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Optimization ended, reached iteration limit

Here, PSpice Optimizer is minimizing amplifier power
consumption within bandwidth and gain constraints
by varying bias current and transistor dimensions.

What could be better than
simulating your design with the

Optimizer to fit the performance
measures {0 a curve.

Optimize It.

Maximize Circuit Performance

world’s most popular analog and
mixed-signal simulator?
Optimizing it automatically.
With OrCAD PSpice® and PSpice Optimizer. select the
parameters to be tuned and one or more circuit performance
measures you'd like to target. Optimizer drives multiple PSpice
simulations, intelligently modifying the variables between
each run. Sophisticated algorithms handle up to eight parameters
and eight constraints, calculating the ideal values as well as
showing you the tradeoffs in your design. You can even direct

0rCAD, and OrCAD PSpice are registered trademarks and Opts

g
All other trademarks are property of their respective owners.

Automatically With PSpice® Optimizer.™

OrCAD PSpice analyzes
DC. AC. noise, transients, thermal
eftects, voltage/current relationships,
device noise contributions. and the impact of component
variations. With its complete analysis package. generous library
of 12,000 parts and intuitive Windows® interface, it's no wonder
that OrCAD PSpice is used by over 30.000 engineers worldwide.

Squeeze the ultimate in performance from your designs,
too. Visit www.orcad.com/pspice or call OrCAD DIRECT at
1-800-671-9512.

EDA for the Windows NT Enterprise

OrCADM
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Apex Microtechnology

PWM Amplifiers ® Power Amplifiers « BC/DC Converters

Automatic
Schematics

New Sample Circuit Center,
New 450V Power Amplifier,
New 10A Power Amplifier
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New High Voltage , A

Power Op Amp - “ o |
1 4 -1 R |
in Power SIP: PA1 it PN |esoome
Features PA1S % + —_Lv
* 450 supply (+225V) e | w— L
* 3.8mA MAX standby current | COMARRD ‘ 1 62
VOLTAGE v
* 200mA output current —225v l

* 1.0" L x .25" W footprint
* Programmable current limit

Low Power, Piezoelectric Positioning

+V
D
I M Ry oL+
3 ¢ | :
New High Power 3 v
Power Op Amp PA13 ]
. 4 o
in Power SIP: PA13 L W S 3
Features - ‘ L% /7
* 10A output PEAK VL -:/ g ‘
e +10V to +45V supply '
¢ 135 internal power dissipation . YOKE DRIVER: -V = —LA - R

* 1.22" L x .25" W footprint Rsymetical Supphy B Defiection
A

-

High Voltage Amplifiers Product Selector Guide

Model Supply Iour  Istanpey Slew Package

Peak Rate
PAO8 30V-300V  200mA 8.5mA  30V/us T0-3
PA15 100V-450V 300mA 2mA  20V/us  PowerSIP (7§ 3
PA41 100V-350V  120mA  2mA  40V/us T0-3 bl rs
PA42 100V-350V  120mA  2mA 40V/us SIP N | -4 o
PAG4 100V-350V 120mA 2mA  40V/us  PSOP W tes Ll A |
PA85 30V-450V  350mA  25mA  1000V/us 70-3 . [
PAB8 30V-450V  200mA  2mA  30V/us 10-3 800Vp-p 500kHz Deflection - 1
PA89 150V-1200V 100mA 6mA  16V/ps  PewerDip For Beam Deposition System ' 225
High Current Amplifiers Product Selector Guide o 220
Model Supply Tour Slew Power  Package _‘R,f L

Peak Rate Dissipation ®%21 2T
PAO3 30V-150V  30A 8V/us 500W  PowerDip T =lg
PAO4 30V-200V  20A 50V/us  200W  PowerDip I @) PMe PCN *T —
PAO5 30V-100V  30A  100V/us  250W  PowerDip 1 '—‘ O— & 5
PAI0  20V-90V  SA 3V/ps 67W T0-3 ® [ voxe3
PA12  20V-90V  10A 4/us 125W 10-3 H— o 3A
PA13  20V-90V  10A 4/us 135W  PowerSIP + L _ - JfLA¢
PA26  SV-40V  2.5Ax2 1.2V/us 36W SIP )
PA45 30V-150V  5A 27V/us 85W 10-3 +2,5A 71Sec Retrace 3R
PA46  30V-150V 5A 27V/us 85W PowetSIP Horizontal Deflection Coil Amplifiers -
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New Computer Aided
Power Design Tool
and New Sample
Circuit Center

Visit www.apexmicrotech.com
to check out a new computer
aided Power Design tool that
automates the tedious calcu-
lations associated with stability
analysis, internal power dissi-
pation and current limit. You
can also explore the new Apex
Sample Circuit Center. We've
organized, categorized and
labeled our massive library of
proven circuit designs so you
can search quickly and efficient-
ly to find the circuit to help put
you way ahead on the design
curve.

8th Edition .
Data Book

Here's your Power Linear and
PWM Amplifier apptications
text book. Now available on
CD-ROM. The new 8th edition
Apex Power Integrated Circuits
data book contains:

e 24 Application Notes

e 75 Power Linear product
data sheets

e 11 PWM Amplifier product
data sheets

Request your free copy!

On the web:
www.apexmicrotech.com

By E-mail:
prodlit@apexmicrotech.com

By phone:
1-800-862-1021

Australia, New Zealand (08) 8277 3288
Belgium/Luxembourg (323) 458 3033
Canada (613) 828 6881

Daehan Minkuk (02) 745 2761
Danmark 70 10 48 88

Deutschland (089) 614-503-10
Espaiia (1) 530 4121

France (01) 33-1-46878336

Hong Kong 2389 0800

India 22 413 7096

Israel 972 3 9274747

Italia (02) 6640-0153

Nedertand (10) 288 250(

Nippon (3) 3244-3793

Norge (63) 898 901

Osterreich (1) 203-79010

Peoples Rep. of China 852-233-48188
Rep. of South Africa (021) 23 4943
Singapore 842 584(

Sverige (8) 795 9650

Taiwan-Rep. of China (02) 696 2700
United Kingdom (1438) 364194

MICROTECHNOLOGY

5980 N. Shannon Road
Tucson, Arizona 85741-5230

www.apexmicrotech.com






Every product design is unique. The same should

go for the system chip behind it. That's why
' BRIGHT MINDS. BRILLIANT CHIPS.
Lucent lets you dictate your own IC strategy. Combine digital
logic, memory, analog, microprocessor and DSP circuitry in any
:;_,» configuration. All in perfect concert. All on a single chip. Whether
your endgame is LAN, WAN, wireless, or PC communications,
Bell Labs  advanced modular process accelerates your march to
market. Crunching prototype turnarounds to days. So you can
take the crown, while your rivals retool. Master the details at

www.lucent.com/micro. We're into a lot of cool stuff
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TODD

CPCI
SERIES
POWER

SUPPLIES
LEAD
THE
INDUSTRY

EXECUTIVE
MEMBER

PICMG Compliant!

Great Performance!

Priced Right!

v 150W in 3U x 8HP

v’ 350W in 6U x 8HP

v Hot-swappable

v Forced current sharing

v Internal or-ing diodes for N+1 redundancy
v Universal AC input with PFC

v 48VDC input version available

POWER SUPPLIES

TODD PRODUCTS CORP.

50 Emjay Boulevard, Brentwood, NY 11717 USA
800 223-TODD ¢ TEL: 516 231-3366 » FAX: 516 231-3473
EMAIL. info@toddpower.com ¢ WEB: http://www.toddpower.com

Giving you the power to build better products.

o

gy
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EDITORIAL OVERVIEW

..........

Bugs 67

M Previewing IEDM: Get The Scoop On Memories/Speedy Logic, Analog And
Power, Exacting Device Models, MEMS Sensors, And Brilliant Displays 37

I Clever DSP Board Architectures Attack Data Bottlenecks 81

I Get The Heat Out Of Notebook Computers 103

B A Look At Software Radios: Are They Fact Or Fiction? 117

37 Annval IEDM Conference Offers A Look At
Leading-Edge Electron Devices

® The “shrink-everything” syndrome hits de-
vices smack in the substrate.

38 Hit Up IEDM For Gigabit And Denser DRAMs And
. Merged Logic/Memory

» Advances in DRAM storage cells push
capacities to 16 Gbits, while lower-resistance
interconnects and new structures let DRAMs

and logic merge.

48 Compound Semiconductors And Power Devices
Are Rising Stars At IEDM

o Integrated inductors, fastest GaAs HBTS,
SOI transistors, and novel InP-based HEMTs
get their share of the limeliyht.

ELECTRONIC DESIGN (IbSeSN 0013-4872) is published twice monthly except for three
tober, three issues in November by

Penton Media Inc., 1100 Superior Ave., Cleveland, OH 44114-2543. Pa'd rates for a
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TECH INSIGHTS

54 1EDM Zeroes In On Advanced Models For
Complex Devices

» Models offer new hope for tackling the issues
of deep-submicron design, process accuracy,
and interconnects.

60 Sensors And Displays Take The Spotlight At IEDM
* Advanced device structures and new
technologies open the door for newly emerging
display and sensor-based applications.

67 Formal Verification Helps Stamp Out
Design Bugs

* Formal techniques offer new hope
Jor solving the verification problem
and helping you design the right thing from the
start.
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PAckKk IT

IN.

HicH DENsITY T1/E1 CHiIPs FROM
DALLAS SEMICONDUCTOR

At crowded T1 and E1 junctions, you need more
interface in less space. To meet the challenge, new
chips from Dallas Semiconductor define density at
a higher level. For instance—

Need an HDLC
controller for a
channelized T1/E1
design? Try putting
256 channels
through one chip.
The new DS3134
CHATEAU docks
64 T1 or E1 lines—
or two T3/E3/HSSI
lines.

DS21FF42

DS21FT42

DS3134
CHATEAU

DS21FFa2

DS21FT42

In each case, five high-density chips from Dallas
Semiconductor replace 16 fluffier chips from the
competition. Both controllers rely on extra-deep
FIFOs and super-efficient DMA engines to boost
performance. Programmable options, onboard Bit
Error Rate Testing and local bus access give them
flexibility.

Alongside the HDLC controllers starring here,
supporting players star on their own:

* 4- 12- and 16-Channel T1 & E1 Framers:
These chips supply multiple density options for
maximum fiexibility with the smallest footprint
and lowest cost.

* Quad T1 & E1 Transceivers: Four long-
and short-haul line interfaces and four full-
featured framers team up in one space-saving
package, available in 3.3V and 5V options.

Designing a
DSLAM? POS?
Amy high-density,
clear-channel
T1/E1 application?
One DS3131 BOSS
(Bit- and QOctet-
Synchronou$)
HDLC Controller
masters up to 40
DSL lines or 40
T1/E1 lines.

DS3131

BOSS

Enough talk. Give us a call

or check out our Web site.
Find out how these
new high-density
chips can help
your design win
the TI/E1 game.

DALLAS

DS3134
CHATEAU

£ DALLAS -

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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BOARDS & BUSES

81 Clever DSP Board Architectures Attack Data
Bottlenecks

o As board vendors craft ways to feed speedier
DS Ps, crossbar switches, FIFOs, and sec-
ondary links offer solutions.

Fiction?

COMMUNICATIONS TECHNOLOGY [  QUICKLOOK |

117 A Look At Software Radios: Are They Fact Or

Market Facts .......64E

e Fully programmable, DSP-based radios and
cell phones are the future, but when? Here's an 40 Years Ago ....... 64F
insider’s view on theory vs. practice.

_______________ let ‘EmInOnlt .....64F
90 Standards Watch
¢ Happy 10th anniversary for VESA, new ac- 124 Ideas For Design Managing The Design
tivities alhead e Use the PC’s UART with 9-bit protocols FOTORY < oveoncse ..64H
® Recursive circuit for bar-graph LED displays
92 The BUSiness Report and shunt voltage regulators Data On The Fly ... ..64H
® Scorched earth strategy e Add a synchronous clock enable to any register
Just 4 The Kids ......64L
94 What's On Board 131 Pease Porridge
e What'’s all this manic stuff, anyhow? The Sony (hallenge: will
96 Boards & Buses Products Peers Give To Schools In

132 Walt's Tools And Tips

® Op-amp audio

103 Notebook Computers: Get That Heat Out! 135 New Products
 Despite rising system integration levels, e Analog
thoughtful foresight can eliminate heat and e Digital ICs

make for a really cool design.

110 PIPS Products

LOOKING AHEAD:

Need? ............64N

TTATIONA

® Test & Measurement Speciul A Special Cover Story Report by Test & Measurement Editor
Joseph Desposito examines aribitrary waveform generators,

Report — AWGS:....cccoeeeceeeeeseees and how they're satisfying new testing needs.

HH — teation A contributed Design Application article shows how careful
¢ Dlglf(ll technology uppllcutlon HDL coding can maximize the performance of FPGA designs

article on FPGA design:............ that are based on lookup tables.

© Communications —overcoming A contributed Design Application article explains how fo  COVER ILLUSTRATION BY:
overcome high-frequency (2.5-Gbit/s) design obstocles by ~ BRUCE JABLONSKI

obstacles to Gbit designs:,,,,,,,,,muking astute decisions at both the system and silicon level.

Permission is granted to users registered with the Copyright Clearance Center Inc. {CCC)
to photocopy any article, with the exception of those for which separate copyright
ownership is indicated on the first page of the arficle, provided that a base fee of $2 per
copy of the article plus $1.00 per page is paid directly to the CCC, 222 Rosewood
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00}. Con. GST
#R126431964. Canado Post International Publications Mail (Canadian Distribution
Sales Agreement Number 344117). Copying done for other than personal or infernal
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.

Jesse H. Neal Editorial Achievement

1967 First Place Award 1978 Certificate of Merit
1968 First Place Award 1980 Certificate of Merit
1972 Certificate of Merit 1986 First Place Award

1975 Two Certificates of Merit 1989 Certificate of Merit
1976 Certificate of Merit 1992 Certificate of Merit
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Digi-Key means

A (1248 1« m,

f

s mm<n 09 70

g mm

S IN A ROWwW!

Call, write fax or visit us on the
Internet for your FREE CATALOG today!

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls, MN 56701
TolFFree: 1-800-344-4539 » Fax: 218-681-3380
Order Online www.digikey.com
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Search
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*Quick Look
eldeas For Design
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Technology Labs
* Analog Design
*Board & Buses
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—your best source for technical
information on the World Wide Web!

ELECTRONIC DESIGN ONLINE

www.elecdesign.com

{

ONLINE OVERVIEW

December 1, 1998 Volume 46, Number 27

See Electronic Design Online’s
Table of Contents to preview
what’s in store for you on the web!

NOW ONLINE:
The TechSide

In conjunction with Interaction Inc., a new feature now makes its debut
this month on Electronic Design Online’s Comedy Club page. The
TechSide, produced by Interaction and Techside.com, is an animated
cartoon tailored for the engineering and technical community. Readers
will now get the chance fo enjoy a more interactive portion of the web-
site, and iave an opportunity fo inject a little humor into their everyday
worklives.

In addition, readers will have an opportunity to submit their own ideas
for future cartoons right from the Comedy Club page. If something at

work got you upset, depressed, or made you smile, see your idea come
to life on The TechSide.

See our home page at www.elecdesign.com and follow the link to
the Comedy Cﬁjb.

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
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om every angle’ifs see,
we're more than a PC /O Company.

As an American semiconductor component manufacturer OEM developers are enjoying increased choice and
for 27 years, Standard Microsystems Corporation has access to a wider diversity of solutions, all with the cost,

established the familiar image of a quality supplier of PC 1/0 ease and convenience advantages of a proven single-

solutions. It is a picture we are proud to project. But it’s source supplier. Distributors are offering a broader line
time to take a closer look. Today, we are so much more. card, expanding their ability to deliver. SMSC is now
Our new corporate symbol reflects a new SMSC — a bigger, broader and more diversified than we've ever
company that casts its expertise far beyond the Personal been before. So, call 516-443-SEMI today, and view us
Computer, across all high technology digital and analog from a whole new perspective. You, too, will soon agree;
integrated circuit disciplines. Our dramatically expanded we're more than a PC |/0 company.

breadth of product brings tangible value to every customer.

STANDARD
MICROSYSTEMS

CORPORATION
desktop portable ethernet connectivity consumer MEMS

More to Build From.

©1998 Standard Microsystems Corporation, 8o Arkay Drive, Hauppauge, NY 11788
FaxBack Information Service (516) 233-4260. Visit our website at www.smsc.com
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Our Solid State DC-AC Inverters Deliver

V¥ Precision Regulated

- Output with Less Than
1% Harmonic
Distortion.

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

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

¥ Output Power between
1KVA through 15KVA.

¥ UPS and Frequency
Changers also available.

ADVANCED
CONVERSION
PRODUCTS

A Division of Transistor Devices. Inc.

The SINE of }_’_erfection

85 Horsehill Road
Cedar Knolls. NJ 07927

Telephone (973) 267-1900
Facsimile (973) 267-2047

Web Site  www.transdev.com

READER SERVICE 191

“Your Power System Partner”

MODULAR
5. POWER
5% SYSTEMS

36 Newburgh Road

Hackettstown, NJ 07840
Phone:  908-850-5088
Fax: 908-850-1607

A Division of Transistor Devices, Inc.

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
Buiit-in fan for Self-Cooling
0° to 50°C Operating Range
UL, CSA, VDE Approvals
Racking Systems Available
Standard Products
Tailored Solutions

L 2K 2K 2K 2% 2K 2K 2R 2K 2K 2K 2% 2% 2R 2% 2K 2K 2
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Completely Compatible
EHSa88

Featuring PCl and Windows NT
PCLGPIB
¢ High-speed IEEE488.2 interface
* Bus Master DMA for
maximum PCI performance
s Up to 7.7 Mbytes/s data
transfers with High-Speed 488

NI-488.2M™ Software

* Windows NT/98/95

* Multithread-safe

¢ Industry standard AP{

s Complete configuration,
development, and debugging
utilities to speed development

* VISA compatible

Application Software and
Instrument Driver Libraries
e LabVIEW
* LabWindows /CVI
¢ ComponentWorks™ for

Visuat Basic and Visual C/C++

For high-speed 488 data
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A wide range of solutions for your designs, available worldwide.
Wi Lo . .
\‘ % ith Omron, you get all the advantages of working with a single supplier for both surface-mount

S

e”® and through-hole components: great convenience, consolidated pricing and better delivery

coordination. Learn more. Contact us by phone (800-55-OMRON), fax (847-843-7787),
Pl - Website (www.omron.com/ads/surfacemounted) or, for immediate specifications,
% ControlFax (847-843-1963).

| Products Specifications Applications
Optical switches | EE-SX1107/1108/1109/1131 (ControlFax #7050) Copier/fax paper path
Phototransistor output Tape/media storage
1, 2 and 3 mm slot widths Garage door opener
Detect objects as small as 0.15 x 0.6 mm Computer mouse
Dual channel EE-SX1131 can be used as &
e e position encoder
1|
- | |
Relays | G6K (ControlFax #13310) G6S (Control Fax #13309) G6K:
DPDT, 1 A @ 30 VDC, 0.3 A @ 125 VAC DPDT. 2A @ 30 VDC, 0.5 A @ 125 VAC Network interface cards/units
37.5 VA, 30 W maximum switch.ng capacity  62.5 VA, 60 W maximum switching capacity Test equipment Home security,
Gull wing and inside "L" terminals Meets 2.5 kV Bellcore surge requirement thermostats Medical monitoring
4.5, 5, 12, 24 VDC coil voltages Non-latching and latching versions G6S:
Gull wing and inside “L" terminals Telephone central office switches
3,45, 5,6,9, 12, 24 VvOC coil voltages Digital loop carrier
SONET
DIP and Tactile | A6S DIP switches (ControlFax #16404) Selector switches for
switches Flat and raised actuator models, tape sealed modems, audio, HVAC and
g washable version available data communications
2,3.4,5,6,7,8,9, 10 pole versions control boards
B3SN Tactile switches (ControlFax #16202) Keypad switches for garage
160 +50g operating force door openers, thermostats,
| SPST contact, with or without ground terminal home alarm systems, data
’ 3 Sealed construction to IP62 for dust and humidity communications

OMRON.

Giving you every advantage.
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Why is it the world’s most
widely used circuit design tool?

For convincing and complete details: www.interactiv.com/ thebest
Or call us at: 1-800-263-5552

Tightly integrated Sets the standard for
Wi[h E\X’B p()\\’cl‘ﬁll, msxghtful
simulation/ SPICE simulaton.
schematic capture, Get increased

it’s the fastest way productvity &

w get high-quality, reduced design-cycles
multi-layer boards with a tool that’s

10 producton. easy-10-use and

exceptionally powertul.
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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 about logic.

Starting today

www.Xilinx.com
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The Programmable Logic Company™

< rope Japan 2 4852542452007 Xilinmr {srarmistered trademark, Virtex is a
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EDITORIAL

The Digital Age Is (Almost) Here

don't know about you, but I awoke very early on Sunday, Nov. 1, to look out my
I window. I was there to witness the official dawn of the Digital Age. Funny thing,

though—my scruffy backyard looked its regular brownish, nondescript self,
barely lit by a waning, ho-hum November sun. And, when I quickly flicked the TV
remote, there was only...analog. “Hey, what happened to the Digital Age?” I
snapped to myself. Id been anticipating this day for months. Newspapers, maga-
zines, and TV told me it was coming. Even the Oct. 26 cover of Business Week
screamed, “Digital D-Day” in big type. So, what happened?

As you know, Nov. 1 was the day when the government-mandated switch to
digital broadcasting went into effect. To jump into the Digital Age, however, |
would have had to pony up about $3000 for the HDTV and $1500 for a digital tuner
set-top box. That doesn’t even count the cost of paying a moving company to pick
up and deliver the 250-1b., 4-by-4-ft. behemoth. Even if I tapped into my son’s col-
lege fund to partake in the Digital Age, there are only a handful of TV networks
offering very limited broadcasts in digital format. What’s wrong with this picture?

Again, hype supercedes reality. A pure digital broadcast on an HDTV box is
outstanding. Colors are vibrant, shades are pronounced, and you can see the fine
details of a face, hand, or any other object. Couple that with a quality, surround- |
sound audio system and you’re in multimedia heaven. But, there are problems.
You have to play with the antenna to zero in on the signal. And, because digital sig-
nals are affected by obstructions such as tall buildings, they can vanish or freeze.
The upside of this is that consumers are becoming aware of technical conditions
and terms like “multipath,” the “cliff effect,” and “graceful degradation.”

The real dawn of the Digital Age for consumers will kick in maybe five years
from today, when the entry price point is more realistic. The chips alone for an
HDTYV set account for some $2000 of the total price. When Moore’s Law kicks in
and mass production brings economics into the process, prices will drop. But, his-
tory says the price will have to go below the $500 mark before consumers start
scrapping their analog boxes for HDTVs. And, content providers won’t invest in
producing digital content until there's a mass market of consumers equipped to re-
ceive digital broadcasts. Finally, there’s the ongoing battle among the cable, net-
work, software, and Internet companies, along with equipment and computer
manufacturers and others—all of whom want the masses glued to millions of
HDTYV boxes with content-rich feeds.

Okay, so I didn’t really see the dawn of the
Digital Age. But I know it’s on the horizon.

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




No-Limits Multiprocessing
Sfor CompactPCI. y

When you need high performancb
CompactPCl multiprocessing.." *
it's time for a PEP talk.

PEP, the company that delivers maximum computing performance
and functionality, does it again with no-limits multiprocessing for
CompactPC!. For starters, our new CP611 offers:

* Multiple CPU support via a non-transparent PCI/PCI bridge
* Multiprocessing software support

* Socket 7 processor suppo-t, including low power versions
and those with clock rates in excess of 300 MHz

* Harsh environment versions {-25°C to +75°C)

The CP611 is ideal for multiprocessing applications since the
individual tasks can be distributed on a number of CP611s in

a modular and easy manner. The non-transparent PCI/PCI bridge
acts as a bus-master, enabling each connected CP611 to retain
its autonomy while at the same time performing their assigned
processing tasks—even if each individual CP611 has a different
operating system/kernal (e.g., Windows NT* and VxWaorks*).

System features include built-in numeric co-processor support,

memory options up to 128 Maytes DRAM, high-performance SVGA

video support, and an embedded 64-bit GUI accelerator, mass

storage support, four serial ports and a multi-mode bi-directional %

parallel port, two USB (Universal Serial Bus) interfaces, a fast - ®

Ethernet interface, a PMC mezzanine slot, and an optional '
M on-poard FLASH disk with ua to 144 Mbytes.

There's more...a lot more! Call, or check out our website for
details. For maximum CompactPCl multiprocessing, let's have
a PEP talk now!

o aiceal

.

PEP Modular Computers, Inc.
150 Holiday Drive, Building 9
Pittshurgh, PA 15220
412/921-3322 Fax: 412/921-3356
E-mail: info@pepusa.com

Toll free: 800-228-1737

Web: www.pep.com

Modular 6omputers o
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1998 Intel Corporation.

Crank up flash
performance SX.

54MHz zero wait-state solutions.

In need of speed?
New Intel” Fast Boot

intel AAn

28F160F3
Block Flash memory
delivers—providing the most cost-effective,
zero wait-state performance for today’s
high-performance. low-voltage embedded
systems. Available in 8- and 16-Mbit

FAST BOOT BLOCK FLASH MEMORY DEVICES

Easy to migrate. Easy on budgets.
In addition to increased performance, Fast
Boot Block Flash memory was designed
specifically to make your job easier. And
faster. For trouble-free migration from
one density to another, Fast Boot Block
devices are available in 8- and 16-Mbit
densities. packaged
in industry-standard

Voltage Capabilities
Synchronous Performance

Package Ofterings

56-lead TSOP, SSOP

. Read/Write | Flexible I/0
25 MHz, 0 wait state packages. Plus, as
33 MHz, 0 wait state /4 * with other Intel’
0z O sate Seeip 12675‘;3265‘7 56-ead T50P Flash devices, Fast
50 MHz, 0 wat state 5V tolerant
54 MHz, 0 wait state ‘ ‘ Boot Block Flash
66 MHz, 1 wait state memory works with

densities, the Fast Boot Block Flash
device gives you two options for high-
speed data access. The Asynchronous
Page Mode is twice as fast as conven-
tional low-voltage flash memory.
And Synchronous Burst Mode delivers
up to five times the performance over
standard 100 ns asynchronous flash
memory~with zero wait-state burst
reads up to 54MHz. What's more.

the performance of the Intel Fast Boot
Block synchronous interface will match
the performance of high-speed RISC
controllers. You can now execute your
code directly out of the flash device.

In

Intel® Flash Data
Integrator (FDI) to provide an easy,
cost-effective method solution for code
and data storage in a single flash memory
device. What
does all this

Device samples

now available.

add up to?
A simple. quickly developed design that
meets today’s tight budgets and fast
time-to-market project requirements.

Get up to speed today.
To view reference designs and request free
samples of new Intel Fast Boot Block Flash
Memory in SSOP or pBGA packages. visit
our Web site. | » developer.intel.com/design/sX |
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~ Applications with SMSC's 97C100

Attach multiple ISA-type peripherals

ct to more USB Peripheral

on a single Universal Serial Bus connection
without any loss in
o= performance. Such
enabling capability is the cornerstene of

the USB97C100, SMSC's general purpose,

multiple-endpoint controller. Due

to patented memory

management architec-

ture, which dynamically
allocates and assigns muttiple data
buffers according to endpoint need —
supporting four addresses, with up to
16 transmit and 16 receive endpoints —
the USB97C100 maximizes Universal

Serial Bus bandwidth in a variety of

peripheral applications: seriai ports,

paraltel ports, floppy disk controllers,

Ethernet controllers, and more,

The USB97C100.

Truly, a universal solution.

SIsC

STANDARD
MICROSYSTEMS
CORPORATION

More to Build From.

Call 1-800-443-SEMI today.

Visit our website at www.smsc.com
FaxBack Information Service

(516) 233-4260.

1998 Standaed Microsystems Corporation,
80 Askay Drive, Hasppauge, NY 11788
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Acronyms Revisited?

A few issues ago (ELECTRONIC DESIGN, Sept. 1), I penned an article on

acronyms. To my delight, and somewhat surprise, [ was inundated with e-
mails. As it turns out, I'm not the only one with such disdain for the use of
acronyms. But, before we get into that subject again, let me clarify one point.

That earlier article referred to IP and PC as acronyms, as opposed to abbre-
viations. While technically this may be incorrect, nowadays we tend to use the
two terms interchangeably. Some continue to dispute this point. But, I submit
that whether you call something an acronym or an abbreviation, the problem is
still the same: We often use these terms without really knowing what they mean.

Granted, this stems from the fact that there is typically more than one defini-
tion for a specific acronym. But as Jim Storm, chairman of Qwk Inc., Reno, Nev.,
explains, “We have brought most of the clutter on ourselves. The people who
came up with ATM must have known it already meant automated teller machine
to millions of people. Or, what about EDA? A check in Webster’s New World Dic-
tionary defines it as the acronym for ‘Economic Development Administration,’
which most likely predated the term electronic design automation by quite a
number of years.”

But, this is only part of the story. Many people
use these acronyms to make themselves sound
smarter than they really are. You know what I'm
talking about. You've just started a new job and
you feel slightly out of place. So, you listen and
pick up on the acronyms being used around you.
You learn to “talk the talk,” even if you can't yet
“walk the walk.”

If, by accident, you use an acronym incor-
rectly, no problem. Someone corrects you and
you make sure to use it the right way the next
time. But, there’s an even more sinister use of
acronyms lurking out there. It exists in the peo-
ple who are eager to use as many as they can to,

as one German reader put it, “impress the aston-
ished crowd with their specialist knowledge. Il
What they really prove is that they don’t know the first thing about the topic
they’re discussing.”

Which brings me to my next point. As far as I can tell, acronyms do little more
than create a lot of confusion and make reading written material difficult. Half
the time, they’re not even used the way they were originally intended. So,
what’s the point? I guess you could argue that they save a few keystrokes here
and there. To that I say, “Hey, this is the computer age. There’s a little something
called copy and paste. Learn to use it!”

Then again, on days when I’'m feeling especially cynical, I start to imagine |
that there’s another reason we use acronyms. In my Dilbert-like vision of the
world, I imagine a grouchy, maniacal, and somewhat mentally challenged man-
ager. He's sitting in his office, trying to think of something he can do to make his
employees’ lives miserable. As the light bulb appears above his head, it suddenly
dawns on him that he can best torment his employees by coming up with a new |
way of communicating with them. All he has to do is use a secret code. He de-
cides to call this code, “Acronyms.” Then, he laughs so hard that he falls out of his
seat and knocks himself unconscious.

I'll leave it to you to decide which version to believe. In the meantime, we can
all help minimize the confusion. At the very least, we should require authors to
define an acronym when it is first used. We might also try bolding the acronym,
along with its definition, for easy reference. }

Just in case that doesn’t work, I've decided to start a support group for those
people who are fed up with the acronym problem. I think I'll call it, “Acronym
Haters Anonymous”—AHA for short! Be sure to look for me at the first meet-
ing. I'll be the one in the back who says, “Hi, my name is Cheryl and I’'m an
acronymaholic.” Until then, you can reach me at cjajluni@class.org.




LabVIEW

Graphical Programming

am

"

_._.h\cquire it. '

Taking Measurements is as Easy as 1, 2, 3
with National Instruments LabVIEW and Data
Acquisition Solutions.

The power and productivity of LabVIEW 5.0 graphical

programming, fully integrated with state-ofthe-art data
acquisition hardware, makes building fast, accurate
measurement systems as easy as 1, 2, 3. Generate your
data acquisition solution today with National Instruments
hardware and software — the industry’s leading tools for

computer-based measurement and automation!

Call for your FREE
LabVIEW 5.0 Evaluation

‘7NATIONAL i~ e
INSTRUMENTS & I

VBV DY RO BT (800) 661-6063

2| (512) 7940100 » F: 2) 6838411 * info@natinst.com
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SURFACE
IVIOUNT
BUS POWER

1.9"x3.0"x 0.6"
PT7721C shown

N ow, thanks to Power Trends’ PT6000 and
PT7000 bus power products, creating a power Bus Power Products

bus for your new megaprocessor-based design s

PT7750 +

is easy. Simply select a 5V, 12V, or 20 praziomsoo , PO FTITS0 PT7747 Booster
24V bus, the current you need, and
just plug it in! Choose the PT6000 12V n:zr:m” PT6620  PT7720 m’;';';m +
series for 3A to 9A applications.
Or select the PT7000 series for e

10A to 30A solutions with 5-bit P16so0 " 0o 770 Booster

ViD programming. If you need even
1A 3A 104 308 60A +
more power, add PT7000 current boosters for

Output Current
rock solid bus solutions to 60A or more!
For more about the industry’s most com-
plete family of advanced bus power products,
contact us at:

USA: 800-531-5782
Europe: +44 (0) 1256 334200 POWER TRENDS

E-mail: sales@powertrends.com

Internet: www.powertrends.com
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MICRON DDR SDRAM
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TIME TO THINK FOR

YOURSELF AGAIN

Following the wrong path can be e supplier options, high volume, and a
costly, no matter how good your MICHQN 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. It's the costeffective,  organizations, in 66pin TSOP packages. + To
industry-standard  alternative in  high-bandwidth  sample Micron DDR SDRAM, call 1.208.368.3900
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 < ecide where you'r= going, except you.

©1998 Micron Technology, Inc. Micron is & registered iradeniark of Micron Technology, Inc.
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WHO HAS THE MOST COMPLETE LINE OF
CompactPC/ propucts?

The company that authored the standard.
The company with the most expertise.

The company that leads the industry in
implementation.

The company with best-of-breed third
party software.

The company with the best hardware,
software and technical support.

In other words: Ziatech.

CORPORATION

S0 50148, P i 541508 =;|“|Z|ATECH

E-mail: info@ziatech.com
Web: hitp:/www.ziatech.com

READER SERVICE 196




TECHNOLOGY

NEWSLETTER |

Networking Startup
Brings Low-Cost Fiber
Equipment To Desktop

s part of the drive to bring fiber op-
tics all the way to the desktop,

Gemflex Networks, Vancouver,
B.C., Canada, a LAN-equipment manu-
facturer, announced its plans to provide
low-cost fiber-optic switches and media
converters exclusively with the VF-45
fiber interface. The company will offer a
complete line of 10- and 100-Mbit media
converters, transceivers, and switches
beginning in the fourth quarter of 1998.
The products are positioned to be priced
up to 50% lower than any fiber-optic
electronics equipment to date.

IT managers are struggling with en-
terprise bandwidth needs and the un-
certainty over the ability of existing cop-
per cabling systems to handle gigabit
speeds and beyond. As a result, fiber
LAN systems that capitalize on new
fiber alignment technologies are posi-
tioned for explosive growth. According
to Vincent Wong, president of Gemflex,
the enabling technology behind the
high-speed products is the VF-45 fiber
interface, which allows extremely ro-
bust fiber connections at new price para-
meters. This, he believes, has radically
changed the economics of fiber.

The VF-45 interface is a standards-
compliant small-form-factor fiber inter-
face currently used in the Volition Ca-
bling System created by 3M. The
interface, which is the next-generation
fiber connector most widely adopted by
end users, enables fiber-networking so-
lutions to finally be cost competitive
with enhanced copper.

In the past, fiber-networking equip-
ment was one of the single biggest ex-
penses associated with using fiber in the
LAN. Now, some predict the fiber LAN
market to grow by as much as 20% per
year with the advent of new cabling sys-
tems and electronics based on the VF45
solution. With 3M’s development of a
complete, industry-wide solution, Gem-
flex Networks was convinced to solely
concentrate on VF-45-compatible prod-
ucts. As Wong explains, “the infrastruc-
ture supporting VF-45 is in place with
patch cables, cleaning kits, and patch
panels currently shipping and numerous

customers worldwide using 3M’s new
cabling system. The VF-45 interface is
rapidly emerging as the industry stan-
dard for next-generation fiber.”

Contact Steve Swift at (604) 303-9752

ext. 105; e-mail: steves@gemflex.com; ‘ i

wine.gemflex.com. PM

BiMOS3D Process
Being Readied For

(3
Motion-Control ICs

oping to address the integration
H and cost issues of mass storage

ICs, Philips Semiconductors has
added power capability to its proven
0.56-mm l-effective BIMOS3 process,
which the manufacturer has been using
to build highly integrated TV chips. The
result is a smart-power BiMOS3D
process that combines high voltage lat-
eral transistors with high density digital
functions, and analog power devices on a
single die.

With BiCMOS3D, logic gates are im-
plemented in CMOS, while the output
stages use bipolar and lateral DMOS
transistors to accommodate high-cur-
rent, high-voltage and high-power de-
vices. According to Arnaud Moser, mar-
keting manager for motion-control ICs
at Philips Semiconductors, incorporat-
ing power components adds only few
masks, thereby minimizing the impact
on wafer cost. Moreover, adds Moser, l
the utilization of the core process allows
the reuse and sharing of a large library
of functional blocks.

Because high-density smart-power |
processes are vulnerable to latchup, spe-
cial care was taken to eliminate this
problem in BiMOS3D, says Moser. In
this latchup-prevention scheme, which
also can obtain the required breakdown
voltage, the power transistors are iso-
lated from other components by p isola-
tion rings.

Buried p and n layers are included to
minimize the injection of minority carri- |
ers into the substrate, thereby lowering |
the parasitics. Also, the thickness of the
epitaxial layer in BIMOS3D is optimized
so that the breakdown voltage of the
critical component, power LDMOS, is
25V, which is suitable for 12-V applica- ‘
(continued on page 28)
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RF Coaxial

CONNECTORS

A/D Electronics’ offers a
full line of RF Connectors
to meet standard needs as
well as the more difficult.
Call us to obtain complete
specs., dimensional

drawings and evaluation
samples or visit us online
and order any or all of our
other 16 product catalogs.

ELECTRONICS INC.

10421 Burnham Dr. NW #4
Gig Harbor, WA 98332
Phone: (253) 851-8005
Fax: (253) 858-9869

www.adelectronics.com
email: adinfo@adelectronics.com

|
|
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attery management,

Mobile phones mean freedom to communicate wherever and whenever we choose.
Philips Semiconductors is ready today with the competences and solutions you
need to take thar freedom to the next generation. Baseband (embedded DSPs),
RF design and low-voltage/low-power technologies are at the core of our expertise.
And our competence in hardware/software optimization, power management,
mixed-signal 1Cs, speech recognition, LCD driver technology, packaging and

MCMs, - along with the industry’s broadest range of discretes - adds up to



a capability that has made us a world leader in wireless communications [Cs.
With solutions covering the major mobile standards - digital cellular and cordless,
paging, wireless data/LLANs and GPS - Philips Semiconductors frees you to creatz

the communications products for tomorrows generation. To find out more, visit

www.semiconductors.philips.com/comms’ or call for more informavon

USA 1-800-447-1500, ext. 1580. Europe fax +31-10-284-3181, quote “voice’.
Asia fax +852-2811-9173, quote “ED".
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Ultra Bright

LEDsS

Featuring:
- Brightness up to 18,000 mcd/m?2

» Colors from 567 to 644 nm

* Surface mount and through hole
- Taping and binning available

* Expert technical support

Standard bright lamps and
displays also available

urd 408.523.8218

email@purdyelectronics.com
ELECT RONIC S -
CORPORATION www.purdyelectronics.com

Supporting electronics manufacturers for over 65 years
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Advanced Low ESR, Low Profile Capacitor from
Sanyo Provides Safe Alternatives

POSCAP

CAPACITORS

Polymerized Organic Semiconductor Capacitor

NEW TPC - SERIES

*Low ESR 45

* Low Profile 1.9 mm Height (6V, 100uF) for compact applications
* High Reliability (-55 to 105°C)

Target applications such as DC/DC Converters, Mobile Computers,
PDA'’s, Telecommunications, and Cellular Phones.
Essential for efficient power delivery.

Please visit our website at:
www.sanyovideo.com

or contact us by phone:

AR: 870-633-5030 NJ: 201-843-8100

CA: 610-661-6835 CA 408-749-9714 (ext. 223)
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;
(continued from page 25)

|

|

tions. Other features of the process
include power extended-drain

| PMOS (EPMOS), high ohmic polysil-

icon resistance, high-voltage high-
value capacitance, and high immu-
nity against latchup and crosstalk.
Based on this smart-power
process, several system-level ICs are
under development, with plans for
sampling in the second quarter and
production by the end of 1999. One
such chip, designated TDA6001, is a
12-V spindle and voice-coil-motor
(VCM) driver combination for 3.5-in.
disk drive. Also integrated are on-
chip 12-bit DAC, multiplexer,

| bandgap voltage reference, regula-

tors, oscillator, buffers, digital posi-
tion sensing, programmability, and
other features to deliver a highly in-
tegrated solution for HDD motion-
control applications.

For more information, call (408)
991-4484; Internet: www.semicon-
ductors.philips.com. AB

' Voice-Transmission-

Standard Project
Initiated By TIA

he Telecommunications Indus-
T try Association announced a

new project for creating a voice-
transmission performance standard
that will include products used for In-
ternet telephony. The scope of the
new standard will expand on
TIA/EIA-579-A, “Telecommunica-
tions Telephone Terminal Equip-
ment Transmission Requirements
for Digital Wireline Telephones.” As
such, handset, headset, and hands-
free audio performance will be in-
cluded. Also, IP-based and PCM-
based interfaces will be covered,

| with codecs of 64 kbits/s and lower.

Efforts will be made to ensure in-
teroperability and quality of service
definitions with IP network stan-
dards organizations, such as the In-
ternet Engineering Task Force
(IETF). Contact T-41.3 chairman
Steve Whitesell at (732) 544-3017, or

|
l

]

e-mail at: swhitesell@lucent.com. RE |

Edited by Roger Engelke
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Performance Champion.

The winning formula.

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

EPF 1DKS0E-1

Leading the field.

FLEX 10KE devices employ a unique emrbedded array block structure to
support embedded memory of up to 96 Koits. FLEX 10KE devices provide
2.5-V core operation and 1/0 structures that are PCl-compliant and
feature MultiVolt ™ 1/0 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 grovide significant die area
savings versus comparable FPGAs. And, our space-saving 1.0-mm
Fineline BGA"packages provide even iore board a-ea and cost savings.

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

all FLEX 1CKE devices
today. The MAX+PLUS Il
software interfaces {Cates
with all leading EDA ool REM
tools, giving you the
best quality of results,
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.

FEATURES FLEX 10K FLEX 10KA FLEX IOKE

[ | |
| 50V | 33V | 25V
10K-100K | T0K-250K | 30K-250K
| 6-24 Kbits | 6-40 Kbits | 24-96 Kbits
| Enhanced Dusl-Port RAM v |
‘ Space-Saving 1 I =
v | v |

| Finelire BGA ) (U | —"
Ncrmahzedﬂformance_‘_ 10 20 | 26 |

| SJJFPLV Voltage

- =

Get in the driver’s seat now!

Visit the Altera web site for more informatior about all FLEX 10KE
devices, and sign up for a free megafunction literature pack. Then use
high-performance FLEX 10KE devices 1o race ahead of your competition!

.com/race

Coeyright 1998 Altera Corperation Altera, FLEX, FLEX 10k FLEX 1CKA, FLEX 10KE, MAX+PLUS |, MegaCore, AMPP, MultiVolt, Fine_ine BGA, and specific device de:ignations are trademarks and,'or servi
Unitedi States and cther countres All other trademarks and seivice marks are the property of theur resgective holders All nghts reser-ed




Actual size.

Small wonder.

Our new 7-watt power supply with wide-range AC input is
ultra-compact and medically approved!

Only Condor could squeeze 7 full watts and all of these features
into a switcher this small:

+ Ultra-miniature (just 2.00"x 2.28"x 0.50")

* Input voltage 90-264VAC

* EMIFCC Class B,CISPR 11B

+ Overvoltage protection standard

* Approved to UL2601-1,IEC601-1 and CSA 22.2 No.601

Advanced surface-mount + Also available in commercial versions
technology helps make the

g . C € marked to LVD

Call Condor today for complete ratings and specifications on the remarkable new GSM7.

=CONDOR

CONDOR D.C.POWER SUPPLIES, INC. A subsidiary of SL Industries, Inc.
2311 Statham Parkway, Oxnard, CA 93033 « (805) 486-4565 * (800) 235-5929 « FAX (805) 487-8911 » www.condorpower.com/
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TECHNOLOGY BREAKTHROUGH

Ultra-Small MEMS Combination Lock
Promises To Foil The Best Computer Hackers

ts developers call it “the world’s
I smallest combination lock.” It's a

miniscule microelectromechanical-
system (MEMS) device developed at
Sandia National Laboratories, Albu-
querque, N.M. And, it promises to
build a virtually impenetrable com-
puter firewall that even the best hack-
ers can’t defeat.

The Recodable Locking Device is
so small that it takes a microscope to
see it (see the photo). It consists of a se-
ries of notched gears that move to the
unlocked position only when the right
code is entered. According toits devel-
opers, “It’s the first known mechanical
hardware designed to keep unwanted
guests from breaking codes and ille-
gally entering computer and other se-
cure systems.”

“Computer firewalls have always
been dependent on software, which
means they are ‘soft’ and subject to
manipulations,” says Larry Dalton,
manager of Sandia’s high-integrity
software systems engineering depart-
ment. “Our device is hardware and it’s
extremely difficult to break into. You
have one and only one chance in a mil-
lion of picking exactly the right code,
compared to a one in 10,000 chance,
with many additional chances, in most
software firewalls. After one failed
try, this new device mechanically
shuts down and can'’t be reset
and reopened except by the
owner.”

Patent Filed

Sandia, a U.S. Department
of Energy (DOE) national se-
curity laboratory, recently
filed for a patent for the
mechanism. The first work-
ing units were fabricated in
July. The Sandia team, which
is refining the device and per-
forming reliability tests, ex-
pects to have it ready for
commercialization in about
two years. Once it’s per-
fected, a commercial partner

will be tapped to produce and This photo shows one of the six tode wheels in the MEMS <omb|nut|on

lock developed by Sandia National Laboratories. The wheel, pictured
“The Recodable Locking here in the enabled position after the correct code was entered, is 300-

Device should be of great in- pm across—about the size of the period at the end of this sentence.

sell it.

terest to businesses and individuals
who have computer networks, have
sites on the Web, or require secure
computers,” says Frank Peter, an en-
gineer who designed the device. “It
would make it virtually impossible for
break-ins to Web sites, like what oc-
curred with The New York Times in
September,” he adds. (Hackers broke
into the Times’ electronic edition in
mid-September and shut it down for
several hours.)

Dalton says he’s had the notion of
the device for three years, calling it
the “digital isolation and incompatibil-
ity” project. Digital was for the digital
world. Isolation and incompatibility
are important concepts in “strong
links,” which are mechanical locks
used as safety devices in weapons. He
turned to Sandia’s electromechanical
engineering department, headed by
David Plummer, to make the design
because of that group’s expertise in
strong links, as well as its ability to de-
sign using MEMS technology.

Simple System

It took Sandia about three months
to go from concept to the final design.
Explains Peter, “Based on a code-
storage scheme used in existing
weapon surety subsystems, we were
able to design a very simple device.

And, it’s the simplicity of the device
that makes it easy to analyze from a
vulnerability standpoint.”

A working model was built consist-
ing of a series of six code wheels, each
less than 300-um in diameter, driven
by electrostatic comb drives that turn
electrical impulses into mechanical
motion. The lock’s owner sets a lock
combination to any value from one to
one million. The entire device is about
9.4 by 4.7 mm, roughly the size of a
button on a dress shirt.

The Recodable Locking Device con-
sists of two sides: the user side and the
secure side. To unlock the device, a
user must enter a code that identically
matches the code stored mechanically
in the six code wheels. If the user
makes even one wrong entry—and
close doesn’t count—the device me-
chanically “locks up” and doesn't allow
any further tries until the owner re-
sets it from the secure side.

The six gears and the comb drives
can be put on a small chip and incor-
porated into any computer, computer
network, or security system. Because
the chip is built using IC fabrication
techniques, hundreds can be con-
structed on a single, 6-in. silicon
wafer, making the chip very inexpen-
sive to produce.

“Besides being a deterrent to hack-
ers, the device has other security ap-
plications,” Peter says. For example,
controlled information could be made
available only in a window of opportu-
nity. The information owner could teil
the party needing the data
that he or she has five min-
utes to enter in a specific
code and gain access. Then,
after the five minutes is up,
the code would be reset and
access denied.

A variety of potential
safety applications also are
possible with the device. The
mechanism can confirm that
a critical system is operating
as expected. If it detects a
problem, it will not permit
execution of a function. In
this safety capacity the de-
vice could, for example, en-
sure that a radiation therapy
machine delivers the correct
radiation dosage.

“This device has a powerful
potential—one that is readily
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| TECHNOLOGY BREAKTHROUGH

understood by most everyone,” Dal-
ton says. “I've been told by the De-
partment of Defense that this is the
first real technical advancement in in-
formation security that they’ve seen
in a long time.”

