signal printed circuit
board designs. Schematic
capture, simulation, PCB lay-
out, high-performance au-
torouting, placement, signal
integrity, CA, documenta-
tion. Call orl
619 564-1000 for FREE mul-
timedia demo CD. E-mail:
sales@acceltech.com;
www.acceltech.com/elec-

tronic.html.
ACCEL TECHNOLOGIES

CIRCLE 261
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NEW XILINX AppLINX CD-ROM
This AppLINX CD-ROM
contains an updated 1998 . f.’_pl."_w cboes
Xilinx Data Book, all Xilinx |
application notes, and other
product information. Use it
for easy off-line access to
files found on the Xilinx
WebLINX® Internet site
and the Xilinx File Down-
load site. Xilinx is the lead-
ing innovator of complete
programmable logic solu-
tions. Visit www xilinx.com
or call 408-559-7778, fax:
408-559-7114.

XILINX

Datel Systems’ new 1999
catalog offers a wide of high
speed, high performance
and multi-function Data
Acquisition boards. Over
100 new products are of-
fered. Phone: 800-233-
2765; Fax: 508-339-6356;
www. datel.com, e-mail:
sales@datel.com

170 Bodrds for PLL, ISA, VHE!

CIRCLE 253

DATEL SYSTEMS

FREE APPLICATIONS

This applications CD is
designed to help system de-
signers make the most of
their available space using
Vicor power components. It
includes the Vicor Applica-
tions Manual, seven prod-
uct configurator programs,
and the complete selec-
tionof downloadable Vicor
product data sheets. (800)
735-6200; Fax: (978) 475-
6715; www.vicr.com

CIRCLE 256
VICOR

L e r e mc e r——— e — e —m - —————————
v
i AUTOMATIC TEST GENERATION
! FREE BENCHMARK! — Areyou
1 Acugen provides test soft- chalienged
" ware for test vectors for w
y PLDs and FPGAs, ATE
1 translatros, testability LG
: analyses, and boundary of
1 scan (60 day money back saot.um?
: guarantee).
: {
1
i \
' Then talk to use
1 —
! i ACUGEN -
: CIRCLE 259
| ACUGEN SOFTWARE, INC.

ELECTRONICS ENGINEERING MANUAL
Allied Electronics Engi- |

neering Manual & Purchas- | ll IED

ing Guide contains reference LLLLTRONILS
data plus electronics from
over 275 manufacturers. The
Allied Catalog is available on
CD-ROM. Allied Electronics
is an Avnet Company with ac-
cess to hundreds of millions of
dollars of inventory. This
breadth and depth gives you
service capabilities found
only at Allied Electronics, Inc.
http/iwww.allied.avnet.com;

1-800-433-5700.

ALLIED ELECTRONICS

N iy ouide
1-800-433-5700

CIRCLE 262
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FREE VHDL SIMULATOR

Aldec, Inc., announces the
release of Active-VHDL ver-
sion 3.1 a complete VHDL de-
sign environment. Active-
VHDL is a complete IEEE
1076-93 VHDL design envi-
ronment, including a VHDL
editor, Behavioral Simulator,
Automatic Test Bench Genera-
tor, interface to logic synthesis
& FPGA/CPLD vendor P/R
tools, VHDL design browser &
Structural VHDL simulation.
(800) 487-8743; (702) 456-
1222; www aldec.com

SuperTAP Emulator for x86

The new standard in
high-end in-circuit emula-
tors, SuperTAP solves
tough hardware/software
integration problems, de-
bugs firmware and soft-
ware, maximizes embedded
system quality and perfor-
mance. Palm-sized, full pro-
cessor speed, easy set up, at
half the price of chassis-
based emulators 1-800-426-
3925.

BOARD STIFFENERS DATA SHEET

Send for a Circuit Compo-
nents Inc. Data sheet of |
Board Stiffeners and Bus
Bars for PCBs. Minimize
board warpage; Can double
up as Rigidizer and power
distribution device; Can be
purchased in any length and
available in 3 standard body
heights - .250", .375”, and
.600” which correspond to
current carrying capacities of
32-, 48-, or 64-amps for use in
power, noise suppressing or
grounding applications. 602-
967-0624; Fax: 602-967-9385.
CIRCUIT COMPONENTS

NEW OEM POWER SUPPLY CATALOG

Deltron’s full line catalog
presents many new products
including 1kW to 7.5kW T Se-
ries power factor corrected
front ends for telecommunica-
tions systems, DeviceNet
power modules, new genera-
tion modular F Series 0.99
power factor corrected switch-
ers and Moduflex® M Series
switchers. The catalog also de-
tails a full complement of time
tested hi-grade industrial and
commercial power supplies.
For free copy call 800-523-2332

MILLENIUM 2000
Introducing MIL-2000
the newest state of the art
switching power supply.
Featuring resonant pulse
width modulation topology,
up to 85% efficiency. From
1-7.5 kv, @1-10w in 2 sizes
50x60x5mm & 70x60x5mm.
Custom designing avail-
able. e-mail: ahv@ahv.com;
website: www.ahv.com

CIRCLE 264
AMERICAN HIGH VOLTAGE
POWER INTEGRATED CIRCUITS
The 8th edition Apex Inte-

grated Circuits data book
contains complete product
data sheets and applica-
tions notes for Apex Mi-
crotechnology’s Power Am-
plifier, PWM Amplifier and
DC/DC Converter product
lines. Call: 1-800-862-1021;
FAX: 1-520-888-3329; E-
MAIL: prodlit@apexmi-
crotech.com

Commercial / Medical Power Supplles
Condor’s 60-page catalog NC

offers commercial and med-
ical switching and linear
D.C. power supplies. Com-
mercial products meet lat-
est international safety
standards and medical
products are certified to
UL544, VDEO0750 and
IEC601. Call 800-235-5929,
FAX (805) 487-8911.
www.condorpower.com
/~condorde

¥y,
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CONDOR

CONDOR

INTERCONNECT SOLUTIONS

This catalog enables design
engineers to easily locate the
correct adapwm, clips and test
accessories. The catalog includes
a Ball Grid Array Reference
Guide along with information on
over 4000 ET products, includ-
ing emulator tools, logic ana-
lyzer/scope adapters, program-
ming adapters, production/test
prototyping adapters, field-con-
figurable adapters and custom
adapters. 1-800-ADAPTER
WWW, ]ati ocom

or fax 215-699-2310.

DELTRON

FREE SRAM CATALOG

Galvantech, Inc. designs,

manufactures and markets . }
high speed, high perfor-
mance static random access
memories (SRAMs). A
broad product line includes -
1-meg, 2-meg and 4-meg

densities available in both |
asynchronous and syn- |
chronous versions. i

[; GALVANTECH. .

SBORT FORM CATALOG

CIRCLE 275
GALVANTECH, INC.
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EMULATION TECHNOLOGY INC.

EMBEDDED COMPUTER PRODUCTS

Gespac's 1998 catalog fea-
tures a full line of 3U em-
bedded PCs, 68XX0 SBCs,
motion control and over 200
1/0 functions. The G-win-
dows GUI for real-time sys-
tems running. OS-9 is also
offered. www.gespac.com or
Phone 800-443-7722

Fmbedded

Computer Products
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GESPAC INC.

AMERICAN MICROSYSTEMS INC
American Microsystems,
Inc. (AMI) provides proven
netlist conversion technol-
ogy and a true vectories
flow for synchronous de-
signs. With over 15 years of
translation ASIC experi-
ence, AMI has the greatest
success rate for all netlist
conversions. For more infor-
mation on NETRANS prod-
ucts, call 1-800-639-7264 or
visit our home page
Wwww.amis.com

WE SHIP PROTOS SAME DAY

Imagineering specialized | |
in FAST TURNAROUND, |
High Quality. Multi-layer, | |
FR4 PC Boards. Other Ser- |
vices include SMOBC & LPI, |
Bare Board Electrical Test-
ing. Gold/Nickel Plating,
Scored Panels, Blind & 4
Buried Vias. Complete |
CAD/DFM Service. UL ap-
proved and more. e-mail:
info@imagineering-pcb.com
Tel: 847-806-0003
FAX: 847-806-0004.

IMAGINEERING

DEVICE PROGRAMMERS & HANDLERS

The Data 1/0 catalog is
the direct-order source of
affordable tools for users of
programmable devices.
From design software to de-
vice programming and au-
tomated handling systems,
the Data I/O catalog offers
unbeatable values on the
high quality tools you need.
Call 1-800-332-8246, ext.
806

DATA I/0
NEW POWER CORD REFERENCE GUIDE
This all new 48-page cata-
log portrays Feller’s complete
line of high quality domestic,
hospital grade and interna-
tional power cords. It provides
detailed specifications illus-
trations, application, features
and benefits. Many new prod-
ucts and services were added,
including in-house cord as-

services and custom molding
capabilities. 800-736-7333;
Fax: 732-247-7279; E-mail:
sales@¥eller-us.com;
http/fwww feller-at.com
FELLER U.S. CORPORATION

EMULATE, SIMULATE, DEBUG
HMI has been providing m

innovative development .

tools for over 15 years. We
have a broad range of tools
to fit every application and
budget beginning at only
$499. All products include |
our acclaimed SourceGate® |
II source-level debugger. ‘
Phone: 256-881-6005; E-
mail: sales@hmi.com; |§ B
http//www.hmi.com R

CIRCLE 277
HUNTSVILLE MICROSYSTEMS, INC.
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High-Quality Data Acquisition Modules

X

High-quality Data Acqui-
sition Modules with a DSP
Turbocharger On-Board!
Innovative manufactures a
full line of TMS320 DSP-
based control & Data acqui-
sition hardware for Com-
pactPCI, ISA bus and
stand-alone applications.
Free Catalog. Call 818-865-
6150; www.innovative-
dsp.com

Test & Measurement Accessories Calalog

ITT Pomona Electronics’
1998 full line catalog high-
lights newly designed DMM
accessories, a new family of
high performance oscillo-
scope probes, and the first
IEC1010 compliant mini-

grabber ever offered.
Phone: (909) 469-2900; Fax:
(909) 629-3317;

www.ittpomona.com

Lansing Instrument
Corp. offers enclosures for
smaller, free standing elec-
tronic instruments used in
hand-held or desktop appli-
cations. Three body style-
sand a choice of end cap con-
figurations are available,
along with several finishes
and colors. Literature in-
cludes information for stock
and custom choices, and a
no-risk offer at a special
price. Contact Rich Kippola
at Lansmg lnstrument

rp., (800) 84
LANSING INSTHUMENT CORP.