Computer crime is a growing prob-
lem nationwide. The Computer Secu-
rity Institute, together with the U.S.
Federal Bureau of Investigation, re-

cently surveyed 520 security practi-
tioners in U.S. corporations, govern-
ment agencies, financial institutions,
and universities. Results showed that
64% of the respondents reported
computer security breaches within
the last 12 months. Although 72%
said they suffered financial losses
from these breaches, only 42% were
able to quantify their losses—esti-

mating them to be more than $136.8 |

million.

For more information, contact San-
dia’s Larry Dalton at (505) 844-2520; e-
mail: ljdalto@sandia.gov; David Plum-
mer at (505) 845-9564; e-mail:
dwplumm@sandia.gov; or Frank Pe-
ter at (505) 844-1763; e-mail:
fjpeter@sandia.gov.

Roger Allan

New Version Of RACEway Architecture

‘Boosts Bus Bandwidth To | Gbyte/s

' | n the demanding realm of high-end
I multicomputing, faster data move-
| @ ment is the name of the game. High-
speed secondary bus technologies are
| one way to achieve that when the
backplane speeds of VME and PCI
aren’t enough. Among the more
I widely used secondary buses is
RACEway, a circuit switched fabric
offering 480-Mbyte/s aggregate band-
width via a six-port interface chip.
With an eye toward evolving RACE-
way for greater performance and
function, Mercury Computer Sys-
tems, Chemlsford, Mass., has intro-
duced a new version of the open ANSI
standard, called RACE++.

“It’s managed evolution of RACE-
way,” says Barry Isenstein, vice presi-
dent of Mercury’s advanced technol-
ogy group. “Yet, it gives existing
RACEway third parties a way to

move forward. It lets you do more in
the same power budget.” While
RACE++ is Mercury’s own implemen-
tation of the new scheme, the company
is already sharing the technology with
its RACEway partners. The technol-
ogy spec also is available on Mercury’s
web site, and the company eventually
plans to make RACE++ an open
ANSI standard.

RACE++ increases the aggregate
bandwidth of RACE crossbars to 1
Gbyte/s—more than double that of the
current RACE crossbar. At the sys-
tem level, bisection bandwidth im-
provements over the current RACE
architecture range from two to four
times. System-processor scalability
can increase up to four times.

RACE++ is backward-compatible
with the current RACE architecture.
It’s also backward-compatible with

Crosshar Crossbar

Crosshar

=

(=1
)

|
00000 ¢

System slots or nodes

|
il

Two factors account for the 1-Gbyte/s bandwidth of RACE++, which is more than double that of
the original specification. The key — the crosshar ASIC—has eight ports rather than the six in the
RACE architecture. An increase in data rates from 40 to 66 MHz further extends per-ASIC
bandwidth. RACE++ also indudes enhanced scalability, routing, and endpoints.

the 60-plus products made by more
than 45 third-party adopters of the in-
dustry-standard RACEway Interlink
(ANSI/VITA 5-1994).

The crossbar ASIC—the key com-
ponent of the interconnect fabric—has
an eight-port crossbar in RACE++,
compared to six ports in the current-
generation RACE architecture (see
the figure). This, plus a modest in-
crease in data rates from 40 to 66 MHz,
further extends per-ASIC bandwidth.
Beyond higher data speed and greater
system bandwidth, RACE++ includes
enhancements to scalability, routing,
and endpoints.

4000 Processors Per System

On the scalability side, RACE++
lets designers build larger computing
systems with mixes of DSP, RISC, and
specialty processors. Whereas the
current RACE architecture supports
systems containing 1000 processors,
RACE++ boosts this number to more
than 4000 processors in one system.

The RACE architecture features
adaptive routing, which allows data
to make real-time choices of the least
congested data paths between the
source and destination. Adaptive
routing is executed entirely in hard-
ware, so it doesn’t incur any system
or user software overhead. RACE++
greatly extends this capability. In the
current generation of RACE, two out
of six ports can implement adaptive
routing. In RACE++, all eight ports
can implement it.

“You’ll be able to choose adaptive
routing like in the past. But if you're
using RACE++, you might see a
throughput increase even at 40 MHz
because of the topology and routing
changes,” says Isenstein. “The soft-
ware and peripherals attached would-
n't have to change. The only reason
the hardware would change is if you
wanted to take advantage of the 66-
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! ~ TPS204x/5x from only $0.88*

135 m& (max] rs(op over full temperature  The TPS204x and TPS205x from Texas Instruments are the !

industry’s first fully independent power switches optimized
45 psec (typ) response time

%or tault.condltion for USB applications. This family of devices is a cost-effec-

tive means for switching power to USB ports in either

Active high and low enables ganged or independent configurations. These independent
, ower switches offer low r S0 more power can be

Single, dual and quads available : hs(on) P

delivered to the load and less power is lost in the switch.

YVVYVY VV

Complies with USB interface standard The current limiting and shutdown features of the
TPS204x/5x eliminate the need for fuses and other discrete
Overcurtent reporting components. Tl.ese switches integrate key features used in
UUSB designs for desktop and notebook PCs and may also be
*Price is per device in quantities of 1,000 used for genera’ power distribution applications.

For free data sheets and product information, contact us at:

1-800-477-8924, ext. 5072, or www.ti.com/sc/5072

{’
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| MHz capability. Basically, it's the same
| signals and the same signaling. In the
embedded environment, 66 MHz isn’t
super fast. But in mission-critical sys-
| tems, it’s important that this stuff
| work reliably. It's rock solid at 66 MHz
' using off-the-shelf FPGAs. A switch
fabric that ties things together
through multiple layers of boards,
backplanes, and many connectors in
between needs reliable signaling.”
|
Handles For Adaptive Routing
In the RACE architecture, end-
| points are sources and destination ter-
minations for data transfers. These in-
clude arrays in local memory,
shared-memory buffers, and foreign
bus address spaces. They need not be
limited to an intelligent processor's
memory or bound to any specific
process. RACE++ extends the concept
of endpoints to encompass the crossbar
ASIC itself. This permits designers to
include handles for users to control
adaptive routing and new ways to re-
configure routing in real time.
RACE++ increases data band-

The Best Linear Power Supply In Town |
Just Got A Face Lift [

In I'erminal Block Design For Easy Installation |

- ]

width while retaining the advantages
of a switched-fabric data backbone.
This topology eliminates isolated bot-
tlenecks prone to congestion, provides
multiple paths between source and
destination, and allows data to travel
through a richly connected, multidi-
mensional mesh/fabric. It also pro-
vides the determinism required for
real-time computing.

This increased bandwidth en-
hances the RACE design philosophy
of offering more ports per board,
rather than driving fewer ports at
problematic, high speeds. The RACE
scheme also avoids the need to stress |
the thermal envelope of individual
components in order to achieve .
higher speeds. In fact, the RACE++
ASIC delivers its 1-Gbyte/s band-
width at a power cost of only 1 W.

Mercury is working with existing
and potential RACEway partners
and RACE customers to effect a
smooth transition to the RACE++ ar-
chitecture. A number of board and
systems vendors offer products incor-
porating the RACEway standard In-

terlink. Among these are Blue Wave |
Systems, Carrollton, Texas; Catalina l
Research Inc., Colorado Springs,
Colo.; Celerity Systems Inc., Cuper-
tino, Calif.; ICS, Gloucester, Ontario;
Micro Memory Inc., Chatsworth,
Calif.; Myriad Logic, Silver Spring, '
Md.; Pentek Inc., Upper Saddle River,
N.J.; Ramix Ine¢., Chatsworth, Calif.;
Synergy Microsystems Inc., San
Diego, Calif.; and VMETRO Inc.,
Houston, Texas.

All current Mercury products, in-
cluding the VantageRT and Om-
niStream PCT solutions, as well ax the
MultiPort and RACE Series VME
product families, will evolve to sup-
port RACE++. Mercury also will in-
troduce new RACE ++ products.

Mercury anticipates the introduc-
tion of initial RACE ++-based prod-
ucts in early 1999, with production
shipments available in mid-1999. For
more information on RACE++ and
' the RACEway open standard, contact

Mercury Computer Systems at (978) ‘
1 256-1300 or www,me.com,

Jett Child
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Looking for linear power supplies with outstanding
quality and reliability? If so, call us,
Fortron/Source, a major manufacturer of power
supplies with facilities around the world. We offer
one of the largest linear product lines with more
than 53 different models. And now, all these
models are available with terminal block
connections for ease of installation and improved
safety performance. All of our models are direct
replacements for many of our competitor's
products. This includes, package size, electrical
performance and international safety standards.

Besides Linears, Fortron/Source is a major
manufacturer of switching power supplies. We
maintain warehousing in the United States and
Europe for fast customer response. So the next
time you have a power supply requirement, call us,
and let us help you solve your power supply
problems.
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Tel: (510) 440-0188 Fax: (510) 440-0928
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ou already know our “No Excuses™ one-time programmable
microcontrollers are available right now—right off the shelf.
Our most popular OTPs listed below are available worldwide
through most Motorola distributors.
Also available off that same shelf are four different levels
of development support for cach device—from free software
on our wehsite to high performance development tools.
* Free Windows® software
*$99 In-Circuit Simulator Kits icomplete-fully assembled)
+$950" Real-Time In-Circuit MMEVS Development Kits
(compicte-fully assembled)

* $3,450" High Performance NMDS Development Kits
(complete-fullv assembled)

... all with complete documentation and software.

DEVICE

68HC705K] 1
6SHC705)1A
68HCTOSP6A
68HCT0SCRA
68HCT0SCIA
68HC705B16
681705116

Suggested resales

Visit our website for complete information
You don't need to search the universe to find everything you need—OTP
device specs, application notes, development tools, third-party developers,
product availability, distributors and additional information—all you have to
do is reach for your mouse and visit our virtual OTP shopping mall on the Web.
We're dedicated to getting you the OTPs with the development support you
need. When you need them. Visit www,motorola.com/semi/otp and

see for vourself.

EPROM DESIGN-IN RIT
[bytes]

1
M68ICSOS]
Me68ICSOSP
Me681C.S05C
M68ICS05C
M68ICSOSB

© 1998 Motarola, Inc. Motorola s a registered trademark and Digital DNA and the DigitalDNA logo are trademarks ot Motorola, Inc

Windows is a registered trademark of Microsoft Corporation
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MHEVS RIT
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KITMMEVSOSK] KITMMDSOSK]
KITNMMEVSOSK] KITNMNDSOSK]
KITMMEVSOSP6A  KETMMDSO5P6A
KITMMEVSOSC KITNNMDS05C
KITMMEVS0SC KITMMDS0S5C
KITMMEVS0OSB KITMMDS0SB
KITPGMROSL 16 KITMMEVSOSL16  KITMMDSOSL16
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We think

embedded systems developers need

more ways to win.

\ SW Test
\ & Analysis

Applied Microsystems

RTOS
CORPORAT ON

Toosl::’:\aln \\ Solutions

And one partner to depend on.

That's the ticket. Contact Applied wherever you are in the development cycle. You'll uncover an integrated solution that enables
the accuracy and visibility that today’s systems demand. From pre-silicon software development through hardware/software

integration, to testing and verifying the final product — Applied’s tools, service and support have you covered.

The more we rethink embedded systems development, the more chances you have to win.

N
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Applied Microsystems
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~ Annual IEDM Conference Offers A
Look At Leading-Edge Electron Devices

here do designers congregate to catch a glimpse of |
the electron devices that will be heading their way?
One sure bet is this vear’s 44th annual International

Syndrome Hits Devices
Y . Electron Devices Meeting (IEDM). to be held at the
bnl(l Ck In T/Le S’l( bSt} ate' San Francisco Hilton and Towers Hotel, Dec. 6-9. Its rich technical

program of 37 sessions covers
1998 INTERNATIONAL ELECTRON DEVICES MEETING

a wide range of electron de-
Session 1: Plenary Sessions—1.1: Executing system on a chip: Requirements of SOC implementation;

vices and the processes and
1.2: Intercontinental migration of dominant technologies; 1.3: Trends in semiconductor equipment, tools that make them. What
materials, and processing technology

are some of the highlights

The “Shrink-Everything”

Session 2:

Session 3: Session 4: Session 5: Session 6: Session 7: 1998's attendees can expect
Detectors, Quant.um elec- queling and Splid-szgte . Device CMOS Qe\{if:es to see? Well, there’s the '
Asensors,_ and tronics and simuiation: devices: smvgle mterconn.ect and rehapuhty. fastest three-terminal semi- |
displays: image compound compact electron devices | technology: STI/ uitra-thin s —
sensors semiconductor modeling retention time gate oxide conductor ever built (350 ‘
devices: power reliability GHz). New developments are
| dbisessibnia 55::::3: Sesdion10: e Session 12: Session 13: afoot using copper in compu- l
| |Integrated circuits: A Detectors, Modeling and Specnall Integrated circuits:| L€l chips. And. a session de-
high performance P sensors, and simulation: manufacturing | agvanced DRAMs  yoted to device-manufactur- |
i dispiays: i session: . .
CMOSMBICMOS | - g amiconductor & I b Gt o e ) andFRAMS  ing issues has been added.
. thin-film modeling advance S n:
‘de;’“’es- h'g_:?t transistors process Look for a lot of activity cen-
EiECHOIENOL LY technology 5 "y AYreh .
| Faraie s tering around t1 ansistors
suitable for cheap. flexible, |
& "3 vy . . |
| ' Session 14: Session 15: Session 16; Session 17: 3;;:&?\" ;:d Session 19: plastic ﬂat'p'fmel displays.
Device CMOS devices |Quantum electronicg Detectors, simulagon' Solid state The technical program be-
lachnology: igh k| vollags CMOS: | semconaucrr | dieplays: Mioro | Process | St e | ins on Monday, Dec. 7 (see the |
gate dielectrics/ | SOl and DTMOS | devices: quantum |Electro Mechanica mSdeling table). It is 1)1'ece(led b)’ two
metal gate effect devices systems short, all-day courses on Sun- ’
. A4 et - 113 r .
Session 20: Session 21: Session 22: Session 23: Session 24: Session 25: d ay : Dec. 6: “Relia blllt-\ for |
CMOS devices Device CMOS devices 1998 IEDM 1998 IEDM Quantum elec- | Logic and Memory Technolo-
and reliability: interconnect and reliability: evening panel evening panel tronics and gies” and “Next-Generation .
MOS physics and technology: advanced CMOS discussion discussion compound . 5 9|
characterization | gate dielectrics devices and semiconductor TCAD: Models and Methods.
technology devices: On Monday at 9:00 a.m., the ‘
heterojunction | plenary session will consist of
bipolar transistors ¢ },).00 yresentations: “Trends
and photo- 5 . i
| e aiars in Semiconductor Equipment,
Sy Session 27: . Session 29: Session 30: Session 31: Materials, and Processing
SESMNO0Vo] Modeling and Susgion 26 CMOS devices Device inter- Device inter- AR 0N i X
Solid state devices: : g ) Special " it TeChm)lOg.\ . Executmg S.Vs'
SiGe and high simulation: manufacturing and reliability: connect tech- connect tem on a Chi])’ Requirements
SWOrTdoVices process/ N T metal gate and | nology: capacitor technology: : : 1 .~
ROWE device model N alternate gate materials for advanced of SOC Im])lement&ltlon : and
g device and . 3 . o 5 3 ) .
characterization similation dielectrics advanced interconnects Intercontinental M igration )
Elhulagplitions IEINOLes Dominant Technologies.”
Session 32: Session 33: Session 34: Session 35: Session 36: Session 37: So turn the‘p%ge' and let
Detectors, sensors|  Modeling and CMOS devices Solid state Integrated circuits: Device inter- Technolo gy Editors Dave
and displays: simutation: and reliability: devices: flash memory connect tech- Bursky, Ashok Bindra. and
emissive display | advanced device | analog CMOS rf devices technology nology: device Chervl Ajluni take vou on the
technologies modeling and hot- technology - < ’
carrier reliability grand tour.

e ———
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CONFERENCE PREVIEW

Hit Up IEDM For Gigabit And Denser
DRAMs And Merged Logic/Memory

Advances In DRAM Storage Cells Push Capacities To 16 Gbits, While Lower-
Resistance Interconnects And New Structures Let DRAMs And Logic Merge.

Dave Bursky

ith an eye set on reaching
w memory capacities of 16 Gbits
on a chip and operating speeds
of 2 GHz for logic circuits, this year’s
International Electron Devices Meet-
ing (IEDM) portends major advances
in chip-fabrication technology. Of
course, presentations will cover a
much broader scope, including ad-
vances in nonvolatile memory cells,
metallization and dielectric systems,
and quantum electronics.
Dynamic RAM storage-cell struc-
tures have long been a proving ground
for process-technology improve-

no exception. In a “late-news” paper in
Session 31 (31.7), researchers from
Samsung Electronies Co., Kyungki-
Do, Korea, show off cell structures

that they feel would be good candi-
dates for use in 16-Gbit DRAMs. Still
many years from production, the test
cells do show that enough capacitance
can be obtained from structures fabri-
cated with 0.12-um and smaller mini-
mum features.

The scheme employs a preferen-
tial metal-deposition process for alu-
minum that completely fills deep,
small contacts and via holes. One ad-
vantage is its need for a preceding
barrier-layer deposition step, which
forms a diffusion barrier to prevent
the aluminum from going into unde-
sired regions. The use of low temper-
atures (typically less than 450°C)
minimizes the aluminum diffusion.

An anti-nucleation layer covers
the top of the contacts and with-

Physical vapor
deposition - aluminum

Physical vapor
deposition - aluminum

Low-k
dielectric

Alyminum plug
by preferential metal deposition

Anti-nucleation
Physical vapor
deposition - aluminum

Physical vapor
deposition - aluminum

—
-
trench

oA
|

1. The preferential deposition of aluminum for future 16-Gbit memory cells is possible. Thank
Samsung Electronics for developing a conformal titanium /titanium-nitride layer that prevents
nucleation of the aluminum at the top edge of the contact.

stands the hydrogen-induced reduc-
ing environment during the alu-
minum-deposition process (done
with chemical vapor deposition, or
CVD). The resulting effect of this
layer is that aluminum growth is sup-
pressed on the upper edges of the
contacts, while the aluminum plug
forms inside the contact opening
(Fig. 1). High-aspect-ratio struc-
tures, with ratios of up to 20:1, can be
filled with this process. Using a tita-
nium/titanium-nitride layer prior to
aluminum deposition prevents any
“spiking” of the aluminum through
the bottom of the contact region. The
Samsung researchers believe the
same approach can be used with cop-
per deposition.

Session 13 focuses on advances in
DRAMs and ferroelectric RAMs. An-
other Samsung paper (13.2) examines
anew DRAM cell structure that re-
searchers feel would fit 4-Gbit and
denser memory chips. The cell elimi-
nates the critical lithography between
the memory-cell buried contact (BC)
and the storage-node polysilicon by
merging formation processes into a
single process. In normal buried-con-
tact formation, a deep, vertical etch
step must be done to open the contact
window. But, deep etches on struc-
tures with small features can cause
undercutting of the key structures,
leading to poor performance or early
failure. By merging the two process
steps—creating the contact and de-
positing the polysilicon—researchers
both eliminated undercutting and
dealt with the smaller features to be
used by next-generation DRAMs.

Instead of forming the buried con-
tact first and then depositing the poly-
silicon storage material over the con-
tact, the new approach initially builds
up several layers. An interlayer di-
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electric layer comes first, followed by
a silicon-nitride/silicon-dioxide etch-
| stop layer. A thick interlayer dielec-

tric (about 1 pm) follows. Next, the

contact hole is etched through the
| thick dielectric, the etch-stop layer,
| and the underlying dielectric. This
leaves the pad region of the memory-
cell transistor exposed.

A single-step deposition of the con-
tact and storage-node polysilicon then
fills the deep contact hole formed by
the etching. After deposition, the sur-
face of the wafer is chemically, mechan-
ically polished to remove all polysilicon
except for the material that filled the
trenches. The thick dielectric layer is
then removed with a wet-etch step,
leaving a “pillar” of polysilicon that
forms the storage node. Lastly, a poly-
silicon sidewall oxide spacer can be
formed on the sides of the pillar to fur-
ther enhance the surface area of this
storage node. When fabricated with
0.15-um features, the capacitor area is
| about 1 um? The total measured ca-
| pacitance, with an oxide-equivalent
thickness of about 3 nm of tantalum-
pentoxide dielectric, is about 12.77
fF/cell at 1.2 V. If hemispherical grain
enhancement is used, the capacitance
can increase to about 25 fF/cell.

Examining trends in memory-cell
approaches, an invited presentation
by Toshiba Corp., Yokohama, Japan
(paper 13.3), looks at the various pla-
nar and vertical memory-cell struc-
tures (both trench and stacked ver-
sions) developed thus far. Future
market needs for low-cost, high-speed,
and embedded-logic/DRAM require-
ments also get reviewed. The presen-
tation focuses on the fully planarized
trench capacitor cell and the 3D capac-
itor structure employing barium-
strontium-titanate (BST) storage
cells. Both are promising for gigabit-
generation DRAMs.

To achieve gigabit densities, ap-
proaches are expected to include
oxynitride as the gate dielectric and a
combination polysilicon/metal-conduc-
tor structure, as well as cobalt-silicide,
on gate electrode and source/drain re-
gions. This will reduce sheet resis-
tances. Using low-dielectric-constant
interlayer dielectrics will reduce para-
sitic capacitances and crosstalk, while
copper wiring formed by Damascene
processing will minimize interconnect
resistance.

Bitline metal
- oy Sidewall
ml:ﬂ Barrier nitride spacer
Tungsten
source
local
Titanium silicide interconnect
Control gate
Floating gate
Titanium silicide | | Titanium siticide
l % L A Y AN
Drain n* S W
P- pocket P-iel

2. The use of shallow trench isolation by Toshiba in this NOR-type flash-memory cell permits the
memory designers to reduce cell-to-cell spacing. They also can trim the cell size to just 0.44 um?

when fabricated with 0.25-Lum design rules.

As DRAM densities increase, the
on-chip, word-line, resistance-capaci-
tance delay often becomes a perfor-
mance-limiting factor. To find a way
around that potential problem, design-
ers at Toshiba Corp., Yokohama,
Japan, detail a polymetal approach for
dual-gate CMOS circuits in next-gen-
eration 1-Gbit DRAMs and beyond.
The polymetal scheme layers tung-
sten-silicon-nitride on top of polysili-
con, with a coating of tungsten on top
of the WSIiN. The combination results
in a sheet resistance of just 4.5
Q/square for the word line, with a 40-
nm-thick layer of tungsten.

For packing transistors closer, shal-
low trench isolation (STI) has become
popular. But with DRAMs, companies
like Mitsubishi Electric Corp., Hyogo,
Japan, are concerned with the stress
in the trenches and how it affects
DRAM performance. In paper 6.3,
Mitsubishi researchers describe tech-
niques that lower the stress generated
during oxidation steps, when layers
such as the sacrificial oxide and gate
oxide are deposited. The researchers
then expect to be able to use STI
processes down to feature sizes as lit-
tle as 0.1 pm.

Still on the topic of stress, re-
searchers at Samsung Electronics and
NEC Corp., Tokyo, Japan, are pre-

senting results in papers 6.4 and 6.5.
Samsung focuses on the cumulative
thermomechanical stress produced by
shallow trench isolation for 1-Gbit and
denser memories. NEC stays with the
subject of sidewall stress in the
trenches and its effect on data-reten-
tion time. When filled with oxide de-
posited by electron-cyclotron-reso-
nance CVD, designers found that
shallower and more tapered trenches
provide better data-retention times.
As DRAMs get denser, refresh
times stretch out, meaning the DRAM
cells must maintain their data longer.
In paper 6.7, researchers at Hitachi
Ltd., Tokyo, Japan, delve into what
happens when densities hit 1 Gbit and
beyond. They found that by controlling
the energy-level distribution of traps
in the oxide, they could increase the
storage-cell retention time. Reducing
the space-charge-region field varia-
tion, together with the field itself, also
helped improve the retention time.
Better cell capacitors are keys that
can improve data retention. In Ses-
sions 28 and 30, more than a half-dozen
papers cover new capacitor structures
and material combinations for 1-Gbit
and denser memories. Hitachi Ltd.,
Tokyo, Japan, in paper 28.3, details the
use of a 1.5-nm, equivalent-thickness,
tantalum-oxide high-dielectric-con-
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A last-minute addition to the em-
bedded DR AM discussions, Fujitsu
Laboratories Ltd., Kawasaki, Japan,
details the fabrication of high-aspect-
ratio ruthenium pillars. The pillars
form capacitors that keep the memory
cell size to just 0.21 pm? when fabri-
cated with 0.15-um minimum features.
Compared to the previously proposed
pillar DRAM structures detailed at
last year’s IEDM, these Ru pillars im-
prove cell performance and logic delay
time considerably. Typically, when
DRAM blocks are added to logic
processes, the logic circuits suffer a
significant decrease in performance.
This is due to the compromises that of-
ten must be made in order to perform
the integration. Thanks to the pillar
technology, the logic circuits will only
see about a 20% increase in gate de-
lays versus a pure-logic function.

Nonvolatile flash-memory technol-
ogy, focusing on high-density storage
requirements, takes the stage in Ses-
sion 36. Intel Corp., Santa Clara, Calif.,
leads off with an overview of flash-
memory achievements and directions.
The company sees its stacked-gate
ETOX and other approaches hitting
some scaling limits in the future. Thus,
new approaches with multibit-per-cell
storage are being implemented to ef-
fectively double the capacity of current
chips, with only a minimal impact on
chip area. The paper also examines the
current industry trend to merge flash
technology with high-performance
logic processes, much in the same way
logic designers are trying to incorpo-
rate DRAM onto logic chips.

A high-density, NOR-based flash
technology developed at Toshiba tar-
gets embedded applications. Detailed
in paper 36.2, it’s based on a titanium-
salicided, shallow-trench-isolated cell
structure fabricated with 0.25-um de-
sign rules (Flig. 2). Both the gate poly-
silicon and source/drain contacts of
the cell transistors are covered with
titanium silicide to lower the gate and
contact resistance. Shallow trench
isolation is used to minimize the cell-
to-cell spacing. Source-diffusion lay-
ers connect to the local tungsten in-
terconnect. This helps reduce the
wire resistance as compared to con-
ventional diffused source lines. The
resulting cell area of 0.44 pm? is very
small and well suited for high-density
memory arrays. Memory endurance

is about 10° program/erase cycles.

Also working on high-density
NOR-based storage cells, designers at
Samsung detail a stacked-gate NOR
cell that employs a lightly doped
source junction to extend the effective
channel length. The extended channel
suppresses unwanted snap-back
breakdown during channel-hot-elec-
tron (CHE) programming. The exten-
sion also suppresses the oxide trap-
ping near the source junction during
Fowler-Nordheim erasing. Thanks to
a self-aligned contact processing
scheme, the length from the gate-to-
drain contact can be minimized to zero.
That lets the cell size be reduced to
just 0.42 pm?2, marginally smaller than
the area achieved by Toshiba.

Exploring the use of silicon-on-in-
sulator technology for an advanced
flash-memory cell, researchers at Mo-
torola Inc., Austin, Texas, have
demonstrated EEPROM functional-
ity. They use double-polysilicon bit
cells on an SOI wafer, with the same
layout as standard bulk-CMOS bit
cells. Using Fowler-Nordheim tunnel-
ing for both programming and erase
operation results in floating-body SOI
bitcell program and erase characteris-
tics comparable to bulk CMOS struc-
tures. The bitcell endurance of the SOI
cells, however, shows significantly less
window closure than bulk CMOS
cells—an indicator that the cells may
have a higher program endurance. Us-
ing the SOI wafer also eliminates the
need to fabricate triple-well struc-
tures, which could result in a simpli-
fied manufacturing process.

A split-gate memory cell developed
jointly by Halo LSI Inc., Wappinger
Falls, N.Y.; Matsushita Electronics
Corp.; and Matsushita Electric Indus-
trial Co. Ltd., Osaka, Japan, promises
very fast programming time with low
program currents. The new channel-
hot-electron structure detailed in pa-
per 36.5 adds a step channel to the
split cell. This provides over-erase
protection and reduces cell program-
ming current. Two step-split devices,
with very short horizontal channel
lengths of 40 and 100 nm positioned
under the floating gate, have been fab-
ricated and tested.

With a 40-nm channel length, a new
programming scheme takes place. If
the floating gate is uncharged with
electrons, the drain field reaches all

the way to the control-gate edge, de-
pleting most of the channel region.
The small amount of electrons re-
leased from the control gate can be di-
rectly injected into the step channel
(without channel electron scattering),
thus achieving ideal CHE injection.
When the channel length is 100 nm,
the programming mechanism is con-
ventional source-side injection. A high
floating-gate voltage must be used to
form an inversion layer and deliver
the drain voltage near the polysilicon-
to-polysilicon gap. The 40-nm split-
gate structure demonstrates a very
fast programming time of just 400 ns
at 5V, with a program current of less
than 30 pA. Read currents show suffi-
cient margins between “0” and “1”
states (6 nA vs.60 pA at V=25 V).

A new writing scheme for hot-elec-
tron programming of flash memory
cells has been developed by re-
searchers at the University of
Bologna, Italy. In their approach, the
scheme combines a positive-source
bulk voltage and a ramped control-
gate voltage, performing the pro-
gramming while keeping drain cur-
rent virtually constant. That allows
accurate control of the final V1 and
programming drain current. The
drain current, determined by the slope
of the control-gate ramp, can be
traded off with programming time
over a wide range of values.

The last flash paper deals with a sin-
gle-transistor, highly scalable mem-
ory-cell structure dubbed MONOS.
Developed by Sony Corp., Astugi,
Japan, the cell can be scaled to features
as small as 0.13 pm. Since only a single
transistor is needed per cell, it can
form high-density memory arrays.

The advances in memory-cell struc-
tures portend major improvements in
chip storage capacity and perfor-
mance. But, these developments are
only the veritable tip of the iceberg
when it comes to all the technology en-
hancements and breakthroughs pre-
sented at IEDM. Look for advanced
static RAM structures, as well as su-
per-high-performance CMOS technol-
ogy employing bonded silicon on insu-
lator, biCMOS, and silicon-germanium
biCMOS, to be covered in Session 8.
And, advanced interconnection
schemes detailed in Session 31 and 37
will show how denser and faster cir-
cuits can be fabricated.
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stant dielectric. It forms a rugged sili-
con capacitor suitable for mass pro-
duction of high-density DRAMs.

In the first four papers in session 30,
BST cell structures are discussed by
Mitsubishi; Toshiba; Mitsubishi in con-
Jjunction with Ryoden Semiconductor
System Engineering Corp., Hyogo,
Japan; and Samsung Electronics. The
remaining presentations, by NEC and
Bell Laboratories/Lucent Technolo-
gies, Murray Hill, NJ., investigate us-
ing lead-zirconium-titanate (PZT) for
the cell capacitor, advanced dielectrics
for gate oxides, and DRAM cells and
RF capacitors, respectively.

In examining the two popular BST
capacitor structures—the planar cell
and the 3D stack—Mitsubishi design-
ers feel that the planar cell will be self
limiting to chip capacities of 256 Mbits
and less. The area required at higher
densities would make the chips too
large, which means the 3D stack cell
structures will predominate for densi-
ties above 256 Mbits. The contact ma-
terial also is critical, taking into ac-
count materials such as platinum,
iridium, iridium-oxide, ruthenium, and
ruthenium-oxide. For densities up to 1
Gbit, researchers feel that platinum,
iridium, and iridium-oxide would be
appropriate. At 4- and 16-Gbit densi-
ties, ruthenium and ruthenium-oxide
would be more scalable.

Experimenting with an all-Per-
ovskite capacitor (APEC) technology
(30.2), researchers at Toshiba checked
out how well the structure could scale
down to feature sizes of 0.1 um. The
use of conductive Perovskite oxide
(polycrystalline strontium-ruthenium
oxide) as the top and bottom elec-
trodes for the BST storage capacitor
promises lower leakage currents. It
also ensures less damage from a hy-
drogen-based process atmosphere,
better thermal stability during BST
film deposition and annealing, and
higher reliability.

The joint presentation by Mit-
subishi and Ryoden (30.3) examines
ways to integrate the manufacturing
of a sputter-deposited BST capacitor
with a thick platinum electrode. It
could then be used in a logic-compati-
ble process. Once production-worthy,
such a process can combine with logic
structures to create chips which
merge logic and blocks of high-den-
sity DRAM.

Overcoming some of the process-
ing limitation that held back BST ca-
pacitors, researchers at Samsung
point out several tricks they devel-
oped to perform post-process anneal-
ing. They increased capacitance and
prevented barrier oxidation and any
unwanted patterning of the elec-
trode. A concave capacitor structure
with a buried barrier combines the
use of platinum and metal-organic-
CVD-deposited BST to solve those
problems.

Ferroelectric PZT-based capaci-
tors also are highlighted in several
presentations. NEC designers ex-
amine various optimization attempts
on the PZT material composition.
They also investigate the sputtering
conditions required for the top elec-
trodes to achieve a highly reliable ca-
pacitor for a ferroelectric RAM (pa-
per 30.5). Such a device would keep a
wide operating margin over 10°
switching cycles.

Additional ferroelectric develop-
ments were discussed in papers 13.4
and 13.5 by NEC and Toshiba, re-
spectively. NEC detailed the devel-
opment of a 0.25-pm CMOS-logic-
compatible FERAM memory cell.
The cell occupies an area of just 3.2
um?, making it one of smallest
FERAM cells yet reported. Toshiba
researchers concentrated on devel-
oping a cell with a high immunity to
fatigue, which can be used at Mbit-
class densities when powered by a 3-
V supply. Employing a single-tran-
sistor/single-capacitor structure, the
cell has a lifetime several times that
of conventional FERAM cell struc-
tures.

Merging DRAM And Logic

The ability to combine DRAMs and
logic on the same chip has become a
hot topic due to the potential perfor-
mance gains. But, there are draw-
backs. Processes optimized for
DRAMs don't allow the co-integration
of high-performance logic. And,
processes for high-performance logic
don’t permit high-density DRAM ar-
rays to be co-integrated. The research
done by NEC Corp., Tokyo, Japan,
however, may change that. In paper
13.1, NEC researchers cover a multi-
ple-thickness, gate-oxide scheme that
employs dual-gate transistor struc-
tures to co-integrate high-perfor-

mance logic with embedded DRAM
blocks.

The multiple-thickness gate oxides
are formed using argon and nitrogen
implants, along with impurity doping
into the dual-gate polysilicon, using
self-aligned thermal oxidation. The
process achieves about a 20% differ-
ence in oxide thickness. To achieve
high performance, the thin oxide is
used for the logic-circuits NMOS and
PMOS devices. The thicker oxide
gates are used by the NMOS transis-
tors associated with each DRAM cell,
providing better storage control. In
conjunction with a silicon-nitride cap
on the PMOS transistor’s gate, the
doping process suppresses boron pen-
etration. That produces better capaci-
tors for the memory cells.

Focusing on another aspect of the
ability to create logic-friendly merged
DRAMs, designers at NEC use
shared tungsten structures to deal
with the processing differences for
logic and memory circuits (31.6). If
tungsten-based Damascene bit lines,
storage capacitors, and contact plugs
are used in the DRAM portion of the
processing, the same metal can be
shared as local-interconnect lines and
stacked contacts/vias in the logic cir-
cuitry. The designers feel this scheme
can realize a 40-t0-65% interconnect
resistance reduction, in addition to the
optimal use with tantalum-pentoxide
dielectric full-metal capacitors. The
shared tungsten structures also help
reduce some process steps, improve
the thermal budget, and minimize the
aspect ratio and surface step height—
all of which enhance the processes’
ability to combine the DRAM and
logic on the same chip.

Researchers at IBM Corp.,
Hopewell Junction, N.Y., also pursue
the goal of integrating the DRAM and
logic. They have developed a 0.18-ym
logic/DRAM technology that’s fully
compatible with their most advanced
logic technology. And, it requires no
redesign of preexisting logic circuits.
Detailed in paper 37.5, the technology
can integrate 0.617-um? DRAM cells
on the same chip as a 4.2-um? SRAM
cell. They employ a dual-Damascene
copper-metallization system so the
chip achieves the highest performance
operating from a 1.5-V supply. The
DRAM cell also has a very high data
retention time—over 256 ms at 85°C.
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A last-minute addition to the em-
bedded DRAM discussions, Fujitsu
Laboratories Ltd., Kawasaki, Japan,
details the fabrication of high-aspect-
ratio ruthenium pillars. The pillars
form capacitors that keep the memory
cell size to just 0.21 um? when fabri-
cated with 0.15-um minimum features.
Compared to the previously proposed
pillar DRAM structures detailed at
last year’s IEDM, these Ru pillars im-
prove cell performance and logic delay
time considerably. Typically, when
DRAM blocks are added to logic
processes, the logic circuits suffer a
significant decrease in performance.
This is due to the compromises that of-
ten must be made in order to perform
the integration. Thanks to the pillar
technology, the logic circuits will only
see about a 20% increase in gate de-
lays versus a pure-logic function.

Nonvolatile flash-memory technol-
ogy, focusing on high-density storage
requirements, takes the stage in Ses-
sion 36. Intel Corp., Santa Clara, Calif.,
leads off with an overview of flash-
memory achievements and directions.
The company sees its stacked-gate
ETOX and other approaches hitting
some scaling limits in the future. Thus,
new approaches with multibit-per-cell
storage are being implemented to ef-
fectively double the capacity of current
chips, with only a minimal impact on
chip area. The paper also examines the
current industry trend to merge flash
technology with high-performance
logic processes, much in the same way
logic designers are trying to incorpo-
rate DRAM onto logic chips.

A high-density, NOR-based flash
technology developed at Toshiba tar-
gets embedded applications. Detailed
in paper 36.2, it’s based on a titanium-
salicided, shallow-trench-isolated cell
structure fabricated with 0.25-um de-
sign rules (Fig. 2). Both the gate poly-
silicon and source/drain contacts of
the cell transistors are covered with
titanium silicide to lower the gate and
contact resistance. Shallow trench
isolation is used to minimize the cell-
to-cell spacing. Source-diffusion lay-
ers connect to the local tungsten in-
terconnect. This helps reduce the
wire resistance as compared to con-
ventional diffused source lines. The
resulting cell area of 0.44 um? is very
small and well suited for high-density
memory arrays. Memory endurance

is about 10° program/erase cycles.

Also working on high-density
NOR-based storage cells, designers at
Samsung detail a stacked-gate NOR
cell that employs a lightly doped
source junction to extend the effective
channel length. The extended channel
suppresses unwanted snap-back
breakdown during channel-hot-elec-
tron (CHE) programming. The exten-
sion also suppresses the oxide trap-
ping near the source junction during
Fowler-Nordheim erasing. Thanks to
a self-aligned contact processing
scheme, the length from the gate-to-
drain contact can be minimized to zero.
That lets the cell size be reduced to
just 0.42 um?2, marginally smaller than
the area achieved by Toshiba.

Exploring the use of silicon-on-in-
sulator technology for an advanced
flash-memory cell, researchers at Mo-
torola Inc., Austin, Texas, have
demonstrated EEPROM functional-
ity. They use double-polysilicon bit
cells on an SOI wafer, with the same
layout as standard bulk-CMOS bit
cells. Using Fowler-Nordheim tunnel-
ing for both programming and erase
operation results in floating-body SOI
bitcell program and erase characteris-
tics comparable to bulk CMOS struc-
tures. The bitcell endurance of the SOI
cells, however, shows significantly less
window closure than bulk CMOS
cells—an indicator that the cells may
have a higher program endurance. Us-
ing the SOI wafer also eliminates the
need to fabricate triple-well strue-
tures, which could result in a simpli-
fied manufacturing process.

A split-gate memory cell developed
jointly by Halo LSI Inc., Wappinger
Falls, N.Y.; Matsushita Electronics
Corp.; and Matsushita Electric Indus-
trial Co. Ltd., Osaka, Japan, promises
very fast programming time with low
program currents. The new channel-
hot-electron structure detailed in pa-
per 36.5 adds a step channel to the
split cell. This provides over-erase
protection and reduces cell program-
ming current. Two step-split devices,
with very short horizontal channel
lengths of 40 and 100 nm positioned
under the floating gate, have been fab-
ricated and tested.

With a 40-nm channel length, a new
programming scheme takes place. If
the floating gate is uncharged with
electrons, the drain field reaches all

the way to the control-gate edge, de-
pleting most of the channel region.
The small amount of electrons re-
leased from the control gate can be di-
rectly injected into the step channel
(without channel electron scattering),
thus achieving ideal CHE injection.
When the channel length is 100 nm,
the programming mechanism is con-
ventional source-side injection. A high
floating-gate voltage must be used to
form an inversion layer and deliver
the drain voltage near the polysilicon-
to-polysilicon gap. The 40-nm split-
gate structure demonstrates a very
fast programming time of just 400 ns
at 5 V, with a program current of less
than 30 pA. Read currents show suffi-
cient margins between “0” and “1”
states (6 nA vs. 60 pA at Vo =2.5V).

A new writing scheme for hot-elec-
tron programming of flash memory
cells has been developed by re-
searchers at the University of
Bologna, Italy. In their approach, the
scheme combines a positive-source
bulk voltage and a ramped control-
gate voltage, performing the pro-
gramming while keeping drain cur-
rent virtually constant. That allows
accurate control of the final V1 and
programming drain current. The
drain current, determined by the slope
of the control-gate ramp, can be
traded off with programming time
over a wide range of values.

The last flash paper deals with a sin-
gle-transistor, highly scalable mem-
ory-cell structure dubbed MONOS.
Developed by Sony Corp., Astugi,
Japan, the cell can be scaled to features
as small as 0.13 um. Since only a single
transistor is needed per cell, it can
form high-density memory arrays.

The advances in memory-cell struc-
tures portend major improvements in
chip storage capacity and perfor-
mance. But, these developments are
only the veritable tip of the iceberg
when it comes to all the technology en-
hancements and breakthroughs pre-
sented at IEDM. Look for advanced
static RAM structures, as well as su-
per-high-performance CMOS technol-
ogy employing bonded silicon on insu-
lator, biCMOS, and silicon-germanium
biCMOS, to be covered in Session 8.
And, advanced interconnection
schemes detailed in Session 31 and 37
will show how denser and faster cir-
cuits can be fabricated.
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TECH INSIGHTS

CONFERENCE PREVIEW

Compound Semiconductors And Power
Devices Are Rising Stars At IEDM

Integrated Inductors, Fastest GaAs HBTs, SOI Transistors,
And Novel InP-Based HEMTs Get Their Share Of The Limelight.

Ashok Bindra
cientists and researchers around
S the world continue to battle hur-
dles so they can extend the perfor-
mance of semiconductor chips and dis-
crete components. This ongoing effort
will be the center of focus at the Inter-
national Electron Devices Meeting
(IEDM). Some key developments sure
to grab attention include compound
semiconductor devices like high-elec-
tron-mobility transistors (HEMTs)
and silicon-on-insulator- (SOI) based
power MOSFETS. Wide-bandgap
semiconductor power electronics, low-
voltage bipolar power transistors,
CMOS RF ICs, and silicon-germanium
(SiGe) devices also fall into this cate-
gory. Other papers will explore ad-
vancements in areas such as low-volt-
age CMOS and on-chip or integrated
inductors. Merged processes combin-
ing bipolar and CMOS technologies
(necessary for system-level integra-
tion) also get their share of attention.
In the HEMT arena, researchers
from NTT System Electronics Labo-
ratories, Kanagawa, Japan, will
demonstrate the fastest

posite resist in electron-beam (EB)
lithography (Fig. 1).

Other papers in Session 9 also pro-
pose improvements in InP-based
HEMTS. They come from the Univer-
sity of Padova, Italy; Massachusetts
Institute of Technology (MIT), Cam-
bridge, Mass.; and Sanders, a Lock-
heed Martin Company in Nashua,
N.H. To improve threshold voltage
(Vrg) reproducibility, as well as sup-
press kink effects in InP-based
HEMTs, scientists at the University
of Padova incorporated an InP recess-
etch stopper layer in the structure of
InAlAs/InGaAs. In addition, the re-
searchers observed improved long-
term stability with these devices.

Another serious concern for InP
HEMTs is the introduction of hydro-
gen during processing, which resuits
in circuit failures. A joint paper by
MIT and Sanders highlights two in-
dependent degradation mechanisms
that affect the intrinsic and extrinsic
portions of the device. Yet, the paper
does not propose any solutions to

these problems.

Work on a metamorphic (MM) ]
AlAs/InGaAs HEMT on a GaAs st
strate is being done at the Institute
Electronics and Microelectronics
North (IEMN), Lille, France. T
study shows the impact of indium co
position on such transistors. The :
searchers demonstrate the potential v,
MM-HEMT for low-noise applications
up to 100 GHz. It’s also a good alterna-
tive to lattice-matched InAlAs/In-
GaAs/InP HEMTs.

Scientists also continue to push the
performance envelope of GaAs-based
heterojunction bipolar transistors
(HBTs). While the HBTs run faster
than silicon bipolar transistors, power
dissipation and thermal management
have been perennial problems. Sev-
eral papers in Session 25 discuss per-
formance improvements in HBTs for
high-speed data transmission.

A notable paper from Hitac
Central Research Lab, Tokyo, Jai
reveals a method to reduce para
capacitance in the base-collector ji
tion of the device. To ach

three-terminal, InP-based,
lattice-matched HEMT de-
vice developed to date. It ex-
hibits a cutoff frequency (fr)
as high as 350 GHz. Accord-
ing to the researchers, this
implies gate delays of 3 ps.
With this technology, NTT
scientists believe digital cir-

Source
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cuits can be fabricated for
communication networks.

These networks would be
able to handle data rates in

i-inAlAs

excess of 100 Gbits/s—a fac-
tor of ten improvement in
speed. This is attributed to

R LA A ]

hlgh f'l‘ and fMAXv the
searchers have refined u
self-aligned, dry-etchin
process for the base-collecto
mesa formation. At the same
time, they’ve reduced the
width of the base contact
down to0 0.25 pm.

The researchers also mini-
mized the area of the base
electrode by controlling the
side etching of WSi/Ti. The
process has been further en-
hanced in terms of planariza-
tion, double photo-resi
coating, and etchback pr

the 30-nm gate length made
possible by the use of a sin-
gle-layer fullerene, noncom-

1. This cross-sectional view shows NTT’s 30-nm T-gate InAlAs /InGaAs
HEMT lattice matched to an InP substrate. The device is reported to
exhibit a cutoff frequency of 350 GHz.

sion. Employing th
process improvements,
tachi researchers redu
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the Department of EECS, the Univer-
sity of California at Berkeley, re-
searchers have fabricated MOSFETS
on low-cost SPIMOX wafers. To be
precise, NMOS transistors with a
gate-oxide thickness of 6.5 nm were
fabricated on a SPIMOX substrate.
For a transistor with a channel width
of 10 pm and a length of 10 pm, the
threshold voltage and subthreshold
swing were found to be 0.27 V and 96.8
mV/decade, respectively. These re-
sults were unsatisfactory. Also, the
drain/source resistance was a high
value of 432 Q. And, the buried oxide
(BOX) for the SPIMOX samples was
found to be leaky. According to the re-
searchers, the process needs improve-
ments on several fronts before such a
technology can become commercially
feasible. The aim of this work was to
show that SPIMOX is a promising
low-cost fabrication process for SOI.

SiGe And High Power

Low bandgap and compatibility
with silicon has made silicon germa-
nium (SiGe) an attractive combina-
tion for high-frequency bipolar tran-
sistors and RF ICs. Development
efforts around the world are pushing
this technology into the mainstream.
Philips Research Laboratories now
extends the benefits of SiGe to a new
area, namely ultra-fast power recti-
fiers. Philips researchers have pro-
duced discrete p*(SiGe)-n"- n** diodes
with low forward voltage drop (Vg),
low stored charge (Qg), and a soft re-
covery. As per Philips paper 26.6, the
SiGe diodes far exceed the perfor-
mance of conventional pin diodes
without resorting to lifetime killing,
thereby lending themselves to inte-
gration. Plus, the SiGe diode can be
inherently tuned during manufacture
by varying layer thickness and Ge
percentage in the p* layer. Conse-
quently, to suit particular applica-
tions, the manufacturer can select the
optimum trade-off between the
diode’s Vg, reverse leakage current
IR, and Qg parameters.