TEYe Feri ties fetetet

DESIGN GUIDE TO IC SOCKETS

MILL-MAX features its
newly expanded family of
precision machined intercon-
nect components including
PCB pins, wrapost & solder
terminals plus a complete
line of SIP, DIP & PGA sock-
ets. The guide highlights
over 70 new products in pins,
surface mount components &
large 1/0 PGA sockets.
Phone: 516-922-6000. Fax:
516-922-9253. e-mail:tech-
serv@mill-max.com; online:
www.mill-max.com

MILL-MAX

for Demanding Applica-
tions. Z Series ruggedized
sealed Keypad Switches are
designed to withstand ex-
treme environmental condi-
tions. Custom appearance
through keycap options, front
panel sealing that will with-
stand direct water spray per
1P67. protection to vandal-
proof levels, and resistance to
extreme shock and vibration.
Call: 847-428-7171; Fax: 847-
428-1956; www.ottoeng.com;
info@ottoeng.com

OTTO CONTROLS
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INTUSOFT “"SPICE” NEWSLETTER

A quarterly publication
containing application
notes, technical articles and
modeling techniques on
spice circuit simulations
and test design. Available
in hardcopy or online
(www.intusoft.com.). Mod-
eling disks accompany an-
nual subscriptions ($45.00).
(310) 833-0710; Fax: 310-
833-9685; E-mail: info@in-
tusoft.com;
www.intusoft.com

INTUSOFT

AVIATION AND SPACE RELAY CATALOG

Informative, illustrated
catalog features the broad
range of aviation and space
relays available from Hart-
man, a div. of ClI Technolo-
gies. Choose from high cur-
rent AC/DC contactors in
standard configuration,
true plug-in modules and
power management func-
tions. Application assis-
tance and council available.
Contact: Dave Kraut, 419-
521-9570; 175 N. Diamond,
Mansfield, OH 44902

o ﬂw

o 24
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HARTMAN Div. of C!l TECHNOLOGIES

PCB PROTOTYPING

Each model in our full
line of systems has ad-
vanced features and capa-
bilities to meet the varied
needs of prototype circuit
‘board fabrication. Tool
speeds range from a con-
stant 20,000 RPM to vari-
able speed up to 60,000
RPM. Traditional materials
like FR3, FR4 can be en-
graved as well as alu-
minum, plastics and a wide
variety of RF materials. 1-
800-345-LPKF; www.lpkf-

cadcam.com
LPKF LASER & ELECTRONICS
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1998 SRAM DATA BOOK

NEW! Includes detailed
product data sheets on 1Mb,
2Mb, and 4Mb SyncBurst
SRAM; 2 Mb and 4Mb ZBT®
SRAM; and 4Mb Late
Write and Claymore
SRAM. You'll find tech-
nical notes, package
drawings and sales and
service info. Be sure to
visit our web site:
www.micron.com/mti.

Award winning quick
turn multilayer prototype
manufacture specializing in
24 hour to 5 day turns, for
commercial and milspec
boards (Milp-55110E) on
FR4 and polyimide materi-
als. Our capabilities also in-
clude “blind and buried”
vias, full body gold, carbon
baste, metal core boards,
small hole drilling, and net
list testing.

PROTO EXPRESS

_ __

/2l
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VLS| INTERCONNECTION SPECIALISTS

Ironwood Electronics’ pro-
duces a complete range of
Interconnect Solutions in-
cluding hundreds of adap-
tors: prototyping, test pmbe
programming, and other in-
terconnect devices. For fully
compliant surface mount in-
terconnect test adaptors, we
offer a wide selection of high
quality solutions. We also
have custom design services
for unique solutions in pack-
aging. 612-452-8100 Fax
612-452-8400 www.iron-
woodelectronics.com

IRONWOOD ELECTRONICS

CONNECTOR CATALOG ON CD ROM

This 100 page catalog is
available in both the stan-
dard full-line catalog and on
CD ROM and includes many
new products with complete
specifications. Among the
product highlights in Kycon’s
Catalog #11 are: *D-Sub-
miniature connectors *Modu-
lar jacks *Mini-DINs
¢ Stereo jacks *Power con-
nectors *USB connectors
¢ High temperature connec-
tors ® Ferrite and shielded

Master Bond Inc., Hack-
ensack, NJ manufactures
over 3000 grades of adhe-
sives, sealants and coat-
ings. Line cosists of epoxies,
anaecobics, cyanoacrylates,
silicones and acrylics. One
and two part systems are
available. Tel 201-343-
8983.

MASTER BOND INC.

FREE EDA CD-ROM
OrCAD’s new Desktop
Solutions CD includes prod-
uct overview, detailed data
sheets and working demo
versions of OrCAD’s 32-bit
Windows software- includ-
ing new OrCAD Express
and Capture CIS. Order to-
day by calling 1-800-671-
9505 or visit our website at
www.orcad.com

Lecaderhip
Conmt:r Deaign

connectors. CIRCLE 283
KYCON, INC.
ADHESIVES AND SEALANTS

SOLUTIONS

Challenging Cable Assembly Specialists

Precision Interconnect, a
division of AMP Inc. has re-
leased a new brochure ex-
plaining their design and
manufacturing approach
for cable assemblies need-
ing to perform in challeng-
ing electrical, mechanical or
environmental applica-
tions. Solutions include
miniaturization, dense
packaging, precise electri-
cals, sealed systems, etc.
Phone (503) 620-9400: Fax
(503) 620-7131.

PRECISION INTERCONNECT

CIRCLE 292




ELECTRONIC DESIGN CATALOG/LITERATURE REVIEW

DIFFERENTIAL MEASUREMENTS

A discussion of sing;e-
ended and differential scope
measurements on ground wHY
referenced and floating sig- | DIFFERENTIAL?
nals. differential amplifier {
characteristics such as com-
mon mode rejection ratio mmf:m
and commen mode range m:m
are covered. 1-800-376-7007 O&Lm

N

CIRCLE 293
PREAMBLE INSTRUMENTS

New Board Stacking Interconnect Selector
Samtec’s popular Board §

Stacking Interconnect Se-
lector has been expanded
with a new 13th edition.
This easy-to-use reference
book takes the work out of
finding the right intercon-
nect for board stacking ap-
plications. Thousands of in-
terconnect types and
combinations are shown, in-
cluding new 1mm and 0.50”
micro pitch and surface
mount interconnects. 800-
SAMTECSY; Fax: 812-948-
5047.