The quest to push the frequency
limits of bipolar transistors continues
with the same zeal. A joint paper (26.7)
written by the Institute for Semicon-
ductor Physics, Frankfurt, Germany,
and Lucent Technologies’ Bell Labs,
Murray Hill, N.J., will discuss a het-
erojunction bipolar transistor. This

transistor is based on C-doped SiGe
layers (Si/SiGe:C) grown by LPCVD
epitaxy with low defect density. The
HBT, fabricated in an epi-free, n-well,
single polysilicon technology, displays
frand fyax values up to 65 GHz. The
single-stage delays of a ring oscillator
based on the Si/SiGe:C HBT is down
to 16 ps. The scientists claim that this
technology is suitable for integration
into a modular, cost-effective, high-
performance BiCMOS process.
Concurrently, researchers at Texas
Instruments Inc., Dallas, Texas, have
made substantial progress in the prop-
erties of lateral DMOS (LDMOS),
making it compatible for integration
into present-generation BICMOS
power technologies. Besides giving a
short overview of the LDMOS evolu-
tion, TI’s paper examines experimen-
tal, dual-channel oxide construction as
a compromise for maintaining good
breakdown voltage (BV) and figure-
of-merit performance with logic-level
inputs. In addition, for the first time,
TI discloses the use of electroplated
copper surface wires to alleviate de-
bias problems and enhance device op-
erating efficiency. Since its effect is in-
dependent of current flow and device
operation, the copper improves both
forward and reverse operation, says
TI paper 26.1. Two types of devices are
described: 30-t0-100-V field LDMOS
and 12-to-25-V planar LDMOS.
Siemens AG, Munchen, Germany,
reveals its CoolMOS structure for new-
generation, high-voltage power MOS-
FETS. The structure offers an area-
specific on-resistance of 3.5 Q-mm?2. To
obtain such a dramatic reduction of on-
resistance for a given chip area,
Siemens introduced charge-compen-
sating columns in the drift region of the
transistor. In this scheme, the doping of
the vertical drift region is increased
substantially. This additional charge is
further counterbalanced by the imple-
mentation of fine-structured columns
of the opposite doping type. As aresult,
the blocking voltage of the transistor
remains unaltered. For higher blocking
voltages, the depth of the columns has
to be increased, but the doping levels
don’t have to be altered. Thus, accord-
ing to Siemens’ paper (26.2), there’s a
linear relationship between blocking
voltage and on-resistance. The paper
measures this relationship between
200 to 1000 V. Test results indicate that

for equivalent current ratings, a 600-V
CoolMOS transistor exhibits 35%
lower Rpyg(on), and equivalently lower
power dissipation—with about one-
half the gate-charge drive require-
ment. Also, claims Siemens, the Cool-
MOS structure is rugged enough to
offer an avalanche energy per chip area
that closely matches that of zener-
clamped devices.

On the wide-bandgap front, re-
searcher C.E Weitzel of Motorola
Inc.’s Materials Research and Strate-
gic Technologies, Tempe, Ariz., will
explore the RF properties of semicon-
ductor power devices. These devices
include SiC MESFETs, GaAs MES-
FETs, and AlGaN heterostructure
FETs (HFETs). This invited paper
(3.1) aims to address some of the man-
ufacturing and packaging challenges
confronting these wide-bandgap semi-
conductor devices.

Another presentation of interest in
this session is 3.3, a paper by NEC
Corp.’s ULSI Device Development
Labs. NEC unveils a novel, high-power
AlGaAs/GaAs HFET with a field-mod-
ulating plate: the FP-HFET. Accord-
ing to the authors, the field-modulating
plate reduces the electric field at the '
gate edge, and simultaneously controls
the channel opening in the recessed re-
gion. The field-modulating plate is
formed on the SiO, surface-passivation
layer (Fig. 3) in the gate/drain recessed
region of the HFET structure. This re-
sults in increased gate-drain break-
down voltage to 47 V. Also, the FP-
HFET exhibits an improvement in
output power up to 35 V at 1.5 GHz,
with a PAE of more than 55% up to 30-
V breakdown voltage. The FP-HFET
is being targeted as a high-power, solid-
state amplifier for wireless-communi-
cations applications.

Integrated Inductors

As the system-on-a-chip effort pro-
gresses, designers bring more and
more passive elements on board to
make the design as complete as possi-
ble. The biggest challenge has been
the inductors. Obstacles confronting
the integration of high-quality spiral
inductors on-chip is the focus of Ses-
sion 19. This session kicks off with an
invited paper on, “Progress in RF In-
ductors on Silicon-Understanding
Substrate Losses,” by Joachim N.
Burghartz of the IBM Research Divi-
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2. The quasi-SOl MOSFET structure depicted here uses a reversed-
silicon-wafer direct-bonding (RSDB) process to bond a high-resistivity
silicon substrate to the active region of the power MOSFET. The device
exhibits a power-added efficiency of 64% at 2 GHz and 2.4 V.

parasitic capacitance in small-scale In-
GaP/GaAs HBTs by about 20%. Con-
sequently, they achieved an fr of 156
GHz and an fy5x of 255 GHz, with an
emitter size of 0.5 by 4.5 mm?. Accord-
ing to the authors, these develop-
ments heighten the potential for using
these devices for high-speed, low-
power circuit applications.

Meanwhile, others take a different
route to obtain better performance
from HBTs. At the University of
Michigan, Ann Arbor, Mich., depart-
ment of EECS researchers developed
a high-gain, high-bandwidth mono-
lithic amplifier for optoelectronics re-
ceivers using GaIlnP/GaAs HBTs.
They deployed non-alloy metal con-
tacts for the emitter, base, and collec-
tor, with a laterally etched undercut
applied between the base and collector
region. This reduces capacitance,
while avoiding base-resistance degra-
dation. To improve HBT reliability, sil-
icon nitride was utilized as a passiva-
tion layer. Incorporating the improved
GalnP/GaAs HBTS in monolithic-mi-
crowave-1C (MMIC) technology, a
transimpedance amplifier was real-
ized that offered a flat gain of 52 dB
over a bandwidth of 13.5 GHz.

RF Devices

While compound semiconductor de-
vices are being architected for use in
mm and sub-mm wave regions, efforts
are underway to push the limits of sili-
con-based MOSFETS into the mi-
crowave domain. These efforts aim to
make silicon attractive for RF applica-
tions, especially from the standpoint of
power and efficiency. Six papers in

Session 35 attempt to address some of
these issues.

Forinstance, a paper by NTT Wire-
less Systems Labs, Tokyo, Japan, fo-
cuses on a high-efficiency, quasi-SO1
power MOSFET for multi-gigahertz
applications. Using reversed-silicon-
wafer direct bonding, it employs a
high-resistivity substrate (Fig. 2). As
per the NTT paper, the fabricated
quasi-SOI MOSFET demonstrated a
power-added efficiency of 64% at 2
GHz and 2.4 V. Because the new struc-
ture suppresses parasitic bipolar ef-
fects, the breakdown voltage realized
for the quasi-SOI device was as high
as 13.8 V. In addition, the source resis-
tance of the new device was lower—
achieving an fyjax of 11 GHz.

Similarly, researchers at Philips
Research Laboratories, Eindhoven,
The Netherlands, have increased
power-added efficiency of low-voltage
RF bipolar power transistors. By re-
ducing the output capacitance, Philips
claims a record power-added effi-
ciency (PAE) of 71% at 0.5-W output
power and 1.8 GHz, with a 3.5-V sup-
ply voltage. The lower output capaci-
tance of 2.1 pF was obtained by using
proper layout techniques and lower in-
terconnect capacitance. This high effi-
ciency, in conjunction with low cost
and simple impedance matching, en-
sures that silicon bipolar technology
is—and will remain—a viable technol-
ogy for present and future cellular and
other RF applications.

A paper from Toshiba Corp.’s Ad-
vanced Semiconductor Devices Re-
search Laboratories, Kawasaki, Japan,
unveils a new structure for realizing a
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3. NEC researchers propose a high-power AlGaAs/GaAs
heterostructure FET (HFET) with a field-modulating plate to improve the
gate-drain breakdown voltage to 47 V. This results in increased power-
added efficiency at high voltages.

low-power, high-performance, SOI-lat-
eral bipolar-junction transistor (BJT).
In this scheme, the developers employ
a self-aligned, external base-formation
process to attain a very low base resis-
tance of 1.5 kQ2, as well as reduced par-
asitics. Using this process, the fabri-
cated BJT exhibited an fyjpx of 31 GHz
at a collector current of 330 pA.

Scaling SOI

The trend toward low voltage
opens up the big question: Can SOI
scale down to the dimensions required
for future-generation chips? At IBM
Microelectronics, Hopewell Junction,
N.Y., paper 15.1 argues yes. IBM re-
searchers describe a 0.13-um, 1.2-V
SOI technology with effective transis-
tor channel lengths as short as 0.055
um—the smallest ever reported for
SOI. The paper indicates that this
technology offers more than 25% im-
provement in speed over the conven-
tional bulk CMOS in a ring oscillator.
It also requires 50% less active power
for an inverter with the same gate de-
lay as one built in bulk CMOS. Fur-
thermore, based on partially depleted,
scaled SOI MOSFETS, the IBM re-
searchers built a 288-kbit SRAM to
show that the SRAM works down toa
supply voltage of 0.8 V.

To exploit the advantages of SOI
devices in future CMOS scaling, how-
ever, low-cost, high-throughput fabri-
cation methods are most desirable.
Separation by plasma implantation of
oxygen (SPIMOX) process, a low-cost
version of the commercial SIMOX
wafers, has been reported. And, its
feasibility has been demonstrated. At

o
-3
-
=
a
=
g
a
~
=
]
o
a
b4
=
[=}
oc
G
a




THE EXPERT SOURCE
FOR THE ENTIRE
Aupio CHAIN

Power
Amplifiers
DSP = It |
Digital Co.nver.ters Control BOOMER®
(Digita (Mixed Signal)
Software) §-— i ==
Overture™

Ei

. Full Audio Chain

| NATIONAL SEMICONDUCTOR FEATURES
COMPLETE LINES OF AUDIO PRODUCTS
OPTIMIZED FOR SUPERIOR END-TO-

| END INTEGRATION IN YOUR AUDIO
DESIGNS, ENABLING INCREDIBLE
GAINS IN APPLICATION PERFORMANCE,
EFFICIENCY AND FOOTPRINT SIZE.

National Semiconductor



DC'97 DIGITAL i
~ AuDIO CONTROLLER

e
~ Bl KN

_I—- S/PDIF
= B -

Wave Engine

PCi BUS

_I— AC LINK B

LM4560 Block Diagram

NATIONAL'S ADVANCED
PCI AUDIO ACCELERATOR
PROVIDES INTEGRATED
DSP AND LEGACY
COMPATIBILITY ON A
SINGLE CHIP,
LM4560 ADVANCED PCI
AuDIO ACCELERATOR

THE LM4560 PROVIDES
SIGNIFICANT SYSTEM
LEVEL PERFORMANCE
ENHANCEMENT OVER AN
EQUIVALENT ISA AauDIO
CONTROLLER.
+FULL LEGACY
COMPATIBILITY
(SOUNDBLASTER AND
DMA), WAVETABLE SYN-
THESIS, DIRECTMuUSIC/™
DIRECTSOUND™ 2D/3D
«INTEGRATED 64-VOICE
WAVE TABLE ENGINE
WITH PER-VOICE EFFECT
PROCESSING CAPABILITY

+MICROSOFT* WDM
STREAMING ARCHITEC-
TURE COMPLIANT WITH
DYNAMIC “RE-ROUTABLE
ENDPOINT” PER CHANNEL
SUPPORT FOR I°S, SP/DIF
AUDIO OUTPUT

+CD QUALITY AUDIO WITH
>90dB SNR uUSING

AC 'G7/'98 CODEC

+PCI 2.1-COMPLIANT
Bus MASTER OPTIMIZED
FOR MULTIPLE STREAM
OPERATION
3.3V PROCESS
+SPACE-SAVING 100-PIN
TQFP PACKAGE
+COMPLIANT WITH AC '97
SPECIFICATIONS

Rev 2.0 For AMC CODEC
AND MULTIPLE CODECS

IDEAL FOR APPLICATIONS
SUCH AS ADAPTOR CARDS
AND MOTHERBOARDS

NATIONAL AND AC 97

IN MAY 1996, WE JOINED
FORCES WITH OTHER
INDUSTRY LEADERS SUCH
AS INTEL, ADI, YAMAHA
AND CREATIVE LABS

TO DEVELOP THE AC '97
STANDARD FOR HIGHER
LEVELS OF PERFORMANCE
AND DESIGN FLEXIBILITY.



AC’97 CODECs

CODEC
SELECT

SAMPLE RATE CONVERTER
AC LINK INTERFACE

0.0
D1

XTLIN
XTL_OUT

BIT_CLKX2

SDATA_IN
BIT_CLK
SYNC
SDATA_OUT
RESETH

l

L

MICT_IN '| AN s o —
——=- N == T POWER SUPPLY
> MIC2_IN 0dB/20d8 | ! i
625{ LINE_IN - :
o | coUN : ——
& | VIDEO_IN A
2 LAuON LAD/A [
PHONE_IN I »- - YADA
PC_BEEP_IN — — - -
oo &+ - € |
ouT 3K 1 9 AC '97
® I l REGISTERS | =
LINE_LEVEL
= - - ) ANALIA]IA
5 ouT VOLUME M u[';JL‘] @_'
¢ ~i LINE ‘_,_4.__&9 ..‘@._' “a 0
™~ VOLUME ~
i " e 3D BYPASS o S
—_— R IGNAL PATH
— S,LBNE,OS?GGN ALLPMH GAM-GAIN/ATTENUATION/MUTE

LM4548 Block Diagram

NATIONAL AC 97 HAS A
FULL RANGE OF CODECs
FOR AUDIO SYSTEM

DESIGN NEEDS,

LM4s546/7/8 AC '97
REV 2.0/PC98 COMPLIANT
CODECs

THE LM454X CODECs
PROVIDE HIGH QUALITY
AUDIO OPTIONS AND
FUNCTIONALITY FOR
coMPLETE PC AuDIO
SYSTEM DESIGNS.
«LINE-0OUT SNR:
95dB TYP
«DAC AnD ADC DYNAMIC
RANGE: 90dB 1vYP
«NATIONAL'S 3D SOUND
CIRCUITRY
+STEREO 18-BIT SIGMA-
DELTA A/Ds AND D/As

National's Current AC '97 CODEC Family

CODECs
LM4540
LM4543
LM4545
LM4546
LM4547
LM4548

9 %,

e,

1.03

1.03

1.03

2.0

2.0

20

AR

v v

<’s
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IDEAL FOR APPLICATIONS
SUCH AS MOTHERBOARD

AND PORTABLE PC AUDIO
SYSTEMS, ENTERTAINMENT
PC SOLUTIONS

WITH 128X OVERSAMPLING

«POWER MANAGEMENT
SUPPORT

www.national.com/appinfo/audio
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~ BOOMER®
Low-VOLTAGE AuDIO
POWER AMPLIFIERS

THE ORIGINAL BOOMER

SUPPRESSION AND INTER- . . . ops
NAL THERMAL SHUTDOWN | Wide Selection of BOOMER Audio Power Amplifiers

PROTECTION CIRCUITRY,
NATIONAL'S BOOMER ,
ICS DELIVER EXTREMELY |
SMOOTH-SOUNDING,

STABLE AUDIO DESIGNS.

I, - — — —

IDEAL FOR THE EXPLODING
PORTABLE AUDIO MARKET

FAMILY FROM NATIONAL
‘ PROVIDES A COMPLETE Family o }
| AUDIO AMPLIFIER Description Description Stereo Bridged
| SOLUTION —SUPERIOR Two-Way Audio Amp (fication System
LM4830 b s ¥
PERFORMANCE, CLEAR AND Hith Yaliime Gontiol v
POWERFUL SOUND AND LM4831 Stereolw;}#gbtilh\‘r&pel:herwnh3 / /
SMALL FooTPRIAT FoR LM483x LM4832 Digitall ControlledToneandVqume[ /
TODAY'S COMPUTER, Integrated W|thSrereoAudioPowerAmpIifier A
MOBILE PHONE AND OTHER LM4834 HWAudioPowerAmcFIi(ierwithDC v
Volume Control and Mic P |
PORTABLE AUDIO DESIGNS. i L N
— — Mag35 | Secofiiloimite |y |y
THE INDUSTRY STANDARD : el
1 Watt Audio Power Amplifier with
( ORIGINAL BOOMER SERIES LM4860 Shutdown Mode v I
OF AMPLIFIERS OFFER LM4861 HWAudgg‘&%vgsvrnf\hr‘noudlgierwith Ve I
HIGH OUTPUT POWER, LM486 - g
X 400mW Audio Power Amplifier with
HIGH-FIDELITY SOUND Bridged | |M4862 | "™ "lsunvose " | v
| WITH LOW VOLTAGE AND Stereo 2.2 Audio Amplifier with |
LM4863 p Ve
| ARE AVAILABLE IN A WIDE A | v
. VARIETY OF PACKAGES, LM4864 | 300mW Aydic Power Amplifier with v |
DESIGNS AND POWER . =v;
11W Audio Power Amplifier with
[} g LWAGTO | 11 et v
LM487x 11W Audio Power Ampiifie
| IN ADDITION TO BEING Bridged | LM487! withShutdown Hode | v
] ONE OF THE MOST COST- Stereo 2.1W Audio Amplifier with
LM4873
l EFFICIENT ICS, BOOMER’s Stereo Headphone and Input Mux | \/ \/
Stereo 250mW Audio Power Amplifie
ULTRA-LOW 0.7uA OF LM48BO | ¢ it Shutdomn Mode T | V|
SHUTDOWN CURRENT WILL LM488x T ————
qu|e LM4881 ereo 'N:nSh tedap?‘ned mplifier /
EXTEND THE BATTERY LIFE Ended with Shutdown Mode 1
OF PORTABLE SYSTEMS. LM4882 ZSOmWA%?]iotgowerMArgplifierwith |
Wi e
| COMBINED WITH ITS ————————
l PATENTED “POP AND CLICK”
{



LM4835 Block Diagram

LM4835

BOOMER STEREO 2W POWER
AMPLIFIER WITH DC
VoLuME CONTROL

THE LM4835's FuLLY

INTEGRATED PC98 comPLI-

ANT IC DESIGN PROVIDES

SUPERIOR AUDIO QUALITY

WHILE REQUIRING LESS

EXPENSIVE EXTERNAL

COMPONENTS, RESULTING

IN LOWER SYSTEM COST.

*« 2.0W AMP — LMU4835MTE;
1.1W AmMP — LMU835MT

« STEREO 85mW HEADPHONE
DRIVER

« DC VOLUME CONTROL
W/BYPASS

« BASS B0OOST (GAIN
SELECT PIN)

« EXTERNAL OR INTERNAL
GAIN SET

LM4835 Speakers

Left

Left In

Right In B

- Headphone

2.0W

Stereo
DC Volume MSSSSSES  Power Amp ‘
Control H d&h ot .
eadphone
Mute S Amp

Gain Select S

Headphone
Sense

Shutdown & Headphone Sense,
Pop and Click Suppression

Shutdown

«ULTRA LOW SUPPLY ’

CURRENT IN SHUTDOWN ‘ [DEAL FOR APPLICATIONS
MODE: 0.7pA | SUCH AS PCS, MULTIMEDIA
eTHERMAL SHUTDOWN MONITORS AND OTHER
PROTECTION PORTABLE AUDIO

+“PoP AND CLICK" PRODUCTS

SUPPRESSION

LM4873 Block Diagram

LM4873

BOOMER STEREO 2.1W POWER
AMPLIFIER PLUS STEREO
HEADPHONE AND INPUT Mux

«2.1W STEREO POWER AMP
(LMu873MTE)

«STEREO HEADPHONE AMP
«INPUT SELECTION MUX
sULTRA LOW SHUTDOWN
CURRENT (0.7pA)
«20-PIN TSSOP: SMALLEST
PACKAGE AVAILABLE FOR
BRIDGED STEREO POWER
AMPLIFIER

LM4873 Speakers

Left

Headphone
Jack

2.W

Right In 1 == Stereo s
Leftint Input Power » ——y
Mux Control Selection Amp :

&

Headphone
Amp

Shutdown & Headphone Sense,
Pop and Click Suppression

Right In 2 Mux

Leftin2

Headphone
Sense

Shutdown =3

IDEAL FOR APPLICATIONS
SUCH AS PCs, PDAs, AND
OTHER PORTABLE AUDIO
PRODUCTS

www.national.com/appinfo/audio



OVERTURE™

HIGH-PERFORM

National's Overture Solution for a 6-Channel A/V Receiver

1, LMAT66

LM3876
Bridged

1, LM4T66

LM3886

LM3876

LM3886

|

Center
Speaker

Subwoofer

‘!0@ ~
r

Listener Area

NATIONAL'S OVERTURE
AMPLIFIERS DELIVER HIGH
OUTPUT POWER AND SMALLER
FOOTPRINTS WHILE MAIN-
TAINING HIGH AUDIO
QUALITY NEEDED IN TODAY'S
HIGH-PERFORMANCE A/V
ENTERTAINMENT DESIGNS,

LM4700/LM4701

30W AuDp10 POWER AMP

W/MUTE AND STANDBY MODES
«THD+N AT 1kHz FROM
20Hz 10 20KkHZ AT 30W
INTO 8Q: 0.087 TVYP

LM2876/LM3876/LM3886

HiGH-PERFORMANCE AUDIO
POWER AMP W/MUTE —
NATIONAL'S MOST POWERFUL
OVERTURE AMPLIFIERS,
FEATURING SPIKE™ PRO-
TECTION TO COMPLETELY
SAFEGUARD AGAINST VOLT-
AGE OVER/UNDERLOADS
AND TEMPERATURE PEAKS.

«INPUT MUTE FUNCTION
«SPIKE: SELF PEAK INSTAN-
TANEOUS TEMPERATURE
(K°) PROVIDES DYNAMI -
CALLY PROTECTED SAFE
OPERATING AREA (SOA)
«QUTPUT OVER-VOLTAGE
PROTECTION AGAINST
TRANSIENTS FROM
INDUCTIVE LOADS

IDEAL FOR APPLICATIONS
SUCH AS HOME ENTERTAIN-
MENT A/V SYSTEMS AND
MULTIMEDIA PCs



ANCE AMPLIFIERS

L - = = - - — Mono Overture Amplifiers

LM1876
DuaL 20W Aup1io POWER
AMp W/MUTE AND STANDBY i Power Power r
gy | Amplifier (type) (peak) Package T0-220
oTHD+N AT 1kHz AT ‘ ' '
= V" LM4700* | >98dB ‘ 30w oW | 1l lead
OUTPUT POWER OF 2X20W |

INTO 80: 0.009% Tvp LM4701 | >98dB | 30W 60W | 9 lead

' LM2876* | >95dB 4W | TSW 1l lead

LM4765 1 [ ) !
DuaL 30W Aup1o POWER ; LM3876* | >95d8 S6W 100W 1l lead
AMP W/MUTE AND STANDBY ‘ . | :
MODES LM3886* | >9208 = 68w 135W 1 lead
+THD+N AT 1kHZ AT ‘ . , .

CONTINUOUS AVERAGE ' - SHTELEL

OUTPUT POWER OF 2x30W | .
INTO 8Q: 0.009% Tvyp - Stereo Overture Amplifiers

l

LML4766
AMP W/MUTE MODE Mode Mode:  Current T0-220

[

MigTe* | 200 v | v | v | amh | 15 lead

!

LM4765*| 30w v v Y | 65mA  15lead
| : | | |

LM4Te6*| 40w 4 4 15 lead

| !

«THD+N AT 1kHz AT

\ CONTINUOUS AVERAGE
OUTPUT POWER OF 2x40OW
INTO 8Q: 0.0097 TYP

LM4753
DuaL 10W AubDio POWER

DuaL 40W AuDIo POWER AMP Power SPiKe™ Mute Standby Standby Package
|
|

AMP W/MUTE, STANDBY AND

DC VoLumE ConTROL LM4753 | 10W Y. ¥ 5mA | i5lead
+«10W OUTPUT POWER INTO | | |
80 AT 10% THD *Pin-compatible

«MAXIMUM OPERATING
VOLTAGE: 32V
+POWER OUTPUT STAGE
NOISE FLOOR: 3mV
«LINE OUTPUT NOISE
FLOOR: 20pV

«0-5V DC CONTROLLED
VOLUME ATTENUATION:
80dB

«STEREO VARIABLE
LINE-OUT PINS

www.national com/appinfo/audio



AuUDIO POWER AMP SELECTION GUIDE
BOOMER PRoDUCTS
User Supply Part Power [THD <1% (Typ)}t Power [THD <10% (Typ)lt  Typical THD Measurement Supply Single/ Package
Yoltage Number 40 8Q 16Q 40 8Q 16Q THD Ratings Conditions Range (V) Dual (Pin Count)
3V&SY LM4830 1.5W LISW 0.6W 2W 14w 0.85W 0.20% Pp=1W @ Vg =5V 2.7V to 5.5V Single S0(24) DIP(24)
LM4831 15W 1IW N/ 19W 1.4W N/A 0.50% Py=IW @ Vg =5V 2.7V to 5.5V Dual TOFP(44)
M4832 0.33W 0.25W NA 0.42W 0.33W N/A 015% Pp=0.22W @ V=5V 4.5V to 5.5V Dual S0(28) DIP(28)
LM4834 175W LW 0.65W 2.2W 1.5W 0.85W 0.3% Py=1W @ Vg =5V 4.5V to 5.5V Single/Dual SSOP(28)
M4835 N/A LW 0.6W 2W  15W 0.85W 0.3% Py=IW @ Vg =5V 2.7V to 5.5V Dual TSSOP(28)
2.0W 1w 0.6W W 1.5W 0.85W 0.3% Py=1W @ V5 =5V 2.7V to 5.5V Dual TSSOP Exp(28)
LM4860 55W LI5W  0.6W 19W 145w 0.85W 0.72% Py=1W @ Vg =5V 2.7V to 5.5V Single S0(16)
LM4861 1.55W 115W  0.6W 19W 1.45W N/A 0.72% Pp=1W @ V=5V 2.0V to 5.5V Single S0(8)
M4862 0.52W 0.68W 0.53 0.69W 0.83W 0.66W 0.50% Py=.4W @ Vg =5V 2.7V to 5.5V Single S0(8) DIP(8)
‘ LM4863 NA 1IW  0.6W N/A  15W 0.85W 0.45% Py=.5W @ V; =5V 2.0V to 5.5V Dual S0(16) DIP(16)
NA  1IW  0.6W N/A  1.5W 0.85W 0.45% Pg=.5W @ V=5V 2.0V to 5.5V Dual TSSOP(20)
2.2W 1w 0.6W 2.TW 1.5W 0.85W 0.45% Py=.5W @ ¥ =5V 2.0V to 5.5V Dual TSSOP Exp(20)
M4864 N/A 0.68W 0.55W N/A 0.84W 0.72W 0.7% Po=.3W @ ¥=5V 2.7V to 5.5V Single SO(8) DIP(8)
N/A 0.3W 0.55W N/A 0.3W 0.3W 0.7% Py=.3W @ Vg =5V 2.7Vto 5.5V Single MSOP(8)
M4870 17W 118W 0.65W 215W 1.5W 0.85W 0.25% Py=TW @ Vg =5V 2.0V to 5.5V Single S0(8)
LM48T1 17W 1.18W 0.65W 2.5W 1.5W 0.85W 0.25% Pp=1W @ V=5V 2.0V to 5.5V Single SO(8) DIP(8)
LM4873 NA  1IW  0.65W N/A  LSW 0.85W 0.3% Py=2W @ Vg=5V 2.0V to 5.5V Dual TSSOP(20)
2IW LW 0.65W 2.6W 15W 0.85W 0.3% Py=2W @ Vg =5V 2.0V to 5.5V Dual TSSOP Exp
1M4880 0.34W 0.27TW 0.17TW 0.43W 0.33W 0.2w 0.03% Py=.2W @ V=5V 2.7V to 5.5V Dual 50(8) DIP(8)
LM4881 N/A 0.25W 0.15W NA  0.3W 0.2W 0.04% Pp=.2W @ V=5V 2.7V to 5.5V Dual S0(8) DIP(8) MSOP(8)
M4882 0.38W 0.27TW 0.17W 0.43W 0.33W 0.2W 0.03% Pp=.2W ® V=5V 2.4V to 5.5V Single SO(8) MSOP(8)
(Vg =6V) LM386 0.25W 0.25W 0.15W 0.32W 0.3W 0.2w 0.25% Pp=.125W @ V; =6V 4V to 18Y Single  SO(8)DIP(8)MSOP(8)
12y LM380 15W Low N4 2.25W 15W N/ 0.50% Po=4W @ V=22V 10V to 22V Single DIP(14) DIP(8)
LM384 N NA  NA 175W N/A NA 0.25% Py=4W @ V=22V 12V to 26V Single DIP(14)
LM386 0.25W 0.6W 0.6W 0.35W 0.8W 0.95W 0.25% Pp=.125W @ V=6V 4V to 18V Single  SO(8)DIP(8)MSOP(8)
LM1877 1.5W 1.0W 0.55W 1.75W 13w 0.75W 0.06% Po=IW @ V=14V 6V to 24V Dual DIP(14) S0(14)
14y LM380 2.5W 1L.75W  N/A 3.25W 2.25W N/A 0.20% Po=4W @ Vg =22V 10V to 22V Single DIP(14) DIP(8)
LM384 NA  NA  NA 325W N/A NA 0.25% Py=4W @ Vg =22V 12V to 26V Single DIP(14)
(Vg=16¥) LM386 N/A 0.6W 1.0W N/A 0.8W 1.6W 0.25% Pp=.125W @ Vg =6V 4V to 18V Single $0(8) DIP(8)
LM1877 2.0W 13w 0.85wW 2.5W LT5W 1.0W 0.06% Py=1W @ V=14V 6V to 24V Dual DIP(14) S0(14)
I M2879 N/A 1.25W  N/A NA 2w NA 0.05% Po=IW @ V=12V 6V to 32V Dual T0-220(11)
OVERTURE PRODUCTS 20V & ABOVE
l User Supply Part Power [THD <196 (Typ)It Power [THD <10% (Typ)}t Typical THD Measurement Supply Single/ Package
Voltage Number 40 B8 1652 4 BQ BQ THD Ratings Conditions Range (V) Dual (Pin Count)
(Vg=222V)  LMIBT6 23W 20W W 29W  26W 14w 0.08% Po=15W @ Vg = 220V 20V to 54V Dual T0-220(15)*
(Vs=20V) LM1877 2.0W 2.0W NA 2.5W 3.0W NA 0.06% Po=1W @ Vg = 14V 6V to 24V Dual DIP(14) S0(14)
| Vs = 28Y) LM2879 35W TOW 9w 44 8w 12 0.05% =W @ V=12 6V to 32V Dual T0-220(1)
(V= 22V) LM380 N/A  4.0W 25w N/A  5W 3.25W 0.20% Py=4W @ Vs= 22V 10V to 22V Single DIP(14) DIP(8)
(V5= 26V) LM384 N/A 55W N/A 25W TW SW 0.25% Py=4W @ V= 22V 12V to 26V Single DIP(14)
(V5= £25V) LM1875 20W 20W NA 25W 30W NA 0.02% Py=20W @ Vg= £ 25V 16Y to 60V Single T0-220(5)
(Vg = £30V LM2876 25W 40w 22w 35W 50w 26W 0.06% Pp=25W @ Vg = 30V 20V to 60V Single T0-220(11)*
(V5= x35V) LM3875 45W 56w 30w 56W TOW 39w 0.06% Py=40W @ V= £ 35V 20V to 84V Single T0-220011)*
(Vg = £25V) (V= £25V)
(Vs=235V) LM3876 45W S6W  30W S56W 70W 39w 0.06% Pp=40W @ V5= £35V 20V to 84V Single T0-220(11)*
{Vg=£25V) (V5= £25V)
(Vg = £35V) LM3886 68W 63W 33W 8TW T8W 41w 0.03% Py=60W @ Vg= £28V 20V to 84V Single T0-220(11)*
{Vg= £28Y) (Vg = £28Y)
(V= £28Y) LM4700 23W  34W 19w 29W  42W 24w 0.08% Py=30W @ V= £ 28V 20V to 64V Single T0-220(11)*
(V= 228V LM470 23W  34W 19w 29W  42W 24w 0.08% Py=30W @ Vg = £28Y 20V to 64V Single 10-220(9)
(V5= 24V) LM4752 BW 4.8W 3W W TW 4w 0.05% Py=4.5W @ Vg = 24V 10V to 32V Dual T0-220(7)
(V= 24Y) LM4755 8W 48W 3W W W 4w 0.05% Py=4.5W @ V5= 24 10V to 32v Dual T0-220(9)
(V5= £28Y) LM4765 24W  32W 18W 28W 40w 22w 0.08% Pp=30W @ V= £ 28Y 20V to 64V Dual T0-220(15)
(V= 230V LM4766 26W 42W 23w 3TW 53w 28 0.06% Py=25W @ Vg = £ 30V 20V to 60V Dual T0-220(15)
t Power Specified as Continuous RMS * tsolated Packages Available
FOR INFORMATION ON CODECS AND CONTROLLER PRODUCTS, SEE THE TABLE ON PAGE 3.

National Semiconductor

Get the complete Audio Selection Guide and other product information on the web
www.national.com/appinfo/audio

©1998 National Semiconductor, ﬂ and BOOMER are registered trademarks, and Overture and SPiKe are trademarks of Nati 1] i tor Corpo
All other trademarks are the property of their respective companies. All rights reserved
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SIEMENS

Now, a complete line of standard to high-speed couplers
When it comes to a comprehensive line

of optocouplers, we've got ycu covered.

Output

Phototransistors
Photodarlingtons
AC inputs

1Mb

5Mb

Linear
SCRs/Triacs

DIP

X
X
X
X
X
X
X

Small

X X X X X X

Multiple
Type Packages Outline Channels

X X X X X

Insight Electronics Inc.

1-888-488-4133, ext. 8579
www.insight-electronic.com  www.marshall.com

Marshall Industries
1-800-877-9839, ext. 3307

Now all your optocoupler solutions
are under one roof.

With the addition of our 5Mb/s optocou-
pler family, Siemens offers a complete
optocoupler line. Features include a
Schmitt-Trigger stage in the detector for
improved noise immunity, and a Faraday
shield for common mode transient
immunity.You get more data throughput
at 5Mb/s, so one serially transmitted cou-
pler can replace multiple parallel coupler
lines, reducing your costs by using fewer

Pioneer-Standard Electronics, Inc.
1-800-657-0168
WWW.pios.com

© 1998 Siemens Microelectronics, Inc., Optoelectronics Division, Cupertino, CA.

READER SERVICE 183

couplers Add our 25+ years of commit-
ment to optocoupler technology, and
Siemens is the only supplier you need
for high-volume to high-end couplers.
For data sheets, call for Lit Pack #M23A009
or visit our web site. With Siemens, you'll
see nothing but blue skies ahead.

ym/fast

or call 1 800-777-4363

Siemens Microelectronics, Inc.
Your partrer for winning solut

1SO 9001 Quality Systems certified.
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DOES YOUR SPIGE PASS THE TEST?
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m

2 +
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Compare Intusoft’s ICAP/4 features:

¢ Based on SPICE 3F.5 with XSPICE extensions? d Q
¢ Convergence Wizard? d Qa
¢ Failure analysis? # Q
¢ Design validation and verification? J Q
¢ Configurable schematic? d a
e Integrated with OrCAD® ‘s Capture™? M ]
* Integrated with Protel® ‘s Advanced Schematic™? M m]
. Integrated with Viewlogic” 's ViewDraw™? l{ a
¢ Special Power and RF SPICE Model Libraries? d a
¢ Over 450 different Model Types; over 13,000 Total Parts? d a
s SPICE modeling tool? A o
* Predictor-corrector, latency, & full gear algorithms? J a
¢ Interactive parameter sweeping? J Q
e  ActiveX/Visual Basic interface and script language for SPICE? i a
¢ Develop your own models using C code? ( ]
¢ Keyless network version? J 0
¢ Test program development including Fault Dictionary J a

and ATE Pseudo-Code generation?

If you’re using Pspice”, Electronic Workbench®,
or CircuitMaker’, the answer is “Probably Not.”

That’s because no
other SPICE tool

can match ICAP/4’s
proven IsSpice4
simulation technology.

Simply put, ICAP/4 is the
EDA leaderin analog &
mixed signal simulation.

To learn more, download a FREE working
evaluation version and FREE Spice models at:

www.intusoft.com

We’ll help you pass the test. z

PO Box 710 San Pedro, CA 90733-0710
310-833-0710 ph/ 310-833-9658 fax
email: sales@intusoft.com

in tu s Oﬁ www.intusoft.com

OrCAD Capture, Protel Adsanced Schematic aid View logicViendraw arc registered tradeimarks of irademarks of OrCAD. Protel and View logic nspatively. v
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sion, T.J.Watson Research Center,
Yorktown Heights, N.Y. This talk
(19.1) will provide new insights into
the inductor characteristics’ depen-
dence on the substrate configuration.
It will also explore different options to
provide ground shields between the
spiral coil and lossy silicon. Using a
three-level interconnect process, the
researchers at IBM have fabricated
several inductors. As long as the chip
is mounted onto a lossless substrate,
such as glass or quartz, results indi-
cate that thinning the silicon leads to a
higher Qumax and frequency {5, with a
virtually unchanged L. Mounting the
chip into a conventional package—a
metal substrate—will result in detri-
mental effects if the silicon is thinned.

The second part of this study, con-
cerning shielding, shows that intro-
ducing a perforated-metal ground pro-
vides the best shielding between the
spiral coil and the silicon. But, this
comes at the cost of reduced Qy5x and
self-resonance frequency fgg. The au-
thor cautions against having a closed-
loop metal ring contact any of the
ground-shield structures, as it will
have a degrading effect.

The next paper in this session dis-
cusses the subtleties of extracting Q,
the key performance metric, from a
wide range of inductor structures fab-
ricated in a bipolar process. On-chip
planar transformers are implemented
and simulated in paper 19.3. Substrate
modifications to enhance the inductor
Q are detailed in papers 19.4 and 19.5.
To achieve Quax of up to 20 for L = 2
nH, the Institute for Semiconductor
Physics in Frankfurt, Germany, has
developed a method for realizing a

silicon substrate immediately under
the spiral inductor.

Unlike the others, the last paper in
this session, 19.7, proposes the ex-
ploitation of widely used wirebonding
technology. At the School of Electron-
ics Engineering, Ajou University, Su-
won, Korea, researchers have demon-
strated that gold-bondwire inductors
have a very high Q-factor at desirable
{ values of inductance. Since the induc-

tance is controlled using the wirebond-
ing machine, the bondwire inductors of-
| fer high flexibility in design and
| fabrication. According to the re-
| searchers, they could even be useful in
low-cost MMICs.

L
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TECH INSIGHTS

CONFERENCE PREVIEW

1EDM Zeroes In On Advanced

Models For Complex Devices

Models Offer New Hope For Tackling The Issues
Of Deep-Submicron Design, Process Accuracy, And Interconnects.

 Cheryl Ajluni

n the past, the IEDM conference
I served as an excellent source of infor-

mation regarding the development of
new models and simulators. This year is
no exception, as the conference offers
sessions on everything from advanced
device modeling, process modeling,
compact modeling, interconnect model-
ing, advanced device and simulation,
and process/device model characteriza-
tion and applications. With such a wide
range of sessions, and a more impres-
sive variety of papers, there's bound to
be something to meet your needs.

For example, as designs become in-

| creasingly complex and geometries con-

tinue to shrink, accurate modeling and
simulation techniques become crucial to
a design’s overall success. Lack of accu-
rate models oftentimes leads to overde-
signing—and in some cases even under-
designing—by the engineer. If you
overdesign, you fail to take full advan-
tage of the possible performance capa-
bilities of the technology you're using.
With underdesigning, you run the risk
of the design not working at all.

Ultimately, you need to use accurate
models right from the start. That way.,
when you simulate your design, you're
doing so with the most accurate repre-
sentation possible. This is a key point.
In a deep-submicron (DSM) design en-
vironment, the chance for propagating
errors resulting from inaccurate design
information becomes too great a risk.
Indeed, it’s a gamble that could end in
design failure. Accurate models and
simulation tools must be the designer’s
first line of defense in preventing this
catastrophe.

Process Modeling

This is exactly why researchers at
Texas Instruments, Dallas, Texas, in
conjunction with Louisiana Technical
University, Ruston, La., have devised a

new approach for modeling the contact
resistance of silicide-source/drain struc-
tures. The approach combines
TSUPREM-4 simulations, physical
models, and optimally chosen electrical
test structures for the simulation and
modeling of the silicide-source/drain re-
gion, as well as the contact resistance
for silicided devices.

Such a model is crucial for a variety
of low-power and mixed-signal applica-
tions, since a reduction in contact resis-
tance equals improved transistor per-
formance. But to reduce this value, the
designer must first accurately and fully
simulate and model it. Unfortunately,
this isn’t as easy as it sounds, because
the contact resistance is dependent on
the complex interactions between the
silicide and the heavily doped
source/drain diffusion region.

With the new modeling approach,
though, designers now have a way to
link electrical performance with the
processing and structural variables
forming the silicide-source/drain re-
gion. Researchers have tested this ap-
proach over a wide range of fabrication-
process variables. It was shown to not
only significantly improve transistor
performance, but also reduce manufac-
turing costs. Accurate predictions mini-
mize the number of experiments re-
quired for technology development.
Further details of this approach are
highlighted in paper 27.5, “An Inte-
grated Approach for Accurate Simula-
tion and Modeling of the Silicide-
Source/Drain Structure and the
Silicide-Diffusion Contact Resistance.”

Advanced Device Simulation
The Massachusetts Institute of
Technology, Cambridge, Mass., and
IBM Austin Research Laboratory,
Austin, Texas, have come up with a new
methodology. Using timing analysis,

coupled with post-extraction net ad-
Jjustment, they can account for intercon-
nect-structure variation. The method is
so efficient that researchers predict it
can analyze thousands of nets for varia-
tion without having to modify current
computer-aided design (CAD) tools.

Effectively, this methodology
works as follows: During extraction of
nominal net capacitance and resis-
tance, additional intermediate infor-
mation regarding the geometry of
neighboring shapes is obtained and
stored. This information is then used
to analyze the effects of each source of
variation. A linearized model is subse-
quently created that represents the
delta capacitance and, when appropri-
ate, the resistance. The change in ca-
pacitance is then added to or sub-
tracted from the nominal parameter
capacitance extractions.

Finally, the RC network is formed,
moments are generated, and a timing
analysis based on RICE is performed.
Further details on this approach are
presented in paper 28.6, “Modeling of
the Effects of Manufacturing Varia-
tion and High-Speed Microprocessor
Interconnect Performance.”

Process Modeling

Also worth noting is paper 18.7,
“Monte Carlo 2-D and 3-D Simulation of
Ion Implantation in Topographically
Complex Structures,” from the Univer-
sity of Texas, Austin, Texas. The simu-
lator described in the paper—the
Topography-based Monte Carlo Trans-
port (TOMCAT)—is capable of predict-
ing the impurity and defect concentra-
tions in 2D structures. The topography
is arbitrary and specified by the user. A
variety of materials, whether crys-
talline or amorphous, can be handled by
the tool. As an added benefit, impurity
and defect concentration profiles from a
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previous sequence of implants can be
specified as a part of the structure.

The proposed tool is so flexible that it
even allows the generating of model pa-
rameters for arbitrary combinations of
ions and target materials. Researchers
report that using the simulator results
in improvements in CPU time over
standard UT-MARLOWE simulations
oy up to three orders of magnitude with
no loss of accuracy.

Paper 18.8, “New Analytic Models
and Efficient Parameter Extraction
for Computationally Efficient 1-D and
2-D Ion Implantation Modeling,” also
hails from the University of Texas. It
proposes computationally efficient an-
alytic models that consider local dam-
age levels for 2D implantation. This de-
velopment is significant, since the
rapid progress of CMOS-process tech-
nology has led to increased process
complexity and fabrication cost, mak-
ing accurate, computationally efficient
ion-implantation models a must. And,
the paper details a new approach to 2D
analytic ion implant simulation. Taking
implant-induced damage into account,

it also generates 2D interstitial/va-
cancy and impurity profiles.

Interconnects

Aside from death and taxes, one
thing in life is certain. As designers ven-
ture into an increasingly complex DSM
environment, interconnects will play a
major role in the design process. Recog-
nizing this fact, researchers from Stan-
ford University’s Center for Integrated
Systems, Stanford, Calif., and Ericsson
Components, Kista, Sweden, have de-
vised a 3D modeling approach for the
characterization and design optimiza-
tion of bonding wires.

This method captures the geometry
from scanning-electronic-microscope
(SEM) photos. Based on that geometry,
the electrical parameters are then ex-
tracted. A Java program was devel-
oped to extract the 3D bondwire geom-
etry and generate the input files. The
simulators can then extract the electri-
cal parameters for the structure. Re-
search shows the extracted electrical
parameters standing in good agree-
ment with measured data. Other de-

tails of this development are high-
lighted in paper 11.5, “A Fast 3-D Mod-
eling Approach to Parasitics Extrac-
tion of Bonding Wires for RF Circuits.”
A similar effort comes from Carnegie
Mellon’s Department of Electrical and
Computer Engineering, Pittsburgh,
Pa. Detailed in paper 11.6, “Equipoten-
tial Shells for Efficient Partial Induc-
tance Extraction,” their technique re-
lies on the use of filament currents,
rather than point-like current distribu-
tions, and equipotential shells for the
partial-inductance extraction. This
spherical shell partial-inductance ap-
proximation is shown working for both
on-chip and system-level extraction.

Compact Modeling

In the past, extensive studies were
performed on 1/f noise for a number of
reasons: its influence on certain critical
VLSI design parameters, such as noise
figure and oscillator phase noise; its in-
sight into device physics; and its role as
an evaluation tool assessing oxide reli-
ability. One discovery uncovered by
these studies is the fact that random-
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telegraph-signal (RTS) events, and the
associated 1/f noise, are becoming criti-
cal issues for advanced, low-power
analog and mixed-mode circuitry.

To address this concern, Rockwell
Semiconductor Systems, Newport
Beach, Calif., and the University of
California, Irvine, Calif., developed
BSIM3-compatible noise models. As
detailed in paper 4.3, “BSIM3 Based
RTS and 1/f Noise Models Suitable for
Circuit Simulators,” the models are
based on the effects of band-bending
fluctuations associated with single-car-
rier trapping. To date, their use has led
to very accurate modeling of the gate-
and drain-bias dependence of 1/f noise.

Paper 4.4, “A Physically Based
Model for Low Frequency Noise of
Poly-Silicon Resistors,” details the
work of researchers from Siemens AG
Corporate Technology, Munich, Ger-
many, and the Technical University of
Munich in Munich, Germany. Their de-
velopment is significant because ana-
log parameters (in this case the noise of
resistors realized by polysilicon layers)
have become an increasingly impor-

tant issue in CMOS integrated-circuit
design. This new model, which can be
implemented into a circuit simulator,
addresses this by effectively explain-
ing the 1/f noise behavior of highly
doped polysilicon resistors as a func-
tion of frequency and operating point.

Similarly, Paper 4.5, “Ratio Based
Hot-Carrier Degradation Modeling for
Aged Timing Simulation of Millions of
Transistors Digital Circuits,” from Mat-
shushita Electrie Industrial Co., Kyoto,
Japan, and BTA Technology, Santa
Clara, Calif., details how researchers
devised a model for aged-timing simula-
tion of large circuits. Relying on the use
of gate-level representation, the model
makes aged-timing simulation much
larger and faster than the conventional
transistor-level approach, which used
CMOS I-V characteristics.

Advanced Device Modeling
Silicon-germanium (SiGe) devices
are believed to be the most promising
candidates for improving PMOSFET
performance in silicon ICs. Recogniz-
ing this fact, researchers from the Uni-

versity of Bremen, Bremen, Germany,
developed full-band Monte Carlo simu-
lations to be used with such devices.
The full-band Monte Carlo code is
based on scattering models and band
structures calculated with the non-lo-
cal empirical pseudopotential method.
The valence and conduction bands are
diseretized with non-uniform grids.
Particle transfers via hetero interfaces
are treated consistently with the full-
band structure. Further details of this
development are summarized in paper
334, “Full-Band Monte Carlo Simula-
tion of a 0.12-um Si-PMOSFET with
and without a Strained SiGe-Channel.” |
Paper 33.5,“A New Model of Tunnel-
ing Current and SILC in Ultrathin Ox-
ides,” from researchers at the Univer-
sity of Padova, Padova, Italy, spotlights
another modeling development. Based
on a double-box approximation of the
oxide conduction band, the model can
quantitatively fit the characteristics of
the MOS tunneling current, such as
quantum oscillations of the Fowler-
Nordheim current and low-field, stress-
induced leakage current (SILC).
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CONFERENCE PREVIEW

Sensors And Displays
Take The Spotlight At IEDM

Advanced Device Structures And New Technologies Open The Door
For Newly Emerging Display And Sensor-Based Applications.

Cheryl Ajluni

n recent years, detectors, displays,

and sensors have garnered a lot of at-

tention at conferences like IEDM. In
part, this is because of the new, innova-
tive, and often low-cost applications
they enable in areas ranging from med-
ical and instrumentation to consumer
products. Undeniably, these technolo-
gies will continue to have an enormous
impact on the way we live and work.

TFTs

One area where a great deal of inno-
vation is occurring is thin-film transis-
tors (TF'Ts). TFTs, often integrated into
active-matrix liquid-crystal displays
(AMLCDs), are a means to address (or
switch) each display pixel. While the
technology offers significant benefits
compared to other display technologies,
it’s not without shortcomings. Recog-
nizing its failings, many have sought to
improve its long-term shot at success
by identifying and developing solutions
that overcome any limitations.