SAMTEC

INTERNATIONAL GUIDE

For 50/60 Hz Transformer
Specifiers. Signal Trans-
former has issued the Inter-
national Guide to Single
Phase Voltage and Fre-
quency Standards for design
engineers who specify 50/60
Hz transformers used in
equipment eqarmerked for
export. Contact Signal Trans-
former Co., Insilco Technolo-
gies Group, 500 Bayview
Ave., Inwood, NY 11096-
1792. Phone: (516) 239-5777;
fax: t516) 239-7208.

SAMTEC’S
o A

8 R D
STACKING

-
INTERCONNECT

SELECTO R"
CIRCLE 296

SIGNAL TRANSFORMER CO-

TOROIDAL INDUCTOR,TRANSFORMERS
In addition to its legendary
transformers, Talema Elec-
tronic offers a comprehensive
line of standard torvidal com-
ponents. Products available
include current sense induc-
tors, common mode chokes,
magnetic amplifiers, low cost
power inductors, highcapac-
ity storage chokes, and high
current surface mount induc-
tors. Call (573) 265-5500 or
fax (573) 265-3350;
http://www.talema.com; e-
mail: talema@talema.com

TALEMA ELECTRONICS

FREE TODD OEM SUPPLY CATALOG
Features NEW SPH-1200 [

(at 38 cents per watt in
OEM quantities) and NEW
TCM-1000, (both with PFC,
single output, slope pro-
gram current sharing, hot
swap); NEW TMX-350
(multiple output, 48 Vdc
clone of RMX-350). Over
260 standard products from
1 to 1500 watts. 800-223-
8633; 516-231-3366; fax:
516-231-3473;

email: info@oddpower.com;
http/fwww.toddpower.com

TODD PRODUCTS CORP.

CIRCLE 305

stainless steel ball bearing re- bre Coctg P
liability; UL, CSA, and VDE ot Sk Pana.
agency certification; Silent —
operation; Polarity and o
impedance protection; Value —
pricing; and, Industry stan-
dard sizes ranging from g
25mm to 172mm. Sensor fans —cRE e
also available. Contact: Bruce =
Bast]; 408/523-8201. CIRCLE 294
PURDY ELECTRONICS CORP.
D S

CONTACT MAGAZINE

CONTACT is a magazine

50,000+ HOUR COOLING FANS, BLDWERS

Interfan Division of Purdy
Electronics announces its
1998 catalog. The Interfan
DC and AC fan and blower
product line features: Sealed

#lNTEW

Shent Form Cotaleg D08

for the embedded systems
industry published by the
SPACE Program (Siemens
partner’s Association for de-
velopment tools supporting
Siemens 8-, 16- and 32-bit
microcontrollers). Published
quarterly, it features appli-
cations articles, design tips
and programming short-
cuts, and informative arti-
cles in every issue. FREE
Subscriptions available at
www.spacetools.com

SIEMENS

SMSC SHORT FORM CATALOG

SMSC, a world supplier
of ICs and MEMS, has
shipped over 100 million in-
put/output (1/0) circuits
and supplies ICs for PC con-
nectivity, LANs and embed-
ded control systems.

CIRCLE 300

STANDARD MICRO SYSTEMS CORP.

RELIABILITY PREDICTION
Catalog describes the

RelCalc for Windows soft-

ware package, which auto-

mates MIL-HDBK-217 or

Bellcore on your PC, and al-

lows quick and easy relia-

bility analysis of your elec-

tronic products. Phone: !

818-991-0057, Fax: 818-

991-1281, E-mail: info®t-

cubed.com. Visit our web

site for a FREE DEMO:

www.t-cubed.com.

CIRCLE 303
T-CUBED SYSTEMS

VeriBest EXPEDITION PCB SERIES
Delivers a new standard
in scalable tools for the Iay-
out, lysis, and
ture of high- complexlty
PCBs. Enables you to start
with basic functionality and
upgrade to higher levels of
automation when the com-
plexity of designs increases.
This approach enables you
full product scalability not
found elsewhere in the in-
dustry today. 1-888-482-
3322; fax: 1-303-581-9972;
e-mail: info@veribest.com;
www.veribest.com

VERIBEST

CIRCLE 306

OFF-THE-SHELF-OPTICS
Free 130 page product C—
catalog from Rolyn, largest R O LYN

Orrics Company

supplier of off-the-shelf op-
tics. 24 hour delivery of sim-
ple or compound lenses, fil-
ters, prisms, mirrors,
beamsplitters, reticles, ob-
jectives, eyepieces & thou-
sands of other stock items.
Custom products & coat-
ings also. Toll free: (888)
626-6699, Fax: (626) 915-
1379

e ——
CIRCLE 295
ROLYN OPTICS CO.

Siemens Optoelectronics Data Book
Application notes and de- [ siemens
tailed specifications for: LED
Intelligent Display® devices;
LED lamps; LED numeric
displays; optocouplers; solid
state relays; fiber optic com-
ponents, high power laser
diodes, transceivers and sub- |
systems; IR emitters, photo-
diodes, phototransistors, pho-
tovoltaic cells and data
transceivers; optical DAA. 1-
800-77-siemens;www.smi.
siemens.com/optod.html

CIRCLE 298

SIEMENS MICROELECTRONICS

APPLICATION NOTE

Covers how to make safe
and reliable measurements

on switching power sup- | TR SUPPLY.

plies operating on line. In- Uppor Gase Drtve sac.

cludes such difficult mea-

surement as upper gate |

drive and transistor satura- USING THE

tion characteristics. Tells ‘:mm

how to quantity measure- SUPPLY MEASUREMENTS

ment corruption caused by

high dv/dt common mode. 1-

800-376-7007. A Py
CIRCLE 301

PREAMBLE INSTRUMENTS

LOW-COST 16-BIT CONTROLLERS
Easy to program in Bor-
land/Microsoft C/C++. Low
Cost, High Quality, Reli-
able, Compact. More than
20 controllers with ADC,
DAC, solenoid drivers, re-
lay, PC-104, PCMCIA, LCD
DSP motion control, 10
UARTS, 100 /Os. For indus-
trial control testing, data ac-
quisition, etc. Custom board
design. Save time and
money! Phone: 530-758-
0180; FAX: 530-758-0181;
tern@netcom.com;
http//www.tern.com

TERN INC.

YOUR CATALOG COULD BE HERE

For information regard-
ing this section, circle the
number below, or call your
local sale representative.

Our SALES Offices are in
the back of the magazine. ?
a
CIRCLE 000
YOUR COMPANY
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HoME PAGE WEB SITE

~ SUPPLIER OF
- lmoum PRODUCTS

STANDARD PC Input/Output Technical Support
MICR(BYSYEAS Connectivity Software
CORPORATION Ethernet Documentation
‘Fast Ethernet Sales Offices
———@ O MISSION PC Systems Logic Sales Support
Te excel as the preferred Foundry 1SO 9002
"“"',w MEMS Supplior Support
semiconductor products Embedded Networks
1o the ms noll .ll!i

Excellence in Digital Signal Processing and Data
Acquisition
VME / VXI/PCl/PMC

Model 4290 Quad ~ 'C6x Model 4288
'C6201 DSP Central SHARC DSP

&R - s,

hitp://www.pentek.com

vw.oei.omron.com

http://www.mill-max.com

CHAMPION TECHNOLOGIES. INC

http://www .champtech.com

=

POWER SUPPLIES

Over 260 standard products from 1 to 1500 watts, (AC/DC 30 to 1500
watts and DC/DC from 1 to 500 watts) plus modified, custom and
value added power solutions.

http//www.toddpower.com

Power Supply
Solution Provider

LAMBDA/\

www.lambdapower.com

“On-Line" & “Easy To Find"
Interconnect Components - Electronic Hardware
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WebSite: http://www.keyelco.com TIf: (800) 221-5510
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ELECTRONIC DESIGN DIRECT GONNEGTION ADS

O=EX PRESS

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES

EECTRONCLESN |
wOnline |
ON THE WEB

www.elecdesign.com

* CURRENT ISSUES OF ED
* QUICKLOOK-NEWS

* TECH LAB

* SUBSCRIPTIONS

* MARKET RESEARCH

* BOB PEASE

* IDEAS FOR DESIGN

]

| I°’C Bus Tools I

» PC Bus Monitors

* Protocol Analyzers

* Host Adapters

* Software Dev. Kits

* Keypad-LCD-I/O ICs
* Prototyping Boards

* Dist. & Mux. Cards

MCC is the leading
MICRO supplier of Tools, Host
COMPUTER Adapters, and Cards
CONTROL for I°C b

[t or ased systems.

W.NJNEIB . . I
o 16091486-178 3 Visit our Web Site

l

Fax. (800)488-4116
it oase | to learn more... ‘

LMICRO COMPUTER CONTROL  CIRCLE 414 l

|

———

SINGLE BOARD SOURCE

|
L

Impedance Control Boards

Buried & Blind Vias
Polyimide Multilayer
Full Body Gold

VISIT OUR HOT

Pentive® I Pentiuny

0 100MHz Bus 0 100MHz Bus

0 Intel "BX" chipset 0 Socket 7 66/100MHz bus
o Ultra-ll SCSI 0 AMD K6-2 supported

0 AGP video 0 ATIAGP 3D VGA wMMB

o 10/100Mbps Lan o Full ATX support.

“Dstributng the best m SBCs and Backplanes™

CIRCLE 408

NATIONAL INSTRUMENTS

PCMCIA
| Metal Core & Thermobonded PCB's
Up to 22 Layers

Multichip Modules
NEW WEB SITE

CIRCLE 405

—

Electrical Battery

Contacts & Terminals

* CAD design & prototypes
* Small multislide metal stampings

* Mechanical design & engineering
solutions for hard-to-make parts

* Manufacturer of custom parts

o —— For furthor information:
PacCNC. s
0-1640 Lake Michigan 0r.  Fax: 616 677-1269
Grand Rapids. MI 49544 WWW.BCCAC.COM
PacCNC CIRCLE 406 |
| |

Ultra
Fast
Data

Logger

Affordable

Gap-fre
High- Performance

*Up to 8 chennels @ 200 kHz
*Up to 64 channels @ 25 kHz
*Upyto 80 GB logged data storage
[ *Windows application software
*Plugs into standard PC
4 *Turnkey Operation

V*-.J

*d

ORDER TODAY
818-865-6150
www.innovative-dsp.com «.real time solutions!

INNOVATIVE INTEGRATION CIRCLE 404
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ELECTRONIC DESIGN DIRECT CONNECTION ADS

DECISION
IS YOURS!

as to who gives you the best value?