One shortcoming is the choice of sub-
strate. Glass panels are used for such
things as large-area electronic applica-
tions. Such substrates are available in
large areas, at low cost, and with flat and
smooth surfaces that simplify device
processing. But, glass is also heavy and

fragile. Plastic, on the other hand—or

some other flexible substrate—makes a
more mechanically robust display for
handheld computer or other low-cost
electronic applications and displays.
With this in mind, researchers from
Pennsylvania State University in Uni-
versity Park came up with a low-tem-
perature process for combining a 250°C
hydrogenated amorphous silicon (a-
Si:H) TFT process with polymeric sub-
strates. The result is a-Si:H TFT ICs
fabricated on flexible polymeric Kapton
substrates. Their performance matches
that of similar devices fabricated on

glass, but also is sufficient for low-cost,
flexible electronics.

As detailed in paper 10.2, “Tri-Layer
a-Si:H Integrated Circuits on Polymeric
Substrates,” researchers were able to
use standard processing techniques
(plasma-enhanced chemical-vapor depo-
sition) and a silicone-gel mountant to
fabricate the ICs. The silicone gel used
for the adhesive layer was crucial for
maintaining substrate flatness. Due to
itsinherently pressure-sensitive nature,
it also improved thermal transfer.

In a similar development, re-
searchers from the Lawrence Liver-
more National Laboratory, Livermore,
Calif., in conjunction with the Univer-
sity of California at Berkeley, found a
method for fabricating polysilicon TFTs
at 100°C on a flexible plastic substrate.
As highlighted in paper 10.3, “Polysili-
con Thin Film Transistors Fabricated
at 100°C on a Flexible Plastic Sub-
strate,” the substrate of choice was
polyethylene terephthalate (PET). This
low-cost, flexible, and rugged material
was chosen for a number of reasons. Op-
tically transparent, it’s suitable for both
transmissive and reflective displays.
An excimer laser was used for the laser-
doping process to crystallize the un-
doped channel regions of the polysilicon
film. A second laser step then doped the
source/drain regions. The resulting
TFTs fabricated dlsplayed ION/IOFF ra-
tios greater than 105, and electron mo-
bilities greater than 5 cm?/ Vg,

Finding the appropriate TFT sub-
strate is only one part of the problem. If
you can’t model or quantify the effects of
various parameters, such as grain-size
variation on poly-TFT, it’s virtually im-
possible to quickly estimate device vari-
ation when a process is changed.

Until now, such a capability hasn’t
existed. But, thanks to researchers
from California’s Stanford University, a

model for grain-size variation now ex-
ists. As explained in paper 10.8, “Model-
ing of Grain Size Variation in Polycrys-
talline Thin Film Transistors,” the
number of grains in a given transistor
can be modeled using a Poisson area
scatter. The method is similar to that
used for the basic modeling of manufac-
turing-defect densities. Now, technolo-
gies that can remove the source of ran-
domness, or device variation, such as
seeded crystallization and sequential-
lateral solidification (both of which are
now under development), may finally
improve device-to-device uniformity.

FEDs

An option to the more traditional
AMLCD, the field-emission display
(FED) offers a number of significant
features, including the ability to produce
bright images. But, it too has its draw-
backs. Its high-emissions threshold volt-
age and lack of low-voltage phosphors
necessitate large power consumption.

One way to deal with this obstacle is
to develop better field-emitter arrays
(FEAs). Researchers at the Massachu-
setts Institute of Technology (MIT) in
Cambridge did this when they made a
100-nm aperture FEA. As summarized
in paper 32.1, “100-nm Aperture Field
Emitter Arrays for Low Voltage Appli-
cations,” interferometric lithography
was used to fabricate the FEA. This re-
sulted in the highest cone densities re-
ported to date, turn-on voltages as low
as 12V, and the ability for current densi-
ties to increase by 1000 just by varying
the gate voltage by 5 V.

A scaled-down silicon (Si) FEA with
90-nm-diameter gates hails from NEC
Corp., Kanagawa, Japan. Summarized
in paper 32.2, “A Si Field Emitter Array
with 90-nm Diameter Gate Holes,” this
FEA has a threshold voltage of 22 V at 1
nAf/tip. A unique two-step thick insula-
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tor underneath the gate electrode en-
ables the insulator to be kept thick. The
long, creeping distance between emitter
and gate electrodes is maintained even if
gate diameter is reduced.

Something else of interest comes
from researchers at Lehigh University,
Bethlehem, Pa., in conjunction with
FED Corp., Hopewell Junetion, N.Y.
The first of its kind—a VGA polysilicon,
active-matrix organic LED (OLED)

display—also features an innovative
new driving method. The method calls
for connecting the address line to the
drains of all the pixel transistors. Data is
then written to the transistor gates.
Two different versions of this display
type were built so researchers could in-
vestigate OLED performance charac-
teristics. Both displays featured VGA
resolution with a 40-mm diagonal. But,
one was a single transistor/pixel design
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with a 50-um pixel size, while the other
used two TFTs per 100-pum pixel.

LEDs

Until now, only passive monochrome
displays have been built from OLEDs.
That’s what'’s significant about the VGA
polysilicon OLED development. With
an active-TFT display design, the tech-
nology can be scaled down to miniature
sizes. This development is highlighted
in paper 32.5, “Polysilicon VGA Active
Matrix OLED Displays—Technology
and Performance.”

The Microelectronics Institute,
Athens, Greece, and the National Insti-
tute for Microtechnology, Bucharest,
Romania, teamed up to provide another
application for LEDs: a monolithic inte-
gration of LEDs, detectors, and silicon-
nitride fibers on a silicon chip. This emit-
ter/detector system couples light with
30% efficiency—a big improvement
compared to the 1% coupling efficiencies
in compound semiconductor devices in-
tegrated by microbonding techniques.
The LEDs are silicon avalanche diodes
that emit light when reverse-biased be-
yond the breakdown voltage. The detec-
tors—standard pn junctions—are opti-
cally coupled to the light emitters by
Si3N4 waveg’uides.

This innovation derives from the
way in which the SigN, fiber aligns to
the emitter and detector, as well as the
way it bends from the field oxide to the
optical link’s end points. Coupling to the
light-emitter and detector planar de-
vices occurs by bending the fiber so that
it contacts both at a normal angle. To
minimize light loss, SiOy spacers are
then created at emitting and receiving
ends. An overall field-oxide thickness of
2.5 um assures relatively smooth bend-
ing and enough distance between the
long horizontal segment of the fiber and
silicon interface to minimize substrate
losses. Further details can be found in
paper 2.2, “Monolithic Integration of
Light Emitting Diodes, Detectors, and
Optical Fibers on a Silicon Wafer: a
CMOS Compatible Optical Sensor.”

Image Sensors

CCD image sensors have recently
been in the spotlight because they offer
a number of benefits in digital-imaging
applications, including night-vision sen-
sors and digital still cameras (DSCs).
For night vision, for example, re-
searchers from MIT’s Lincoln Labora-
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h! {0 ALt With the only monthly catalog in
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A production tools anywhere.

~ Add our personalized service and

expert technical support, and you've
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4 a gift for customer satisfaction that
4| even Santa would appreciate.
4§ Season’s greetings

from Future Activel m

VE!

L

M s — . .
e 3 W b
TALOG @ 1-800-655-0006

1 'ca{a\og
READER SERVICE 163 ‘ &. P~

Waster ==



3
o
o
=
—
o
o
=3
=
i
e
-
(=)
~
=z
e
v
-~
[=)
4
=z
o
&
v
e
Y]

TECH INSIGHTS

IEDM: SENSORS AND DISPLAYS |

tory, Lexington, Mass., developed a |
low-noise, 640-by-480 back-illuminated !
CCD image sensor capable of handling i
106X optical overloads. Effectively, it !
offers high resolution down to starlight |
illumination levels. Further details of |
this CCD image are highlighted in pa- |
per 2.4, “640 x 480 Back-Illuminated !
CCD Imager with Improved Blooming !
Control for Night Vision.” '
Researchers from Philips Imaging

Technology, Eindhoven, The Nether-
lands, have devised a 2/3-in., 2-Mpixel
sensor for DSCs. While 1-Mpixel cam-
eras remain common and 1.3-Mpixel
cameras are now being introduced, this
is the first report of a 2-Mpixel version.
The sensor is a progressive scan, 1600-
by-1280 frame-transfer CCD (FT-
CCD) imager with 5.1-by-5.1-um? pix-
els optimized for DSC applications. This
pixel size yields a 10-bit dynamic range,

THE TOTAL COOLING SOLUTIONS
FOR HIGH-SPEED

THE
WORLD'S
ONLY
LONG LIFE
FAN!

THE WORLD'S

FIRST

WATERPROOF

FAN!

Contact Us Now For Complete ’

’

[}
N 9385“\‘;
NP
& 200,000-hoyr fong:life fans

. Ser\'g) motors ¢ Stepping motg
guards

* Notebook CPU coolers 4
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with a small chip size of only 90 mm?.

By combining a 1:4 subsample
scheme, electronic optical low-pass fil-
tering, and optimized and flexible sub-
sample schemes, the imager lets up to 40
subsampled images at 280 line images/s
be generated with a 25-MHz readout.
This is detailed in paper 2.3, “A 2/3® 2-
Megapixel Progressive-Sean FT-CCD
for Digital-Still-Camera Applications.”

Researchers from the Jet Propulsion
Laboratory, Pasadena, Calif., also could
grab your interest. They've found a way
to implement a snapshot CMOS imager
without modifying the standard CMOS
process or adding in-pixel storage ele-
ments. Their design calls for an electron-
ically shuttered, snapshot CMOS im-
ager implemented in a single-polysilicon
standard CMOS process. The result is a
chip capable of imaging at high shutter
speeds and producing high-quality im-
ages free from motion artifacts. The 128-
by-128-pixel prototype imager is fabri-
cated in a 0.5-um standard CMOS
technology. Refer to paper 2.7, “A Snap
Shot CMOS Active Pixel Imager for
Low-Noise, High-Speed Imaging,” fo:
more on this technology.

MEMS

The advent of design tools and pro
cessing equipment have made it poss
ble to realize micromachined micro\'
electromechanical systems (MEMS) in
silicon. Advances in this field will take
center stage in Session 17.

In a noteworthy advance, re-
searchers from the University of Michi-
gan in Ann Arbor will deseribe a micro-
scopic RF mixer/filter comprising
interlinked microelectromechanical reg-
onators and a low-loss capacitive mixe
for frequency translation. Aimed a
portable communications applications
the MEMS mixer plus filter (paper 17.4
provides down-conversion of signals
from 50 to 200 MHz. It also offers subse
quent selective filtering at an IF of 34.
MHz, with less than 5 dB of combinec
conversion and filter insertion loss.

Scientists at the Institute of Micro-
electronics, Singapore, have developec
anovel, trench oxide-isolation techniqu
for a single-crystal silicon, microms
chined accelerometer. The aim is to us
inexpensive single-crystal silicon fo
fabricating surface micromachined a
celerometers with better yield and pe
formance. The results of this work w
be presented in paper 17.5.




We partner with you
to get the job done right
and o:%-time.

XYZ Corp
bl roject

T

.
E‘
I‘ ‘

-~

Deltron provides:
® On-site engineering assistance

® Prototypes in two weeks F Series Power Supplies
. 0.99 Power Factor

® J.IT. delivery « 1,000,000 + Models
(e N @ L <2 ~ « 400-1000W
Ielfrort inc. « 1-7 Outputs

PoweR " PRODUCTS o Ultra Compact Size



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.

STOCKED MODELS - Available in 3 da

FEATURES
I 0.99 power factor.
W 5.5 watts per cubic inch.
] 1-7 outputs, 400-1000 watts.
W 120 kilohertz MOSFET design.
W Universal input.
W8N UL, CSA, TUV (IEC, EN), CE.
I FCC, EN Class A EMI.
W |EC, EN Immunity.
I All outputs:
Adjustable
Fully regulated
Floating
Overload and short circuit protected

Overvoltage protected
1 Standard features include:

System inhibit
Fan output

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

< bl . ‘(’“}\_ i :' »” 9,

L
I 600w
. W

5V @ 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 44 B 23 36 -YY X

Configuration: Allowable quad output configurations are 42, 44, 46 and 48 | 08
Power Code:  Choose Power Code A through D for 400-750W models.
Output Codes: Select any outputs from the shaded area on the Output Types table 32

consistent with the configuration chosen.

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.

None

01 | Power Fail Monitor

02 Redundancy
04 | Current Limited
Zero Preload
16 Enhanced

| End Fan Caver
64 Top Fan Cover

the Option Codes.

Replace the YY with the sum?



MODEL SELECTION

Models are available in power ratings of 400 to 1000 watts, with
corresponding code letters Athrough E. See Power  ode chart.

Output modules are available insix types:J. K, -, M,Nand Pin
nominal power ratings from 75 - ,00 watt. Type M, N and P
modules are variable power rated depending upon the unit
power rating. The M, N and P Module table directly below shows
the corresponding multiplier applicable to the output current
ratings of the M modules and allowable power ratings forthe 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.

A 400W | 08 05 | 250W
B | 500W | 10 | 06 300w
C | eoOW | 1.2 08 400W
D | 750W | 15 | 12 | 500W
E | 1000W | 20 1.5 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.

10

1 10
2 10
3 6
4 5 | 20 | .
5 [ 18 | 4 8 | 16 | 28 | 28
6 | 24 | 3 6 | 12 | 21 | 21
7 | 28 | 25 5 | 10 | 18 | 18
8 | 36 2 4 8 14 | 14
9 [ 48 | 15 3 6 | 10 | 10
A 22| 10 | 20 | 30 | 100 60
B |24 10 | 20 | 30 | 100 | 60
C |27, 10 _ 20 | 30 | 100 | 60
D 3 | 10 | 20 | 30 | 100 | €0
E [ 36, 10 | 20 30 | 100 60
F | 4 10 | 20 | 30 | 100 | 60
G |45 | 10 | 20 30 | 100 & 60
H | 57| 10 | 20 | 30 | 9 | 60
J | 63| 10 | 20 | 30 | 8 | 60
K 7 9 18 30 | 70 | 60
L 8 8 16 | 30 | 62 | 60
M 9 8 15 30 | 56 | 56
N 10 7 14 30 | 50 | 50
P 11| 7 13 27 | 45 | 45
Q [135] 6 11 22 | 37 | a7
R 17 | 5 9 18 | 30 | 30
S |19 4 8 16 | 26 | 26
T | 21 4 7 14 | 24 | 24
U | 23| 4 7 13 | 22 | 22
vV | 26 3 6 12 | 19 | 19
w |29 3 5 10 | 17 | 17
X | 32 | 2 5 9 | 16 16
Y a0 | 2 4 8 | 13 | 13
Z | 4| 2 4 7 12 | 12

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
tableinsert the sum of the option codes. Where lower power is 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
FT 4B 2336-YYX
T T

dutput #

Qutput #

OUTPUT CONFIGURATIONS

The boxes below are diagrammatic representations of the power supplies as
viewed from the output end. The two-digit numbers above the boxes are the
configuration codes.

12 24 26 30
7 #2 | n ‘ w2 n) [#3 02 M
M Ik Im| | lLim |k LIm]|
32 34 36 38
o] [#2 w1 #3182 n TuaTe2|#1]
43| #2 3 ‘ (
JlJ M J KM K KM lefeim]
40 42 44 46
#a (#3201 " Tw2 w1 #3 a2 9|
w4 |43 |42 | | w4 [ w3 | ~4: |
K K| L M JIJlJ M J J K M JIK KM
48 50 52 54
#a |43 (82 |11 #5 |43 | #2 [ 1 5] T Tm w5 w2 w1
J | Ji | | J] |
w4 | w4 | #3 | w2 | wa w3 | |
K K K M| | J K|L M JIJlJum JlJ KM
56 62 64 72
w5 43 w2 |41 | [#5 46 1 w546 w2 41| w5 (w6 [#7 41
J J|J | ERER Jldiyl
44 ¥4 | #3 | #2 #4 | #3 #4 | 43 w2 |
J K K M| J]J J M J . J K M JIJ I M|

1 A J A 1 1 . 1

26 | e ex | ex X
30 | ' ' ' ' B
32 ° o X

34 | ° | L] | 7. X I . -

36 . ' . ' o X [ . X X
R T [«
40 [ . ‘ X
42 . . o X o X

44 ' . [ . [ o X . X X
46 | | . | * X | . X
48 | [ | X X
50 X
52 [ . [ . [ * X * X X
54 [ . o X o X x
56 | L [ x [ x
62 . o X * X X
64 | ' ' X x
72| ' X X

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

'World Radio Histo



SPECIFICATIONS

Wb

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

IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. IEC
1000-4-3/EN 61000-4-3, Radiated Field. IEC 1000-4-4/EN
61000-4-4, Electrical Fast Transients. |EC 1000-4-5/EN
61000-4-5, Level 3 Surge. IEC 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 miliiseconds from loss of AC power.

OUTPUTS

See model selection table. Outputs 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 if 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
cver 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

+0.02%/°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 load ratings.

Minc

POWER PRODUCTS

\N

’

K I a
LT L
l Ihg Wit automanc recovery when overload is removeq.

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 znd 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
1 FT
3 FT
4 FS
5
6

WATTS w
400W/500W 4.93"
600W 5.08”
600W 5.08"
750W 5.20"
750W 5.20"
1000W 7.13"

FT
FS
7 FS

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 F¥ 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.
& Wireless droop current share for parallel or N+1 redundant

operation,
ZERO PRELOAD
Optional circuit removes need for
to 500 watts,
ENHANCED
Option provides on all outputs:
® 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.
B Logic inhibit.
8 Nominal 5V bias.
B Margining.
END FAN COVER
Optional cover with brushiess DC ball bearing end fan which
provides the required air flow for full rating.
TOP FAN COVER
Same as above with fan cover mounted ontop 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

Specifications subject to change without notice

preload on main output up

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 e VISIT OUR WEB SITE: www.deltroninc.com
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Technology Chips Power Semiconductors Onto The Green

Semiconductor Pines Course (and home for burnt-out !

You re playing one of the toughest holes at the infamous 1 .
professionals). You've got one shot to make it onto the !

green, and it's now decision time. Should you use the MES- i
FET driver? Maybe that new HBT club? Or, perhaps your ;
trusty old GaAs iron. You confidently stroll over to your .
golf cart and pull out a binder with “Allied Business Intelli- E
gence Inc.” (ABI) on the cover. As the crowd watches, you !
quickly thumb through the pages, titled “Wireless Power |
Devices, Transistors, ICs, and Power Modules: Strategies, |
Technologies, and Trends.” With a satisfied smile, you
reach into your golf bag and pull out the cellular/PCS pitch- E
ing wedge. You chip the ball right towards the 2003 flag, !
because that’s when the power-semiconductor market will |
be worth a whopping $2.8 billion. That’s after a predicted |
gain of 19% each year, which will be driven by cellular/per- i
sonal communications service (PCS). As a result of the !
prominence of mobile voice-communications platforms, |
gallium-arsenide power-amplifier ICs are expected to :

grow at an average annual rate of |

26% over the next five years. Still, not all semiconductor
markets will benefit equally from the cellular/PCS boom.
Manufacturers of GaAs transistors already lost a lot of
their cellular segment to LDMOS power transistors for
base stations, as well as GaAs monolithic microwave inte-
grated circuits (MMICs) for handsets. Their growth rate is
only expected to be 5% over the next five years. This mini-
mal growth will stem almost completely from high-fre-
quency applications like LMDS, broadband satellite pro-
jects, and point-to-point millimeter wave radio.
Unfortunately, they’re not the only suppliers set to experi-
ence a diminishing share. According to ABI, heterojunc-
tion-bipolar-transistor (HBT) processes account for close
to 30% of the market for GaAs power-amplifier ICs. More
gains are anticipated at the cost of MESFET processes.
There will be double-digit growth for MESFET produc-
ers, but HBT is expected to account for a greater share of
that future market. Suppliers of power-amplifier ICs
might have bigger things to worry about, however. Cur-
rently, there’s a lot of renewed interest in power modules
from producers of cellular/PCS
handsets. The rise of handset
producers with less knowl-
edge in RF/microwave de-
sign, combined with dimin-
ishing design times, are
leading many manufacturers
to use power modules. These
modules offer easy installa-
tion at a low price, espe-
cially considering the cost
of design time. Most of the
existing cellular/PCS
modules are silicon-based,
but GaAs MMIC technol-
ogy stands to become more
prevalent in the future.
To obtain a copy of the report,
contact Allied Business Intel-
ligence Inc., 202 Townsend
Square, Oyster Bay, NY
11771; (516) 624-3113; fax
(516) 624-3115; www.
alliedworld. com.—NK
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40 YEARS AGO IN ELECTRONIC DESIGN

Measuring RF Power
‘Between 10 mW And TO0 W

Conventional calorimeters and bolometers are useful instruments for the
measurement of microwave power, but their range is limited. The calorimeter
has a lower power limit in the 1 to 10 w range. The bolometer has an upper limit
of 10 to 100 mw. The Hewlett-
Packard model 434A rf power
meter uses both calorimeter
and bolometer techniques to
close this gap. This description
of the instrument’s design is
from B.P. Hand, HP develop- !
ment engineer.

The input of the 434A is a
type-N connector which ac-
cepts power for measurement
at any frequency from de to 12
kme. Power is read directly in
watts and dbw on the meter,
on ranges from 10 mw full scale to 10 w full scale. Response time is less than 5
sec, and an accuracy of about t 2 percent is obtainable.

The instrument consists of a self-balancing bridge, which has identical tem-
| perature-sensitive resistors (gages) in two legs, an indicating meter, and two
load resistors—one for the unknown input power and one for the comparison
power.

The input connector is terminated in a 50-ohm axial resistor, over which
flows a thin film of oil. The oil, which is heated by the resistor, then flows over a
nickel-wire resistance gage. A rise in oil temperature results in an increased
| gage resistance. When power is applied to the input, the resistance of the cor-
responding gage increases, unbalancing the bridge. The resulting signal is am-
plified, rectified, and fed to the feedback-head load resistor. This heats the cor-
responding gage and brings the bridge back toward balance. The meter reads
the de voltage across the feedback load resistor required to produce the match-
ing rate of heat transfer. (KLECTRONIC DESIGN, Decentber 10, 1958, p. 40)

I'm still fascinated by the fact that a good engineer can yet a variety of phys-
ical effects under control, as well as their sources of error, and make an instru-
ment like this actually work.—Steve Scrupski

Tiny “Brains” Seen For Vending Machines

Doubling of sales in the automatic merchandising industry within the next
five years will go hand in hand with new advances in control systems, says D.M.
Strathern, Controls Co. of America v-p. Vending machines of the future, he told
the National Automatic Merchandising Assn.’s 22nd annual convention in St.
Louis, will have controls with the same degree of efficieney achieved by giant
electronic computers. But they must be much smaller—in effect, miniature con-
trol systems. Research aimed at modification, simplification, and miniaturiza-
tion of controls is being intensively directed, Strathern said, toward solution of
| control problems. These include such vending factors as mixing or blending,
meter or measure, stop and start, control pressure, temperature and flow, con-
trol pressure differential, and control rotary or lateral motion. (ELECTRONIC
DESIGN, Decenitber 10, 1958, p. 9)

This isthe first direct mention that I've seen of an embedded controller. How-
ever, even with today’s microcontrollers, getting a good cup of coffee from a ma-
chine is still a little iffy.—Steve Scrupski

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

Let ‘Em In On It

common complaint from most
Aemployees is that they're

never in on the “big plan.” De-
cisions are made, departments are
altered, personnel suffers drastic
changes—and nobody outside of
upper management has any idea
what’s happening. Well, it's common
sense that this trend doesn’t exactly
boost morale. But even so, the big-
wigs usually stand by their decision
to keep information exclusive.

Aside from the employees’ feel-
ings, however, it’s been found that
keeping secrets can actually stifle a
company’s growth. This is espe-
cially true when it comes to a com-
pany’s operations strategy. Accord-
ing to Rensselaer’s Lally School of
Management and Technology, if a
company’s operations strategy is
not made clear to every employee,
that strategy will be weakened by
thousands of decisions made by the
employees each day.

The school’s research un-
earthed a large lack of consensus
on corporate strategy between the
managers and the people who op-
erate the machines on the factory
floor. In separate interviews, each
group was asked to rank the im-
portance that the company places
on cost, quality, delivery, and flexi-
bility. In most of the companies,
operators and managers disagreed
on what was most important to the
company. In fact, the two groups
only chose the same priority in a
few instances.

According to Lally, the critical
factor in determining a strategy’s
success is not necessarily which
competitive priority is stressed
(delivery, cost, quality, or flexibil-
ity). It's how well the priority is
translated into a consistent set of
decisions that support corporate
strategy. If there isn’t a consensus
on the strategy, members of the
firm will not pull in the same direc-
tion. It's this effort of each individ-
ual pulling for the team that makes
the strategy work.

To find out more contact Chris
McDermott, Lally School of Man-
agement and Technology, (518) 276-
4861; e-mail: mederc@rpi.edu.—NK




Improves performance, Increases functionality.
Ignites dnspiration.

The DL160 series and
DL320 series offer a choice of
high-density, simultaneous
read write flash memories.

AMD High-density
Low Voltage Flash.,

We also offer the
AM29F032 and AM29LV033
32Mbit devices as a part
of AMD s extensive famity
of tugh-density flash memory.

iﬁJ

QOur Secsi™
(Secured Silicon) Sector
is an extra 64K bytes
of memory that can be
seriahzed and locked
to uniquely identity
each device

This remarkable
hangd-held Web browser
from Frog Design isn't
yet available, but the
flash technology that's
making 1t passible is.
Today, from AMD.

@ Our tugh-density true

simultaneous read write flash
devices simplfy design and
improve time to market
For more information visit

www.amd.com/
inspiration

Imagine a piece of silicon so advanced it pushes the envelope in every direction. That’s the power of our latest high-density flash devices.
They extend our simultaneous read/write family to 16Mbit and 32Mbit densities. Now designs that once required multiple memory

devices can achieve the power and simplicity of a single chio solution. Add to tnat a choice of bank architecture which lets you
select the right mix of code and data to optimize your design. Suddenly, you've got the versatile,

high-density means to begin making the world look noticeably different. To find out more of what’s A M D n
possible with AMD's family of high-density flash products, call 1-800-222-9323 or visitour Website. www.amd.com

1998 Advanceo Micro Devices, Inc. AMD, the AMD logo and combinations thereof arz trademarks of Advanced Micro Devices, Inc. All other rames are the property of their respective holders
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domain of great uncertainty. It’s

also a swift and unforgiving judge
of sloppy thinking. Before the Ger-
mans attacked France in May 1940,
French tacticians argued that it would
take at least nine days for the Ger-
mans to pass through dense Belgian
forests. They reasoned that the Ger-
mans, like the French, would not oper-
ate armor without support from the
slower-moving infantry and artillery.

The Germans didn't follow the rules.
They moved their armor forward with-
out this support, cross-
ing the Meuse river into
France in four days. The
French were so unpre-
pared for this that the
Germans ended up at the
English Channel seven
days later. The French
tacticians were logical
and articulate, but
wrong.

This combination of
high uncertainty and un-
ambiguous feedback
makes the military a useful place to
look for some time-tested ways of
dealing with uncertainty. In this col-
umn, [ want to focus on one of these—
the concept of Commander’s Intent.
Any operational plan produced by the
military has a brief statement summa-
rizing what the commander intends to
accomplish by the operation. Why is
this statement so important?

To answer this question, we need to
understand the military attitude to-
wards planning. Planning has always
| been important in the military, but for
’ very different reasons than most civil-

ians suspect. The military doesn't plan
| hecause it believes that war is pre-
dictable. In fact, it's a classic military
adage that, “No war plan survives the
first shot of battle.” The military plans
meticulously so that they have a com-
mon baseline, or reference point, from
which to make changes. You can’t
move up all the events in the plan by
one hour if there is no plan.

How, then, does the military deal
with the situations that hadn't been
anticipated in the plans? They place
intelligent, well-trained forces on the

The battlefield has always been a

DON REIN

ERTSEN

forces understand the intent of their
mission. Far from encouraging mind-
less robotic behavior, the modern mili-
tary believes that battles are won by
soldiers who can both fight and think.

The military correctly recognizes
that many unanticipated obstacles and
opportunities will come up in the
course of the battle. They realize that
the people closest to the situation
must make judgments on how to ex-
ploit the advantages and overcome the
hurdles.

[
battlefield and make sure that these '

This is where intent
comes in. When you
know what the overall
objective is, you can .
make judgments in such
a way that you're relent- f
lessly driving to achieve
this objective. Without ‘
this, you're stuck mind- ‘

lessly adhering to the let-
ter of the plan.

What does this have to |
do with product develop-
ment? Too often, devel-
opment teams are clueless regarding
the business intent of the product.
They are simply given a detailed plan
and told to adhere to it. Granted, it’s
important to have a plan. One should
not attempt development without a '
schedule, specification, and budget.
But, if you do not communicate the
overall business intent of the project,
teams cannot intelligently deal with
the inevitable obstacles and opportuni-
ties that appear along the way.

Never create a project plan with-
out briefly stating the mission of the
product. This is the compass that
points to the true North and permits
the team to react to the turbulent en-
vironment of modern development. If
vou want a self-managed team, you
better give them a clear sense of their
mission, '

Don Reinertsen is a consultant
specializing in product development
management. He is coaathor of *De-
veloping Products in Half the Time” '
and author of the new book, “Manag-
ing the Design Factory.” Reinertsen .
& Associates, (310) 37.3-53.32; e-malil: '
DonReinertsen@compuserve.com. A

Data On The Fly

The Commander’s Intent

lem-solving strategies, the

NEC Research Institute,
Princeton, N.J., is investigating sig-
nal processing in the visual system
of the blowfly. Compared to humans,
the fly has a sophisticated visual
sensing, processing, and control sys-
tem. It can stop instantly in mid-
flight, hover, turn on its longitudinal
body axis, fly with its legs up, loop
the loop, somersault, and sit on the
ceiling—all in a fraction of second.

The work is expected to help
NEC develop better sensor and sig-
nal-processing products. But, just
how do you investigate such a small
and active insect? “Simple,” an-
swers researcher R.R. de Ruyter
van Stevenink. “We capture them in
a bucket outside our facility, and
keep them fed once they're caught
and in the lab.”

“Then, we snake the fly through a
tubing that gets narrower and nar-
rower until the fly’s head projects at
the end of the tube, but its shoulders
prevent it from coming out. We in-
sert a microprobe into its head
(brain) for connections to an oscillo-
scope, mount it on a stand, and view
it through a microscope.”

So far, results indicate that flies
have an “optimal processing” sys-
tem. They make the best possible
use of the information gathered by
their sense organs. Somewhat simi-
lar to a CCD camera, a fly’s eye con-
sists of an array of about 5000 pixels.
Acting as photoreceptors that oper-
ate at noise levels approaching those
of photon shot noise, they’re close to
being ideal photon counters.

The fly’s neurons receive signals
from the photoreceptors through
chemical synapses. This suggests
that the information the fly acts onis
not significantly degraded by synap-
tic transmission. Also, the fly’s brain
follows the general rule of an opti-
mal processor. The computational
quality level increases in a high sig-
nal-to-noise ratio environment, and
vice versa.

For more information, contact
the NEC Research Institute at
(609) 520-1555, or e-mail: info@
research.nj.nec.com.

Roger Allan

To gain insight into nature’s prob-
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The Wizard of Ooze and

his Slimy Sycophantic
Syrdicate of Peychos hit
Teetropolis; oozies blazing.

Now the network capital

wakens to find itself mired ir E 3 2
muck, stuck in slime, and ). l
steeped in sludge. And the 100

weather's lousy too.

Teletropolis is
too slug-ish for

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

- ' S

Enter the LAN-WAN TWINS; packin’ 8 Port
MACs and MAC 1000s (not to mention framer
and UniPHY). These twins are cell-mate sisters

wearing 100 and 1000-base Ts! 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 netwarks.

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 streets!l!

Visit our OKI Website to get an OKI Team . ",, ﬂk' s i d t
T-shirt. It's free for Super Designers like you. l, / I emmﬂ“ “c nl‘
©1998 Oki Semiconductor, 785 North Mary Avenue, Sunnyvale, CA 94086-2909. Phone: 408-720-1900, Fax: 408-720-1918. Al rignts reserved. All trademarks or registered frademarks are propertles of their respective owners.
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SIEMENS
MICROCONTROLLERS

www.smi.siemens.com/embedded

!
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]

Meet your new g
team member — DAVE.

HL9817US

L«—
-

www whp de
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e Allow us to introduce you to a new colleague - ¢ guide you siep by step through the
DAVE. He's a CD-ROM hosted “Digital Application configuration of each of the device's on-chip
Engineer; who will aid you in getting underway to modules,
fast and reliable embedded dasigns with e and automatically generate the appropriate
! Siemens' range of 8- and 16-bit microcontrollers device drivers [i.e. fully tested, documented
and customizable C code) for your
DAVE will: application

* help you select the device most suitable for So get to know DAVE a bit better. He's here to

your application’s requirements, help you.

* provide you with object oriented, context
sensitive access to all standard infermation To order your free copy of DAVE Version 1.0 go to
and documentation on this device, http://www.smi.siemens.com/DAVE.html, or

call 1-800-77-SIEMENS and ask tor item
B158-H7119-V20-X-7600. (
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Comre——

many search for that one special

gift for the children in their lives.
To help you, I've put together a list of
my top 10 favorite electronic toys. If
you come across any other favorites,
please e-mail them to me at
williamsofsm@lightspeed.net. I will
periodically update my list throughout
the year and I'd love to get your ideas.
In the meantime, I wish you all a very
Happy Holidays and the best of luck
shopping for toys. Take my advice—
start early!

As the holiday season draws closer,

1. Robotic Arm Trainer. This device was
developed to assist children ages ten
to twelve in understanding robotics.
Using the Robotic Arm, the young en-
gineer can build and then command
the unit with five switches. A wire
controller lets the child manipulate
the grippers of the arm to grab, re-
lease, lift, lower, rotate, rest, and pivot
sideways 360 degrees. The five mo-
tors and joints allow full flexibility. It
retails for about $69.95. For more in-
formation, contact Elekit Company,
1160 Mahalo PL, Compton, CA 90220;
(310) 638-7970; www.owirobot.com.

2, Robotix Construction System. The Ro-
botix Construction System is based
on the science of real robotic en-
gineering. Children ages six and
up can build, power, and con-
trol intergalactic space vehi-
cles, futuristic creatures,
and lifesize working
robots. Both starter
sets and more com-
plicated sets, such as
Robo-Rex and Task
Force Beta, are avail-
able. They sell for ap-
proximately $7.99 to $199.99, respec-
tively. Contact Learning Curve
International, 314 West Superior St.,
Chicago, IL 60610; (800) 704-8697;
www.learningcwrve.com.

3. Power Tower Crane. This product in-
cludes 1555 pieces and motors that
children nine to twelve can transform
into a 5 1/2-feet tall working tower
with a giant swinging boom. The boom
can be controlled by the child using a
power controller. The Power Tower
Crane sells for approximately $109.99.
To find out more, contact K'NEX In-
dustries Inc., 2990 Bergey Rd., Hat-

field, PA 19440; (800)
543-5639; Internet:
www.knex.com.

4, Tonka Workshop CD-
ROM Playset. This inter-
active product is for
children ages three and
up. They create, build,
and play dozens of fix-it
missions while using a
user-friendly interface.
Simply fit the playset
over the keyboard and

strap it into place. MARIFR

Then, insert the CD-
ROM. The tools control the action on
the computer screen. The Tonka
Workshop CD-ROM set sells for ap-
proximately $39.95. For more informa-
tion, contact Hasbro Interactive, 50
Dunham Rd., Beverly, MA 01915;
(800) 683-5847; www.hasbro-
interactive.com.

5. MathShark. This product starts
with teaching basic math and ad-
vances to pre-algebra practice. Chil-
dren ages six to twelve can use
this electronic handheld device to
move through all the basic major math
skills. It includes a full-functioning cal-
culator and eight levels of difficulty in
seven skill categories. MathShark sells
for approximately $39.95.
Contact Educational In-
sights Inc., 16941 Keegan

Ave., Carson, CA 90746;
(800) 995-4436; Internet:
www.edin.com.

6. Advantix Switchable. This

one-time-use camera for
children ages six to twelve
has the ability to switch to two
panoramic print sizes. Loaded with
400 film, the camera permits your
child to learn to take pictures and ob-
serve their environment and the peo-
ple in it. Advantix Switchable sells for
approximately $16.95. Find out more
from Eastman Kodak, 343 State St.,
Rochester, NY 14650; (800) 242-2424;
www.kodak.com.

7. BabyWow! This software program
is intended for babies and toddlers
ages nine months to three years.
Based on research that indicates ba-
bies learn and benefit from early stim-
ulation, this program uses sound and
colorful images to stimulate the child
mentally. Available in eight different

WILLIA
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languages, it’s meant to
be an extension to the at-
tention and playfulness a
baby needs. Now avail-
able, it sells for approxi-
mately $34.99. Contact
BowWow House at (408)
264-4334; www.babywow.
. com.

8. Teddy Ruxpin. This lov-
able teddy bear is made
for children ages two to
seven. He blinks his eyes
and moves his mouth as
he reads stories, watches
a video, or uses the computer with
your child. Teddy Ruxpin sells for ap-
proximately $49.99 at local retailers.
For more information, contact Yes!
Entertainment, 3875 Hopyard Rd.,
Suite 375, Pleasanton, CA 94588; (800)
222-9376; www.yesent.com.

9. Mindforge Fractions. This CD-ROM
introduces children ages four to nine
to fraction concepts. Using pictures,
animation, demonstration, text, nar-
ration, and music, it brings fractions to
life. It includes practice with charac-
ters called Instructrons. Priced at
about $32.95, it comes from from
Mindforge Inc., 441 S. Spring St.,
Burlington, NC 27216; (888) 633-6743;
www.mindforge.com.

10. National Geographic Really Wild Ani-
mals. This interactive electronic toy is
aimed at children ages six to eight. Us-
ing packs of talking animal and coun-
try cards, the children learn geogra-
phy and animal facts. As the child
takes their own safari to the seven con-
tinents and the major oceans of the
world, the animals and habitats come
to life in sound. National Geographic
Really Wild Animals is available for
approximately $69.95 at local retailers.
Contact Leapfrog Toys, 1250 45th St.,
Suite 150, Emeryville, CA 94608; (510)
595-2470; www.leapfrogtoys.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.




CONSUMERS WANT THE MOON
AND THE STARS. WELL, NOW

YOU CAN GIVE THEM ™

=

THE UNIVERSE.

THE VR5432". A 347-MIPS, 64-BIT
RISC PROCESSOR WITHOUT LIMITATIONS.

They just might be the most demanding creatures on the planet

(besides vou, of course). Consuniers. The “I want it taster. smarter,

)
»

g

cheaper and smaller™ bane of your existence. But, lucky for them. you

are never one to give up.

So while you've been pushing your designs to the limuts, we've been pushing the
performance of our VR 5432 64-bit MIPS* RISC processor as well. Yer, the price 1s
anything but sky-high.

Our advanced chip dehivers high-performance code execunon. thanks to s svmmetric
dual-issue superscalar architecture. as well as superior system pertormance through ¢nhanced bus
protocol and large on-chip I and I cache (32 KB each). At a whopping 347-MIPS usaing a nnserly
2.5W, the VR 5432 is ideal for use in zero airflow environments such as set-top boxes,
network computers, and similar consumer devices.

The VR5432 even helps achieve low-cost systems design wich 1es economical plastic package.
And the programmable SIMD vector unit makes software nuiltdmedia processing wonderfully
affordable. As part of NEC' high-pertormance VR 5440 processor fanuly. it’s
casily scalable. Allowing you to design once and deploy many tmes.

Unique. Speedy. And cost-efficient. But consumers warnt
products immediately, it not vesterday. Precisely why the VR5432
is a complete solution, including silicon, toolchains, companion

e r—_

chipsets, development boards, and von-chip N-wire and JTAG ;' ~
debug...all designed to get you to market sooner. / B m 2 \4

With NEC's commitment to quahty. the VR5432% ." )
leading MIPS RISC architecture. and your vast supply of /
ideas. well. the possibilities are of astronomical proportion. i
Nothing can get in your way. Not time. Naot space. Not
performance. Now you can give the pedple what they want:
Just about everything.

For more information about the VR5432,

call 1-800-366-9782 and ask for Info Pack 207,
or visit us at www.nec.com.

Va5432* =
CPU Speed i 771§1MH1 wﬂ_llrxstvnni Mﬂ{S 347
System Interface 32 Bit On-Chip Debugginq Yes
Bus Speed 67 MHz Pawer Cunsum;mon 2.5W Peak
i Cache Size 32 KB Mulumt;dna Extensions Yes
D Cache Size 32 KB ‘ Fl;13lin§ Po:n;ﬁnil = ]EEE-754

. Pﬁouﬁf)l;;ckage 7205 F:OFP “(A:hiu s_e{ Support -Yes

€1998 NEC Corporation. All trademarks are the propent} of thewr respective helders
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|
'The Sony Challenge: Will Peers Give To Schools In Need?

N.J., is challenging other elec-

tronic companies to raise nearly
$1 million for a cause. The company
wants to build awareness for one of
the industry’s most important strate-
gic issues: developing and training
workers for high-tech careers. Fo-
cused on grades kindergarten

Sony Electronics, Park Ridge,

through 12, the goal is to change the
way students learn.

Through its membership in the
Consumer Electronic Manufacturing
Association (CEMA), Sony is con-
tributing the seed money to begin the
Math and Science Education Pro-
gram for Underserved Schools. The
contribution will stand with the Elec-

tronics Industry Foundation (EIF),
Arlington, Va.—the philanthropic
arm of the 2100-member Electronics
Industry Alliance (EIA). Designed to
provide teachers and students with
resources, the initiative also can as-
sist them in building programs that
raise awareness of math, science,
electronics, and high-tech careers. In

It’s Shindengen For Surface Mount Innovations

Power ICs for STEPPER MOTORs

Direct CPU control —

Darlington & H Bridge
outputs

Built-in eel and
flyback diodes ~~

Designed for major
Japanese consumer
manufacturers
Now offered as
standard products

——

Enable function

Built-in heatsink &
—— overheat protection
nction

—— Two-phase &
four-phase inputs

\ Selectable or automatic
current decay functions

Noise cancellation
and constant current
chopping functions

&)

p/

Power Diodes and ——J,

Transistors in '
354
6 4

Single/Dual Diode Versions
hottky - Vg = 0.4V
Fast Recovery - t,, = 35ns

+—D & D'type packaging
MOSFET families

30V & 60V
500V & 200V

Extensive product selection of Diodes with wide range of rectified
forward currents; MOSFETs with wide range of drain currents
1

Industry’s Smallest 1A Diode Package —!

Outline D'honim (mm)
e oy
General Purpose - 600V ot I i i
Schottky - 30V, 40V & 60V ; Ve =k
Fast recovery - 200V P WD [T
2 Much easier to handle than the
Y MELF package

Toll Free 800-543-6525
411 Business Center Dr., Suite 112, Mt. Prospect, IL 60056

www.Shindengen.com
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addition, it should function to change
'. teaching methods, making learning
more interactive. ,
“Underserved, unfortunately, has
now become a synonym for forgotten,”
says John MacDonald, chairman of |
the EIF. “Sony Electronics and EIF
are dedicated to changing that. We
hope to tap into the incredible re-
sources existing in schools that have
either been neglected or ignored. In-
novation and creativity cannot and
should not be limited by geography or
lack of funds. Our goal is to uncover
these overlooked areas, invest in
them, and channel the resulting ener-
gies into building the digital and elec-
tronics frontier. Sony’s grant takes the
first step in that direction.”
The company also believes that this
investment will pay off for the elec-
tronies industry. “Education and
' training is a critical, strategic, and l
' competitive issue to Sony Electronics ‘
and the electronics industry,” states
| Jason Farrow, senior vice president of
' public affairs for Sony. “Although we
|

have been dedicating significant re- |
sources to bolster our capabilities,
Sony believes it is time to step up our .
efforts in this area. Working with EIF
provides us more leverage to make a
' meaningful impact on the workforce '

of the future.”
[ EIF’s K-12 Math and Science Edu-
cation Program for Underserved
| Schools was formally unveiled at
| EIA’s Annual Fall Conference in
Scottsdale, Ariz. Planned activities
under the initiative are expected to in-
clude enrichment grants to local
| schools, developing best-practice tem-
plates that can be easily duplicated,
’ and creating partnerships between
electronics companies and schools.
For more information, contact
Michael Cabot of Sony Electronics at
(201) 930-6646, or via e-mail at
michael_cabot@mail.sel.sony.com.
Roger Allan
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it like it really is.

Sharp components and services can help you bring
home that next big communications breakthrough.

The gender gap will look a lot less imposing when the product arrives
that can show you what the opposite sex is really saving. Like so many
small, thin, super-mini devices, it will build on Sharp's huge array of
components and seasoned integration capabilities. We bring your
product vision to life with innovations like these:

LH79402 ARM-based Universal Microcontroller. This 32-bit
system-on-chip plays a key role in high-performance, low-power-
consumption designs. Peripherals like on-chip memorv, a no-glue memo-
ry interface, serial and parallel comm ports — and a host of others — can
be configured for your application. Software development tools are
included for fast prototyping.

Chip-on-Flex Custom LCD Modules. Sharp’s face-down mount-
ing of flip-chip driver IC and peripheral circuits on a high-flexible PCB
results in an ultra-thin and extremely rugged module for portable
applications.

GL5ZR43, GL5ZR44 and GL6ZR27 LED Series. AlGalnP LEDs
with unmatched brightness and luminosity can be mounted directly on a
PCB for an optimum packaging solution.

For details about these and
other Sharp components and

integration support for your

next-gen designs, go to

www.sharpsma.com or call
1-800-642-0261, Ext. 924

SHARP

MICROELECTRONICS
OF THE AMERICAS

Capyright € 1998, Sharp E’ectronics Corp. All rights reserved. SEC-1109



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

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

It’s the highest-density pram ever
made available in production volume.

It’s a single chip that has
hundreds of times the capacity of
the computer that took Apollo 1
to the moon.

It’s the 128M Synchronous praM,

COMPONENTS

KMM37756427T1-GL s

The pc 100—Compliant, 128M SDRAM

SMx 16
16M x 8
32MX 4

KM41658030T-GL
KM48516030T-GL
KM44532030T-GL

MODULES

§12MB DIMM
256 MB DIMM
128MB SODIMM

KMM37753323T-GL
KMM46651723T2-FO

and if you want it in quantity,
the place where you can get it
now is Samsung.

The 128Mm is particularly notable
when you put it into a module. For
instance, we offer a 128-megabyte
SODIMM, for notebooks. And pimMMs

© Samsung Semiconductor, Inc., 1998. *Assembled with Samsung 138M DRAMS, stacked by packaging-technology partner STAKTEK®




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
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Semiconductor Inc., 3655 N. First
St., San Jose, CA 95134.

SEMICONDUCTOR
Still A Generation Ahead.



A new breakt/yrougb for NETWORK SWITCHING:

1he Performance-Enhancing

NtRAM

[ Soon, i£’ll be a 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 ~# in NtRAM stands

Us

Better in Every Way

Them

167
MHz

Us

Them

Us

Them

for “no turnaround.”

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

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

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

© 1998 Samsung Semiconductor, Inc., San Jose, California. NtRAM is a trademark of Samsung Semiconductor, Inc.
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After all, we give you a 167-
MHz part and they give you
143 MHz. We give you a 2.5-volt
part while they give you a
3.3-volt part. And we're already
at 8 Mb—while their densest
part is 4 Mb.

(Also expect a 16 Mb NtRAM

4 fypaanns -

ot |
-

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,
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T et
visit www.samsungsemi.com,
now. Or call sRam Marketing
at 1-800-446-2760. ‘

s supg

SEMICONDUCTOR
Still A Generation Ahead.



PROGRAMMABLE BIAS

PuTts RF AMPS IN A DIFFERENT CLASS

TSHe"

STMicroelectronics’ feature-packed TSH690 can put
your high-reliability RF systems in a class by
themselves. A 40MHz to 1GHz RF amplifier, the
TSH690 is designed in advanced bipolar technology
and features programmable power output adjustment.
Its outstanding power capability and 50 input/output
matching make the TSH690 the ideal solution for direct
antenna driving. And if your circuit has very high
reliability requirements, look no further - the TSH690 is
high level RF tested in production especially to meet
your needs. For more information, fax 781-861-2677
or visit us on the web at www.st.com.

© 1998 STMicroelectronics
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28dB GAIN AT 450MHZ - 20dB GAIN AT 900MHz
ANTENNA DRIVER POWER UP TO +13.5DBM AT 3V

1.5V to 5V operating voltage
50mA @ 3V

28dB gain @ 3V and 450MHz
20dB gain @ 3V and 900MHz
+13.5dBm output power (P1dB)

Bias pin for current adjust and
power-down operation

cLooouoo

Adjustable output power
50€2 input/output matching

0o

Pin 8 Bias _ Amplifier Operation

Vg Class A
Vee> >Gnd Class A-B
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Formal Verification Helps
Stamp Out Design Bugs

Formal Techniques Offer New Hope For Solving The Verification
Problem And Helping You Design The Right Thing From The Start.

Cheryl Ajluni

ormal verification is
F reemerging with a

vengeance. This isn’t a new
technology, having been
around for many years. But, I
bet if I asked you to tell me
what it means, you’d be hard
pressed to find an answer.
That’s partly because formal
verification is an umbrella cov-
ering a wide range of tech-
niques. It can be very intimi-
dating. Very mathematically
intensive, formal verification
often requires that the de-
signer understand the design
process and the design itself in
an entirely new way. For many,
this is a scary—if not uncom-
fortable—proposition.

But, regardless of your un-
derstanding or lack of under-
standing, and any long-held
misconceptions you may have on this
technology, you’ll undoubtedly come
face to face with it soon (see “Debunk-
ing The Formal-Verification Myths,”
p. 68). That’s because its core mission
is to help yvou find more bugs faster
than you ever thought possible. So, for
better or worse, it’s time to face your
fear and enter the mysterious world of
formal verification. Hang onto your
hats. It’s going to be a bumpy ride.

Back To Basics

First things first. When people talk
about formal verification today, they
typically either mean model checking
or equivalence checking. While these

are certainly not the only categories
under the formal-verification um-
brella, they are the most well known.
Both have been introduced to the mar-
ket in the form of commercial tools. Of
the two, equivalence checking is the
most mature and closest to gaining
mainstream acceptance. Model check-
ing is still in the “kick-the-tires” stage.
It’s not expected to fully mature and
take its place in the mainstream for at
least two to three years.

Formal verification is an algorith-
mic-based approach to logic verifica-
tion. In general terms, it refers to any
tool that mathematically and exhaus-
tively proves something about a de-

COVER FEATURE

sign. The key word here is
“prove.” This is much different
from simulation, which gives
you the answer, “I think it
works.” Formal verification
uses no test vectors. And un-
like simulation, which is a point
tool, it can be used for verifica-
tion from the be-
ginning of the de-
sign process to help avoid bugs.
Johan Sandstrom, founder of
Sandstrom Engineering, ex-
plains it this way: “The
promise of formal verification
is that all the various represen-
tations of the original fune-
tional design (RTL code),
through all the downstream
ASIC activities, can be com-
pared back to the original with-
out funectional or structural
vectors.” Other benefits of the
technology include 100% coverage and
the ability to verify much quicker than
with simulation alone.

Many reasons have contributed to
the recent renewed interest in, and us-
age of, formal verification. Up until
about three years ago, most people still
relied on simulation as the only means
of verification. Today, formal verifica-
tion is quickly becoming a cornerstone
of verification for complex circuits.

One reason behind this movement is
simply that the technology, particularly
equivalence checking, has matured to
the point where it could be made into a
commercial product. From an industry
perspective, the growing complexity of
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desigms, the migration to systems-on-a-
chip (So("), and the use of IP all have
contributed to a simulation bottleneck.
With simulation the only means of veri-
fication, a lot of time and money gets in-
vested in creating test benches for sim-
ulation and actually performing
regression testing. Simulation alone
has proven ineffective against such
complex designs. Inherently, it’s not ex-
haustive and can miss bugs.

As Dino Caporossi of Cadence De-
sign Systems explains, “Multimillion
gate designs take far too long to simu-
late at the gate-level, and equivalence
checking offers complete coverage
with significant time savings. In-
creased design complexity also makes
it easier for costly bugs to slip through
the design and specification process—
thus the increased interest in model
checking.” By employing formal veri-

I T TR ORMAL VERIFICATION |

fication as a complement to simulation,
vou have a strong defense against
those pesky bugs that threaten to ruin
your company’s time-to-market edge
and ultimately destroy vour design.

Equivalence Checking

The formal-verification market is
overwhelmingly dominated by equiv-
alence checking, primarily because us-
ing the technology is such a “no-
brainer.” It boils down to one thing: If
vou use gate-level simulation, stop and
replace it with equivalence checking.
But, equivalence checking isn’t just a
substitute for functional gate-level
simulation. Used to determine if one
design is functionally identical to an-
other, it addresses the issue, “Have ]
corrupted my design with changes?”,
by exhaustively proving that the de-
sign is correct against what is known

to be correct.

[t can verify that functional bugs
are not introduced during the various
stages of implementation—from high-
level RTL to the final post place-and-
route netlist. And, it can be used to
compare two designs, such as for
FPGA to ASIC conversion (gate to
gate), design reuse (gate to RTL), lan-
guage migration (VHDL to Verilog),
and design refinement (RTL to RTL).

Of all the formal-verification tech-
niques, equivalence checking is the
most mainstream. It answers the easi-
est problem: Are two things function-
ally equivalent? And, it fits into exist-
ing design methodologies. This is an
important point, because many are
confused about how these tools will
work in existing flows. Let me spell it
out for you. Equivalence-checking
tools will NOT change the way vou de-

Debunking The Formal-Verification Myths

ne reason that engineers have such a hard time get-
O ting comfortable with the topic of formal verification

is that a number of myths exist out there about this
technology. These myths, having never heen rebuked, pre-
vent more people from using formal-verification tools.
Here are some of the more common myths encountered:

1. Formal verification is immature. False. Large corpo-
rations have been signing off for many years using static
methods. And, today’s tools are handling multimillion-gate
designs successtully.

2. Formal-verification tools require a restricted design
style. False. Most tools support the full synthesis subset.

3. Equivalence checkers are slower than simulation.
False. Some early tools were slow. But newer, more ad-
vanced algorithms can verify multimillion-gate designsin a
matter of minutes or hours instead of the days or weeks re-
quired for gate simulation.

4. Equivalence checkers require lots of user guidance.
False. Tools which use automatic functional matching in-
stead of structural matching report no false differences and
require no user guidance.

5. Equavalence checkers are only good for gate-to-gate
comparisons. False. Tools which can automatically handle
structurally dissimilar designs are good at handling RTL.

6. Equivalence checkers that use binary decision dia-
grams (BDDs) are slow. False. Early tools that used only
BDDs could be slow. Modern tools, which combine BDD
methods with other algorithms, are very fast and powertul.

7. Sign-off always occurs at gale level. False. Late func-
tional changes may occur during place and route, such as
placement-based optimization, scan reordering, or clock-
tree insertion. Thus, it’s important to check the design at
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the DEF physical netlist level to ensure that these
changes are verified.

8. Equivalence checkers can't handle muldtipliers. Par-
tially true. Proving a behavioral description against a par-
ticular gate-level architecture can still be a difficult task,
depending on the width. If the two designs being com-
pared have similar architectures, the proof can be easy for
any width.

9. Equivalence checkers are hard to use. False. Gaining
debugging expertise still requires some training and
hands-on experience, but running the tools is fairly
straightforward. Integration with familiar tools, such as
simulation and schematics, has shortened the learning
curve even further.

10. Some equivalence checkers are sign-off certified.
False. Functional analysis is only one part of sign-off; tim-
ing analysis also is required. Complicating matters, sign-off
simulation may give conflicting results, since many equiva-
lence checkers do not share a common database with simu-
lation. Finally, there’s still a need to validate the original
RTL specification by using cycle/event-based simulation
and/or model checking.

11. Model checkers are hard to use. Partially true.
Learning a new methodology always requires the develop-
ment of new skills, but modern model checkers have graph-
ical user interfaces which greatly accelerate this learning
process. Counter-example debugging is simple, since the
output is a familiar simulation vector.

Contributed by Dino Caporosst, product marketing
manager, Affirma Equivalence Checker, Cadence Design
Systems. For more information on formal verification,
check out the Cadence wel site at wnow.caderce.com.
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sign today. As Craig Cochrane, group
marketing manager for formal verifi-
cation at Synopsys, puts it, “It’s like
using the same word-processing tool,
but with a different spell checker.”

This doesn’t imply that everyone
should use these types of tools. On the
contrary, whether you use these tools
really depends on the size of the de-
sign that you're working on and how
long your design window is. Generally,
a good rule of thumb is that if you're
working with about 200k gates, it’s
time to use equivalence checking. If
you're working below this point, say at
50k to 100k gates designing one chip a
year on average, it's not really going to
be worth your while to adopt an equiv-
alence-checking tool.

A number of commercial equiva-
lence-checking tools are now avail-
able, typically performing roughly 1
million gates in three hours (see “For-

mal-Verification Tools Now Avail-
able,” below). Improvements to the
technology continue at a furious pace.
Much of the work deals with things
like improving tool usability, provid-
ing better RTL support, and automat-
ing for the users what they now do
manually. Efforts also are being made
to integrate equivalence checking
with other verification techniques as
part of a complete verification flow.
Other areas, such as performance
and capacity, are being addressed as
well. Silicon complexity doesn’t stop at
a specific gate count, and most com-
mercial tools today can only handle
around two-million-gate devices. Next-
generation tools will have to be capable
of handling upwards of 4 million gates.

Model Checking
The formal-verification technique
known as model checking addresses a

much harder, but perhaps inherently
more important, problem than equiva-
lence checking. It tackles the quality-
of-source issue by asking, “Have I de-
signed what I wanted to design?” Like
equivalence checking, it’s not a simula-
tion test-vector-like methodology.
Rather;, it requires the user to create a
specification by entering properties
about the design. Today, this is typi-
cally done simply by writing down on a
piece of paper, in English for example,
what function the design will have.
Once you've specified the design’s
abstraction, model checking is able to
prove properties about the design. Es-

pecially useful for debugging a design |

early in the design cycle, this method [

rigorously verifies that a design be-
haves correctly under a given set of
specifications for all possible input
stimuli. This means that, for example,
a specification can be created to verify

Formal-Verification Tools Now Available

number of companies now have equivalence-checking
A tools available for purchase. While each tool has its

own unique look and feel, they all share the same gen-
eral approach to solving the equivalency problem. Most of
the tools load the designs directly, although Chrysalis Sym-
bolic Design first compiles the design into what it refers to as
“symbolic logic.” The designs are then broken down into
logic cones, and algorithms—either one at a time or coopera-
tively—are automatically applied to each individual cone to
try and prove or disprove equivalency. In many cases, the
choice of algorithms is based on a complex set of heuristics.
Some of the algorithms the companies employ are very well-
known solvers, such as the binary decision diagram (BDD),
while others are homegrown and proprietary in nature.

What makes each company’s tool unique is its pool of al-
gorithms and how they’re applied. On the current market,
equivalence-checking tools can be differentiated by two fea-
tures: how easy the tool is to use and whether it can be eas-
ily integrated into the user’s design flow.

If you haven't already purchased an equivalence-check-
ing tool, here are some hints. Do your research beforehand
to familiarize yourself with the formal-verification tools and
vendors. As you do, keep your eye out for the following
things: speed, capacity, accuracy, usability, and compatibil-
ity with other tools.

Speed plays an important role in the tool’s usability, since
it must be able to run significantly faster than gate-level
simulation in order to justify the methodology shift and
learning curve you will undoubtedly experience. With gate
counts rapidly rising, you want to ensure that whatever tool
you purchase will be able to accommodate this increase. Ac-
curacy is important as well. It will determine how easily the
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tool is prone to false positives ( saying two designs are
equivalent when they are not) and false negatives (saying
two design are not equivalent when they actually are). If the
tool is prone to false negatives and positives, it may require
you to physically go in and guide it through. Or, it may be un-
able to complete the proof at all.

Here is a brief line-up of the tools now available:

StructureProver I1 from Verysys Design Automation

This equivalence-checking tool features an intuitive,
flow-based graphical user interface (GUI), built-in diagnos-
tics, and algorithmic improvements capable of handling
multimillion-gate designs. The cockpit of the verification en-
vironment—its GUI—integrates the entire verification
process, including debugging steps. The tool cost is roughly
$75,000. The company is currently working on a next-gener-
ation equivalence-checking tool, which will feature newer
algorithms that complement formal verification.

Formality from Synopsys

This tool is capable of verifying million-gate, system-on-
a-chip (SoC) designs. It contains multiple algorithms
(solvers) for proving equivalence, as opposed to relying on a
single solver to perform this function. Automatic hierarchy
management allows the user to verify designs where the hi-
erarchy does not match. Fast and easy debugging is possi-
ble through the tool’s powerful diagnostic analysis and
schematic debugging feature. Formality, integrated within
the company’s synthesis-based design flow, is well suited for
design projects where a high percentage of the logic is syn-
thesized with Design Compile—each IC is larger than
100,000 gates (or equivalent), and gate-level simulation is
expected to run for several days.

Design VERIF Yer from Chirysalis Symbolic Design

|
|
|
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that a controller in a soft-drink ma-
chine always returns the correct
change and dispenses the right num-
ber of drinks for the amount of money
tendered.

Isadore Katz, Chrysalis Symbolic
Design, explains it this way: “Model
checking is an attempt to selectively
replace or complement simulation
with formal proofs, at a number of dif-
ferent levels, and in cases where simu-
lation is inefficient or the test bench is
ineffective in finding answers.”

Model checking has gathered inter-
est because it’s now moving from the
laboratory to commercialization. But,
it’s still in the early adopter stage. This
technology is expected to play a major
role in IP-block authoring and integra-

| tion by helping the designer check the

interfaces between the blocks.
Companies such as Cadence Design
Systems, Chrysalis Symbolic De-

sign,Verysys Design Automation, and
Sandstrom Engineering all have ver-
sions of a model-checking tool now on
the market. Cadence’s tool, known as
Affirma FormalCheck, was formerly
known as the FormalCheck tool devel-
oped by Bell Labs Design Automation
Group (BLDA) from Lucent Technolo-
gies, Murray Hill, N.J. Chrysalis’ of-
fering is Design INSIGHT, a family of
modular model-checking products
that include such modules as State
Machine Analyzer and Design IN-
SIGHT Assertions.

Verysys' model-checking tool,
PropertyProver, is no longer being
sold. In its place, the company plans to
release a new tool that combines the
best of its PropertyProver and De-
signProver Equivalence Checker,
which handles sequential equivalence
for both synchronous and asynchro-
nous designs.

Sandstrom Engineering offers a
verification tool that addresses one as-
pect of the model-checking problem.
Called PreSynth.vhd, the tool supple-
ments simulation by analyzing your
RTL. It checks for nonsense con-
structs, the dreaded “reset problem,”
non-synthesizable constructs, and
performs hundreds of lint-type
checks. It also permits you to use an
expanded subset of VHDL, which
PreSynth.vhd converts to synthesiz-
able VHDL.

Easier To Use

But before these tools become vi-
able in a more mainstream market, a
number of things must happen. For
starters, the tools must be easier to use
and provide more meaningful results.
Assuming these two things can be ac-
complished, the next step—the issue of
capacity—is even more daunting.

The Design VERIF Yer formal equivalence-checking
software is based on an architecture that incorporates a
unique symbolic logic representation with a powerful logic-
manipulation engine. Signal-mapping and logic-comparison
algorithms are added to the mix to provide independent
proof that gate (or switch) implementations are functionally
equivalent to the corresponding RTL specification, and that
gate-level design revisions do not inadvertently change a
design’s logical functionality. This tool is fully independent
of the logic-synthesis process and shares its language-neu-
tral compiler with other Chrysalis tools. Once compiled into
the symbolic logic representation, designs can be formally
compared using Design VERIF Yer and debugged using
Design EXPLORE. Design EXPLORE lets you interact
directly with the logic of your designs, so you get conclusive
answers to functional questions when debugging unex-
pected results or analyzing complex digital logic.

Affirma Check from Cadence Design Systems

The Affirma Check tool is able to perform multiple
whole-chip RTL through gate functional-verification runs
per day on entire multimillion-gate designs. It proves RTL
against physical netlist (DEF) with the company’s timing-
driven place-and-route flows. Integrated as part of the com-
pany’s Interleaved Native Compiled Architecture (INCA)
mixed-language, mixed-cycle/event architecture, it main-
tains compatibility with existing simulation methodologies.
Specific features of the Affirma Check equivalence-check-
ing tool include functional mapping to compare logic gates
to logic RTL and multiple algorithms that operate in a coop-
erative fashion. It uses existing Verilog gate-level sign-off
libraries, supports industry-standard language compilers,
and features debug capabilities with simulation, RTL
source, and gate-level schematic user interfaces.

Tuxedo-LEC from Verplex Systems

Tuxedo-LEC can perform equivalence checks on large

SoC designs ranging from half a million to several million
gates. Based on correlation-learning technology, it explores
the structural and functional relationships between golden
and revised designs. A comparison engine uses multiple
techniques to compare the equivalence of two designs. An
automatic key-point mapping feature allows the tool to
identify key points quickly and automatically in a push-but-
ton environment. Tuxedo-LEC can be used with the com-
pany’s Tuxedo-LDD logic debugging and analysis tool for
automatic diagnosis and analysis of the differences in the
two designs. The tool features built-in capabilities for the
designer to specify constraints. To explore these differ-
ences, the tool automatically generates online schematics
for graphical debugging and provides links between the
RTL source and the gate-level design.

Lynx from Avant! Corp.

The Lynx family provides an automatic and exhaustive
validation of a design’s functionality and specifications at all
levels of abstraction. It provides functionality checking at
the RTL level, exhaustively verifying that the RTL designs
meet functional specifications. One of the products, Lynx-
VHDL, verifies functionality through synthesis, optimiza-
tion, test-logic insertion, or other transformations by equiv-
alence checking between different descriptions of a design.
In particular, it checks that two different descriptions of a
design are equivalent (RTL to RTL, RTL to gates, and
gates to gates), finds common RTL coding errors, directly
pinpoints error locations, doesn’t require test benches or
vector sets, and supports all synthesizable constructs at any
level of abstraction.

Mentor Graphics Corp.

While the company has yet to introduce a tool in this
space, it’s making significant investments in the formal-ver-
ification area. A great deal of its efforts are targeted at cre-
ating a product.
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As design complexity continues to
increase, all EDA tools are at some
point faced with the question, “How
do you handle a bigger design?” For
model-checking tools, this isn't an easy
question. This is because there’s no
easy answer. A fundamental break-
through in technology must occur for
model checking to be able to address

| the capacity issue of multimillion-gate

designs. This development may still be
a few years away.

In the meantime, there will soon be
hope for those who want to take ad-
vantage of the model-checking tech-
nology in its present form. The an-

| swer, according to some, is to create

automatic blocks of the tool or
prepackaged checks. These could be

| used out of the box by identifying to-

l
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day’s applications in which model
checking, with its current limitations,
can still be of use. Chrysalis’ Isadore
Katz acknowledges this move, saying,

| “Chrysalis anticipates the need for

prepackaged checks, as well as gen-
eral-purpose model checking.”
Prepackaged checks are expected
to have the greatest benefit for the ba-
sic ASIC designer who would like to
reap the benefits of model-checking
assertions, but isn't an expert on the
technology. Because the technology
would be presented in a modular form

addressed at specific application prob-
lems, designers would presumably not
need to be experts. These solutions
would require zero engineering time
and cost much less than a general-pur-
pose model-checking tool.

As designers begin to understand
the benefits of the technology and get
accustomed to its problem-solving ap-
proach, a market for model-checking
tools may slowly be carved out. Then,
questions about what the target mar-
ket for such a technology is may finally
get answered. But again, the key to
making this technology mainstream
will be in figuring out a practical way
to introduce it to the market. Prepack-
aged checks may be a comfortable mi-
gration path for some, at least until the
more general-purpose model-check-
ing tools can successfully address the
issues of ease of use, meaningfulness
of results, and capacity.

Theorem Proving

A discussion on formal verification
would not be complete without men-
tioning theorem provers. Theorem
proving is an extremely rich technol-
ogy. Compared to other formal-verifi-
cation applications, it sits at the top of
the food chain. In other words, equiva-
lence checking is a subset of model
checking, which in turn is itself a sub-
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set of theorem proving. Theorem
proving is much more mathematical in
nature than equivalence checking or
model checking, and in fact solves a
much different problem.

Today, a design is often defined as a
machine that will do something in re-
sponse to a stimulus. With theorem
proving, you would take this same
machine and turn it into a mathemati-
cal proposition. By defining it at such
a high level, you could literally con-
vert the entire design to a formal ap-
proach from top to bottom. For exam-
ple, it provides a way to create a
mathematical specification of how a
multiplier works and then be able to
prove it. This will play an important
role in future design processes, since
it allows you to reason arithmetically
in a way that is simply not possible
with other areas of formal verifica-
tion. This could be extremely useful in
applications like DSPs.

While Chrysalis’ Isadore Katz
points out that today, theorem proving
is used at a very high level to model
power grids and high-level traffic con-
trols, it’s still important to note that
this technology is nowhere near ready
for commerecialization. Even if it were,
there is not yet a market waiting to
welcome it. This will require a dra-
matic paradigm shift in the industry,
prompted by some sort of radical
event that makes accepted design
practices painful. Ultimately, this will
occur and the market for the tools will
develop. But, many believe that this
may still be five years or so away.

So, while you may hear the term
“theorem proving” thrown about in
the industry, it’s certainly nothing you
should concern yourself with—at least
for the time being.

Hybrid Alternatives

The viability of formal techniques
in a wide range of applications has re-
cently spurred a great deal of atten-
tion onto what has come to be known
as semiformal techniques, or hybrid
formal-verification solutions. These
hybrids use formal techniques to aug-
ment simulation, static-timing analy-
sis, and even the test bench. Some ex-
amples include formal
verification/simulation and equiva-
lence checking/static-timing analysis
(STA) hybrids.

A formal verification/simulation
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Regardless of what verification tool
you're evoking, vou'll still have a con-
sistent view of the design.

Cadence Design Systems and Syn-

opsys,. along with other EDA tool ven-

dors, are now working toward this
goal. In particular, Cadence Design
Systems is looking into what it calls
“smart verification”—the combination
of formal methods, simulation, and
code coverage to find the maximum
amount of bugs in the least amount of

| time. One component that might be

useful for this or any other unified ver-
ification approach is the development
of an equivalent to code coverage for

| model checking.

Today, a design is typically divided
into hierarchical blocks. Some blocks
are handled with simulation, and some
with formal verification. Problems oc-
cur when the blocks don’t match up and
vou end up using both technologies on
the same block. This duplication of
work is simply a sheer waste of time.
Model-checking code-coverage tools
would provide the user with some mea-
sure of ability to pinpoint what ques-

tions weren't asked yet, what bugs
were and were not missed by the test
bench, and ultimately, if one tool took
care of the problem.

Into The Mainstream

The instigation for a unified verifica-
tion methodology will come when for-
mal-verification tools are accepted into
the mainstream. Equivalence checking
has just about reached this point, and
model checking is expected to follow in
the next few years. But, this will re-
quire both the user and the tools to give
a bit. Users, for example, will need to
better understand the internal work-
ings of their designs. They'll have to
put aside their simulation-centric view
of verification and open up to using for-
mal-verification tools in a way that's en-
tirely different from how they utilize
simulators. And, design and verifica-
tion engineers who are used to a serial
mode of operation will need to come to-
gether to work on a parallel approach
to design and verification.

Formal-verification tools will need
to become easier to use and learn. After

all, if you have five different types of
tools, you'll never become a verification
expert. But if you only have one tool to
learn, you can become an expert or at
the very least learn the verification
process really well. Having a unified
view of verification, where all the dif-
ferent verification-point tools are inter-
faced, will help eliminate this problem.
All the tools will then have similar out-
puts. Consequently, if you know how to
use a simulator, you would presumably
be able to use all the other component-
verification tools.

A couple of options exist to make
this unified view of verification happen.
Large EDA tool vendors could buy all
the component-verification technolo-
gies or develop them in-house and put
them together in one flow. Or, EDA
tool vendors could agree to link their
verification tools together in a design
flow that’s governed by some sort of
standard language, GUI, and interface
protocol. Of course, remember that
these options rely on EDA tool ven-
dors working together. What are the
chances of getting that to happen?
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B Exploring board-, bus-, and system-related technologies, standards, and products

Clever DSP Board Architectures
Attack Data Bottlenecks

As Board Vendors Craft Ways To Feed Speedier DSPs,
Crossbar Switches, F1FOs, And Secondary Links

Offer Solutions.
Jeff Child

pplications ranging from sonar/radar and
A medical imaging to high-end telecommunica-
tions depend on board-level, digital-signal
processor (DSP) systems. As DSP chips race to
faster and faster speeds, the 1/0 is becoming a bot-
tleneck. Cutting-edge processing muscle is wasted
if you can’t move the data around the board and
over buses at comparable rates. The solution is
board-level architectures designed to offer a bal-
anced 1A throughput.
Achieving the right
balance of processing
power  (both in
MFLOPS and in MIPS)
and throughput (in
Mbytes/s) is no easy
task. For designers of
DSP boards, leading-
edge DSP chips emerg-
ing on the market are
both the solution and
the problem. They offer
plenty of performance.
The two leading DSP
chip vendors, Analog
Devices Inc. (ADI) and
Texas Instruments
(TI), continue to move
forward on the perfor-
mance curve, with
GFLOPS chips ready to
emerge early next year.

Meanwhile. Motorola Semiconductor offers a third Art Courtesg
alternative in certain members of its PowerPC line BlueWave

of processors. The more advanced PowerPC chips
offer floating-point capabilities that thrust them
into the DSP realm of choices.

Unfortunately, these chip architectures stem
from DSP families that are targeted for few-chip

SPECIAL
REPORT

ystems

and single-chip embedded applications. As such,
the DSP vendors offer little to ease the task of
cramming several DSP chips on board for high-
end, board-level multiprocessing. ADI’s SHARC
DSP at least offers Link-ports that help the de-
signer implement 1/0 transfers. DSP board de-

signers are otherwise ieft to how to handle the |

problem themselves.

“Customers that want to talk about buying a
board these days have
usually already done
their MFLOPS calcula-
tion and know that they
can do their application
on the processor,” ex-
plains Keith Burgess,
chief technology officer
at Blue Wave Systems
Inc. “They can calculate

sometimes long before
the chip even exists.
But, what they’re con-
cerned about is how
their data moves around
their systems. That’s
the limiting factor—
more than the DSP’s
processing ability.”

Different Strokes
TT's TMS320C6x DSP
architecture is attracting a slew of DSP board de-
sign wins. For its part, Blue Wave Systems is tak-
ing an application focus for its latest board prod-
ucts. Defense, intelligence and surveillance,
wireless communications, and wireline telecommu-
nications are some of the largest and most promis-
ing emerging markets for DSP-based systems.

that on a simulator |
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The IXZMPC4 Quad SHARC PCl Mezzanine Card (PMC) from Ixthos can work as a high-
powered, on-board compute engine or as a high-performance bridge to external SHARC

processors needing to link to the PCl bus.

Blue Wave Systems is attacking those
markets with a new family of VME
DSP boards.

The family consists of three sepa-
rate products, the VME/C6450 (see
the opening photo), the VME/C6420,
and the VME/C6400. Each product
has been carefully tuned to meet the
unique requirements of a specific ver-
tical application. The VME/C6450 is
targeted toward the high-perfor-
mance multiprocessing applications
typical in defense and high-end image
processing. The VME/C6420 offers
scalability and high-bandwidth data
throughput, which are essential in
wireless communications and surveil-
lance applications. The cost-effective
VME/C6400 completes the family. It’s
ideal for channelized wireline-commu-

| nications applications requiring stan-
| dard telecom interfaces.

The VME/C6450 provides up to 4
GFLOPS and 6400 MIPS from four
TMS320C6000 DSPs. A crossbar sits at
the heart of the board and acts as a
high-speed switch, providing a fully in-
terconnected solution.

The VME/C6420 is fully compati-
ble with the SoftBand Software Ra-
dio product line. Its architecture has
the same type of crossbar intercon-
nection, but is optimized for digital
radio systems.

The VME/C6400 is a quad processor
board with a channelized architecture.
It's designed for wireline telecommuni-
cation applications such as transcoding,
echo cancellation, voice-over IP, and
speech recognition.

VME isn't the only bus architecture

being considered for high-end DSPs.
CompactPCI boards sporting C6x
DSPs have begun to emerge. The lat-
est example is Spectrum’s Baja board. |
Optimized for telecommunications ap-
plications and powered by eight "C6202
processors, it provides a total of 16,000
MIPS of processing power in a single
slot. Other features include a Motorola
MPC86(0 PowerQUICC processor, an
ECTF H.110 bus, hot-swap capability,
and driver support for high-availabil-
ity systems.

According to Spectrum, sharing '
data across multiple DSPs is the key
to implementing efficient multichan- ‘
nel algorithms for telecom applica-
tions such as wireless base-trans-
ceiver stations, voice-over IP (VOIP)
gateways, and remote-access servers
(RASs). Baja's architecture is based |
on a new, Spectrum-developed ASIC
which enables high-speed interproces- |
sor communication between the
"C6202 processors.

1

SHARCs Bite Back

When high-performance, real-time |
processing is required, the more
DSPs on board the merrier. ADI’s
SHARC DSP chip offers Link-ports
that make it easier to pack more chips
on a board. Providing up to 24
SHARC DSPs in a motherboard and
daughterboard format, the Vantegra
board from Radstone Technology Inc.
is capable of yielding up to 2.83
GFLOPS of performance in a single |
6U VME slot. It's compliant with ei-
ther IEEE 1101.2 Conduction Cooled |
or Air Cooled formats.




" We think it’s time someone cleared
wmn ’+ COMS +O up all the misconceptions about
Photomultiplier Tubes.
M +uhn0lo We've heard all sorts of stories from all sorts of peopie
q J about PMTs. And most of them are pure fiction.
So here’s the straight scoop.

.
I+ mms l’k& 6V6r On& First of all, PMTs are the most sensitive light-detection

devices ever conceived. So sensitive that they can

count single photons when other devices are groping
s a S Or« O 6" . in the dark.

PMTs also have such high noise-free gain, typically
over 10, that you can usually forget the added
expense and complexity of external amplification
Which makes them extremely cost effective.

They're also extremely reliable, so much so that
theyll typically operate over 10,000 hours.

When you're ready to talk to the PMT experts who
take a back seat to no one, call 1-800-524-0504.
Don't forget to ask for your FREE book
“PMTs-Principle to Application.” Check out

our Web site at http://pmt. hamamatsu.com
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The board design exploits the full
potential of ADI's SHARC DSP by us-
ing clusters of six ADSP-2106x de-
vices, each with local SRAM and flash
memory, as the system'’s basic building
block. This architecture eases and ac-
celerates software development by
providing symmetrical compute seg-
ments. This in turn ensures that re-
source allocation is simple and easily
scaled over multiple clusters and
board sets.

Each cluster of six SHARCs pro-
vides six Link-ports to give up to 240-
Mbyte/s data transfers between the
adjacent cluster of SHARC's on the
same board. Each cluster on the board
then provides a further six Link-ports
for the motherboard/daughterboard
interconnection.

'DSP BOARDS |

Similarly, there are up to 24 Link-
ports (six per cluster) available at the
front, providing interconnection for
multiple boards and giving an aggre-
gate peak transfer rate of up to 4580
Mbytes/s between multiple boards. A
number of Link-ports are available at
the P2 connector for multiple board in-
terconnection or data acquisition.

SHARC On PMC

Longtime SHARC board vendor Ix-
thos Inc. offers a scalable solution by
putting SHARCs on PC'I mezzanine
cards. The Quad SHARC PC1 mezza-
nine card (PMC) can work as a high-
powered, on-board compute engine or
as a high-performance bridge to exter-
nal SHARC processors needing to link

» tothe PCI bus (Fig. 1). Called the
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MYTH $:
PMTS have
limited
applications.

MAX 4
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We wanted to list every PMT
application, but the list wouldnt
fit on the page

Spectrophotometry
Gamma cameras

In vitro assay

PET
Cell sort Is, ,’Z((l'h")!\ ters

Mass \}‘ul!-‘\u"“n
Plasma monitors

NOx analyzers

Call our applications engineers for
more ideas on how PMTs can help

your design

To match our PMTs with your
needs, and for a free copy of our
300-page guide, Photomultiplier
Tubes: Principle to Application,
call our applications engineers at
1-800-524-0504. You can also
check out our Web site at
http//pmt. hamamatsu.com.
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COMPACT SMT VCXO

o

FULL PERFORMANCE SMT VCXO

%0 =
With a wide frequency range of 2 to 55 MHz, The 5V and 3.3V Full Performance K15268
Champion’s K1526A Series features compact ceramic con- Series comes in a 6 J-leads SOJ-20 ceramic package including a standard
struction in a 4 J-leads, S0J-20 industry-standard footprint. Additionally, tri-state selectable pin with optional -40°C to +85°C operating tempera-

the Series provides +25ppm stability performance.
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LOW COST SMT VCXO

An efficient, low cost option in surface mount
VCXO0s, the K1526LC Series features an Absolute
Pull Range (APR) that meets your PLL tuning needs.
Tri-state output selectable with a frequency range
from 2 to 55 MHz and 3.3 Volt optional supply.

72.000 agg,
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NEW SMT VCXO

The K1526C Series, Champion's newest innovation
in 5 Vot Full Performance SMT VCXOs, features a
4 J-leads SOJ-20 industry-standard footprint. It also
provides +25ppm stability, optional 3.3 Volt opera-
tion and frequency performance to 55 MHz.

K7 oaMEioN

&mw
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S5x7mm SMT VCXO

Champion's newest SMT configuration is a5 x 7mm
5V and 3.3V extremely low profile ceramic leadless
chip carrier (CLCC). The CMV Series offers an oper-
ating temperature range option of -40°C to +85°C as
well as a frequency range of 2 to 52 MHz.

g‘%
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BOARDS & BUSES DSP BOARDS |

IXZPMC4, the board incorporates
four SHARC DSPs to deliver 480
MFLOPS of computing power com-
pletely within the host-board environ-
ment. And, it has a PCI-SHARC
throughput of 132 Mbytes/s (80
Mbytes/s sustained) on a 32-bit, 33-
MHz PCI bus.

This computing power effectively
reduces the delay between data acqui-
sition and processing by eliminating
the need to perform off-board data
transfers to another DSP engine. On
baseboards containing two PMC slots,
almost a full GLOP of computational
power can be delivered before resort-
ing to off-board units for additional pro-
cessing power.

In applications requiring off-board
data communications, data can be
transferred between the IXZPMC4
and other DSP boards through the
SHARC Link-ports and the serial
port. Eight front-panel IXLinks can si-
multaneously transfer data at rates up
to 40 Mbytes/s for an aggregate trans-
fer rate of 320 Mbytes/s. Through the
Pn4 connector (which maps to the P2
connector), the user can transmit data
via four Link-ports (20 Mbytes/s each)
and one serial port.

Secondary Bus Alternative

One approach to accommodating
the high-throughput needs of DSP ap-
plications is the use of secondary
buses. The most popular of these in-
clude RACEway, SKYchannel, and
Myrinet. CPSI, the main driver of the
Myrinet specification, uses Myrinet in
its 2641 MultiComputer, a high-perfor-
mance processing module for the 2000
series systems.

Each computational node of the
2641 MultiComputer is equipped with
a 300-MHz PowerPC that’s capable of
processing signals at up to 600
MFLOPS. It features a cache-coher-
ent, 64-Mbyte local memory and a 320-
Mbyte/s Myrinet connection to other
nodes within the system. It provides
more than 2.4 GFLOPS of computa-
tional power within the standard VME
6U form factor.

Alacron is another DSP board ven-
dor who is offering Myrinet-connected
products. The first product in the com-
pany’s FT-Dominator series provides
both VMEG64 and PMC interfaces.
Through the FT-Dominator’s PMC in-
terface, the SHARC DSPs can pro-

vide DMA capability directly to
Myrinet, making possible a network of
full-duplex communication in excess of
1 Gbit/s—ten times the speed of Fast
Ethernet. In this manner, the FT-
Dominators can be employed in in-
cabinet clusters connected by a
Myrinet system-area network (SAN)
or can serve as compute nodes in large
distributed systems connected by a
Myrinet LAN.

The board is a scalable axray of up to
eight SHARC processors intercon-
nected using Alacron’s Dual Ported Lo-
cal Memory (DPLM) architecture. The
DPLM design eliminates processor
contention for off-chip memory, permit-
ting memory bandwidth of the
SHARC array to scale linearly with
the number of SHARC processors.

A two-dimensional DM A engine
isolates the SHARC array from the
system bus, shielding it from the im-
pact of system bus traffic while per-
forming data movement and scatter-
gather operations.

Reach For The Sky

Another secondary bus alternative
is SKYchannel, a 320-Mbyte/s 64-bit
packet bus. Last year, the bus was ap-
proved as an ANSI standard
(ANSI/VITA 10-1995) for high-perfor-
mance communication over VME P2.

Up to 256 VME boards can be con-
nected in a single SKYchannel sys-
tem. When used with SKY compute
daughtercards, SKYchannel enables
up to 4096 PowerPC, SHARC, or In-
tel i860 microprocessors to work to-
gether in a distributed shared mem-
ory architecture. SKY provides
design support for other VME ven-
dors who have products with a SKY-
channel VME P2 interface.

SKY'’s newest board is a 333-MHz
version of its Excalibur line. Excalibur
333 delivers 2.66 GFLOPS in a 6-<>-6-
in. daughtercard. The Excalibur 333
extends the Excalibur family to include
both 250- and 333-MHz versions.

Each Excalibur 333 includes four
PowerPC 604e microprocessors. One
Excalibur 333 configured ona 6U VME
motherboard delivers 2.66 GFLOPS of
performance. On a 9U VME mother-
board, four Excalibur 333 daughter-
cards deliver 10.66 GFLOPS, with total
performance in a single VME chassis of
170 GFLOPS. Coupled with SKY’s ad-
vanced memory system design, the
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PMTS arent
available
for quick
delivery.
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How’s tomorrow before lunch?

Thats how quickly you can
choose from selected Hamamatsu
PMT models and have them
delivered the next day. You can

even

charge them to your VISA

or MasterCard.

Thanks to Hamamatsu’s state-of-
the-art design and manufacturing
capabilities, we can even deliver
custom PMT models.

So if you need the best in
low-light detection, and you
need it now, call Hamamatsu
today at 1-800-524-0504.

Or visit our Web site at
http://pmt.hamamatsu.com.
Chances are, tomorrow you'll
be counting photons.




U HYla\ie Generator .

$1595.. .

4
.‘.: ..- '-0.0 ‘.. eS ar : o, ) S
- . /PSAS/
eart o e DS34 a ':2%::)“7\77‘/‘.‘[\.
g Direct Digita DD ‘ &
l.- -. Q ... -. -: ity o g
eeps and arbitra ® 0 Q 53;"‘/
: o.o.o .-. = ‘ .o -‘o : (‘.J.:A
g gyl e 1 uHz to 30 MHz <
EERIRES « 1 pHz frequency resolution
eque eeps and « Sine, square, ramp, triangle, noise
andard 10 eference
D « 12-bit, 40 MSamples/sec arb waveforms
ou're looking for o e 2.5, 5, or 10 MHz reference input
ncfion generafor  Log and linear sweeps, AM, FM, PM and burst modulation
e DS5, « GPIB and RS-232 optional

Stanford Research Systems

1290-D Reamwood Ave. Sunnyvale, CA 94089 « www.srsys.com
Phone (408) 744-9040 « Fax (408) 744-9049 e email: info@srsys.com

READER SERVICE 138




BOARDS & BUSES

DSP BOARDS

PowerPC 604e microprocessor sus-
tains memory bandwidth at 667
Mbytes/s and executes a 1k complex
fast Fourier transform (FFT), (mem-
ory to memory)in 174 us. Recently, Sky
announced that it will use Motorola’s
new, fourth-generation PowerPC mi-
croprocessor with AltiVec technology
in its next generation of embedded
high-performance computers, ex-
pected in the field by mid-1999.

RACEway Races Ahead

Among the high-speed, secondary
bus choices, RACEway, developed by
Mercury Computer Systems, enjoys
the most third-party support. Part of
RACEway's success is its link to PCI.
A RACEway-to-PCI bridge provides
a method for handling legacy VME
hardware. This helps many companies
who have invested fortunes in VME-
based hardware. The RACEway-to-
PClI interface allows a mix of VME
and PCI boards in a chassis. The
boards can interface through a
RACEway-PCI chip.

Mercury recently began offering
RACE systems featuring Motorola’s
PowerPC 750 microprocessor operat-
ing at a core voltage of 1.9 V. Motorola's
1.9-V PowerPC 750 microprocessor
will be available for PCI, VME, and
MultiPort form-factor systems.

Software Radio On RACEway

As an open standard, RACEway
has moved beyond Mercury as third-
party vendors embrace the technology.
Pentek offers the newest RACEway
product, the 6526, aimed at bandwidth-
hungry applications. Bandwidth is the
name of the game for high-end soft-
ware-based radio systems. They re-
quire high-density, DSP-intensive per-
formance for such applications as
beamforming, signal tracking, and mo-
bile communications systems.

The 6526 is the first digital receiver
to attack the bandwidth need with
RACEway. The RACEway communi-
cations fabric can span up to 20 VME-
bus slots, provide simultaneous data
paths, and support an aggregate trans-
fer rate of over 1 Gbytes/s.

The 6526 16-channel, two-input nar-
rowband digital receiver can sample
signals at up to 62.5 MHz with 16-bit ac-
curacy. This single-slot 6U VME board
has front-panel connections for input
clock, data, and synchronization sig-

nals. It includes a 32-bit, VMEbus |
slave interface for control and status.
The parallel inputs operate at TTL or
differential ECL logic levels and sup-
port up to 16 bits of data at sampling
rates up to 62.5 MHz for ECL, 50 MHz
for TTL, and 40 MHz for front-panel
data port (FPDP) levels.

Using four Graychip GC4014 quad
narrowband digital tuner chips, the
board provides a total of 16 receiver
channels. The 16 identical channel for-
matter sections accept serial output
data from the GC4014s, convert the
data to 32-bit parallel words, and then
form single-channel data packets. The
160-Mbyte/s RACEway interface lets
individual packets of data from each
receiver channel be directed to spe-
cific processors on any RACEway-
equipped DSP boards in the VMEbus
system. ’

On The Small Side

Bittware, a maker of small form-fac- |
tor DSP boards, is one of the few ven-
dors of single-processor SHARC
boards. Its latest product, the Spinner, |
is a high-performance audio board de-
signed for professional-audio OEM ap-
plications. By integrating 24-bit, 96- |
kHz analog and digital audio interfaces
with ADI’s new, low-cost ADSP-
210651 SHARC chip, the Spinner pro- |
vides audio equipment designers with a
signal-processing platform for demand-
ing audio applications. ‘

The Spinner achieves 360
MFLOPS of floating-point power
from the board’s two 30-MHz ADSP- |
21065L processors. It has up to four
channels of analog-to-digital and digi-
tal-to-analog conversion. The board ‘
supports standard interface proto-
cols, such as AES/EBU, for transfer-
ring digital audio data between pro-
fessional digital audio equipment like
PCM and DAT mastering recorders,
modular multitrack recorders, and
other equipment.

The Spinner is available with either
one SHARC processor and an 8-bit dig-
ital I/O port for data acquisition, or with
two SHARC processors and a 16-bit
digital I/O port. A Mbyte of flash is
available as nonvolatile memory. A 16-
Mbyte bank of SDRAMs is available to
the 21065L processors at a 60-MHz |
clock rate. A dual UART allows the
Spinner to communicate with external
serial devices.
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Anyone who says PMTs aren't
high-tech is probably still wearing
a leisure suit.

Sure, PMTs were first conceived
in 1926. But they've made huge
advances along the way, and
today they'll go spec to spec with
their “newest” solid-state rivals
...any day.

For example, Hamamatsu’s TO-8
Series PMTs are seven times
smaller than the next-smallest
PMT—about the size of a cough
drop (or a packaged solid-state
detector). And they're economical.

So if you hear someone say
PMTs aren't high-tech, ask il
they've spoken to Elvis lately.

To find out what'’s new in
PMTs, call Hamamatsu at
1-800-524-0504. You can also
check out our Web site at
http://pmt.hamamatsu.com.
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STANDARDS WATCH

Happy 10th Anniversary For VESA,

New Activities Ahead

Bill Lempesis, VESA Executive Director

Association (VESA) approaches

its tenth anniversary, it continues
to play its role as the worldwide forum
for setting industry-wide interface stan-
dards for PC, workstation, and comput-
ing environments. VESA has been ac-
cepted by ANSI/ISO under its JTC 100
program for fast-track electronic-indus-
try standardization. As a Publicly Ac-
ceptable Submitter (PAS) of standards,
VESA has been acknowledged world-
wide for its organizational structure and
standards development process.

VESA includes the Display, Display
Metrology, Marketing, Home Network,
PC Theatre, and VPort Committees.
Each committee has its own charter and
reports to the VESA board of directors.

The Display Committee, established
in 1998, combines the membership and
activities of the VESA Monitor, FPDI,
and Plug and Display (P&D) commit-
tees. Its goals are to create standards
related to computer displays and graph-
ics controller hardware, including stan-
dards for display timings, interfaces,
specifications, and measurement proce-
dures, as well as all display control and
identification forms. It oversees 11
workgroups, which cover technical ar-
eas related to Display Power Manage-
ment, Enhanced Video Connector/Plug
and Display (EVC/P&D-A), Signal
Standards, Flat-Panel Display Mea-
surements (FPDM), Electro Magnetic
Currents (EMC), Display Timing, and
P&D Document. The groups also delve
into Display Committee Marketing,
Transition-Minimized Differential Sig-
naling (TMDS), Digital Flat Panel
(DFP), and the Color Workgroup.

The Home Network Committee,
founded in 1995, is developing an open
industry architecture standard for con-
sumer digital home networks, with an
interoperability specification which will
allow the orderly transfer of information
between devices in the home—between
different networks, from low to high
bandwidth, and from analog to digital.
This specification also will provide direc-
tory services for devices in the home and

A s the Video Standards Electronics

a common interface on the home side of
the network interface unit (NIU).
The PC Theatre Committee, formed

in 1997, has developed a PC Theatre In- |

terconnectivity standard. This should
permit PC and CE manufacturers to
produce PC Theatre computer and dis-
play products that are compatible, easy
to use, work together as a single system,
and support automatic configuration.
The PC Theatre Standard was pub-
lished in September.

The VPort Committee’s first stan-
dard, Video Interface Port (VIP), is an
interface standard between the graphics
controller and video devices, such as
DVD, HDTYV, and video decoders. The
committee has been working on Version
2 of the standard. It'll be backward-com-
patible with VIP1.1, but with added fea-
tures and much higher performance to
support more demanding applications
like HDTV. VIP2 standard development
is essentially complete. Fiinal ratification
is expected in the fourth quarter.

VESA also sponsors special interest
groups (SIGs). At Display Works '99
starting Feb. 2, 1999, at the San Jose
Convention Center in Calif,, VESA will
initiate the VESA Micro-Display SIG.
This first meeting will introduce the con-
cepts of microdisplays, such as the four
types of devices, products using these
devices, and standardization. Partici-
pants will explore upcoming technology
challenges related to product enhance-
ment, including flexible and expandable
data-path bandwidth requirements,
function/product integration, and bi-di-
rectional data flow (to and from the chip).

Looking back over the years, it’s
clear that this anniversary year marks a
record accomplishment of the develop-
ment and publication of new standards.
Among these are the PC Theatre, Dis-
play Data Channel Command Interface
(DDC/CI), VBE 3.0, Monitor Control
Command Set (MCCS), and Display
Monitor Timings (DMT).

Bill Lempesis is executive director of
VESA. He can be reached at (408) }35-
0333 ext. 226, or e-mail: bill@vesa.org.
Formoreon VESA, go to www.vesa.org.
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The wireless connection.
Harris' PRISM® 11 Mbps
chip set can add flexibility
to hard-wired networks,
while enhancing mobility
and accessibility for your
end-users.

)

RADIO CHIP SET /
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PRISM. 11 Mbps. No wires attached.

e full 11 Mbps Ethernet speed
for high-rate transfer of voice,
data and video

e The only complete Antenna
to Bits™ WEAN chip set solution
for faster time to market

¢ Complies to and backward
compatible with the IEEE802.11
standard at 2 Mbps

Go ahead, design hard-wired performance into
your Wireless LAN applications. Harris’ 11 Mbps
PRISM® chip set delivers the wireless Ethernet
data rates your end-users demand. Want more
speed? Our comprehensive technical support and
IEEE802.11 standard compliance can slash your next level solutions
design cycle and accelerate your product to market.