5 DAY TURN PRIE 5 DAY FURN PRICE
5 DAY TURN PRICE

EXTRAS
* Photoplotting
* Gold ® Testing

Same Doy Prototype * Pro'o pe to Production

Instant Quotes . ete CAD/DFM

SMOBC & LPI 3 Go| /N-ckel Plating

e Scored Panels  Blind & Buried Vios

* Electrical Testing e SMT & Thru Hole Assembly
e UL Approved

CALL US TODAY AT: 1-800-600-6611 408-748-9600

FAX- 408-748-1982 MODEM. 408-748-9605

www.accutrace.com E-mail: info@occulroce.com

CIRCLE 411

utrace

awinc.

ACCUTRACE INC.

NEW! 1X], 1X2, AND X3
RUGGED KEYPAD ASSEMBI.IES

* More Sizes and
Added Flexibility
‘;’:., 3 « Great for Wet and
N  2*) Dusty Environments
* Sealed and Water
Resistant to NEMA-4
* LED Lighted and
Unlighted Keypads &
* Economical Rugged §
Duty Keypads
* Switches are SPST
MOM, Common Ground
¢ Standard or Custom Plastic Keycap Legend Sets
« Three Colors: Black (Charcoal), Gray, and Blue
Phone: (714) 549-0930 Fax: (714) 549-0930
e-mail: mrktg@stacoswitch.com
Web: www.stacoswitch.com

telecom design

= PR

:' .‘-’

CALL PHUGHESS TONE BETECTOR

The new M-982-02 detects precise call progress

tones, using low power ul low cost.

= 3V at 5V operating range

s <15 mW at 3V power

» Detects single tones or combinations of 350,
' 425, 440, 480, and 400 ar 600 Hz

s 22-pin DIP and 20-pin SOIC packages
= Replaces Tettone M-382-01

425-487-1515 t. ELTDNE.'

E-mait info@taitone.com &N 50 B0 REGISTERED FidM

Wwww.teltcne.com

Call: §00-426-3926 or

A Compompmte Corparsiten of Ammprics Cimrity

TELTONE CIRCLE 410 STACOSWITCH CIRCLE 409

Ultra Loud 108 dB @2FT. Alarms
Low 2K Hz Center Frequency

@ lo spend S5k or more for a Top
olution. THAT'S OLD THINKING 1!
pinnovations not found in those pricay
el,Acce!, etc. or 80's tech Eagle
powered one button Remote Routing
| Schematic, PCB, & Mech. drafting
%in/Gate swap & Cross Probe, 1u Res.
pFwd & Bkwd Annotation, Network, etc
S,PCAD,ACAD,Protel,Tango, CCT Intf..

Program & lerary lzgdales via Internet
triaiware or ProC. h complets
[ $149 08 (credRable toward purchase)

SAB Systems, po. Box 4182
95056, (408) 970-0852, FAX: (408) 986-0524
WOb Site at hitp://www.icadsys_com

Floyd Bell. Inc.’s new Ulira series, solid state. envi-|
ronmentally sccure piezo electric alarms are typically|
12 4B louder and 1000Hz lower (2000 Hz center fre-
quency) than any alarm of it’s size. Diameicr is only,
1.42 inches. Continuous, beep, warble and siren
tones available 5 Vdc 1o 220 Vac operating voliage.
Call for a free catalog.

Floyd Bell, Inc.
2 Ph 614-294-400 » Fax: 614-291
£ PO Box 1240, Cokrmous, O

FLOYD BELL, INC.

CIRCLE 402

INTERACTIVE CAD SYSTEMS  CIRCLE 403

Advertise with

Direct Connection Ads

Direct Connection Ads work
alone or in tandem with display adver-
tising as a costeffective way to pro-
mote your new products, web site, cat-
alogs, or give new life to mature prod-
ucts.

You have an opportunity every
two weeks to gain global recognition
in the very competitive OEM electron-
ics market through the industry’s lead-
ing magazine.

Now is the time to project your
image and reach the strongest speci-
fying/buyer audience in the industry-
165,000 strong. That's 165,000
opportunities for qualified leads. If
you repeat your ad every issue (26
times), you can have 4,290,000
opportunities-all qualified.

For more information, call Judy Stone
advertising representative at

201/3936062 Fax: 201/3930204

E-mail: jrodriguez@penton.com

1999 CALENDAR

Issue Date Closing
January 11 12/1/98
January 25 12/15/98
February 8 12/29/98
February 22 1/12/99
March 8 1/26/99
March 22 2/9/99
April 5 2/23/99
April 19 3/9/99
May 3 3/23/99
May 17 4/6/99
May 31 4/20/99
June 14 5/4/99
June 28 5/18/99
July 12 6/1/99
July 26 6/15/99
August 9 6/29/99
August 23 7/13/99
September 7 7/28/99
September 20 8/10/99
October 4 8/24/99
October 18 9/7/99
October 28 9/17/99
November 8 9/28/99
November 22 10/12/99
December 6 10/26/99
December 17 11/6/99

ELECTRONIC DESIGN




ELECTRONIC DESIGN DIRECT CONNECTION ADS

24 HOUR TURN GUARANTEED.

RELIABLE QUALITY. THE RIGHT PRICE.
ALWAYS ON TIME.

Blind & Buried Vias
Electrical Testing

Also Available

Prototype 1o SMT/Thruhole
Production UI.ASA::T:VZO
oger G4 CE Quantities Instant Quotes
files betore SMOBC and LPI
5‘1‘_ ‘wm*:umw Gold/Nickel Plating  Extras
5al m Panels Pl\otoplo!ﬁno
next 634 Single 10 Multilayers  Gold/ET.

= PCB SERVICES

' > Toll Froe 888 228-3440
Phone 847 439-5447  Infoliquotep
Fax 847 439-5448  Modem 847 439-5487

PCB SERVICES

CIRCLE 407

Reach your design
engineering audience

through these eight handy
reference supplements.