Communication ICs
Harris offers the full range of cost-effective solu-
tions for your WLAN applications, from reference Power Semiconductors
designs to evaluation boards. Visit our web site at

www.semi.harris.com/prism and see how you can
plug into 11 Mbps—no wires, no kidding. wm,s
Semiconductor

Call 1-800-4HARRIS, ext. 7825 « www.semi.harris.com ¢ AnswerFAX: 1-407-724-7800 doc 7086
PRISM, the PRISM logo and Antenna to Bits are trademarks of Harris Corporation.
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o far this year, I've received press 1 and now targeted at embedded-com-
puter applications. The market for
embedded-operating-system ker-
nels is fragmented, with over 100
different APIs, tool chains, and

driver structures from as

Scorched Earth Strategy

S time operating-systems companies
announcing the availability of their ker-
nels royalty-free. One of them provides
their source code on the web. Rumors

abound that other kernel vendors will « many small companies.
do the same. What's going on here? Why Like the Russian farm-
| are they giving away their very complex ! ers, these vendors work - {

their own land, but never
act together as a group.
The kernel vendors are
independent and mutu-
ally exclusive in their
purpose of survival.
Not one of them could
put up a good fight against the invading
CE forces. If they banded together un-
der a single “kernel standard,” they
would lose their differentiation and still
be ineffective in defeating the invader.
If they form small bands called
“IDEs” (Integrated Development En-
vironments), they can keep the market
fragmented, but have some collective,
small defense. That’s what they’re do-
ing: giving away the kernel and enhanc-
ing its value with tools, support, and ser-
vices. Kernel vendors are changing the
rules of war for embedded software, and
Microsoft can't play by those rules,
Microsoft's strategy is to sell CE ker-
nal copies for a per-unit royalty. Third-
party developers sell the software tools,
drivers, compilers, simulators, and de-
velopment environments for CE. If tra-
ditional kernel vendors give their ker-
nels away, Microsoft faces the same
“scorched earth” strategy as Napoleon
and Hitler: Vendors will make money by
selling API-specific tools, services, and
support now—not from kernel royalties.
And, Microsoft could be trapped with-
out food and shelter in the middle of that
cold and icy region of real-time embed-
ded applications. If my observations are
correct, Microsoft will have to retreat
from Russia and concentrate their
troops in less-demanding markets, like
consumer and entertainment appliances,
where performance demands are less
stringent and manufacturers will pay a
per-unit royalty. CE will have to show its
buyers a better value proposition than a
free kernel, which could be like slogging
through a Russian snowstorm.
Embedded-software markets seem

products and forgoing royalties?

History teaches us never to invade
Russia in the winter. Napoleon tried it,
and the Russian farmers destroyed their
crops, killed the animals, and burned the
farms, leaving the invading army with
no source of food or shelter in the harsh
winter months. Germany invaded Rus-
sia in the winter in WWII, and met with
the same disastrous result. The Russian
“scorched earth” policy caused tremen-
dous pain and suffering, as well as frus-
tration and defeat, for the invaders.

The Russian army never mounted a
serious frontal defense against invaders.
They didn’t have to in either case. Russ-
ian farmers changed the rules of wartoa
battle of attrition, instead of victory by
strength of force. [t was General San-
tayana who said, “Those who are not
students of history are doomed to re-
peat it” (or something to that effect).

In traditional embedded applications
(industrial, military, transportation,
communications, medical, etc.), there'’s a
cold and icy region of determinism that’s
very demanding of real-time kernel per-
formance. Many of those applications re-
quire very fast responses to interrupts,
context switches, and signals from all
types of I/Os. Kernel and memory foot-
prints range from a few kbytes to many
Mbytes. Computer architectures span
the spectrum, from single-processor
systems in industrial controls to very
complex multiple-processor architec-
tures for military signal processing.

The real-time kernel market for 1998
is about $400 million. This shows why
over 100 companies have grown and
prospered, and why a one-size-fits-all
kernel offering will have a very tough
time of it. From a software perspective,
these footprint and performance re-
quirements create the equivalent char-
acteristics of a Russian winter.

Enter Microsoft and the CE kernel,
originally aimed at consumer products
L
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to have two basic principles of opera-
tion: seeking the path of least resis-
| tance, and the lowest possible cost.
While CE may offer the path
of least resistance with the
availability of many tools
and the Win32-subset API,
will that be enough to offset
CE kernel royalty? After
all, tools are a one-time
Wl purchase that can be ex-
~——— pensed or amortized
over many units. Per-
unit royalties are a vari-
able cost included in |
each product shipped.
Whether you're a high- or low-volume
embedded-system manufacturer, the
primary business objective is to reduce
variable costs in a competitive market.
You can't do that paying royalties on the
software in your products, particularly if
you're a high-volume producer. Besides, |
it's estimated that over 50% of all the
real-time kermels in use are homegrown.
These users have accepted their soft-
ware as “fixed” costs and amortize them
over thousands and millions of copies.
Captive kernel users might just be will-
ing to pay for a “free” kernel with good |
support services and tool availability.
Gillette gives away razors to get the
razor-blade business. Ttelephone com-
panies give away cell phones to get the
service revenue. Netscape gives away
the browser to get market share and to
do an [PO. What can Microsoft give up
to be successful with CE? They have to
surrender the notion that they can make
the traditional embedded-software
markets homogeneous like the desktop
markets. [t doesn’t work that way.
That’s why they haven't been forthcom-
ing with a lot of real-time determinism |
and performance-enhancing features
that bring CE up to par with many ex-
isting real-time kernels. That would be
like invading Russia in the winter.
Microsoft gave away Explorer to
keep up in the desktop operating-sys-
tem business. But when they give away
CE, they’re at the end of the food chain. |
Redmond, Washington could be in for a ‘
tough winter this year.
Ray Alderman is the executive divec-
tor at VITA. He can be reached at
exec@vita.com.
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is power..., *

...and power comes from having access COTS solutions from Blue Wave need never
to the world’s most extensive range of be a compromise. With products ranging
defense oriented signal processing from commercial grade through to

solutions, from the world’s most extended temperature and ruggedized
experienced signal processing board versions you can be sure we are able to
manufacturer, and in a delivery timeframe meet both your environmental and your
ahead of the pack. processing requirements. And by

ensuring boards are code compatible,

This is why most of the world’s major an upgrade path is available between
defense contractors choose Blue Wave to environmental grades, so you can be sure
provide the signal processing solution for the migration from demonstrator to
their systems. deployment will be trouble free.

Blue Wave 3| Signal acquisition is a key part

understands that | of all systems, and one that

the underlying - has not been overlooked at

technology is Blue Wave. All our products

only one aspect l are complemented by a
of a successful : wide range of I/0 from
solution - our systems analog and digital sub-systems to secondary
expertize together with an bus interfaces such as FPDP, Fibrechannel
unmatched track record in gi# and RACEway.
the defense arena ensures that a Blue Wave
solution is the right solution.

Ask the DSP Experts
Our extensive product portfolio enables
developers to choose from a vast array If you need to harness the power of DSP -

of signal proeessing solutions including then you need the knowledge that

DSP boards based on Texas Instruments’ only the world's leading DSP board
TMS320C6000 and TMS320C4x, Analog supplier can offer... -
Devices’ SHARC and Motorola’s call Blue Wave Systems today. -
All Trad ks are ack ledged
PowerPC processors.
>~ Blue
N

~ Wave

the power behind dsp
Blue Wave Systems Tel: (972) 277 4600 or Tel: +44 (0)1509 634300 http://www.bluews.com
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BOARDS & BUSES PRODUCTS

WHAT’S ON BOARD

The combination of a high-performance graphics-display controller and a high-resolution,
17.3-in. diagonal digital flat-panel monitor (FPM) allows designers and integra-
tors to eliminate a typical 19-in., over 40-Ib. CRT monitor. The 1600SW FPM,
jointly developed by Silicon Graphics Inc. (SGI), Mountain View, Calif., and
Mitsubishi Electric Co. Ltd., Itami, Japan, delivers the industry’s best resolu-
tion at 110 dots/in. Full-screen resolution of 1600 by 1024 pixels is set up in an
HDTV-like widescreen format. With the high resolution, extremely small font
sizes can be displayed with high readability. And, two 8.5-by-11-in. pages can be
displayed side by side. The FPM includes color management and white balance
adjustment, and delivers the best color saturation of any commereial flat-panel
monitor. To achieve such control, it uses a low-voltage differential signaling in-
terface between the panel and the host. That interface uses an OpenLDI data-
transfer protocol that supports resolutions up to 1600 by 1200 pixels. The dis-
play, with its adjustable height-weighted base, is only 7 3/8-in. deep and weighs
16 1b. In a wall-mount configuration, it’s 3-in. deep and weighs just 8 1b....

...To deal with the interface’s host-system portion, SGI struck a deal with Number
Nine Visual Technology, Lexington, Mass., to enhance Number Nine’s just re-
leased Revolution-IV 3D graphics accelerator by adding digital outputs that
can drive the OpenLDI interface. Based on the fourth-generation Ticket-to-
Ride graphics-accelerator chip, the Revolution IV-FP card will include 32
Mbytes of graphics memory and drivers for Windows 95, 98, and NT. It'll have
full Direct 3D V6.0 support for Win95 and 98, and an optimized OpenGL driver
for NT. The accelerator provides 128-bit 2D/3D graphics processing at resolu-
tions up to 1600 by 1024 pixels with 16 million colors. The Revolution IV-FP
card and 16-1b. 1600SW monitor come as a $2795 set for PCI- and AGP 2X-
based PCs and NT systems from Number Nine. A monitor-only option for the
02 workstations, available through SGI, lists for $2595. Support for the Apple
Macintosh also is planned. Contact Silicon Graphics at (650) 950-1980 or
www.sgi.com/go/flatpanel. To reach Number Nine, call (781) 674-0009 or go to
www.nine.com/products/rev4fp.

Targeted at PC companion and other portable products, the SA-1101, a companion chip
for the previously released SA-1100 StrongARM CPU from Intel Corp., Santa
Clara, Calif., is a highly integrated solution for mobile systems. The 190-MHz
CPU consumes less than 1/3 W when powered by 1.5 V. The SA-1101 adds a
dual-mode display controller that supplements the SA-1100’s color LCD con-
troller. It allows the storage and display of different data on an external high-
resolution projector and a handheld screen simultaneously. The chip also in-
cludes a USB controller, two PS/2-style serial ports, an IEEE 1284 parallel port,
a keyboard-matrix interface, and general-pwrpose I/0 lines. Operating systems
for the StrongARM include WindowsCE, 089, pSOS, Inferno, JavaOSs,
EPOC32, and VxWorks. In 10,000-unit lots, the SA-1100 sells for $33 apiece. The
SA-1101 goes for $21 each. Contact Intel at (408) 765-8080, or at www.intel.com.

Able to operate at a supply of just 1.8 V, a 16-Mbit flash memory from Mitsubishi
Electronics America Inc., Sunnyvale, Calif,, includes a background operation
(BGO) capability that lets it perform program and erase operations while read-
ing data—a feature that lowers chip count in wireless handsets and other sys-
tems that must update stored data while operating. The BGO mode partitions
the flash memory and dedicates some blocks for concurrent writes. The
durable memory allows 100,000 program-erase cycles. To save space, it can be
housed in molded, chip-scale packages optimized for mobile applications. The
16-Mbit BGO will come in 2.7- or 3.6-V versions (the MA6M29GB/T'160, 161B)
with either a 2-Mword-by-8-bit or 1-Mword-by-16-bit organization, as well as
1.8-V versions (the M5M29WB/T161B) initially offered in a 1-Mword-by-16-bit
organization. In lots of 10,000 units, chip-scale-packaged devices sell for $7
apiece with samples immediately available. Call Doug Llewellyn at Mitsubishi
at (408) 730-5900, or go to www.msm.mea.com.

I
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Single-Board Computer Packs

Dual Pentium Il Punch

PC-compatible processors such as the
Pentium are no longer considered a
performance trade-off. And two of
them are packed onto one board, the
processing power will suit even the
most demanding applications. The

TR-DP2 board combines dual Pen-
tium II processors with on-board
10/100Base-T Ethernet, Ultra Wide
SCSI and AGP SVGA interfaces to
provide optimum performance for
telecommunications, server, and imag-
ing applications. Intel’s 440BX AG-
Pset supports the system/memory bus
at 100 MHz.

The TR-DP2 offers symmetric- |
multiprocessing (SMP) capabilities to
increase performance and system
throughput. SMP applications are di-
vided into threads that can run con-
currently, allowing the operating sys-
tem to assign tasks on demand to the
next available processor. This maxi-
mizes the dual Penfium 11 processors’
capacity.

Two dual in-line memory module
(DIMM) sockets support auto detec-
tion of memory to up to 512 Mbytes of
SDRAM. Rounding out this full-fea-
tured SBC are two independently pro- |
grammable FIFO serial ports, a
floppy interface, a parallel port, a PS/2
mouse, and two USB 1.0 ports. A sys-
tem hardware monitor provides moni-
toring of system voltages, tempera-
tures, and fan speeds. The TR-DP2 is
in full compliance with the PCI Local
Bus 2.1 and PICMG 2.0 specifications.

The TR-DP2 SBC is available in
four performance models up to 450
MHz. Evaluation and production
boards are available this month with
prices starting at $3569.

Trenton Technology Inc., 2350 Cen-
tennial Dr., Gainsville, GA 30504; (800)
875-6031; fax (770) 287-3150;
www.frentonprocessors.com.
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FORCE CompAacCcTPCI
Smart Choice

We know the ropes in both
CompactPClI and telecom. So take
advantage of our unmatched expertise and
get to market faster, more affordably.

‘Dz J e're now partnering with many of

the world’s largest telecom equipment
manufacturers to deliver CompactPCI
technology that meets their product strategies.
In fact, Force Computers regularly exceeds
the stringent quality requirements of top

companies around the globe. We’ve reached

this level of success by deploying innovations

READER SERVICE 143

in areas ranging from AIN and TMN to
switching and transmission products, wireless
infrastructure and more. All while leveraging
our CompactPCI expertise in both NEBS
and ETSI system platforms. Plus delivering
solutions that fit into a variety of software
environments—including Solaris’, Windows NT
or hard real time. So hit the ground running

RLE

A SOLECTRON SUBSIDIARY

in CompactPCl.
Simply drop by

our website or call
1-888-FORCE USA.

www.forcecomputers.com
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BOARDS & BUSES PRODUCTS

- PowerPC VME Boards .
' Push Performance Curve '

The PowerPC processor architecture
still dominates the world of RISC VME
board-level computers. VME market
leader Motorola unveiled the next set of
products on its VME PowerPC
roadmap by announcing updates to ex-
isting PowerPlus VME Architecture
SBC families. These updates include

versions with the latest PowerP¢ mi- |
croprocessors, including the 366-MHz
PowerPC 750 and the 333-MHz Pow- i
erPC 604, plus several new derivatives. !

New models introduced include the |
MVMEZ2700 single-board computer, E

with the 366-MHz PowerPC 750 mi-
croprocessor and 1 Mbyte backside
Level 2 cache; the MVMEZ2300SC, a
derivative of the MVME2300 with a
P2 I/0O pinout that provides access to a

=
ry
’

g he

DISCOVER
MISSING

-

YOUR PRODUCTS ARE ONLY AS RELIABLE AS THE
BATTERIES THAT POWER THEM. ‘

DISCOVER WHAT YOU'VE BEEN MISSING WITH
KEEPER II LITHIUM BATTERIES FROM EAGLE-PICHER. |

* Prismatic design maximizes space

* |deal for compact applications

* High reliability for long life

* Higher energy density

¢ Operating temperature -40°C to +125°C

¢ Cases are hermetically sealed, not crimped
¢ Capacity range 350mAh to 1600mAh

* Wave solderable

Don't let your battery be the weakest link in your low-power
device. Call 417-776-2256, or FAX 417-776-2257 and find out
how Eagle-Picher quality engineering can work for you. ‘

EAGLEﬁapchER

Commercial Products Department
PO. Box 130, Seneca, MO 64865 1
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| CPU, known as the CP610, represents

—

SCSA TDM backplane bus (SC-bus)
from boeth PMC sites; the

MVMEZ2300LC, an entry level version
of the MVMEZ2300 with a 100-MHz
PowerPC 604 processor; and the
MVME2600 single-board computer
family with the 333-MHz PowerPC
604 microprocessor.

Also available in the PowerPlus
VME Architecture family are the
MVME3600 and MVMEJ4600 system
boards. They possess single and dual
PowerPC 6(4 microprocessor configu-
rations, respectively.

The MVME2300, MVMEZ2600,
MVME2700, MVMES3600, and
MVME4600 are available in a variety of
models for immediate production
needs. The 366-MHz MVMEZ2700, the
MVME2300SC and the MVME2300LC
will be available this month (Decem-
ber). Single unit pricing begins at $1695
for PowerPC 604 boards.

Motorola Computer Group, 2900 S.
Diablo Way, Tempe, AZ 85282; (602)- ’
438-3025; www.meg.mot.com

CIRCLE 553 l

CPU Board Supports

' 14 Compact PCl Slots

By supporting dual Compact PCI
buses off the same CPU board, users
can get a hefty slot count. One such

a complete PC on a single 6U format
board. It can be used as a standalone
single-board computer, or as the CPU
(continued on page 98) \
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I's - F There's a HEXFET" power MOSFET with
SOLUTIONS ﬁ‘c:lf’r;;k!: r-r:Lour:l ‘t.:r%%;:ps' 15-150 volts, benchmark performance from IR for nearly
i ] licat Like the first
DE lIVE RED bhole ar powerful modules, every application. Like the first power

M MOSFET chipset that meets Intel
IN THE T SLENIEYS toloplimize nten Mobile Guidelines ‘39. And there
your design

: ec are thousands of others
I H R diodes.irf.com
MONTHS.

In the last three months we deliv- Only IR gives you a choice of 262

ered more part numbers than any other different power package types. So you
power semi manufacturer did. Or could. can find one that delivers exactly the
Which means ‘R has more footprint, current handling
ways to meet your power and the thermal
needs from over 1,000 performance
distributor locations. el A you need

b (

www.irf.com

packages.irf.com

With the world's lowest switch-

’ ing losses. So they're the world's first
way to replace MOSFETs. And they're
HE w RlD just part of the world’s
troadest line of IGBTs
\ s Rectifier.
( ]

igbt.irf.com

INDUSTRY’S FIR 1499 PARTS TO SET
QP'.-APPROV
SURFAlgiﬁ%gFE 400\1/-2?8’5 orr;Iy onet\;]vay t‘o des:g(;:nf

PmI'E inverters with just one IC for

the complete 3-phase gate drive. Only
one way to cut component count and
SM M ing board space by more than 60% (the IR
) = capabllny Wlth the widest selection of 2233). IRs got the only 1200V power IC
packages from IR are now qualified i .
power packages for mation family. And it's only one
to QPL-19500. So you can cut weight d
and size to reduce total system costs. control. Driving "‘°F°’S waylweldo moreita
. from 1-100 HP Get it right, meet your power
right now with IR g IC needs. Internat 1‘3‘3'
e IOR Ruchifie

govtspace.irf.com motor.irf.com pic.irf.com

BUT WAIT, THERE'S MORE POWER SEMICONDUCTOR
EXPERTISE WHERE THAT CAME FROM.

You've asked us for specific answers to your power design questions.

We've answered with more power solutions. Solutions that offer more performance. With more reliability.
Because we have more power semiconductor design and manufaturing experierice. And invest in more 3
power conversion R&D. Over two t'imes mcre. M lnternghongl

Now it's time to do your part. Ask us to help you with your I<*R Recﬁﬁer
power design. Visit our website today. Or, for a free copy of our new CD ROM IRactive

call 800 981-8699. For technical assistance call 310 252-7105 or Fax-On-Demand
310 252-7100.
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BOARDS & BUSES PRODUCTS

(continued from page 96)

| in a CompactPCI system with two
CompactPCI buses, thereby enabling

| it todrive up to 14 I/O modules. It also
includes an on-board PMC slot.

| The CP610 can accommodate most

current Socket-7 microprocessors, in-
cluding low-power versions and those
with clock rates in excess of 300 MHz.
It’s designed for CompactPCI sys-
tems that require a large number of
1/0 slots, providing two CompactPCI
buses on connector pairs P1,P2 and
| P4,P5 on one slot (4HP).
The CP610 has built-in numeric co-

processor support, and has a SiS 5598
L

Pentium System Controller. The SiS

5598 provides all of the latest system .

controls, including a Level 2 write-
back cache controller, burst DRAM
controller, PCI/ISA interface, and
more, Various memory options are of-
fered to match customers’ system re-
quirements, including 32 or 64 Mbytes
of on-board RAM with the expansion
capability of 64 Mbytes of EDO or
SDRAM on a SO-DIMM module.

The CP610 is designed to operate
with just passive cooling, providing an
operating temperature range from 0 to
+60°C. An optional 8HP version has an
operating temperature of -25 to +75°C.

Mass-storage support is provided
by two EIDE interfaces and a floppy-
disk interface supporting two drives.
In addition, the CP610 features up to
four serial ports and a parallel port,
two USB interfaces, and a Fast Ether-
net (10Base-T/100Base-TX) interface.
Pricing for the CP610 starts at $1965.

PEP Modular Computers Inc., 750
Holiday Dr., Bldg. 9, Pittsburg h PA |
15220; (41 2) 927 3322, fax (4 12)
921-3356, www.pep.com. CIRCLE 554

Compact PCl Board Musters

Up For Harsh Duty

For harsh and rugged military and in-
dustrial applications, VME is no longer
the only game in town. Compact PCI
boards fit for rough duty are starting to
emerge. SBS Embedded Computers

offers a new 6U Compact PCI Pentium
CPU board designed specifically for
such environments. In a single slot de-
sign, the CR6 combines all relevant PC
platform components on one board,
plus additional features like a CAN
(controller area network) interface for
(continued on page 100)
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WITH THENEW ZB4100
2-World's new 386EX
C-programmable controller
is ideal for machine,
embedded and OEM control
applications. Performs real-
time multitasking and
floating-point math.

9-Volt Battery Accessories

Model BC SVPC
Holder

* PCB Mounted

* Rugged - made with
high impact ABS,
UL94V-0 rated

» Nickel-plated stainless
steel contacts

» Designed for portable
applications

* Mistake-proof battery
insertion

Call to receive a FREE catalog

1.888,362.3387

(USA and Canada)

= 40 on-board digital I/0

* RS-232/485 sen.al ports www.zworld.com .ngni‘{e?et;':ps
* LCD and expansion bus ports HD.PE. styles
* Flash EPROM « Made in U.S.A.— H.D.PE. material | |01 TYPeS

+ Fits all standard 9 volt batteries e oh o

and snaps

Ho

WORLD

INNOVATION IN CONTROL TECHNOLOGY

Tel 530.757.3737 = Fax 510.753.4151 = 2900 Spatford Street = Davis (A = Email: zworld=zworld.com

= 386EX microprocessor
For all the details, call, write or fax today.

Memory Protection Devices, Inc.

200 Broad Hollow Road, Farmingdale, New York 11735
Tel.(516)293-5891 « Fax (516)249-0002
www.batteryholders.com
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YOU NEED HARD EVIDENCE THAT YOUR
NEXT PHYSICAL VERIFICATION TOOL
IS TRULY THE INDUSTRY STANDARD.

CALIBRE®

SETTING THE INDUSTRY
STANDARD 1IN
PHYSICAL VERIFICATION,

Welcome to the brave
new world of deep submicron.
With its immense device counts
And mfinitesimal feature sizes.

Tool breakers, to be sure.

So vou need nothing but
the very best i physical verih
cation technology. A tool that
reduces turnaround times from
weeks to hours

Easv decision.

Only one such tool has

( AIJJTE : 9 { risen to become the industry
» “ - ‘

V330000890000 standard for this demanding task

Calibre from Mentor Graphices
Follow the leaders into

deep submicron

To request a deep submicron
technical paper. visit us at

www.nmentorg.com/dsm

The Power To Create”
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BOARDS & BUSES PRODUCTS

(continued from page 98)
distributed 1/0, and solid-state flash
disk drives.

The CR6 routes all 1/0 functions to
the backplane. With all I/O on the back-
plane and options for various levels of
ruggedization, including conduction
cooled, the board is suited for harsh en-
vironments applications with high !
shock, vibration, and extended temper- |
ature operating environments. ;

If You Have

abetes,

Your

Di
Ask
Doctor.

A1 you uv

L
to die wit

The board supports Pentium MMX
CPUs up to 233 MHz; K6 CPUs up to
300 MHz; 128-Mbyte DRAM; 256-
kbyte L2 cache; on-board flash drive
options up to 240 Mbytes; PCI SVGA
with a 64-bit Windows accelerator and
LCD flat panel interface; and so on.
The CR6 is available in various build
grades from commercial to ruggedized
extended temperature with a -40 to
+85°C operating temperature range.

— — —

h the flu. Just ask the

prevention

is control, and

CDC

|

Pricing varies depending on board
build configuration. A commercial ver- ‘
sion (CP5) starts at $2100, while a fully
ruggedized, conduction-cooled CR6
starts at $6400.

SBS Embedded Computers, 6301 ‘
Chapel Hill Rd, Raleigh, NC 27607-
5115;(919) 851-1101; fax (919} 851-
2844; www.sbs-embedded.com.

CIRCLE 555 l

450-MHz Motherboard
Targets Sub-$1000 PCs |

What'’s interesting about the push for
PCs priced under $1000 is that cutting-
edge processor speeds are part of the
picture. Along such lines, the Tigercub
100 is a Pentium II Micro ATX mother-
board for system integrators and
OEMs. The board supports up to 450-
MHz Pentium II processors, as well as |
the latest Celeron CPUs. |

The board’s footprint is actually
smaller than the MicroATX standard,
but it will easily mount inside a Mi-
croATX or standard ATX chassis. The
design is based on the Intel 440BX chip
set. With a 66- to 100-MHz bus, the
motherboard features ample expansion
capacity with three PCI bus master
slots, one shared ISA slot, and one AGP
port.

System assemblers can populate the
AGP port with a high-performance 2x
AGP graphics accelerator for extremely
responsive 3D graphics, or an entry
level AGP adapter for more cost-effec-
tive systems. The board includes three
168-pin DIMM sockets to support up to
768 Mbytes of SDRAM.

Drive support includes Ultra
DMA/33, which gives users access tothe
fastest hard drives available while main-
taining compatibility with older
EIDE/IDE drives. The board also fea-
tures dual channel PCI Bus Mastering
ports, two serial ports, a parallel port, a
floppy disk connector, and Twin Univer-
sal Serial Bus (USB) ports for up to 126
compatible peripheral devices.

Standard power- and system-man-
agement features include Wake-on
LAN support, power recovery after in-
terrupt, Win95 Soft Power Down, and
memory autodetect. List price is $189,
with “street” prices expected to be $150.

Tyan Computer Corp., 3288 Lau-
relview Court, Fremont, CA 94538;
(510) 651-8868; fax (510) 651-7688;
www.lyan.com. CIRCLE 556




WHAT DO THESE WORDS
MEAN T0 YOU?

TECHNOLOGY * APPLICATIONS
PRODUCTS « SOLUTIONS

have developed a new tag line that is about

as direct and to the point as one can possibly
get. It describes who we are and what we do. These
four words tell our readers and advertisers what
Electronic Design is all about:

TECHNOLOGY=-APPLICATIONS-PRODUCTS-SOLUTIONS

This new tag line reflects how Electronic Design
reports on both emerging and new technology gar-
nered from the movers and the shakers of this glo-
bal industry. We report on and analyze how new
technology will work in various applications. We
then report on and analyze new product introduc-
tions. Finally, we offer you, our readers, solution
articles and design ideas that help you and your peer
engineers to build better products in this very com-
petitive arena. These four words also represent the
stages in which you, the design engineer, work.

After much thought and discussion, our editors

It’s remarkable how these four simple words re-
flect our dynamie mission to the industry.

ELECTRONIC DESIGN

TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS




05 TR
(= SO A B
& S'
d | Al
oad g 0 O 0 g
He
ot O d D WO g
0
0 b de ome to
g 0 P
d co PO
a o d O
0 desig
0 pab p
0 e d 0
do g do O
899.999 a

thercdse Wil ...

where

here's

a Wa y to make it happen.

d

A
v ord -
LG

! ]l)_

d 0
oug pro
0 oned, b go
ou do. O d Q
0 prod b d
oridwid
op d g
O prod O ANd O
oid P P
ding O
0 b oug
d ad 0

products that can

clear the obstacles

of prototyping, testing,
manufacturing and

regulations

Just partner

with Celestica.

www.celestica.com

CELESTICA.




e Power

e Interconnections
e Passives

e Switches & Relays
e Optoelectronics

Notehook Computers: ‘
Get That Heat Out! 1

Despite Rising System Integration Levels, Thoughtful Foresight
Can Eliminate Heat And Make For A Really Cool Design.

CHRIS CHAPMAN, Aavid Thermal Products Inc., 143 North Main St., Suite 206, Concord, NH 03301;

lectrical issues traditionally take
E precedence in the design of note-

book computers. But, as system
functionality per square inch shoots
skyward, thermal issues are now mov-
ing closer to the forefront. With heat-
generating microprocessors and other
electronic components being packed
into a limited space with restricted air-
flow, heat inevitably becomes a prob-
lem. It can cause anything from erratic
behavior to complete system failure.

1
1
I
1
1
1
I
1
1
]
1
1
!
!
1
I
I
I
I
I
!
]
I
]

To date, methods to alleviate thermal
effects range from an extensively mod-
eled, optimum component layout that
minimizes system cost to a sophisti-
cated high-power fan with speed con-
trol to maximize battery life. Since
every notebook is different, however, a
unique thermal solution exists for each
system. Heatsink manufacturers, ther-
mal-modeling software providers, and
others active in thermal issues can as-
sist the designer in this complex area.

I

|
Stamped plate
i to keyboard

Custom fan

(low profile) Gap-filling
interface
material

Heat pipe for ‘
moving heat out
of the system ‘
Low - cost heat
exchanger '

1. A custom cooling solution for a high-end notebook design requires the integration of many
subcomponents into one assembly. These components can indude a stamped plate for passive
cooling and a gap-filling thermal-interface material that provides a thermal pathway from the CPU
(not shown) to both the stamped plate and the heat pipe. They might also feature a heat exchanger
where directional airflow from the custom, low-profile fan can take the heat out of the system.

(603) 629-2235; fax (603) 223-1738; www.aavid.com. ‘

In addition, the global requirements for |
notebooks may suggest the use of a
thermal consultant with global exper-
tise and support. Whatever method is
chosen, space constraints, battery life,
weight, and system cost all demand that
the thermal issues be addressed during
the early phases of system design.

Design Constraints

Thermal design in notebooks is par-
ticularly challenging because system
heat tends to increase the temperature
of all components—even those that
generate little heat themselves. The
heat-removal rate is driven by the tem-
perature differential between the inside
and the outside of the notebook. The |
chassis itself can dissipate only a limited
amount of heat, as it must remain com- |
fortable to the touch. Furthermore,
long battery life is a selling feature for
notebooks. so optimal solutions must
minimize the draw on the battery.
Portability also is necessary, so the
thermal design must not add significant
weight to the package. To add to this is-
sue’s complexity, notebooks restrict the
maximum height of the thermal solu-
tion to under one inch.

Heat from low-end notebooks can be
eliminated with proper component ‘
placement and inexpensive heatsinks.
Yet the high-end notebooks, with their '
greater power draw, require high-per-
formance fan systems as well as strate-
gic vent placement to optimize airflow.
To preserve battery life, the smallest
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DESIGN
VERSATILITY

Individual Customization with
KYCON’s Multiport D-Subs

pp?

e Multiport Stacked D-Subs
e D-Sub Over Stereo Jacks
e Elevated D-Sub

e Stacked D-Sub with Ferrite

Call Today Toll Free
1-888-KYCON-22
Visit Our Website at:
http://www.kycon.com

"BLEADERS HIPED

Connector Design
i
YCON
KYCON, Inc.
1810 Little Orchard Street
San Jose, CA 95125 USA
fel: 408-494-0330
Fax: 408-494-0325

ELECTRONIC DESIGN / DECEMBER 1, 1998
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I T HEAT ELIMINATION |
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51.0885
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I 2. While the heatsink effectively cools the CPU (located left and up from center), there s still |
significant heat transfer from the CPU to the hard drive (red section, lower left). Unless the l
| layout is modified, the hard drive will be subject to frequent failure.

Heatsinks: For low-end to mid-
range notebooks, small, inexpensive
extruded heatsinks provide sufficient
additional cooling when the heat pipe
cannot carry the whole load. Finned
heatsinks dissipate the most power in
the smallest amount of space, incre- |
mentally increasing the ability of the
designer to dissipate heat passively. |
This is a low-cost solution. But for some
applications, more fin deusity may be ‘
needed. This, in turn, requires more
space. Folding the fin increases the sur-
face area available without increasing
the space occupied. The folded-fin
heatsinks are more expensive than the
simple extruded variety. Still, the
maintains hard-drive reliability at es- « amount this adds to the cost of manu-
sentially no cost. The heat from the ' facturing is more than compensated for

| fan possible must be used. This minimal |}

CPU can then be piped out using a 3- E by the increase in the retail price of the
I
:
i

| airflow requires that the heatsinks and
| pipes conform to tight operational toler-

ances. Ease of installation also is impor-
| tant. Attachment of the heatsink and

heat pipe usually occurs after the CPU
| has been installed. These thermal com-
ponents must align with both the CPU
and the chassis, so they must also con-
form to tight physical tolerances.

Thermal Solutions
| Heat pipes and heat plates: Solu-
tions for low-end notebooks can be very
cost-effective. Here, the primary heat
generator is the CPU. Simply keeping
the CPU away from the hard drive

mm-diameter heat pipe that’s con- | higher-end notebook.
nected to a stamped aluminum plate on Atrflow control: Properly placed
| the back of the keyboard. The alu- + vents provide airflow to remove the re-
minum plate ean typically absorb 2 to4 ' mainder of the heat from the system.
' W without significant temperature ' As the notebook’s complexity in-
rise. The heat is then dissipated | creases, simple fans can raise the air-
| through the keypad. flow, thereby improving heat transfer
A straight, round heat pipe can dissi- « out of the system. A variable-speed
pate up to 15 W. Maintaining the low 1 control fan is an innovative solution to
profile of the more expensive note- ' battery life limitations, offering addi-
books requires more intricate designs. | tional margin on high-end systems.
These designs increase the need to ;| Whenever the user accesses high levels
bend and flatten the heat pipe, decreas- 1 of computing capacity, and the CPU is
ing the amount of heat dissipated. ' generating the maximum amount of
Adding 90° bends or flattening the pipe ! heat, this type of high-performance fan
can reduce effectiveness to as little as6 | operates at maximum speed. When
W. These low-profile notebooks require | computing levels decrease, the fan
additional thermal solutions. slows down to conserve battery power.

_— S ——— —_— —|




Centurion at 20:
the spirit of innovation continues

Centurion International entered the wireless communications
scene in 1978 with our revolutionary design and manufacturing nNationwi d e
process for two-way radio antennas. SeC y & | N g

o

”
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We’ve been pioneering new portable wireless technology ever
since: Innovative injection molded antennas, tough, dependable
battery packs, and a commitment to leading the way in new

technologies for the cellular, PCS, satellite and PMR business.

This is why today Centurion is
one of the industry’s largest, most
experienced and innovative
designers and manufacturers of
antennas and power products for

portable communications products.

A lot has changed since 1978, but
one thing hasn’t. At Centurion, our
Spirit of Innovation continues— all
made possible by the support of our

many loyal customers and friends

\
EITYLS

around the world.

Download your free design software right n
www.centurio
to ensure a fast, accurate proposal from Ci

On time..at the right price..and it’'ll work.”

Centurion International, Inc.

Wireless Components * Antennas and Power Products
P.O. Box 82846 « Lincoln, Nebraska 68501 « 800-228-4563/402-467-4491 « FAX: 800-826-3774/402-467-4528 1SO 9001
Email: sales@centurion.com * Web Site: www.centurion.com e

Dallas Office: 800 West Airport Freeway * Suite 1100 ¢ Irving, TX 75062 USA » Phone: 972-445-4120 * FAX: 972-445-4121]

Centurion Electronics (Shanghai). Ltd.: 4 Cai Lun Road » Zhangjiang Industrial Park * Pudang New Area * Shanghai 201203 P.R.C.
Phone: +86-21-58550827 « Phone: ~86-21-58557752 « FAX: ~86-21-58550934

Centurion International, Ltd.. 2A, Alton Business Park « Gatehouse Way ¢ Aylesbury Buckinghamshire HP 19 3XU + United Kingdom
Phone: +44 (0) 1296-339-808 « FAX: +44 (0) 1296-489-949 < Email: sales@ centurion-int.co.uk
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. . ™ IIIIH HEAT ELIMINATION |
Flexible Hi-Flow™ the Most || |
Complete Phase Change Matel'ial ' This solution also reduces acoustic !

' noise, since the noise associated with ’
ia /1YYy 7 . the fan is proportional to fan speed.
W/ "’QI} / / / , 3 Though these fans are approximately
i / ] ' ‘ | 10% more expensive than the conven- '
tional ones, the extension of the battery
life increases the marketability of the
notebook, justifying the added cost.
Thermal materials: Pliable, com-
pressible thermal-interface materials |
can also play a role in keeping note-
books cool. The aluminum plate is lo-
| cated on top of the chassis under the
keypad, while the IC is mounted to the
bottom of the chassis. Tolerance stack-

The O riginal and Most Stable  Flexible Hi-Flow is Easy to Handle and
“Phase Change” Thermal Easy to Assemble

Interface in a Pad Form o Ideal for CPUs ul‘) })etw'een tPEICPU :«}nd }Ehe hChaSSIIS

. ¢ No Tabs, No Migration, High Stability creates avanable gap in the t_ il

When you chqose a thermal interface look Better Thermal Performance, .05°C-in’/W conduction path. By compressing gap-
at the whole picture. One product may thermat resistance, performs as well as grease filling, compliant, interface materials

solve one problem but cause other prob-
lems like flow-out or grease migration.

between the CPU and the chassis-

Call for samples and more information: ;
Jost mounted heatsink, thermally conduc-

1 (800) 347-4572

We've put Hi-Flow into a pad form for THE | tive material replaces the air gaps. Do-
easier handling and installation. Uuls ing this ensures good thermal contact
Flexible Hi-Flow changes from a solid cB(:ER Nﬁvn T ‘ between the CPU and the heatsink.
and flows (phase change temperature) 5300 Edina Industrial Boulevard Even though the compliant interface
K b Minneapolis, MN 55439 e .

assuring total wet-out of the interface. Tel: (612) 835-2322 « Fax: (612) 835-4156 material isn’t as thermally conductive
Website address: www bergquisicompany.com | as the commonly used 5-mil-thick pad,

it also isn’t subject to the tolerance mis-

READER SERVICE 90

match that might occur with that pad.
Ifthe pad is too thin for the space, there

will be no contact. Ifit’s too thick, it will
/ NEW!!! N\ e he 16
Ultra-Thin TAB Desig n A custom cooling solution for one

' high-end notebook design is shown in
Figure 1. The large, stamped plate con-
‘ nects directly to the keyboard, provid-
ing 2to4 W of passive cooling. Though
GRAPHICS not shown, the gap-filling thermal-in-
MODULE ‘ terface material creates a thermal
pathway from the CPU to both the
stamped plate and the heat pipe. The
heat pipe conducts heat to a low-cost
heat exchanger, where directional air-
flow from the custom, low-profile fan
can take it out of the system. Efficient
component placement minimizes cost.
Modeling: With the addition of heat-
generating 1Cs other than the CPU,

\/C)O STN OO'(/ 7 . the thermal issues become much more
97X32 Pl Xels e involved. Thermal solutions for these

S more complex notebooks typically cost |
v Epson SED1 530 Contr0| ler two tbo tl}l{ree times tdhatdofa lowilend
o . . . notebook. The standard, 3-mm heat
§ Prlce $ 1 6 In 1 K Qua ntlty pipe isn’t large enough to dissipate the
2 | SO 9002 he:at generated in these. systems. By
~ . . using a thermal modeling package,
3 Okaya Electric America Inc. ’ such as Icepak from Fluent Inc.,
a 503 Wall Street, Valparaiso, Indicno 46383 Lgbanon. N.H., the designer can opti-
= Ph: 219-477-4488 / Fax: 219-477-4856 mize board layout to take advantage of
g http://www.okaya.com | the natural thermal convection and di-
= rectional airflow provided by a fan.
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Problem:

Build a flexible high performance cable assembly that
offers high density and a low profile.
Without sacrificing signal integrity.

No Problem.

For Precision Interconnect.

Need more data lines in less space? Take advantage of PI's miniature ribbonized coax cable assemblies featuring AMP® MICTOR®
connectors for high density and signal integrity. Impedance matched for today’s demanding test equipment and high speed digital
data interconnects, these assemblies ensure lower crosstalk, lower skew, and reduced EMI. The miniature size (0.64 mm) and flexibility
of the coax allow easy, tidy routing and extend product life. The high density MICTOR connector requires less board real estate.
These PI cable assemblies are available in your specified length. Need more information? No problem. We're flexible. Always willing

to lend a hand. And ready to answer your questions.

E PRECISION INTERCONNECT
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I T T +icAT ELIMINATION |

Thermal modeling can predict the |
heat generated by each component ina |
particular system and model the effec- E
tiveness of the thermal solution. Such !
programs are capable of taking exist- |
ing CAD files and determining the air- |
flow direction and velocity at any point |
in the notebook. They also calculate E
thermal resistance, offering an indica- !
tion of thermal transfer and cooling. '

The same tools can help develop an |
optimal heatsink for the notebook. The
heatsink design can be modeled in !
terms of volume resistance. Then, the !
modeling package can analyze each face |
of the heatsink for the free-area ratio |
characterizing the amount of air that E
can flow past the face. Together with !
the thermal resistance calculations, vol- !
ume resistance is a powerful tool to opti- |
mize heatsink design for a specific appli- |
cation in the shortest amount of time. E

By modeling different low-cost and !
passive thermal solutions, the designer !
can reduce the overall cost of the ther- |
mal solution, Without modeling, the de-
signer will need to prototype the sys- E
tem and try “what-if” scenarios in !
hardware. Often, “what-if” scenarios !
are difficult or impossible to cover with |
a single prototype. So, additional proto-
types must be built and tested. Al- E
though modeling increases up-front de- !
sign time, it allows for multiple |
“what-if”” analyses—typically reducing 1

4. In this case, the heatsinks bring the heat to a localized area where active oirflow con pick it up
and eliminate it. The temperature chart shows that this strategy is effective for the chosen

layout and component mix.

system test time and often eliminating
the need for redesign.

In systems with multiple heat gen-
erators, designing a heatsink to ad-
dress several hot components in close
vicinity may minimize the height of the
heatsink itself. Now, the layout and
heatsink design phase must occur si-
multaneously. The complexity of the
thermodynamics with two heat gener-
ators makes thermal modeling of the
new heatsink imperative. Without it,

o T |

1

|

|
. |
| J;]v?{’v'l i

NN .

‘,‘_“~IA'»-\ ..*.ul‘.r_..-& ?. e

Mag(Velocity)
mst-1

176491
15443
132368
110307
0.882455 |
0.661841
0441227
0220614

3. A layout that restricts airflow without a strategy to move heat out of the areas with no
airflow can compromise the CPU’s reliability. In this case, the heat pipe channels the heat from
the CPU (left and up from center) to the heatsink (striped square). Unfortunately, the fan (upper
left corner) is ineffective because of an obstruction between it and the heatsink.
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the design-cycle time increases. Much
more time is spent in prototype testing.
It’s also easy to miss a critical heat-gen-
erating component without thermal
modeling. Any shortcuts to these
processes can result in missed data.

Figure 2 shows a layout in which the
heatsink effectively cools the CPU. Yet
it also shows significant heat transfer
from the CPU to the hard drive. Unless
the layout is modified, the hard drive
will be subject to frequent failure due
to the additional heat load.

In a layout that restricts airflow,
there must be a strategy to move heat
out. In the case of Figure 3, the CPU
will suffer from reliability issues caused
by excessive heat.

Figure 4 shows a strategy where the
heatsinks pipe the heat to a localized
area where active airflow can pick it up
and eliminate it. The temperature chart
shows that this strategy is effective for
the chosen layout and component mix.

These examples display how thermal
modeling identifies thermal problems
before the hardware is built. Such mod-
eling exemplifies how the lowest-cost
solutions, such as layout and passive
heatsinks, can be tested and compared
with more expensive solutions to gener-
ate the most robust, reliable package.

Chris Chapman is a computer in-
dustry manager at Aavid. Priorto join-
ing Aavid eight years ago, he graduated
Sfrom the University of New Hampshire
at Durham with a degree in chemical

engineering.




Features

* Mixed Analog/Digital

* Analog Engine

* Digital Engine

® During the Run Plots

® Analog/Digital Primitives
* Analog/Digital Parts

*® Performance Plots

® Parameter Stepping

* Optimizing Parts Modeler
* 3D Plots

* Schematic Probing

* Behavioral Modeling

* Monte Carlo

* Device Temperatures

* BSIM Devices

® Animation Devices

* Import/export Netlists

* Guarantee

® Technical Support

Want the very best

in Analog/Digital simulation?
Introducing Micro-Cap V

Version 20)

Nlicro—Cap V is a fast, precision, 32-bit analog/digital simulator with an intuitive fifth
generation user interface, and a library of more than 10,000 pre-modeled parts. Based on

Yes

Spice3 & PSpice™
Native PSpice™
Yes

200+

10,000+

Yes
Multidimensional
Yes

Yes

Yes

Analog & Digital
Yes

Individually Set
Yes. 1.0, 2.0, and 3.3
Yes

Yes

30 Day Money Back
By EEs for EEs

Micro-Cap V runs on PCs under all Windows
systems from 3.1 and up. Cost is $3495 complete.

Spice3 and PSpice?it offers the best features and capability of both.
Its finely crafted simulation tools include schematic

probing, during the run plotting, performance

plots, 3D plots, multidimensional stepping,

analog and digital behavioral modeling,

an optimizing model generator, and

Monte Carlo analysis. Compiled models,

behavioral primitives, and a huge library of

commercial parts make modeling of both analog and digital

devices easy. New devices in Version 2.0 include BSIM 1.0, 2.0,

and 3.3, sample and holds, Z transforms, and three new

animation devices.
We offer the very best in

analog/digital simulation PR P

and we guarantee it with a VAR GRS Y

30 day money back guarantee! & T
You can't lose. Call us for Spectrum Software

a free brochure and working Phone 408-738-4387

demo or download the demo FAX 408-738-4702

from our Web site. Internet www.spectrum-soft.com
E-mail sales@spectrum-soft.com

Micro-Cap V is a trademark of Spectrum Software

All other names are trademarks of their respective holders
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PIPS PRODUCTS

PRODUCT FEATURE

Novel Board-Level Connector Reduces Parts
Count And Cost While Upping Reliability

sing patent-pending encircled elec-
tronic compression (EECOM)
technology, Ranoda Electronics

U

Inc. has demonstrated a board-level
connector that could go a long way to-
ward slashing the cost of board-level
connectors—while raising their reliabil-

ity. The connector system eliminates the
female part completely, and instead
plugs directly into plated through holes
in the host pe board.

The connector achieves electrical
contact with compressible transverse
terminals (split pins) that plug directly
into the 1-mm-diameter pe-board holes.
Each opposing pin half presses against
its side of the hole circumference with a
force of 10 g. Any shock or vibration in
one direction that would tend to pull the

contact faces apart is nullified by the op-
posing g forces. These opposing forces
simultaneously push the opposite faces
together.

According to the company, the two si-
multaneous contacts result in higher re-
liability and lower contact resistance.
Figures given for each are 1000
mate/demate cycles and 1 mQ or less, re-
spectively.

Each connector comes molded in a
high-temp thermoplastic housing that
secures the pins in place. The housing
also includes an orientation pin and two
spring clips that locate the header into
position and fix it to the pe board. The
contacts are tin-lead plating over cop-
per alloy—no gold is used. The per-con-
tact insertion force is rated at 50 g maxi-
mum, while the withdrawal force is 60 g

Other features include a contact volt-
age rating of 100 V ac, a current rating of
1 A, an insulation resistance of 500-MQ
minimum, and a dielectric withstand
voltage of 1000 V ac for 1 minute. Along
with raising reliability and lower cost,
the connector’s advantages also include
reduced space and speedier time to mar-
ket. Pricing is $0.02 to $0.06 per contact
per million. Delivery is four weeks.

Ranoda Electronics Inc.

1010 Depot Hill Rd. #104

Broomfield, CO 80020

Sales Dept. (303) 404-9880

fax (303) 404-9878

CIRCLE 485

PATRICK MANNION

SMBus /12C Smart-Battery ICs Are The
Most Accurate And Programmable To Date

esigned for use with all battery
D chemistries, the P4 and P3 fami-
lies of high-accuracy, program-
mable smart-battery ICs come with
on-chip flash EEPROM or expandable
nonvolatile memory, respectively. Al-
though both are fully SMBus-compli-
ant, the P4 also can be configured as a
non-Smart Battery System (SBS) de-
vice for implementing custom I*C pro-
tocols and data values.
Stemming from an Intel partner-

ship with Duracell, the SBS is an open
battery- and computer-interface spec-
ification that allows for greater than
98% accuracy on remaining battery-
power readings. Other features of the
standard include the use of Smart Bat-
tery chargers, which allow the battery
to control its own charge to prolong
battery life; the ability to use any bat-
tery chemistry in any Smart Battery-
compliant system; and the inclusion of
hooks so that a Smart Battery can be

used by the Advanced Configuration
and Power Interface (ACPI) stan-
dard. Information on the standard, in-
cluding the recently introduced ver-
sion 1.08, is available at
www.SBS-Forum.org/. Comments on
the new version are invited.

The latest additions to the com-
pany’s line of SBS-compliant devices,
the P3 and P4 use an integrating, self-
calibrating, 14-bit, analog-to-digital
converter (ADC) to ensure precise
measurements with an accuracy of

+1%. The devices also employ
patented, self-learning, three-dimen-
sional cell models to compensate for
self-discharge, temperature,
charge/discharge efficiencies, and
other factors. An advanced RISC
processor accelerates computations.

The P4’s 6 kbytes of EEPROM con-
tain the core battery control algo-
rithms, cell-chemistry performance
models, and associated equations for
battery-capacity calculations. The
block also includes pack calibration in-
formation and all learned and histori-
cal data. With supplied configuration
and utility software, over 250 prepro-
grammed battery parameters and al-
gorithms can be modified as needed by
battery manufacturers for their par-
ticular cell chemistries and applica-
tions. The P3 uses external EEPROM
of various sizes and densities for pro-
grammable parameters and algo-
rithms. Program modifications and
updates are possible via the SMBus in-
terface, even after pack assembly.

The devices come in a standard 28-
pin, 209-mil SSOP. Pricing is under $4
each in quantity. Samples of the P4 are
available now, with production in Feb-
ruary. P3 production is scheduled for
January.

PowerSmart Inc.

One Research Dr.

Shelton, CT 06484

Michael Mattera (203) 225-2423

Fax (203) 925-1714

www.powersmart.com
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SIEMENS

Jur new low-signal
elays offer more

)if the features
ou need  “

LOOEN - 30 ETA

wra

Series

V23026 V23106

13x79x6.9h 14x9x5h 14.5x72 x9.9h 20 x 9.8 x 12h| 20.1 x 10 x 10.6h

Contacts SPDT DPDT
Dim.

(mm)

Contact 30w 30W
Rating 60VA 62.5VA
Nominal 30-150mW  100-200mW
Coil Power

Terminals  Pin or SMD  Pin or SMD
Fax Doc. # 8026 8106

TUV Rhewnland A
of North America, Inc.
1SO 9001/QS-9000
Registered Company

Potter & Brumfield Products Division
Siemens Electromechanical Components, Inc.

READER.SERVICE. 184

60W 60W '50-150W
62.5VA 125VA 250VA
70-140mW  150-300mW  75-360mW
Pin or SMD Pin Pin
8079 8105 8042

You wanted more, and we've got it
Your designs demand more, so we're
providing more! We've expanded our
line of low-signal relays. New models
provide just the features you need for
application in telecommunications
equipment, computer peripherals,
security systems, office automation
and more. These relays offer:

» Through-hole and surface mount
termination options.

» Choice of low-profile or minimal PC
board area types.

e Isolation meeting FCC Part 68 and
Bellcore specs.

e Single-pole as well as double-pole
designs.

¢ L oad carrying capability to 150W or
250VA.

* Non-latching, single-coil latching
and dual-coil latching models.

e Ultra-sensitive coils.

There's still more

Great product features are just the
beginning. You're assured of
consistent quality, as these relays
are produced on fully automated
lines. Of course, we support you
with the same level of service
you've come to expect from
Potter & Brumfield Products Division,
an 1S09001/QSS000 registered
company that's been delivering
dependable, innovative switching
solutions for more than 60 years.

V23079
DPDT

V23105
DPDT

V23042
DPDT

Find out more...

From the U.S. or Canada, use a
touchtone phone and our automated
fax-response system. Simply dial
812.386.2561 and request the
appropriate fax document number.
Or follow the prompts to speak with
your sales representative.

Siemens Electromechanical Components, Inc.
700 Westpark Drive

Peachtree City, GA 30269-1498

Fax 770.371.2604

e-mail: info@sec.siemens.com
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PIPS PRODUCTS

CONTROL DEVICES

Monolithic Pressure Sensor

Tackles Tough Applications
The 4000PC Series monolithic pres-
sure sensor from Honeywell’s Micro
Switch Division offers accurate sens-
ing and a wide temperature range. Its

stainless-steel port construction af-
fords users product reliability and in-
creased quality for touch applications.
The monolithic design enables the
elimination of discrete amplifiers and
temperature-compensation circuitry.

The fully signal-conditioned sensor
offers accuracy of 0.2% at 25°C, 2% at

—45t0 85°C, and 3% at —45 to 125°C. It
operates on a 5-V dc supply voltage
and has a 4-V dc span. Operating tem-
perature range is —45 to 125°C.

Typical applications include liquid-
level indication systems, part-posi-
tioning equipment, and pressure
monitoring systems. List price at the
50 to 99 piece quantity is $68, with
availability in two to four weeks.
Price discounts are available for
OEM quantities.

Honeywell’s Micro Switch Division,
1l W. Spring St., Freeport, IL
61032,(800) 537-6945; fax (815) 235-
6545; www.honeywell.com/sensing/.

CIRCLE 530

Family Of Time-Delay Relays
Includes A Motion Detector

The Compact Time Delay Relay fam-
ily of products from SSAC Inc. now in-
cludes a motion detector/retriggable
single shot, the KRD9 series, an ultra-
compact, encapsulated, time delay re-
lay. The series is available with knob-
adjustable or factory-fixed time

delays from 100 ms to 1000 minutes
six ranges. Its repeat accuracy is +1
Input voltages include 12, 24, and 1
V deor 24 and 120 V ac. All models «
fer 10-A SPDT relay contacts that a
isolated from the input voltage to pr
vide maximum switching flexibilit
The KRD9 series is UL recogniz¢
and CSA certified. Pricing is $20.80
100-piece quantities.

SSAC Inc., P.O. Box 1000, Bald- |
winsville, NY 13027:(315) 638-1300;
fax (315) 638-0333; www.ssac.com.

CIRCLE 531

MICRON WIDE
CONDUCTORS AND SPACES ON...

50 CONCORD STREET, WILMINGTON, MA 01887 « 978/658-6100 « FAX: 978/657-7765 E-Mail: metsales@drc.com WEB: http:/,
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Battery Management

World’s Smallest PWM Battery Charger

p FEATURES:

* Voltage-programmable
charge current up to 1.5A
with up to 90% efficiency

* Constant-current/con-
stant-voltage for Li-lon or
constant-current for

The LT1510-5 is the smallest,
most integrated solution for
charging batteries used in
portable electronics. Its
500kHz operating frequency
and small 16-lead SSOP

package make it ideal as an
embedded charger in cellular
phones, PDAs and other
hand-held instruments.

www.iinear-tech.com/goAT1510

NiCd/NiMH

* 0.5% Vggg accura
and 3%Rt§l§>ical chgge
current accuracy

* 3pA quiescent current in
shutdown - no blocking
diode needed

* 8V to 28V input voltage
range - works with any
wall adapter

* Current sensing at either
battery termina

* LT1510: 200kHz, 16-lead
SO, SSOP and DIP

* LT1510-5: 500kHz, 16-lead
SsOr

LT1510: $3.00 ea. for 1K-piece Qty.

Fast Charge While You Work

FEATURES: The LT1511 is a high rotecting the wall adapter

» 8 I & p

* Input current sharing efficiency switched mode from current overloads.
allows maximum charging ~ constant-current/constant-

current while system is www.linear-tech.com/go/LT1511

operating - without over-
loading the wall adapter

e Constant-current/
constant-voltage for Li-lon
or constant-current for
NiCd/NiMH

* Internal 4A switch
provides up to 0%
charging efficiency

* 8V to 28V input voltage
range - works with any
wall adapter

* Resistor-programmable
charge current

¢ 200kHz switching

frequency
¢ 24-Jead SO Package

voltage source that charges
batteries with up to 3A while
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Battery Management 1

SEPIC Charger Operates From Wide Input
Voltage Range

p FEATURES:
* SEPIC topology with a 2.7V
to 30V input voltage range
allow charging from input .
voltage sources that are V18V y
above, below or equal to = Vit Vew
the battery voltage ov-15V
* Simple charge current o
programming from I gs LT1513-2
milliamps to over 24, =
depending on the control .
voltage (LT1513-2) Control Voltage g
* 500kHz switching frequen- ("3 aocomrater Battery
¢y minimizes inductor size Pack
¢ Current sensing is separate
from battery path, allowing
battery to be grounded The LT1513 isa 3A, 500kHz  regulation when the input
Ty &1 g p
¢ LT1513: 3A switch in 7-lead PWM battery charger that voltage is above or below
DD or TO-220 packages uses a SEPIC (Single Ended  the battery voltage.
* LTI512: 2Aswitchin50- ~ Primary Inductance
package Converter) topology to ]
allov\r constant current Www.m"tecll.commil/ul 51 3
LT1513-2: $4.20 ea. for 1K-Piece Qty.
High Efficiency, Low Dropout Charge Current
Controller
p FEATURES: The LT1620 current Vee
* Up to 97% charging sense amplifier |
efficiency when used transforms LTC l;g‘,:gs b
with LTC synchronous current mode DC/DC Controller VWA
switchers controllers into high TV s
* Voltage-programmable efficiency, high current
charge current control battery chargers with GND  In s
* Input current sensing very low dropout. h s
allows minimum ==
charging time www.linear-tech.com/go/LT1620
* LT1620: 8-lead SO/MSOP
or 16-lead SSOP*
¢ LT1621: Dual LT1620s
in 16-lead SSOP s .
. L s input current sharing so Regulates the average output current
cgr‘;li‘:g;ﬁﬁ::‘::':nefn‘:::':}?:re . battery can be fast-charged while independent of input and output
Li-IoFr: and SL.;\ a;:plimtion; ‘h system is operating voltage variations

LT1620: $1.80 ea. for 1K-piece Qty.

For literature only: call 1-800-4-LINEAR y) www.linear-tech.com

3



Raﬂery Management

Battery Backup System Provides Power From
Single NiCd Cell

The LTC1558 provides a p” FEATURES:
No Mare Li-lon complete rechargeable battery ¢ Fully integrated battery backup solution includes
Backup Battery  backup solution that operates 1.2V synchronous boost converter, 2-stage smart charger

Stacks from a single NiCd or NiMH with gas gauge, automatic backup switching logic and pP
cell, making it ideal for use in reset generator in SO-8 package
notebook computers, PDAs * Provides all functions necessary to implement a 100mW
and other space-limited backup power supply using a single NiCd or NiMH cell
portable applications. L :
* Smart charger minimizes recharge time and prevents
- overcharging battery
Bgz:.:: ¢ Includes power-on reset, short circuit protection and
. Supply thermal limiting
1-Cell NiCd LTC1558 * SO-8 or 16-lead SO/SSOP packages with 3.3V or 5V
or NiMH monitor and reset

L
www.linean-tech.com/go/LTC1558

LTC1558: $3.15 ea. for 1K-piece Qty.

Low Dropout Backup Regulator Provides
Uninterruptible Output Voltage

Operating from two FEATURES:
independent power inputs * Maintains continuous output voltage regulation
from 3.5V to 20V, the LT1579 with dual inputs - no protection diodes needed
produces a glitch-free output  « 300mA output with only 0.4V dropout
el R T * Automatic or logic-controlled input switching

Sl * 70pA quiescent current, 7pA in shutdown

* Adjustable and fixed 3V, 3.3V and 5V outputs

won S [ s S, ¢ Includes reverse battery protection, current limiting

Battery y .
at — Shutdown and reverse current protection

~— Switch 1o Backup * SO-8 package with basic features

—— Main Input Low To Power
LT1579 —-o::ackulp ':n:mL: Low g Hanagement * 16-lead SO/SSOP packages include low battery

I comparators and extra logic control
— Backup Enabled

oy

!

Battery
Backup

www.linear-tech.com/go/LT1579

LT1579: $3.40 ea. for 1K-piece Qty.

For more details, contact Linear Technology Corporation,
1630 McCarthy Blvd., Milpitas, CA 95035-7417, Web Site: www.linear-tech.com.
(408) 432-1900. Fax: (408) 434-0507. For literature only: 1-800-4-LINEAR.

L I n Em LT LTC and LT are registered trademarks of Linear Technology Corporation
Tt
TECHNOLOGY S www.iinear-tech.com

FROM YOUR MIND TO YOUR MARKET

AND EVERYTHING IN BETWEEN
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| CONTROL DEVICES

‘Turn-Key Motion-Control Package Takes
'Guesswork Out Of Compatibility Issues

PAK servo axis package is a

| A vailable off the shelf, the AXI-
| complete turn-key motion-con-

| trol package that uses pre-engi-

| neered, pre-matched components.
The system comprises a high-torque
BLX brushless servo motor with
IP65 sealing, a Thomson Omnidrive
digital servo drive, molded cables, and
Omnilink setup software. Designed to
take the guesswork out of compatibil-
| ity and installation issues, the system
also comes with UL, CUL, and CE
certifications.

Key features of the system include
the ability to operate in torque, veloc-
ity, or position modes; the ability to ac-
cept the standard +10-V analog com-
l mand signal from either a host
| computer or a serial link; and pro-

grammable I/0 and preset speeds.
The system also is available in an in-

dexing version that can execute up to
eight different position moves initi-
ated by the digital I/0.

Other features include a continu-
ous torque rating from 4.2 to 280 in.-
lb., a peak torque rating of 11.0 to 840
in.-1b., MS-style fluid-tight connec-
tors, oversize bearings, a winding
thermal switch and an internal line-
commutating encoder. The system
can operate as a smart, standalone
drive, or it ean connect to the Thom-
son TMC-2000 motion controller for
complex or multi-axis systems. Pric-
ing is $1500.

Thomson Industries Inc.

2 Channel Dr.

Port Washington, NY 11050

Sales Dept. {516) 883-8000

Fax (516) 883-9039

CIRCLE 532

PATRICK MANNION

' Motion Controller Fits
' A Wide Range Of Uses

The MCL-400 multi-axis controller is
the latest addition to the MCL series
| from Continuum Engineering. The

| controller can be used in a number of
motion control applications and com-
bines the functionality of four index-
ers, four drivers, and one power sup-
ply in a single package. The
Windows-based software included in
the package allows simple and rapid
generation of motion moves that can
be downloaded into the controller for
standalone operation. The system de-
livers cost-effective micro-stepper
control performance. Base price for
the MCL-400 four-axis indexer/dri-
ver is $3825.

L

Continuum Engineering Inc., 18740
Oxnard St., Tarzana, CA 91356,(818)
654-8950; fax (818) 654-8955; e-mail:
sarfati@ceusa.com. CIRCLE 533

New In-Line Amplifiers
For ACLVDTs

The DLD In-Line Amplifier series
from Sensotec is designed for ac
LVDTs and features two models to
address linear displacement applica-
tion needs. The amplifiers are housed
in a DIN-rail-mountable package with
all electrical connections and
zero/span adjustments located on the
front of the unit for easy access. The
units are stackable on a standard DIN
35-mm mounting rail for ease of in-
stallation. The series accepts a power
input of 18-36-V dc and provides 3-V
ac excitation at 5 kHz to the LVDT.
Pricing begins at $325.

Sensotec Inc., 2080 Arlingate Ln.,
Columbus, OH 43228;(614) 850-5000;
fax (614) 850-1111; Internet:
www.sensolec.com. CIRCLE 534

Family Of Time-Delay Relays

Includes A Motion Detector

The DMC-2000 series of motion con-
trollers from Galil Motion Control

Inc. are now available for the Univer-
sal Serial Bus (USB.) They are avail-
able in 1- through 8-axis formats
which enable control of both step and
servo motors on any combination of
axes. Performance features include
sinusoidal commutation for brushless
motors, two encoder inputs for each
axis, 96 configurable 1/0, and forward
and reverse limits and home inputs
for each axis. Modes of motion include |
independent axis positioning, linear
and circular interpolation, contour-
ing, electronic gearing, and ecam.
Pricing is $2995 for a single four-axis
controller, and $1295 each for quanti-
ties of 100.

Galil Motion Control Inc., 203 Raven-
dale Dr., Mountain View, CA
94043,(800) 377-6329; fax (650) 967-
1751; www.galilmc.com. CIRCLE 535

Brushless DC Motor Features
Ball Bearing Motor Design

The DE19 Brushless DC (BLDC) mo-
tor from Comair Rotron features a
ball bearing motor design for high
performance, reliability, and long life.

Used in pumps and air-moving de-
vices, the DE19’s core includes a dy-
namically balanced rotor that ensures
efficient operation, high starting
torque, and minimal torque ripple.
Two-wire control allows quick con-
nection to de power. The motor is
available in 2800-rpm models with a
minimum start torque of 0.25 in.-oz.
and 3600-rpm models with a mini-
mum start torque of 0.3 in.-oz. Op-
tions such as performance sensors, ’
tachometers, and clockwise rotation
are available. Prices start at $17 in |
OEM quantities with delivery in
eight weeks.

Comair Rotron, 2675 Customhouse
Ct., San Ysidro, CA 92173; (619) 661-
6688; fax (619) 661-6057; Internet: |
www.comairrotron.com. CIRCLE 536_]
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M Highlights and insights from the frontline of the communications revolution

oftware radio is a buzzword that’s
s been around for many years, with

deep roots in the military. These
wetre “be all and do all” receivers, the
workhorses of military intelligence.!?
As the cold war melted, software-ra-
dio enthusiasts found a new home for
their technology: cellular-radio appli-
cations.? This article reviews the con-
cept, architecture, technology chal-
lenges, and economics of the
software-defined radio.

Historically, the relatively low num-
ber of prevalent standards, as well as
the state of the art and high cost of key
components, have limited the benetfits
and use of software radios. The second
| generation of wireless systems has of-
fered a variety of different modulation
formats and multiple-access technolo-

gies to be covered by a single radio.

Dual-mode operation and compati-

bility requirements with anzlog sys-
tems make this task even more chal- !
lenging. The main goal of current
developments in dual-mode (and even-
tually triple-mode) transceivers, which
cover drastically different data rates
and modulation formats, is otten reduc-
tion of cost, power, and size.’

Defining Software Radio

The most literal translation of soft- !
ware radio would be a radio where sig- |
nals on the antenna, or perhaps at anin- |
termediate frequency. are digitized .
with a high-performance analog-to-dig-
ital converter (ADC) and sent to a ter- !
minal (computer, mobile phone, etc.). |
Once digitized and inside the ferminal, |

A Look At Software Radios:
Are They Fact Or Fiction? ‘

Fully Programmable, DSP-Based Radios And Cell Phones Are The |
Future, But When? Here's An Insider’s View On Theory Vs. Practice.

BRAD BRANNON, DIMITRIOS EFSTATHIOU, and TOM GRATZEK, Analog Devices [nc.. 7910 Triad Center Dr., Greensboro, NC ’
| 27409; e-mail: Brad.Brannon@analog.com.

code would be used to select an RF
channel and demodulate the signal
(Fiy. 1a). While this is a worthy goal,
it's only now becoming practical for
specific applications. ‘
A more reasonable name for this de- |
sired tecknology would be a “digital re-
programmable radio.” (Note that digi- |
tal receivers can be designed to receive
digitally modulated signals, as well as
analog. or FM, signals.) As with a soft-
ware radio, an ADC is used to digitize
the sigmal at the antenna or at an inter-
mediate frequency. Instead of process-
ing the digitized data solely in software,
however, a variety of {lexible, recontig-
urable ASICs and general-purpose dig-
ital signal processors (DSPs) are used
to reduce system power dissipation,
size. and cost (Fig. 1b). These ASICs

DSP core,
supercomputer

ADC

ADC

Audio,
digital video

_-—

(a)

{b)

-1

Audio
digital ‘
Digital tuning Demodulation | V1980 |
filter ASIC ASIC e

DSP core,
microcantroller

L

1. In the “ideal” software radio, RF signals are digitized directly at the antenna (a). All other radio functions are performed in the digital domain
via software. With o digital programmable radio, some of the digital processing is accomplished with specialized reconfigurable hardware (b).

ELECTRONIC DESIGN / DECEMBER 1, 1998




o3
o
o
Py
-~
—
oc
e
g
\/
e
(=
~
=
o
v
-
o
b4
=z
g
P
—
-

COLULTO DI PRIG L0 SOFTWARE RADIOS

Band-select Channel i Audio, ‘
filter Image filter filter digital video
Bandpass _®_ Bandpass _®__ Bandpass 90 0P
flter flter flter (
] 1 O
. Fixed
Variable
0 ‘ i : |
Fixed
(@) Lo
v Receive signal ‘
Band-select processor
filter Image filter . Audio,
Bandpass _®_ Bandpass a T':;':; || Demodulator | Siital video
filter filler \ ASIC ASIC
Fixed
L0
DSP core
(b) microcontrolier

are programmable and can be adjusted
for different channel characteristics

| and modulation schemes. These imple-

mentations, which inciude ASICs or
field-programmable gate arrays (FP-
GAs), are more economical than fully
flexible DSP implementations.

A practical definition of software
radio ineludes radios with a set of pre-
defined hardware modules (such as
ASICs or FPGAs). These modules
must be selectable through software
as common hardware for several dif-
ferent systems.

These modules provide multirate
signal-processing functions (like deci-
mators and interpolators), digital
down/up conversion capabilities, and
filter programmability via RAM-coeffi-
cient, finite-impulse-response (FIR) fil-
ters. This approach enables the effi-
cient realization of transceiver
functions in terms of power consump-
tion, minimal component count, and
compactness. In effect, the filters and
demodulation that would have run on
the terminal have been generalized and
committed to silicon with programma-
ble characteristics.

Thus, a software radio that’s practi-
cal for today is one where selected func-
tions have been committed to silicon.
But, enough flexibility must be re-

s o o e s e o o e e e o L o o o e e s o £ £ £ C £ G 5 3 e € £ o e e ) e

tained in order to reconfigure it for a
variety of different standards.

What Technology Is Needed?

In recent years, there’s been signifi-
cant improvement in critical technolo-
gies such as low-noise amplifiers
(LNAs), mixers, data conversion, and
DSPs. Only now do these enhance-
ments make “software radios” possible.

Whether sampled at the antenna or
at an intermediate frequency (IF), the
signal must still be sampled with an
analog-to-digital converter (ADC). In
the case of the military archetype (Fig.
1a, again), the usual specification was
for a 16-bit, 1-GHz sampler. Needless to
say, if such a converter ever existed, it
was quite expensive. Although ad-
vances have been made in RF-band-
pass sigma-delta converters, a much
more practical solution is to sample at
an IF frequency.

A key breakthrough in the commer-
cialization of software radios has been
to limit the bandwidth of the receiver.
The personal communications services
(PCS) and cellular industries have done
this through the licenses granted to op-
erators (typically under 15 MHz per op-
erator). Technically, this means that as
long as the band of interest has bounds,
images and other spurious signals can

2. In early digital radios, signals were sampled at the baseband frequencies.This was due to ADC performance limitations which restricted the
highest frequencies that could be sampled (a). Improvements in ADC performance allowed sampling at the IF (b).

be managed and placed out of band. |
When applied to software radio, a de-
fined bandwidth means that a system’s !
sample rate and dynamie range can be |
reasonably limited.

This means that the IFs able to be
selected also can be directly sampled
with current ADC technology. Five
years ago, data converters requiredc
that the RF signal be converted to
baseband. Present technology allows
the sampling of I F signals up to 250
MHz. An added benefit of IF sampling
is that one or more downconvert stages
can be eliminated. This results in very
small receiver designs and, thereby, re-
duced cost.

Figure 2a shows a baseband-sam-
pling receiver. This is a triple downcon-
vert to near baseband with analog
channel filtering. The final downcon-
vert incorporates an IQ separation
feeding separate baseband ADCs. The
ADC datastream goes to the DSP, |
where demodulation is done in soft- |
ware. In addition to the RF band-select
filter on the front end of this receiver, a
channel-select filter is implemented in
the analog domain.

Although the software could be al-
tered to support a different air inter-
face, the channel characteristics cannot
be changed since the bandwidth of the
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analog filters is fixed. Certainly, differ-
ent analog filters could be switched in
and out. But often, these filters are
quite expensive and add complexity.

Figure 2b depicts a similar IF sam-
pling receiver. In this case, a single
analog mixer is used to downconvert
to a convenient IF where the signal is
digitized. I and Q separation is done
digitally in the receive-signal-proces-
sor (RSP) chip, along with channel-fil-
ter and data-rate selection. In this in-
stance, the DSP is only used for
demodulation and the receiver is fully
programmable. Both the channel
characteristics and demodulation
methodology can be changed. In a nar-
row sense, software radios as pre-
sented here are “future proof” in that
they permit incremental channel or
standards changes with little or no im-
pact on the hardware. Since this archi-
tecture lends itself well to IF sam-
pling, such receivers are both smaller
and cheaper.®

Bridging The 2G/3G Gap
Development of multicarrier, sec-
ond-generation picocell and microcell
base stations has become practical,
thanks to progress in fully digital mo-
dem techniques. These techniques in-
cluding synchronization, equalization,
and multirate signal processing. In a
multicarrier base-transceiver-station
(BTS) receiver, the constituent RF and
bearer channels are only treated as in-
dividual signals once they’ve entered
the digital domain. This permits the ra-
dio to be independent of modulation, ac-
cess methodology, and channel spacing.
An efficient hardware design takes
advantage of digital algorithmic ap-

proaches. And, with proper architec-
tural partitioning, it also makes soft-
ware-radio communications products
practical. The flexibility of software-ra-
dio-based solutions enables the migra-
tion to third-generation system de-
signs. Software-radio techniques also
can provide a seamless evolutionary
path from the second- to third-genera-
tion systems, thereby reducing net-
work operators’ future capital costs.

ADC And DAC Limitations

In typical base-station implementa-
tions, a wideband ADC may convert an
entire system band at the IF (ex-
tended GSM = 35 MHz, IS-136 = 25
MHz, IS-95 = 25 MHz). This allows dig-
ital channelization and demodulation.

From a software-radio point of
view, there are engineering limits re-
lated to data-converter technology
and ASIC reprogrammable functions.
These include the bandwidth and dy-
namic range of the ADCs and DACs,
as well as the processing capacity of
the digital-processing hardware, in-
cluding reprogrammable ASICs, FP-
GAs, DSP chips, and general-purpose
processors.

ADCs, in particular, have always
been seen as key components of signal-
processing systems. They often dictate
system architectures due to their limi-
tations on sampling rate, resolution,
and dynamic range. Over the last
decade, most ADC research has been
aimed at monolithic, power-efficient
ADCs, rather than high-performance,
high-power converters.

Over the last few years, however,
the maturation of monolithic con-
verter technology has returned the fo-

cus to high performance. High-speed
DACs have been considered easier to
implement when compared to high-
speed ADCs. DAC specifications have
been reviewed in the light of wide-
band, multicarrier transmission re-
quirements where high-speed DACs
should operate at medium-to-high
IFs. Wider, dynamic-range DACs are
needed for multitone applications,
which transmit many channels of in-
formation over several MHz of band-
width and have a high peak-to-aver-
age output-signal ratio.

The illustrations that follow provide
insight into the capabilities of current
ADC technology. While some air inter-
faces can’t yet take advantage of wide-
band sampling, converter technology
has matured to the point where many
popular standards can now be handled.
Notable standards potentially imple-
menting this technology are PHS,
PDC, I1S-136, AMPS, and GSM pico-
cells. The remainder of current stan-
dards will be implemented shortly,
when next-generation converters be-
come available.

The graphs shown in figure 3 illus-
trate the spurious response from a pro-
totyped receiver which uses the archi-
tecture shown in Figure 2b. This
receiver was programmed to filter an
IS-136 channel (Fig. 3a), then repro-
grammed to filter a Groupe Speciale
Mobile (GSM) channel (Fig. 3b). In
each case, the RSP was tuned across
the band to illustrate receiver perfor-
mance. These figures show blocker re-
jection, along with the performance re-
quired by the standard.

One key reason that the setup fails
to meet minimum, standard-defined

——————————————
——————————————
——————————————

——————————————

——————————————
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3. These spectral plots illustrate the typical wideband-receiver performance expected from current- generation data converters. One plot shows the
spurious response when the receiver is programmed to filter an 1S-136 channel (a). The other plot depicts the receiver’s performance when

reprogrammed for a GSM channel (b).
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T RIS A SOFTWARE RADIOS |

performance levels is the limi-
tation in the spurious perfor-
mance of the ADC. Current
ADC technology provides
about 80 dB of dynamic range
without dither: The converter
used in this case is an [F-sam-
pling ADC (AD6640). Stan-
dard vendor-supplied evalua-
tion boards are used (Fig. }).
If dither techniques are uti-
lized, spurious performance
will be improved from 15 to
20db to 100 dB.”

DSP Limitation Factors

Software-radio solutions
set the demand for high-
speed components for IF and
baseband processing. Third-genera-
tion architectures will require 1000
MIPS of digital-IF processing power,
and up to 2000 MIPS of baseband DSP
power. Some functions of a wideband
code-division multiple access (W-
CDMA), third-generation technology
receiver system, such as matched fil-
tering and despreading, are computa-
tionally intense. They’ll probably be
implemented as dedicated ASICs, or
at least hardware accelerators within a
DSP core.

The peak computational demand of
a software radio for a 4.096-MHz W-
CDMA mode is about 400 MIPS per
finger, or 1600 MIPS. An FPGA or
DSP-core based ASIC could more eas-
ily deliver the required computational
capacity today. The software-radio
DSP could be reprogrammed for GSM,
1S-136, or 1S-95. Advanced decision-
/data-directed or nondecision-directed
techniques can be implemented within
a DSP for time-division multiple-ac-
cess (TDMA) receivers.”

The DSP industry is currently un-
dergoing a generational change dri-
ven by three factors: architectural in-
novation, process technology, and
system integration. Architecturally,
DSPs have to improve their perfor-
mance by means of higher levels of
parallelism and incorporating multi-
ple data paths and execution units.
Process technology remains the pri-
mary driver of performance by in-
creasing clock rates and transistor
counts. At the same time, DSP power
consumption should decrease. DSPs
with drawn geometries of 0.35-um in
the 1995 to 1996 timeframe are now

being delivered in 0.25-um, with 0.18-
pum expected in late 1999.

A software radio could offer more
flexibility by realizing multimoede and
multiband radio. It could present “on-
the-fly” specification change ard addi-
tional functions and/or services. It also
could offer autonomous selection of air-
interface standards according to envi-
ronments (home, office, outdoor. vehi-
cle) and user needs (voice, data, audio).

The driver for the development of
software-radio base stations is likely to
be the introduction of third-generation
systems. But, huge investments are
needed for first- and second-genera-
tion wireless systems. These make it
unattractive—at least for the present
time—for operators to consider a soft-
ware-radio network deployment in the
near future.

We can expect, then, that world-
wide base-station and handset manu-
facturers see the software radio as a
remote opporturity (a technological
vision) and will focus on a commer-
cially viable version of it. This prag-
matic approach results in the digital
programmable radio, which bridges
the gap between second- and third-
generation systems. We can also pre-
dict the acceleration of the develop-
ment of software-radio architectures.
The market discontinuity, repre-
sented by third-generation systems,
will create a demand in the same way
GSM did for real-time DSP in the late
1980s and early 1990s.
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Circle 520

Use The PC's UART
With 9-Bit Protocols

ALEJANDRO J. FORMICHELLI
INTI-CITEI, Casilla de Correo 157, (1650) San Martin, Argentina;
fax: +54-1-754-5194; e-mail: ajf@inti.gov.ar.

monitoring and/or control con-

sists of a multidrop network—a
PC acts as the host and communi-
cates with 8-bit microcontrollers act-
ing as slaves (see the figure). Usually,
the physical layer of such a network is
based on the RS-485 standard, while
the logical layer is a commercial or
user-defined protocol. In either case
there’s an address byte within the
transmitted frame that identifies the
target slave device.

With early-generation microcon-
trollers, all slaves had to search for
this address byte within the frame to
determine whether the frame was ad-
dressed to them. This meant that
every slave in the network had to be
interrupted by every byte being
transmitted, wasting the slaves’ pre-
cious CPU processing time.

Later microcontrollers, like Mo-

Atypical system for distributed

| torola’s 68HCO05CS8 or Intel’s 8051, im-

plemented their serial port with a spe-
cial mode for multiprocessor

parity 8th bit address/data
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FRAME TRANSMISSION FOR 9TH BIT

communications. In this mode, 9 bits
are received. The 9th bit goes to a spe-
cial register. The serial port can be
configured to activate the serial-port
interrupt, depending on the state (i.e.,
a logical one) of the 9th bit.

When the master wants to trans-
mit a block of data to one of several
slaves, it first sends out an address
byte that identifies the target slave.
An address byte has its 9th bit set,
while a data byte has it cleared. Be-
cause of this bit state, the address
byte will interrupt all slaves. Each
one examines the received byte and
see if it's being addressed.

The addressed slave will activate
the serial port interrupt (ignoring the
9th bit state of successive bytes) to re-
ceive the data following the address
byte. The non-addressed slaves will
continue with their program, ignoring
the incoming data bytes until a new
address byte interrupts them, mini-
mizing wasted CPU processing time.

From the master point of view, the

main problem with this addressing
method is that the PC UART (origi-
nally 8250-based and now 16x50-
based) doesn’t have the newer 9-bit
word capability. It would be neces-
sary to add hardware to the PC, such
as another microcontroller to handle
communications with the slaves or a
UART with 9-bit communciations
mode (e.g., Intel’s 82521).

However, it’s possible to use the PC
UART with 9-bit protocols without
any extra hardware. The trick is to use
the parity bit as the 9th bit. Suppose
we want to send a string, such as
“ABC,"” to the slave processor at ad-
dress 41h and that we've established
odd parity for communications. The
frame to be transmitted would look
like that shown in the table.

The 8th bit is used to change the
quantity of “ones” in the byte, caus-
ing the parity (9th) bit to be set prop-
erly to meet the parity used. This can
be accomplished rather easily using
two lookup tables: one for the byte as
an address byte and one for the byte
as a data byte. The table is indexed
using the byte value to be transmit-
ted. This way, any byte can behave
both as an address byte or as a data
byte (like 41h and “A”).

Due to the use of the 8th bit, this
method limits the data byte length to
7 bits (i.e., standard ASCII) and slave
addressing to 128 slaves. While this is
sufficient for many networks, there
are applications (code downloading,

// With 9-Bit Protocols

(9th bit) /
1 0 1000001 slave #41h address (Se”"F'a"‘e‘ oharbirl), Wt birten;)
0 1 1000001 data byte - "A’ SetParity( bfr{0), ADDR );
0 1 1000010 data byte - 'B" SendByte( bk{0] )
0 0 1000011 data byte - 'C’ for(i=1;i<bfrLen;i++) {
SetParity( bfr{i], DATA );
SendByte( bfr(i] );
}
}
PC  |eteemiS TRl B Sess o
host
SetParity( char byte, int byteType )
if( byteType == ADDR )
else
regVal = dataTbl[byte];
Slave 1 Slave 2 Slave n while(inTx )
WrileF"amyReg( regVal );

In this typical multidrop microcontroller network, the PC acts as the host
and communicates with 8-bit microcontrollers that are acting as slaves.

}

// Use The PC's UART

/I Author: Alejandro J. Formichelli

regVal = addrTbi[byte]; // depending on the byte type

// first byte of buffer is slave address

// get the new register value

// waits end of transmission of last byte,
// before reconfiguring the UART
// reprogram the parity register
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sending a CRC, etc.) where 8-bit-

length words are needed. The code
| listing shows two C-like pseudocode
routines as an example of how to
avoid this restriction.

The trick here is to reconfigure
the UART parity before each byte
transmission, according to the type
of byte to transmit. If we send a
frame to slave #E9h (decimal 233, bi-

Circle 521

e

nary 11101001) the SetParity() func-
tion retreives the 233th element of
“addrTbl”. This is the value to be
written in the parity register of the
UART. Here, it will configure the
UART to use even parity; so, the
parity (9th) bit will be set to one,
causing this byte to be recognized as
an address byte.

Once the address byte is transmit-

Recursive Circuit For

| he example presented here is a
| T four-element LED bar-graph dis-
play. The LEDs light up sequen-
l tially from left to right as the current
(1) is increased. Because the circuit is
entirely analog, the LEDs turn on
gradually until the current limit for
each stage is reached. Once the limit is
reached, the next LED begins to turn
on. A current source isn’t strictly
needed to drive the circuit; a voltage
source with a series-limiting resistor
will work just as well,
The npn transistor of the first stage
| (Q104) is connected as a diode. This is

Bar-Graph LED Displays And
Shunt Voltage Regulators

STEVEN DUNBAR
Motorola, MS-7TA, 5555 N. Beach St., Fort Worth, TX 76137;
(817) 245-6618, fax (817) 245-7628; e-mail: QA2964@email.mot.com.

shown for reasons of symmetry and
can be omitted in a practical circuit.,
Ax the current (I) increases, it flows
through R100 and DS100, causing the
LED to begin to glow. As the current
increases, the LED intensifies. This
continues until the voltage drop
across R100 reaches about 0.65 V at
room temperature. At this point, the
base-emitter junetion of Q100 be-
comes forward-biased, which turns on
the second stage of the array.

As the current is further increased,
the intensity of the first LED remains
constant due to the current-limiting

ted, the function looks up in
“dataTbl"” to find the parity register
values that convert (9th bit cleared)
the next bytes of the frame into data
bytes. If byte ES9h appears within the
frame, SetParity() will reconfigure
the UART to use odd parity. There-
fore, the 9th (parity) bit will be
cleared and, this time, the network
will see it as a data byte.

action of R100 and Q100. Additional
current then flows through the second
stage of the array and the intensity of
the second LED increases until its
current limit is reached.

As the current through the net-
work continues to rise, this process is
repeated for each successive stage in
sequential order. There is no theoreti-
cal limit to the number of stages that
can be connected.

The main design criterion for this
circuit is the current limit of each
stage. This is simply determined by
the resistor across the base-emitter
junction of the pnp transistor. In the
example shown, the current limit is
(165 V/100 Q = 6.5 mA (see the figure).
Typically, all stages would be identi-
cal, but this isn’t required. By using
different current limits for each
stage, some interesting functions are
possible, such as a logarithmic bar-
graph display. A logarithmic display
also would include resistors to shunt
excess current around the LEDs so
that the full intensity of each LED
would be the same.

One drawback of this simple design
is that the current limits are a weak

0100
MBT3906

0104
MMUN2211LT1

0105
MMUN2211LT1

0106
MMUN2211LT1

| S—

0107
MMUN2211LTY

To next stage
or to ground
if this is
the final stage

In addition to implementing both linear and nonlinear bar-graph displays, this circuit can uIterAnutiver be used in shunt-regulator applications.

1
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IDEAS FOR DESIGN

function of temperature due to the na-
ture of the pn junctions in the transis-
tors. Series resistors aren’t needed at
the bases of the MMUNZ2211 devices
because they contain internal resistive
networks to serve the same purpose.
The usefulness of this circuit as a
bar-graph LED display is already evi-
dent from the example. A side effect of
the recursive stages is that they clamp
the voltage appearing across all of the
stages. In this regard, the circuit be-
haves as a shunt voltage regulator.
The clamp voltage depends on the
loads driven by the stages. If the loads
are LEDs with a voltage of 1.6 V at
6.5-mA bias, the clamp voltage for the

network will be approximately 2.9 V.
In the example, this is the sum of the
voltages across Q104 (connected as a
diode), the LED, and the resistor.

Of course, shunt voltage regulators
are extremely inefficient for most ap-
plications. However, they do possess a
unique property that can be quite use-
ful in certain circumstances. Shunt reg-
ulators are superb at dissipating excess
energy from a source, such as when
float-charging a lead-acid battery with
an array of photovoltaic solar cells.

As the battery becomes fully
charged, the excess energy from the
solar cells would typically be con-
sumed as electrolysis in the cells of

the battery. This depletes the battery
of electrolytes, eventually destroying
it. A shunt regulator connected
across the battery prevents exces-
sive current from entering the bat-
tery, saving it from destruction.

The main advantage of this circuit
compared to other shunt-regulator
topologies is the ability to discern
how much extra current is available
from the source. In the aforemen-
tioned battery example, this circuit
acts as a kind of fuel gauge that indi-
cates the current battery-charge
level. If more stages are on, less cur-
rent is entering the battery and the
battery is in a higher state of charge.

Circle 522

hen designing synchronous
Wdigital systems with data
paths, registers possessing a
synchronous clock enable are needed.
Use of standard off-the-shelf parts
also is required. Unfortunately, few
of the standard registers have a clock
enable capability. However, by using
only an inexpensive, multiple-
sourced IC and a single resistor, a
synchronous clock enable can be
added to any register with minimal
effects on system timing.
The schematic shows the connec-

Add A Synchronous
Clock Enable To Any Register

CHRISTOPHER R. JOHNSON
E Squared Research, 46 Grandview Terr., Wethersfield, CT 06109;
(860) 529-4354; e-mail: cjohnson11@snet.net.

tions required to add a synchronous
ENABLE input to a positive-edge-
triggered register (Fig. 1). The cir-
cuit uses one-fourth of a quad
74125-style bus switch. These are
available from Texas Instruments
(74CBT3125), Quality Semiconduc-
tor (QS3125), Pericom (P15C3125),
IDT (IDT74FST3125), and Fairchild
(FST3125). A 74126 style also is
available if an active high ENABLE
input is required.

The circuit operates as depicted in
the timing diagram (Fig. 2). When

+#Vor+33V
2.2%
5%
)
o CLK 3 araA 4 i CLK_OuT S
ENABLE 2 > |
0—
1/4 14126

style bus swilch

1. Using only an inexpensive, multiple-sourced IC and a single resistor, a synchronous clock
enable can be added to any register. The circuit can be easily adapted for 3V systems.

ENABLE isn't asserted, there’s no
connection between CLK and
CLK_OUT, and the resistor pulls
CLK_OUT high. T¢g after CLK goes
high, ENABLE is asserted. Then Tgy
after ENABLE is asserted, the con-
nection between CLK and
CLK_OUT, via the 5-Q resistance of
the pass transistor, is established.
When CLK then goes low, it drives
CLK_OUT low. When CLK again
goes high, CLK_OUT is driven high,
and the register is clocked. The propa-
gation delay added by the pass tran-
sistor depends solely on the RC time
constant, which is less than 500 ps.
The critical timing parameters are
the time from the rising edge of the
clock to the enable/disable of the con-
nection from CLK to CLK_OUT. The
connection must be enabled by Ty af-
ter CLK goes high to avoid distorting
the low time of CLK_OUT. The con-
nection must be disabled by Ty after
CLK goes high to avoid a second pulse
on CLK_OUT. The limiting factor is:

Ty >= MAX(T¢co + Tk, Tc + Tpis)

A typical bus switch has a worst
case enable/disable time of 5 ns. As-
suming a 50% CLK duty cycle and a
Tco of 5 ns, a clock rate of up to 50
MHz can be supported.

In actual implementations, there
are several caveats. The connection
between the bus switch’s output and
the CLK input to the register should
be as short as possible. Although the
CLK_OUT is driven high by CLK,
when the switch turns off, it’s only
driven by the pull-up resistor. For a
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Get 100dB Stopband Attenuation with the LTC 1562
Universal Filter Family - Design Note 195

Max W. Hauser

The LTC®1562 and LTC1562-2 are compact, high perfor-
mance, “universal” continuous-time filter products, each
containing four 2nd order Operational Filter™ blocks.
These low noise, DC-accurate filters let you tailor their
center frequencies (fp) over a range of roughly 10kHz to
150kHz (LTC1562) or 20kHz to 300kHz (LTC1562-2) and
replace several precision capacitors, resistors and op
amps. All frequency-setting components are internal and
trimmed, except for one resistor per block, which is
desensitized (1% error in this external resistor’s value
contributes only 0.5% error to the programmed fg).
Additional components program each block’s Q and gain.
Acomplete application circuit using either the LTC1562 or
LTC1562-2 on a surface mount board is about the size of
a dime (155mma2).

Figure 1 shows one block, or 2nd order section (each
LTC1562 contains four of these), with external resistors
to set the standard 2nd order filter parameters fy, Q and
gain. In this example, the section is configured so that the
two outputs give lowpass and bandpass responses.

“R1 AND C ARE PRECISION
INTERNAL COMPONENTS

LTC1562:
R1 =10k, C = 159pF

LTC1562-2:
R1=7958Q, C = 100pF

0% 2R CIVRTIR2)
___PRg
~ V(R1){R)

Figure 1. An Operatonal Filter Block (Inside Dashed Line)
Configured with External Resistors for Lowpass (at V2) and
Bandpass (at V1) Responses. Each LTC1562 or LTC1562-2
Contains Four Such Blocks

Cascades of Figure 1 circuits, with appropriate resistor
values, can realize any all-pole lowpass or bandpass filter
response form such as Chebyshev, Bessel or Butter-
worth. Adding external capacitors permits highpass forms.
Thesefilters can suppress undesired frequencies by 100dB
while maintaining low noise and distortion.

Operational Filter blocks, however, have many more cre-
ative applications. Each block has a flexible virtual-ground
input (INV) and two outputs, V1 and V2. V2 is a time
integrated version of V1 and therefore lags V1 by 90° over
a very wide range of frequencies. Parallel paths into the
virtual-ground input or from the two different outputs
permit transfer-function zeroes, of which one of the most
useful is the imaginary-axis zero pair, or notch.

Figure 2 shows asimple and robust notch-filtering method.
A notch filter has zero gain at some frequency fy. Notch
filters are useful not only to remove frequencies per sebut
also to improve selectivity in lowpass or highpass filters
by placing notches in the stopband, as illustrated below.
(Such responsesare broadly called “elliptics” or “Cauers.”)

R VIRTUAL GROUND INPUT
Vin =W

l“—l

IV VI Vel o
1/4 LTC1562

VIRTUAL GROUND
LOAD

Figure 2. Robust Notch Filtering Using a 1/4 LTC1562
Operational Filter Section. Ry and Cy Control Notch
Frequency

In Figure 2, a notch occurs when a 2nd order section
drives a virtual-ground input through two paths: one
through a capacitor and one through a resistor. The virtual
ground can be an op amp input, or as in Figure 3, another
Operational Filter input. Capacitor Cy adds a further 90° to
the 90° phase difference between the V1 and V2 voltages.

AT LTC and LT are registered trademarks>ofAL‘ir;ar7Technology Corpbration.
Operational Filter is a trademark of Linear Technology Corporation.

12/98/195
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At the frequency where currents Ig and Ig have equal
magnitude, the two paths cancel and a 2nd order notch
occurs. This frequency is:

RREEOYCY

Here, f1 is a parameter internally trimmed in each Opera-
tional Filter product (100kHz in the LTC1562, 200kHz in
the LTC1562-2). The notch frequency, fy, is independent
of the center frequencies, fo, programmed separately for
each 2nd order section, as in Figure 1.

A remarkable feature of Figure 2 is its inherently deep
notch response—the depth does not come from compo-
nent matching as with other notch-filter circuits. Errorsin
Ry or Cy values change the notch frequency, fy, but not
the depth of the notch at fy. Moreover, the square root
dependence in the fy expression desensitizes the notch
frequency to errors in the Ry and Cy values.

Figure 3 shows an 8-pole modified elliptic response
50kHz lowpass filter using the notch method of Figure 2.
In this filter, three operational filter blocks (“B,” “C” and
“A” in the pinout, in sequence) drive RC combinations as

Cing 24pF
|1
M Ring 37.4k
R|N1 4"""7
48.7k 1 2
Vin =AW INVB INVC L
Rg1 30.1k 2 19 Rgz 13k
W V1B vic VWA
R21316k | 3 18 R2257.6k
VWAV V28 V20 —9—AW\
4 |
-5V sus sus o
5|, LTC1562 ,-|16 _
v —+1—|"" 20pssop Y o+
01pF_r 6 15 To'wF
SHON AGND »d
= L] M| =
SuB SUB — Vour
R23316k 13 [ R24 32.4
VWA V2A v2D A
Rqj3 34k 9 12 R4 11.5k
VWV V1A viD A
191 inva wvo 2
Ring 32.4k
Ring 31.6k —ANY
VA'A'
|
Cing 18pF |
Cina 10pF

L__l |
I7N0TE: SCHEMATIC SHOWS PIN NUMBERS FOR 20-PIN
SSOP PACKAGE. FOR THE 16-PIN DIP VERSION, THE
FOUR SUBSTRATE PINS “SUB™ ARE MISSING; RELATIVE
LOCATIONS OF REMAINING PINS ARE THE SAME

Figure 3. LTC1562 50kHz Elliptic Lowpass
Filter with 100dB Stopband Rejection

in Figure 2, giving notches at approximately 133kHz,
167kHz and 222kHz, respectively. A 2nd order lowpass
section, per Figure 1 with fg = 55.5kHz, follows (the “D”
block in the pinout). Figure 4 shows measured frequency
response, which falls 100dB in a little more than one
octave. The choice of notch frequencies trades off pass-
band flatness against stopband ripple; the user can ex-
plore this trade-off via analog filter design software such
as FilterCAD™ for Windows®, available free from Linear
Technology (1-800-4-LINEAR). The values in Figure 3
give stopband attenuations exceeding 100dB above
140kHz. This circuit has output noise (in 500kHz band-
width) of 60uVgms with approximately rail-to-rail input
and output swings, or a peak signal-to-noise ratio of 95dB
when operating from +5V supplies. THD is —-95dB with
1VRums (2.8Vp.p) output at 20kHz.

20

0 100 500
FREQUENCY (kHz)

Figure 4. Measured Frequency Response for Figure 3

Note that 100dB attenuation at hundreds of kilohertz
requires electrically clean, compact construction, with
good grounding and supply decoupling, and minimal
parasitic capacitances in critical paths (such as the INV
inputs). For example, 0.1pF capacitors near the LTC1562
provide adequate decoupling from a clean, low induc-
tance power source. But several inches of wire (i.e., a few
microhenrys of inductance) from the power supplies,
unless decoupled by substantial (>10uF) capacitance
near the chip, can cause a high-Q LC resonance (at
hundreds of kHz) in the LTC1562’s supplies or ground
reference, impairing SNR and stopband rejection at those
frequencies.