These 8 special supplements
have proven to be some of the
most useful reference tools
designers have in today’s time-
to-market enviroment. Take
advantage and reach your
targeted design audience of
specifiers, authorizers, and
influencers by including your
message in Electronic Designs’
focused editorial supplements.

Wireless/Communications
January 25 issue * Ad close 12/8/98

Digital Applications |
March 8 issue ¢ Ad close 1/19/99

The Best Of Pease Porridge
April 5 issue * Ad close 2/16/99

Analog Technology |
June 28 issue * Ad close 5/11/99

Industrial Control
July 26 issue * Ad close 6/8/98

Digital Applications I
August 9 issue * Ad close 6/22/99

Analog Technology Il
November 22 issue ¢ Ad close 10/5/99

Power Technology
December 6 issue * Ad close 10/19/99

Contact Judy Stone: 201/393 6062
Fax:201/393-6200
email: jrodriquez @ penton.com

ELECTRONIC DESIGN

OGY + APPUCATION « PRODUCTS -« SOLWTIONS

PDA500

DSU1000
500 MB/s

.
'u

SIGNATEC

Nanoseconds Count

DACZUU

S1gnalyl

ENErE uup
gUO‘MS

ENLQDE/e

INTERNATIONAL

YOUR SOURCE FOR RUGGED
INDUSTRIAL /O DEVICES..GUARANTEED!

CARD CAGES_
STD 80 & §E%

Lifetime
Prodact
Warranty

CIRCUIT BOARDS

Cafl For Our Catalog
www.enloede.com
P.O. BOX 54007
JACKSONVILLE, FLORIDA 32245.4007
TOLL FREE: 877.4 ENLODE
904-928-0222 -

FAX: 904-928-.9697

ENLODE INTERNATIONAL CIRCLE 401

l
|
I CH1786, A Complete Modem

|* V.22bis, V.22, 212A, 103 * Also available:
|* FCC Part 68 Approved Pin Compatible,
|» Extended Temperature CH1794/1798/1799
« 5V, Lower Power 14.4k 1 28.8k / 33.6k
[*1.256" x 1.00" x 0.50”

: Your Source for

Cermetek Microelectronics, inc.
406 Tasman Drive ¢ , CA 94089
Teh 408-762-5000
Faoc 408-752-5004
www.cermetek.com

CERMETEK ~ CIRCLE 400




Register for the

EBL'%" EDTN Network Today

" ELECTRONICS DESIGN.

R d WI N s 1 o o o '

+ Were placcang several great new features that will be open 0 Registered Members
Only

Netsc pngnnon s st “i{
| :;&Ef m:;:j{ w, e *'j»_ _ As an EDTN Network register(?d user you
TEDTN! S Rcgistration % not only have the chance to win valuable
| nctwork B i tnasi A it prizes, you also receive invaluable
| B T L T T e industry specific-information:
| ..

9 naght ahead oad repeer Irs ‘s FREE, anly four answers are requred (fhough the swere
you §5 out the form, the bester we can serve yom), and you'l be heipng w make te
EDTN Netwark a betier ‘Gateway to the Electresscs industry

e FREE ELecTronICcS ALERT E-MaiL NEWSLETTE

Registration Information
Pemame [ LactHame |

FETIMES

ELECTRONIC
e BECOMING A REGISTERED USER ON

ELECTRONIG DESIGN

Tile [ Commy EecmerTEy
- L e e SPECIAL OFFERS, CONTEST SURVEYS AND
WS T e i GIVEAWAYS FOR MEMBERS ONLY
Country fosn
T EEm— :gf.):'( p=—="1
| o ey AT | * PLUS a cHance 1o win ano $1,000
i - o FOR THE FIRST 5,000 WHO ENTER.
REGISTER TODAY!

THE EDTN NETWORK IS EASY!

= TECH BRIEFS

Just go to http://www.edtn.com/reg to register or re-register
for a chance to win. The EDTN Network provides the easiest
and fastest way to get the electronics information you need.

REGISTER TODAY AND WIN!

#- The first 5,000 to register for the EDTN Network between November 1 and December 31, 1998 will be eligible for a drawing of $1,000 in “American Express gift cheques.”
No purchase necessary, Complete details and contest ules available at http://www.edtn.com/reg. Void where prohibited.

www.edtn.com



CLECTROMIC DESIGN ENGINEERING CAREERS

RATES. $190 PER COLUMN INCH, COMMISSIONABLE TO AGENCIES

MATERIALS SALES STAFF
Ad material to: Penton Media, Inc. Classifieds Dept. | RECRUITMENT ADVERTISING
Attn.: GREG MARTHE MANAGER:
1100 Superior Ave. GREG MARTHE
Cleveland, OH 44114 (800) 659-1710, (216) 931-9589

CAREER OPPORTUNITIES

In most cases, advertisements contained ﬂ ~ \ ENGINEERING
Electronic Design employment section /(4 T / ' ™~
indicate that the companies are equal 'XIJIJ OI)‘XY 5 MANAGER

opportunity employers. The Federal Civil
Rights Act of 1964, and other laws, prohibit

Dynamic, growing Audio/Video

discrimination in employment based on race, ‘ | 1999 RATES AND Distribution and Control company is
color, religion, national origin, sex or for any seeking an energetic highly
reason other than lack of professional | | | K DITORIAL CALENDAR || |motivated Electronics Engineering
qualification for the position being offered. It

Manager to join its management

ShOUId. Lk no_ted ihe . emplgyment | ARE A\ \IL \BI,F! team. In this position, the individual
advertisements in Electronic Design are will be responsible for directing all
published for the readers convenience and in | engineering activities. A successful
no way, to the best of our knowledge, promote Wekaey of ro'ect' s
unlawful discrimination. GREG MARTHE inclus)i,ve ofpoﬁ]-time andgwithin

{ RECRUITMENT ADVERTISING MANAGER | | |[Pudget performance is a must.

Requirements include a BSEE degree;
PH: 216.931.9589 3-5 years of supervisory or project

| e management experience; strong skills
| \; Fax: 216.696.8206 [ | |with both analog and digital design, a
working knowledge of C+4+

ADVERTISING OPPORTUNITY Programming, Assembly Language
Programming, Auto-Cad R14, PADS-

Logic and PADS Power; printed circuit
board lay out software. Salary DOE.
Send, fax or email resume and salary

history to:

OPPORTUNIT

IN ELECTRONIC ENGINEERING Russound/FMP, Inc.
5 Forbes Road

WIRELESS Microwaves | =i
SYSTEMS DESIGN “RF

No Phone Calls Please.

Russound is an equal opportunity employer. EQOE
Don’t miss out on this exciting opportunity to reach 173,000 Electronic
Engineers in ALL disciplines! g ESLEQUIPMENT
Career Opportunities in Electronic Engineering will be distributed in
February 1999!

* Deadline to reserve space is December 20 . .
* Deadline to receive artwork is December 30 SPECTRUM ANALYZER

in a probe.
Contact Greg Marthe today at: $249 Display on your

' . inexpensive scope. Measure
Ph. 21 6.93].9589 Fux. 2] 6.696.8206 ||\'/m.|n,llnzl.\sw\s.Sl’EC!rRl MPROBE.COM
email: gmarthe@penton.com i

ELECTRONIC DESIGN /DECERIBER 14, 1998
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INDEX OF ADVERTISERS

Penton Publication Advertiser RS#  Page Advertiser RS # Page
?ﬂm Modi, ...{l A/D ELECTRONICS 12 58,86 | NATIONAL INSTRUMENTS 252 8
Thomas L. ACCEL TECHNOLOGIES 2% 86 | NATIONAL SEMICONDUCTOR . 3
;'i‘;ﬂp"'h’c'%"."cﬁ:m '“c"f..’;'éﬁ'&?c'ﬂ’ Siraad e ACCUTRACE INC. 4 92 NATIONAL SEMICONDUCTOR E]
I e ACCUTRACE INC. 260 8  NATIONAL SEMICONDUCTOR . 3
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SEED OF SOUNE

Multimedia Switch On A Chip

Make VOIP a Reality MUSIC's new multilayer EPOCH™ switch successfully merges
VOIP, FOIP, video and data over the same pipe. EPOCH's flow recognition classifies
information, prioritizing voice and multimedia over data; each gets the Quality of Service
it deserves. VOIP jitter is minimized. Voices sound natural, without hesitation.

Multi Layer for Multi Media EPOCH provides wire speed Layer 3 and Layer 4
switching for IPv4, IPv4 CIDR best prefix match, multicast and IPX. It supports Layer 2
for IP/MAC address translation. EPOCH's TDM bus architecture connects easily to
Layer 2 devices including Ethernet, Frame Relay, ATM, Token Ring and FDDI.

Supersonic At 1.4 million packets per second with a non-blocking architecture, EPOCH
redefines the limits of VOIP just like Concorde changed air travel. However, unlike the
Concorde, EPOCH makes going faster more affordable. You can choose to pay more and go
slower, but why?

EPOCH: A new era for IP transmission. Every seat is first class.

USA Voice 888-CAM-Music Distributors in USA:
Fax  908-979-1035 Sager Electronics  800-SAGERS800
In Europe: Holland Voice 421455462177  All American 800-573-ASAP
Fax  +31 45546 3738
In Asia: Manilla Voice +6392 549 1480

Fax  +6392 549 1024

Email: info@music-ic.com
Application Notes and Data Sheets:
www.music-ic.com

& MUSIC

SEMICONDUCTORS
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-Bit ADC in SO-8

LTG2400

Ly

LTC2400: Simple, Small and Easy to Use

The LTC2400 analog-to-digital converter is a major breakthrough in simplicity for high resolution data conversion. Gone are
the days of configuration and calibration registers and even external crystals. The LTC2400 has less than 5pV offset and
15pV full scale error by design. Just pull chip select low and read the data.

¥ Features }

¢ 24 Bit ADC in SO-8 Package

« 2 ppm INL, No Missing Codes

¢ 151V Full-Scale Error

¢ 5pv Offset

¢ 0.4ppm Noise

« Internal Clock

¢ 110dB Min. 50Hz/60Hz Notch Filter

» Single Conversion Settling Time for
Multiplexed Applications

* Reference Input Voltage: 0.1 to V¢

+ Extended Input Range Accomodates
12% Overrange and Underrange

« Single Supply 2.7V to 5.5V Operation

* Low Supply Current (200pA) and Auto
Shutdown

» $6.95 each for 1k Piece Quantities

Join our Net Seminar
Thursday Dec. 3, 1998

§ g
www [inear-tech.com/go/netsem

and
' Register fora
FREE* Demo Board

“For Qualified Customers

TECHNOLOGY

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN

READER SERVICE 99

WV Free Sample/CD-ROM

Call 1800 4 LINEAR
Visit: www.linear-tech.cor

¥ Data Sheet Download
www.linear-tech.com/go/LTC24061/edes

W More Information i

Lit: 1 800-4 LINEAR
Info: 408-432-1900
Fax: 408-434-0507

LY. LTC and LT are registered trademarks of
Lincar Technology Corporation
1630 McCurthy Blvd.. Milpitas, CA 95035-7417.