FilterCAD is a trademark of Linear Technology Corporation.
Windows is a registered trademark of Microsoft Corporation.

For literature on our Filters,
call 1-800-4-LINEAR. For applications help,
call (408) 432-1900, Ext. 2593

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408)432-1900 = FAX: (408) 434-0507 » www.lingar-tech.com

dn195f LT/TP 1298 370K « PRINTED IN THE USA
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high transition is a quick rise
to 3.5V, driven by the CLK |
signal, followed by a slower
rise from 3.5 to 5 V driven by
the pull-up resistor. However,
even at 3.5 V,the CLK_OUT
signal still meets the 5-V TTL-
level requirement of 2.4 V |
minimum output high voltage.
In 3.3-V systems, the same
circuit can be used to switch a
3.3-V clock signals, as long as

2. The additional propagation delay, Ty, added by the pass transistor in the 74125 IC, depends solely

on the RC time constant. This delay is typically less than 500 ps.

long CLK_OUT trace, transmission
line effects can cause ringing on the
low-to-high edge due to the relatively
high impedance of the pull-up resis-
tor. Short traces, such as those re-
quired to tie both CLK inputs on a 16-
bit-wide device to the same
CLK_OUT, aren’t a problem.
Because a bus switch is essentially

’
]
[}
]
]
[}
[}
)
f
[}
]
]
]
]
]
]
[}
[}
[}
]

a controllable wire, it has the effect of

changing the loading on the CLK line
whenever ENABLE is asserted. This
must be considered when looking at

the transmission-line effects on the
CLK signal. In some cases, this “prob-
lem” can actually be an advantage.
When several registers are connected
to the same clock signal and only one
of the registers is enabled at a time,
the clock loading is reduced by 1/N
(where N is the number of registers).
The bus switch is powered by 5 V.
The effective resistance of the pass
transistor goes up well above 5 Q for
input voltages above about 3.5 V. The
net effeet on the CLK_OUT low-to-
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the CLK_OUT output signal
is pulled up to 3.3 V instead of
5 V. In this case, there is no
slow low-to-high transition on

LK_OUT.The ENABLE input can
be driven with a 3.3-V TTL-level out-
put if necessary.
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PEASE PORRIDGE

BOB PEASE

What's All This

Manic Stuff,
Anyhow?

while back, I was invited to give
Aa lunchtime lecture at the Bipo-
lar Circuits and Technology
Meeting (BCTM) in Minneapolis. I
talked about “What’s All this Bipolar
Stuff, Anyhow?” and that also turned
into a column (ELECTRONIC DESIGN,
Aug. 7, 1995, p. 95).
At this lecture, I told a story about
a journal my wife was reading. Nancy
said, “Bob—this article in this maga-
zine says that people with Bipolar
Disorder have a lot of problems, con-
flicts, fights, suicides, and murders...
is that what this conference is about?”
I roared, “Yeah, those are all my
friends!” When I told this story at the
lunchtime lecture, all the audience
roared and laughed. And I did, too.
At the time it was amusing because
I was not really very familiar with
“Bipolar Disorder.”
But, I have gotten
a little more educa-
tion. First of all,
bipolar transistors
and bipolar disor-
der have NOTH-
ING in common.
. | Bipolar transistors
' mean ordinary
NPN and PNP
transistors, as dis-
tinguished from
JFETs and MOS-
FETS. A bipolar

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF transistor has
SCIENTIST AT holes and elec-
NATIONAL trons, an emitter
SEMICONDUCT-  and base, and a col-
OR CORP., lector. If you (as I
SANTA CLARA,  do) still work with
CALIF. bipolar transistors

and want informa-

tion on this conference, contact Jan
Jopke at jjopke@aol.com.

“Bipolar Disorder” simply means a

person who is alternately depressed,

seriously unhappy, and then very posi-

tive and cheerful. “Bipolar” just means
alternating from depression to happi-
ness. This definition is not widely ap-
preciated. Even the article my wife
was reading was kind of vague about it.

Then a couple months ago, I was ab-
sentmindedly listening to the radio at 3
a.m. The guy was talking about people
who have this manic phase, are very en-
thusiastic, and get along on three hours
of sleep. I perked up my ears and said,
“HECK! They are talking about me!” 1
listened some more and realized that
when a person who has bipolar disorder
is in the POSITIVE phase, he (she) is
very enthusiastic and positive and gets
along great on very little sleep. Con-
versely, when a person is in the nega-
tive phase, they need lots of sleep and
are quite unhappy and depressed. I
read some more about this in a book by
Colette Dowling (You Mean I Don't
Have to Feel This Way?, Scribners,
New York, N.Y., 1991). Well, I have al-
most always been a positive and happy
person. I don’t think I have ever been
depressed, even in the case of the loss of
agreat person or friend. Almost nobody
gets out of here alive, but most of us sur-
vivors will find ways to keep on going
and make the world a better place.

When I was a kid, I learned that
the St. Germain family up the road
came from Maine. Lucien, Bobby,
Patsy, and Janora—nice kids. We kids
sometimes called them “Mainiacs.” It
was just a part of learning how to use
words—or to CONJURE with
words—and I don’t think we caused
them any pain. It was all in good fun.
To this day, I would never fail to call a
person from Maine a “Mainiac” if it
would make us all smile.

But, what is a “Maniac?” [s that
you—or is it me? Maybe so. You guys
may have noticed that [ am some-
times DRIVEN with a passion—a
mania. Are all manias bad? I dunno.
Maybe if taken to excess.

Mark Twain really did say this, prob-
ably: “Too much of anything is an excess,
bad; but too much whiskey is just right.”
As usual, he got some parts of the story
wrong, but he got some parts right.

What is an excessive enthusiasm?
Good for some, not for others. I cannot
give all the facts on this, but all you
readers will recognize that I've been
CRUSADING for several ideas for
years, and my energies can be pretty
extreme. Many charities that do good
for people are similarly endowed with
people who are “off on a rant.” Good for
them. The world needs people who give
adamn and are driven and obsessed.

By the way, I sometimes used to
read Machine Design magazine. But,
then it was taking too much of my time.
I found a cache of a dozen unread Ma-
chine Design magazines from '92, I re-
alized there was NO WAY I could read
them all, so I recycled them even be-
fore my wife began to gripe. But more
recently, [ acquired a subseription and
began reading the recent columns (edi-
torials) of Ron Kohl. He is almost as
fine a madman as I am. While he is con-
strained to a mere 3 kbytes of column
every issue, he does really well. I
LOVE most of his editorials. I hate to
say it, but his magazine and editorials
have some EXCELLENT ideas. To
sign up, e-mail to circulation@
penton.com, or go to their web site at
www.penton.com/md/subscribe/index.
html. To buy a book of a collection of
Ron’s editorials (about $16), called
Mad as Hell, just dial (800) 213-9150.

On a good day, manics contribute a
lot to the world. I try to. I have bound-
less energy (except when my wife
wants me to clean out something).

Is there a CURE for bipolar disor-
der? Apparently, some of the lithium-
based drugs can help relieve the ex-
treme manic state and decrease the
depression. It’s standard treatment,
prescribed by your doctor. I have never
heard ANYBODY propose that there
is (or should be) a cure for the mania or
enthusiasm. What do you think?

All for now./ Comments invited!
RAP/Robert A. Pease / Engineer
rap@webteam.nsc.com—or:

Mail Stop D2597A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090
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WALT’S TOOLS AND TIPS

WALT JUNG

Op-Amp Audio

Realizing High Performance: Bandwidth Limitations

or this November Analog Special
F installment, we’ll take a look at

some of the very basic issues sur-
rounding op amps used within high-
quality audio circuits. A parameter
which ultimately affects a gamut of op-
amp performance specs is device gain-
bandwidth. This is related to the de-
vice’s open-loop bandwidth and gain in
predictable ways. These interrelated
issues, along with the nature of the
feedback for a particular application,
ultimately become major quality de-
terminants.

The open-loop bandwidth problem:
Virtually all conventional voltage-
feedback-type op amps have a high
open-loop gain (= 100 dB), and a rela-
tively low open-loop bandwidth (10 to
100 Hz). By voltage feedback, we
specifically mean the classic op-amp
types with symmetrical £ inputs, and
are excluding current-feedback types
(at least for now). Of course, this volt-
age-feedback category includes audio-
specialized types, as well as more con-
ventional non-audio ones.

All such amplifiers are designed to
be flexible and easily applied within an
overall feedback system with closed-
loop stability usually down to unity
gain. For unity-gain stability, the ap-
plication of feedback demands a con-
trolled rate of open-loop roll-off. This
roll-off is a uniform 6 dB/octave gain
reduction with frequency. The associ-
ated 90° phase lag of such an open-loop
response will guarantee closed-loop
stability for any feedback level.

But herein lies the rub. What seems
like a relatively simple system trade-
off in design philosophy may not actu-
ally be so. Why is this? Isn’t any op-
amp-based audio design more simple
than a classic RC-coupled transistor
gain stage? A more complete answer
here is a rather complex one, and it in-
volves an understanding of the feed-
back process. It also involves implica-
tions of applying the feedback around
what can often be imperfect amplifier
hardware. For example, a nonlinear
op-amp input stage, combined with
less-than-optimum-bandwidth.

We do know that an op-amp-based

gain stage can be just about as simple
as it gets system-wise—at least on the
surface. It consists simply of the op-
amp device itself, plus a pair of resis-
tors to set the desired gain (see the fig-
ure from Part 1, ELECTRONIC DESIGN,
Sept. 1, p. 166). Unfortunately, the un-
derlying weaknesses of how such a
feedback-based amplifier can degrade
some aspects of overall performance
often gets bypassed, particularly when
there is pressure to employ only stan-
dard, low-cost ICs (such as 5532 types
and their derivatives).

An op-amp gain stage is unrivaled in
utility, a feature which is very com-
pelling. But, it trades off open-loop gain
for bandwidth, operating within the
constraints of a constant gain-
bandwidth product. For the
5532 mentioned, the applica-
ble gain-bandwidth is 10 MHz,
and the open-loop gain is 100
dB (10° V/V). Thus, the open-
loop bandwidth is 100 Hz. Ac-
tually, a close examination of
the 5532 data sheet shows
more like 200 Hz, due to the
fact that this particular topol-
ogy uses a feedforward tech-
nique, which boosts gain-

WALT JUNG

But, within real devices, the g, most
certainly does vary. In fact, those de-
vices that are best in terms of voltage
noise performance—bipolar junction
transistors (BJTs)—are worst in terms
of their transconductance linearity.
Barrie Gilbert has explored many of
these non-ideal op-amp performance
limitations in some recent EDTN
columns.!? Reference 2 includes a
mathematical distortion analysis of an
op amp. The analysis shows how an un-
degenerated BJT input stage (as just
described) is actually quite poor in
terms of standalone-mode distortion.
The fundamental source of this distor-
tion is the nonlinear g, of the emitter-
coupled BJT pair, which follows a hy-
perbolic tangent (tanh) function. Ideally
this g, would be highly linear, i.e., the
inverse of a fixed resistance. While it is-
n't linear with a simple emitter-coupled
BJT pair, it’s much more so when the
pair is operated with emitter-degenera-
tion resistors, or the bipolars
are replaced by JFET devices.

In an op-amp feedback cir-
cuit using such a nonlinear
BJT input stage, the forward
gain path typically includes
the input stage as described,
followed by an integrator
stage which includes the
aforementioned compensa-
tion cap, and a final output
stage for load isolation.
When such an amplifier is

Y

bandwidth at lower
frequencies. But, in general, the avail-
able small-signal gain at any given fre-
quency is defined by the op amp’s gain-
bandwidth. Note the emphasis here on
the small-signal aspect. And, it’s helpful
to understand that the application of
different feedback does not change a
given device’s basic gain-bandwidth—
it only reallocates it to some different
closed-loop gain and bandwidth.

All of this may seem reasonable
enough, until we go a step further, and
consider the fact that the op-amp gain-
bandwidth is based upon the small-
signal transconductance (g, of the in-
put-stage transistors, plus a fixed
compensation capacitor (usually inter-
nal). If we consider this compensation
cap fixed (for this discussion, at least),
it should be obvious that the g, of the
input devices is also fixed, ideally. In
other words, it doesn’t vary with the
input signal level.

placed within a simple, flat-
frequency-response feedback setup,
it’s useful to contemplate what hap-
pens with a wideband audio signal
passing through it. Consider, for ex-
ample, a given input-signal level, and a
flat voltage vs. frequency characteris-
tic at the output. Increasing signal fre-
quencies above the amplifier’s open-
loop corner frequency will result in a
higher and higher input driving volt-
age to the op amp. (Not the signal in-
put, but the actual voltage between
the + terminals.) This is a natural con-
sequence of the feedback error correc-
tion, and the gain-vs.-frequency re-
duction within the op amp.

But, since the BJT input stage g, is
nonlinear, and is followed by a low-
pass filter in the form of the integrator,
higher signal frequencies require
higher amplifier driving voltages to
maintain the same output levels. This
means higher frequencies must neces-
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The relative transconductance characteristics for a +1-V input range are displayed for both BJT
and JFET differentially paired transistors. Both types use no emitter (source) resistance, and are
biased by a fixed current of 1 mA. These curves were generated by PSpice, using 2N2222A and
2N5457 models available with that simulation package.

sarily drive the input stage harder, to
counteract the filter roll-off. Because
the input stage’s g, is different with a
greater input drive, it produces a dif-
ferent corner frequency and phase
shift (compared to lower frequencies,
which require less amplitude drive).
Considering just a case of one output
level, this is a frequency-dependent
nonlinear phase response.

When the output level is further in-
creased, this phenomenon gets worse,
until at some combination of ampli-
tude and frequency, the op amp finally
reaches its slew-rate limit. By defini-
tion, this occurs when the input stage
is totally overloaded by the peak error
voltage, at which point the output
voltage from the op amp reaches its
maximum rate-of-change.

So, in the absence of any corrective
means, it can be shown that virtually
all BJT-input-stage op amps ( either IC
or otherwise) can be limited in terms of
input-overload sensitivity. And, they
are nonlinear prior to their overload
point. This is due to their extremely
high and exponentially related g,

To put all of this in an overall per-
spective, a balanced BJT differential
pair will develop around 1% THD for
input signals which are just under 20
mV in peak amplitude. When such an
input stage is used within a 10-MHz-
gain-bandwidth op amp handling a 20-
kHz, 10-V peak output signal, the ac-
tual amplifier driving signal will be 20
mV peak—it is just beginning to dis-
tort. If the amplifier were instead a 1-

MHz “741-speed” device, the driving
signal theoretically would be 200 mV
peak. In practice, such an amplifier
would more likely be operating in its
slew-limited mode, and producing
gross output distortion.

For today's audio op amps with

...the BJT-device gy, is
both higher and more

nonlinear than that of
the JFET.

bandwidths of 10 MHz or more, it could
be argued that only the most extreme
high-level, high-frequency audio sig-
nals even begin to push a non-degener-
ated BJT-input op amp into the nonlin-
ear region. On the other hand, for
digital signal byproducts, and other
spurious out-of-band high-frequency
components, the distinction may not be
so clear. Here, an amplifier with more-
linear input stages may be a better
choice. And, if you've ever experienced
spurious AM-band signal detection by
a bipolar input stage op amp, you'll be
able to relate to all of this, for sure!

A positive aspect of this situation is
that the BJ T-input amplifier can easily
achieve low input-noise performance,
and it is good for low-level signals.
But, the not-so-good side is that it can
possibly show increasing distortion

-
[

and phase shift effects for high-level,
high-frequency signals above the
open-loop corner frequency.

Comparing BJT/JFET g,: Since op-
amps are available with front ends '
consisting of either bipolar or JFET |
transistors, it is useful to compare |
them for overload. The g, characteris-
tics of both 2N2222A npn BJT and
2N5457 N-channel JFET differential- |
pair transistors make for a good com- |
parison (see the figure). \

In these simulation plots, both tran-
sistor pairs are biased at the emitters
(sources) by a 1-mA current source. |
The BJT-pair output is represented by |
the more steeply sloped trace in the
center, with an input dynamic range of |
about £200 mV for the £1-mA output |
current. Also shown is the more-linear,
gradually sloped g, plot of the JFET
pair, which has an input dynamic range
of nearly £ 1V for the same output cur-
rent. That is quite a contrast!

These data indicate the two major |
points just discussed above. Namely,
that the BJT-device g, is both higher
and more nonlinear than that of the
JFET. In fact, the degree of nonlinear-
ity for the BJT case isn't readily ap-
parent from this view, but it is easily
revealed by comparing plots of differ-
entiated data.

Extending open-loop bandwidth: Since |
the presence of an amplifier open-loop
corner within the audio range, com- '
bined with feedback around a nonlin- ‘
ear BJT input stage, can give rise to
dynamic phase shifts, a question ’
arises: what can be done counteract it? |
Solutions are available in 3 forms.

1. One solution is by extending the
effective open-loop bandwidth, so as to
move the open-loop corner upward to |
20 kHz or more. This step doesn’t
change the distortion in the input
stage. But, it can reduce or remove the
phase-modulation effects due to g,
variations—as the open-loop corner is
moved upward to a region where (pre-
sumably) signals either do not occur,
or they occur less frequently, or at
lower levels.

The route to achieving this step can
be as simple as adding one (or two) re-
sistor(s) across the amplifier integra-
tor. This damps the integrator and
lowers the open-loop gain, thus mov-
ing the open-loop corner upward in
frequency (again, within the con-
straints of the device’s gain-band-
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This Video
Filter Really
Cleans Up.

Micro Linear’s ML6428 S-video
reconstruction filter removes the
need for tedious discrete analog
design by replacing up to 16
components and incorporating
three video amplifiers in one
revolutionary low-cost filter and
line driver.

Simpler designs, lower cost, less
design time, less circuit board real
estate, and studio quality video
output guarantee a clean break
into the future of digital video.

¢ Works with NTSC, PAL, S-
‘video, and SECAM formats

- Integrated amplifiers to
simultaneously drive :
75Q cables for Y, C, CV outputs

L Micro Linear
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width product). Practically, this step is
not available on many amplifiers, but
those with single-node comp pins and
a zero-dc-offset output stage will allow
a single such resistor to be added. One
example is the AD829, with a compen-
sation pin at pin 5, and a low-noise BJT
input stage. Other amplifiers may re-
quire two resistors, one from the out-
put back to one of the null terminals,
the other from the opposite null termi-
nal to common. For example, the 5534
can be used in this fashion with nomi-
nally equal value resistors from the
two null pins. A significant trade-off of
this approach is that the device’s dec
offset will almost surely be compro-
mised by this inner-loop connection.
This can in theory be corrected by a
trim adjustment, but this step isn’t
likely to be practical.

Unfortunately, there are no com-
mon standards of what pin(s) are used
for these secondary-bandwidth con-
trol functions, or what the relevant re-
sistance(s) are, so some user experi-
mentation is appropriate here, once
given the proper amp.

Viewed from a system-level per-
spective, there’s a more elegant and
less compromising solution to optimiz-
ing the open-loop bandwidth of an op-
amp circuit. Use multiple-stage feed-
back, so that the overall input-
stage-to-integrator interface is con-
trolled by local, signal-independent
transfer characteristics.

Of course, this is a much more com-
plex solution, and a useful working ex-
ample will need to wait until a later in-
stallment. It also happens to be about
the only practical way one can realisti-
cally implement the open-loop band-
width control trick using dual (or
quad) amplifier packages.

2. Use more-linear devices for the
input transistors, which lessens the
signal phase-modulation problem by
reducing g, nonlinearity. This is sim-
ply achieved by using a well chosen-
op-amp. For example, one using a
JFET input stage, either PFET or
NFET. Both types typically have the
desired lower g,,. A wide variety of
general purpose FET input devices
are available for this task, from the
TLO7X series of early JFET designs,
to more recent devices such as the
AD744 family, and the recent AD825
device. Of course, one does need to be
selective here, as the JFET input

stage is just one part of an overall pic-
ture, and other audio-relevant issues
will also need screening.

3. A third (and truly optimum)
method of controlling the open-loop
bandwidth of an op-amp is to simply
pick a device which has an inherently
high open-loop bandwidth of (prefer-
ably) 20 kHz or more. While this is dif-
ficult indeed, it is certainly not impos-
sible. And even a bandwidth of less
than 20 kHz is more useful for desensi-
tizing the phase shift effects than is a
100-Hz open-loop bandwidth. Exam-
ples are the just mentioned JFET in-
put AD825, with an open-loop band-
width of just under 10 kHz, or an
ADB817, with a similar bandwidth. The
ADB817 uses a BJT input stage with
emitter degeneration, which gives it
very good linearity.

On the downside, amplifiers that
have lower-g,, input stages will typi-
cally tend to be more noisy than will
their lower-noise, non-degenerated
BJT cousins. This makes them useful
for higher-level signals, as opposed to
low-level front end applications. It is
another of those system-level trade-
offs a designer must make in honing a
final high-performance design.

TIP: One or more of these band-
width-extension and/or linearization
methods can be useful in practice, and
they are recommended to you for fur-
ther experimentation. In a future col-
umn, we’'ll show an example of a multi-
ple-feedback-stage design which uses
method 1 above for bandwidth exten-
sion and input linearization.
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NEW PRODUCTS

ANALOG

Pipelined 12-Bit, 20-MSPS ADC

Consumes Ultra-Low Power

Designed to operate from a 3.3-V
power supply, the SPT7935 is a 12-bit
analog-to-digital converter (ADC)
that samples at the rate of 20 Msam-

ples/s. In addition, it burns only about

79 mW. This ultra-low power con-
sumption is attributed to a pipelined
architecture and a 0.5-um CMOS
process. To maintain high dynamic
range, the SPT7937 features an on-
chip track-and-hold amplifier. The in-
put capacitance of the converter is
only 1.4 pF. With low distortion, high
dynamic range, and ultra-low power
consumption, the ADC is best suited
for imaging, multichannel communica-
tions, instrumentation, and digital ra-
dio applications.

In production, the SPT7935 comes
in a 44-lead thin quad flat-pack
(TQFP) package.It’s rated for the

commercial temperature range of O to ,

+70°C. In quantities of 1000, the 12-bit
SPT7935 is priced at $9.90. AB
Signal Processing Technologies,
4755 Forge Rd., Colorado Springs, CO
80907; (719) 528-2300; www.spt.com.
CIRCLE 557

Low-Dropout Regulator

' Works With Any Capacitor

The ADP3307/08/09 precision low-
dropout voltage regulators can deliver
high accuracy and stability with any
type of 0.47-uF output capacitor, re-
gardless of its equivalent series resis-
tance (ESR). This new anyCAP tech-
nique employs a single loop for
regulation and reference, which is con-
trolled by a very high gain error am-
plifier. A noninverting driver between
the error amplifier and the pass tran-
sistor is designed to provide the com-
pensation. This reduces sensitivity to
the value, type, and ESR of the load

A%—"} 307/8/9
Dp3sers
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capacitance, according to Analog De-
vices.

Designed for medium load cur-
rents, the ADP3307/08/09 offer high
accuracy dropout regulation of +1.4%,
+2.2% and +2.2%, respectively. While
ADP3307/09 maintain a low-dropout
voltage of 160 mV(typ.) at 100 mA, the
ADP3308 offers 80 mV (typ.) at 50
mA. The ADP3308/09 are pin-compat-
ible with National’s LP29580 and Mi-
crel’s MIC5205 LLDOs.

The ADP3307 comes in 6-lead SOT-
23, and the ADP3308/09 are available ‘
in 5-pin SOT-23s. In 1000 pieces, the
ADP3307 is priced at $0.94, the |
ADP3308 at $0.81, and the ADP3309
at $0.91. AB

Analog Devices Inc., Ray Stata Tech-
nology Center, 804 Woburn St., Wilm-
ington, MA 01887, (781) 937-1428;
www.analog.com. CIRCLE 558

Op Amp Offers High Precision
Over Ten-Year Span

The LMC2001 represents a new class
of operational amplifier that guaran-
tees high precision over a period of ten |

years. As a result, the LMC2001 en-
sures 5-uV offset error drift over ten

years, while eliminating 1/f noise as a | g
source of signal error. This is made . MMicm Linear
possible by a proprietary error-correc-

tion technique that self-corrects volt- |
age offset over time and temperature.
(continued on page 136)

Step Up
to Higher

Efficiency

£
&

Micro Linear's ML4870 and
ML4770 boost regulators provide
integrated, highly efficient DC to
DC conversion sclutions for high-
current multiple cell battery
applications in PDAs, cellular
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
vour designs quite a boost over
the competition.

e True load disconnect com-
pletely isolates the load from
the input during shutdown

¢ Guaranteed full load start-up
and operation at 1.8V input

* Continuous conduction mode
generates less noise

e Fixed 3.3V or 5V output
(ML4870) or programmable
ouptut (ML4770)

For more information

contact Micro Linear at:

Tel: (4081 433-5200 ext.403
Fax: (408) 432-0295

E-mail: info@ulinear.com
Website: www.nticrolinear.com

Distributed by:
Insight Electronics,
Interface Electronics.

1006 Micrs Lrmer Componitomn
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NEW PRODUCTS

ANALOG

(continued from page 135)

Key features include input offset
voltage of less than 40 uV after a mere
15 ms of startup time, drift over tem-
perature of less than 0.030 pv/°C, and
a gain bandwidth product of over 6
MHz. Its slew rate is 4 V/us. Inde per-
formance, the LMC achieves 117 dB of
common-mode rejection ratio
(CMRR), 118 dB of power-supply re-
jection ratio (PSRR), and 120 dB of

open loop gain at a 2-kQ2 load.

It’s implemented in a sub-micron
biCMOS process for reduction in die
size and cost. Housed in 5-pin SOT-23
and 8-pin SOIC packages, the
LMC2001 is priced at $1.20 in 1000-
unit quantities. AB )

National Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara, CA
95052-8090, (408) 721-5000;
www.national.com. CIRCLE 559

There Are Thousands ...
Maybe Millions ...
Of Light Sources Out There.

S
-

Ne

One Is perfect for your
application.

We can help you find it.

READER SERVICE 102

Audio Sample-Rate Converter

Eliminates Compatibility Issues
The CS8420 is a highly integrated 24-
bit digital audio sample-rate converter
for consumer and professional audio
systems. It supports a wide array of
audio standard rates, ranging from 8
to 96 kHz. Consequently, it can be
used in compact discs, PC audio, movie
soundtracks, and professional audio
systems, thereby eliminating compati-
bility issues and simplifying audio sys-
tem design. In addition, it incorpo-
rates a digital audio receiver and
transmitter functions, which comply
with standards such as AES/EBU and
S/PDIF. As a result, the digital audio
data can be sent at any commonly used
sample rate required, and the CS8420
will automatically convert the data to
the sample rate required by the spe-
cific digital audio system. According to
Cirrus Logic, this simplifies the clock-
ing architecture of the audio system
because it only has to support one
sample rate internally.

Because the device supports 24-bit
input and output resolution, it allows
users to connect a 24-bit audio source
or 24-bit digital-to-analog converter to
the unit without degrading perfor-
mance. The CS8420 also employs a
truncation technique to output word
sizes of 16 or 20 bits, thereby maintain-
ing audio quality across a variety of
systems. Consequently, digital audio
inputs and outputs may be 24, 20, or 16
bits. This allows the input data to be
asynchronous to the output data, with
the output data being synchronous to
an external system clock.

Furthermore, the CS8420 offers
high clock jitter rejection, and pro-
vides flexible three-wire serial digital
I/0 ports. The unit offers 120-dB dy-
namic range, and a total harmonie dis-
tortion plus noise (THD+N) of -117
dB. These features allow the CS8420
to modify the input frequency
smoothly to avoid sound-quality dis-
tortion due to aliasing.

Sampling now, the CS8420 con-
verter is set for production in the next
quarter. In quantities of 1000 units,
the sample rate converter is priced at
$13.90. AB

Cirrus Logic Inc., Crystal Semiconduc-
tor Products, PO.Box 17847, Austin, TX
78760; (512) 445-7222;
www.cirrus.com. CIRCLE 560




NEW PRODUCTS

DIGITAL ICs

8-kgate FPGA Delivers 4-ns
Clock-To-Output Delays

The smallest member of the Actel SX
FPGA family, the SX08, provides
users with 8000 usable gates. It also
delivers some of the shortest propaga-
tion delays at just 4 ns (clock to out-
put). The short delays allow for very
high clock rates—the chip can handle
internal clock signals of up to 320
MHz—suiting the device for many
high-performance applications.

Functions such as a 32-bit-wide
decode can be executed in just 7.7 ns,
pin-to-pin, and applications like 8b/10
encoding for gigabit Ethernet
routers, and high-speed interfaces
for DS3 networks, can readily be im-
plemented with the SX-family de-
vices. Input setup times are less than
0.6 ns for all the SX devices. These
range in density from 8000 to 32,000
usable gates, and provide mixed 5-
V/3.3-V support with 3.3-V output
drive and 5-V tolerant inputs.

The 8000-gate chip will be housed
in packages that offer a variety of I/O
pin-count options ranging from 84 to
208 pins, and will sell for as little as
$8.90 each in large quantities. Sam-
ples are available now. DB

Actel Corp., 955 East Arques Ave.,
Sunnyvale, CA 94086-4533; Deon
Spicer, (408) 739-1010,
www.actel.com. CIRCLE 561

Revamped Z8 Microcontroller
Lowers Cost Of OTP Versions

By selling for just $0.39 each in
500,000-unit lots, the Z8E000 now be-
comes one of the lowest-cost one-time
programmable microcontrollers avail-
able. The MCU includes 512 bytes of
one-time-programmable program
memory, 32 bytes of register-file
SRAM, a 16-bit timer, and a watchdog
timer. As a result, it provides a simple
solution for many control applications.

Available in both commerecial (0 to
70°C) and extended-temperature (-
40 to +85°C) versions, the Z8E000
comes in either an 18-pin DIP or a
small-outline surface-mount pack-
age. The controller is part of the com-
pany’s extensive Z8 family, which in-
cludes over 100 processor
derivatives. It can meet the needs of
applications such as sensors, battery
chargers, motor controllers, hand-

held meters, thermostats, and many
others. To aid system development,
Zilog also offers the Z8BICEOOO0ZEM,
a low cost ($99) real-time in-cireuit
emulator that includes the program-
mer, assembler, and graphical-user-
interface software. Samples of the
processor are available now. DB

Zilog Inc., 910 East Hamilton Ave.,
Ste. 110, Campbe// CA 95008; Mike
Thompson, (408) 558-8500;
www.zilog.com. CIRCLE 562

Silicon DAA Takes On
International Callers

A highly programmable architecture
forms the heart of the Si3034 chip
set—a silicon data access arrange-
ment (DAA) that can meet world-
wide telecommunications interface
standards. The circuits are a pin-com-
patible upgrade to the company’s al-
ready available Si3032 silicon DAA
chip set that’s used for U.S. telecom-
munications systems. The world DAA
includes the company’s patented
ISOLink technology. ISOLink im-
proves performance over traditional
transformer-based implementations,
reduces board space by about 75%,
and lowers DAA costs by about 40%,
as compared to existing DA As.

The programmable aspects of the
chip allow it to handle FCC, CTR21,
NET4, and JATE standards, as well as
PTT specific requirements. Program-
mable aspects include ac and de termi-
nation, ringer impedance, and ringer
threshold. These aspects are pro-
grammed via simple control com-
mands sent by the modem control
logic.

The Si3034’s architecture also can
handle the most difficult international
requirements for out-of-band energy,
billing tone immunity, lightning surge
protection and isolation, and advanced
modem features such as caller ID and
on-hook line monitoring.

The Si3034 chip set consists of the
Si3014-KS and Si3021-KS, which are
housed in 16-lead SOIC packages. The
chip set sells for $7.86 per set in lots of
10,000 units, and samples are immedi-
ately available. An evaluation board,
the Si3034-E VB, is priced at $175. DB

Silicon Laboratories Inc., 2024 E. St.
Elmo, Austin, TX 78744, Gary Gay,
(512) 416-8500; wwwisilabs.com.

CIRCLE 563

« High Voltage for Pin Diode and
Laser Applications

« 100 to 5,000 VDC Outputs Standard!

» 200 Models, Standard!!

» 7 Input Voltage Ran,

» Surface Mount and
Mounting

« Military-Cots-Industrial Models
Available

o Stock to One Week Delivery
Special Voltages Available, 2-4
Weeks ARO!!!

, 5-380 VDC
ru Hole

New Series MV
Up to

500VDC Output

o All Military Components

o -55 to +85 Degrees Centigrade,
Operating Temperature Ambient
Standard!!

o Selected MIL-STD-883 Environmental
Screening Available

* Your Specific Military Reguirements
Evaluated, No Cost!!

a.d See EEM
r or send direct
for Free PICO Catalog.

Cal/ toil tree 800-431-1064
in NY call 914-738-1400
FAX 914-738-8225

P ' CO Electronics, Inc.

143 Sparks Ave., Pelhem, N.Y 10803-1837
E Mail-HLSC 73A @prodigy-com

http://www .picoelectronics.com
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Low-Power Design

Center Suisse d'Electronique el de / Cl.earance Items... L. \‘
Microtechnique SA & Electronic Design While Suppl@es Last! 70% Off Omgznal

This collection of papers focusing on the Prices. All Sales Final.

minimization of power consumption features

general tutorials, digital circuits, devices and Testing Computer Software, 2nd Edition

GBI AAL L A U S 480pp, softcover book, WAS $32.95-Now $13.18, Item B2462PM
Softcover book, $125.00, item

B4023PM Effective Software Customer Support

Richard S. Gallagher
320 pp, softcover book, WAS $39.95 - NOW $11.98 Item

B2421PM
Portable by Design, Proceedings of the
Fifth Annual Conference C++ for Professional Programmers with PC & UNIX
Electronic Design Applications
In an industry that is 556 pp, softcover book, WAS $42.95 - NOW $17.18, Item
B2456PM

constantly changing from
year to year, this 1998
conference overview
features the latest
developments on topics
such as: Rechargeable
Batteries, CPU's and
DPU's for Portable
Devices, Portable-System Software Issues,
Infrared Data, Architectural Issues, Packaging

Managing a Programming Project: Processes and People
Philip Metzger & john Boddie

362 pp, hardcover book, WAS $47.00 - NOW $14.10, Item
B27631PM

Object-Oriented Modeling and Design
528 pp, softcover book, WAS $60.00 - NOW $24.00, Item

Concerns, plus many other features relavant B2557PM

to those working inthe field of portable .

design. Held February 9-12, 1998 in Santa Patterns of software Systems failure and Success Caper Jones

Clara, CA. 292 pp, softcover book, WAS $44.95 - NOW $13.48, Item
B2461PM

Softcover book, $175.00, Item
Understanding CORBA: The Common Object Request Broker

Electronic Design on CD-ROM Architecture
Electronic Design Randy Otte, Paul Patrick & Mark Roy
- Includes all the articles, :Z?’::',"s‘oﬂcover book, WAS $50.00 - NOW $15.00, Item
i itlustrations and line drawings
that appeared on the pages of
ED between 1990 and 1994. What Every software Manager MUST KNOW TO SUCCEED With
Wit Complete with search engine Object Tedm.‘)l()gy . . .
and hypertext links. John D. Williams with foreward by Donald G. Firesmith
CD-ROM , $95.00, Item C1612PM 265pp, softcover book, WAS $35.00 - NOW $10.50, item
.\ B2762PM /
Please Add $5.00 shipping for first book . Foreign orders — :
and $1.00 for each additional book. Ttem # / / Pl or e ,,E.'},, Penton [LEVITIC
i'é‘;“s’ﬁ'm Sales T : / / S
Shinolo & €s ?x S CA ..8% IL ...6256% NY...8%
hipping & Handling  $______ | Check/MoneyOrder (US. Currency T "3y N g5y pain
TOTAL L - made payable to The Penton Institute) GA ..6% NJ...6%  WI...55% CANADA..7%
Name N Title:_ E mail B
Company: ) Telephone: ( ) Fax: ( )
Company Address (no P.0. Boxes): ___City:_ i _ State: Zip: ~
Account No.: _ Expiration Date: Bill Me P.O. #: _
Signature (required): _Circle type of Charge: MC VISA AMEX DISC

PHONE 1-800-223-9150 * FAX 216-931-9795¢ http:/www.penton.com

The Penton Institute * 1100 Superior Avenue ¢ Cleveland, Ohio 44114-2543
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PROTO EXPRESS

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES

Impedance Control Boards
Buried & Blind Vias
Polyimide Multilayer

Full Body Gold

PCMCIA

Metal Core & Thermobonded P(B's
Up to 22 Layers

Multichip Modules

VISIT OUR HOT NEW WEB SITE

| http://www.sierraprotoexpress.com

1108 West Evelyn Avenue, Sunny vale, California 94086
Phone: (408)7357137 - FAX: (408)7351408 - MODEM: {408)735 9842

E:mail: protoexpress

internetmci.com

FTP Address: fip:protoexpress.com

HIGHEST OVERALL CUSTOMER SERVICE RATING

CIRCLE 417

PCMCIA card datalogging
made easy!

store data on PC-formatted FLASH-ATAcards

free datalogging/control/muititasking software
VERY lower power; easy to attach kbd/LCD
timers, 8ch 10bit A/D, RTC, 340MB disks, etc.

s

’

g & T/
== &’"ﬁ; —f{x,

%%»}

—

CANbus made easy!

smart CAN nodes without CAN complexity
program from PC for a 110 node network
transmit data @ 1Mbd >40m / 50kbd >1000m

see www.saelig.com for details!

Saelig Company
www.saelig.com saelig@aol.com

716-425-3753 » 716-425-3835 (fax)

SAELIG COMPANY CIRCLE 419

NEW! IX], 1X2, AND 1X3
RUGGED KEYPAD ASSEMBLIES

« More Sizes and
Added Flexibility
« Great for Wet and

* 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), Grav, and Blue
Phone: (714) 548-0930 Fax: (714) 549-0930
e-mail: mrktg@stacoswitch.com
Web: www.stacoswdch.c_prr

A Componvats Corpraration o Amorics Compemy

STACO SWITCH CIRCLE 412

Emulators
Debuggers
Simulators

PowerPC - ‘
ColdFire [ ;
680x0 \

68302 7 From
683xx o

68HCxx $ 4 9 9

6809 " |
8051 o \ —_ |

I
| 8085 e
8096 - Q—?—' ‘
Z80 ~
| z180

—— = Huntsville Microsystems, Inc.
Hﬂ www. huni.com | salesthmicom
.

| ! A1) 256-881-6005
HUNTSVILLE MICROSYSTEMS  CIRCLE 402

Call (408) 432-8900

fax. 408 432.8998 + modem. 408.432.8999 « hIp//www nexlogic.com

NEXLOGIC TECHNOLOGY CIRCLE 406 l

2

NOHAU CO
S

80C196

?

né

External bo« connected to the PC's printer pert (LPTx
of Plag-in boards

Windows rterface

Hosted on PC's or Workstations

Real-time emulation at maximum ¢tip speed
High-level C support
- 104 51 vade 512K dee
. Support gt mast dervatives incl

Call (403) 866-1820 for a FRE

p trace with =0 bit ime
g NP a

Ilu D1 Ve
ut Fax Into

HOHaU

CORPORATION

hitp://www, nohau eem
4 L} 2

Campbel
Campbell. CA 95308 ‘0‘»3
Email Salesmuhsy com

IRCLE 407

J

T

ENLODE 4
INTERNATIONAL

YOUR SOURCE FOR RUGGED
INDUSTRIAL 1/O DEVICES...GUARANTEED!

"~ CARD CAGES }
STD 80 & {32

Lifetime
Product
Warranty
CIRCUIT BOARDS

Call For Our Catalog
www.enlode.com
P.O BOX 54007
JACKSONVILLE, FLORIDA 32245-4007
TOLL FREE B877-4 ENLODE

904-928-0222 » FAX 904-928-9697

ENLODE INTERNATIONAL CIRCLE 401

-
o
o
-
«
=
oz
o
o
=
i
o
e
(=)
S~
=
=
A
e
(=}
-4
z
(=
E
et
—
-




P
o
N
o
=
@
=
e
o
a
~
=
]
v
e
a
-4
=z
o
e
S
=
s

ELECTRONIC DESIGN DIRECT I}III\INE[:TIIIN ADS

You modem Gerber Files to us l E”§
before 9am, We Ship the Boards

SAME EVENING. Multi-Layer
NEXT DAYI

\

|MAG|NEERING

we’ll any advertised
prlce' But we won't undersell
OR 5%

/--.Romember, when TIME & QUALITY
‘ m-u, you cn count on

(4 ”' gmeermghc.
ays @ she

QUOTES WITHIN 1/2 HR

OFF

847) 806-0003 / Fll (847) 806-0004 / Modem: (847) 306-0008
Jimagineering—pcb.com / E-Moil: info@imagineering—pch.com

CIRCLE416

BGA to PGA
Package Converters

'!;

» Ironwood Electronics

|
IRONWOOD ELECTRONICS CIRCLE403

mEDCIRCUIT BOARDS

| QUALITY PRODUCT

FASTDELIVERY :
COMPETIVE PRICING

*UL approved 'Smgle & D/S
*Multilayers to 8 layers

| *SMOBC *LPI mask
f"Thru hole/SMT *Ni/Gold Plating
*Routing/Scoring *Elect. Testing
*A/W or CAD data *Fast quotes

PULSAR, INC e inccon

9901 W. Pacific Ave.
Franklin Park, IL 60131
Phone 847.233.0012
Fax 847.233.0013
Modem 847.233.0014

1

PULSAR, INC. CIRCLE 410 |

+ Designed to fit alt types of programmers
o Uses Adapt-A-Sucket® between the programmer’s
DleImmdlhecm:mmbemmned
* Over 400
+ New Lifetime Guarantee on all ET in-stock items

to choose from

R

EMUTATNA TEUNHNOIANGY, INCG
World Leadet (n Adapters, (Nps, and Trvt Accrreries
1-809-ADAPTER
2344 Walsh Avenue, Bidg. F, Santa Clara, CA 95051
TEL 408-982-0668 FAX 408-982-0664
www.emulation.com

] EMULATION TECHNOLOGY CIRCLE 400

In-Line Opto Couplers

Complete line of 4 pin single, 8 pin Dual, & 16w
pin Quad In-Line Opto Couplers.

|
|

|

Transistor Series-
Darlington Series-

Ac Input Series-

Each series offers an Isolation volt-
age of 7.5KV (pk) with BVceo up to
80V.

Check us out on the Internet:

RELIABILITY PREDICTION

SOFTWARE

ARE YOUR PRODUCTS RELIABLE?
RelCalc for Windows automates the reliability
prediction procedure of MIL-HDBK-217, or
Belicore, allowing quick and easy reliability
analysis of electronic products on your PC.

| Very easy to leam & use: save time & money
as you design for quality. Say goodbye to
| tedious, error prone manual methods!

| NOW SHIPPING: NEW VERSION 5.0
1‘
|
|

T-Cubed Systems, Inc.

31220 La Baya Drive, Suite 110
Waestlake Village, CA 91362
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 413

| T-CUBED SYSTEMS

JE-P" Intel 386EX

With High Speed 16-bit ADC!!
ngh Parlonnanu Compact, Reliable

2 We have low cost

g C/C++ development kits

and 30+ Controllers with
} ADC, DAC, solenoid

i drivers, relays, PC-104,

> PCMCIA, LCD,

® 45 x2.7, On-boare

DSP motion control,
3 MB RAM+FLASH 10 UARTs, 300 1/0s.
® 30+ 10s, 10 interrupts,  Custom board design.
3 UARTS, 3 timers Save time and money.
@ 15-bit ADC, up to 100K
\ samples/second
@ Battery, RTC, Watchdog, TERN
Networking INC
@ Switching Regulatorand )724 Picasse Ave,, Seite A
RS232/485 drivers m,:‘;m::.mv .
@ Complete C/C++ Fax: 530-758-0181 |
| Development kits ', i 4 ey 'U'
| TERN CIRCLE 414

BOARDE N 12 HOURS*

Modem your gerber data tousbeforeQ
an¥1ou your boards the next movrung

*F MORE DETAILS,
CALL 200 0 5208
FA)L (84 290-889
toMuhlvms
S .300'“

UL oved
|,,s,:ﬂ?'m

ALSO AVAILABLE:
« Proto-Type to Production

OVERNITE PROTOS CIRCLE 408




ELECTRONIC DESIGN DIRECT CONNECTION ADS

Bl sun.B 8 ,“v.
RNV Y

24 HOUR TURN GUARANTEED.

RELIABLE GUALITY. THE RIGHT PRICE.
ALWAYS ON TIME.

50
\_aye 53
ECIAL OFFER: U or $875

P o

S Foges 15 008 1 i
Yrciuses

wpto30se- 1 %2 ) Bling & Buried Vias
Also Avaitable  ectrical Testing
Prototype 1o Shggez‘n;?ote

Production v
IModem Geroel Quantities UL Approved

fies m\ota ‘3 o SMOBC and LP! Instant Quotes

es! W' M\\W' Goid/Nickel Plating  Exdras

sam Scored Panels Photoplotting

ned M Single to Muttilayers ~ GOId/E.T.
= PGB SERVICES
’ﬁ\‘ Toll Free 888 228-9440

Phone 847 439-5447  nfo@quolepcboards com
Fax 847 439-5448  Modem 847 439-5487  www quotepcboards com

PCB SERVICES CIRCLE 409

FREE!
130
Page
Catalog

“Optics
for
industry”

R O LY N

Orires Comoase

«

ROLYN OPTICS supplies all types of “Off-the-
Shelf” optical components. Lenses, prisms, mir-
rors, irises, microscope objectives & eyepieces
plus hundreds of others. Al from stock. Rolyn
also supplies custom products & coatings in pro-
totype or production quantities. Write or call for
our free 130 page catalog describing products &
listing off-the-shelf prices. ROLYN OPTICS CO.,

706 Arrowgrand Circle, Covina, CA 91722,

(888) 626-6699
FAX: (626) 915-1379.

ROLYN OPTICS CIRCLE 411 I

| siGNATEC

When Nanoseconds Count

i

PDA500

DSU1000

DAC200
=psignd Uau'»u ;'
5zmHV|SP

CIRCLE 418

Call today for FREE
demo software!

1-800-332-8246 ext. 8%

www.data-10.com

ADHESIVE FILMS
AND PREFORMS

Designed to Your Specifications

memory, logic and
microcontrolles devizes,
ncluding Flash devizes from
Fuptsu, Intel” and cthers

@ %y ty tested hardware and
manulacturer-approved
algorithms assure hugh quabty
results

@ Provides high quality support
fo PLCC, QFP SOIC. TOFP,
TSOP. and nBGA packages

@ Trve Windows™ imerface

@ Runs test vectors y
W Thermally conductive >10 Btu/hr/ft?/°F/in
® Volume resistivity >10'* ohm cm
W Exceptionally fast cures ® Long shelf life at
room temperature ® Resistance to thermal
shock ® Easy processing ® Repairability

Master Bond Inc.

Adhesives. Sealants & Coatings

@ 2C fie translation farmats
availabie

@ Free updates for one year

@ Full 1-vear warrant

@ Waor'dwede sennce ad suppon
@ Starts a1 $1395

DATA 1/O CORPORATION

D m I/O , 154 Hobart St., Hackensack, NJ 07601
Tel: (201) 343-8983 M Fax: (201) 343-2132
CIRCLE 415 | MASTER BOND

T

'THERMALLY CONDUCTIVE

CIRCLE 405 |
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Where the
Wireless Future

LA
Gets Built \\ipiess)

What's Your Deadline? Portable by Design
Y ou've got a tight schedule. Take some SAN JOSE AN\ Y

time off...to catch up. The Wireless

' Symposium/Portable by Design Conference anVENTION CENTER
& Exhibition is where engineers and San Jose, California
engineering managers learn state-of-the-art ;
design and development techniques that PRODUCT EXHIBIT:
help beat tight deadlines. At the product FEbl'llal'V 23'255 1999

exhibition you'll find over 400 leading 5
suppliers of hardware, software, services, 22: FEa?ENZgEéG 1999
ruary 22-2o,

and test equipment

demonstrating the Platinum Sponsor:
technology that will » b
k! ' TeEXAS
be changing the way INSTRUMENTS
you work tomorrow. ol
old Sponsors:
Over 6,000 of your . ;
. ) BENCHMARQ ,
- colleagues will be h R 2o e s
: there,' leammg, sharing techniques, and NEC /
- enjoying special events that arc hy, for, and
about the industry. Don't get left behind. l;p\RRls

M moTorROLA

Send today for more complete information Fax to 1-201-393-6297 or mail to
Wireless/Portable, 611 Route 46\West

I'm interested in 1 Attending 1 Exhibiting 11 Speaking Opportunities. ,
’ Hasbrouck Heights, NJ 07604

Name ] ) | phone: 1-888-947-3734.
| Company lnternat?onal callers: +1-201-393-6213.
e— www.WirelessPortable.com
Address
o . WIREless REGistration Info: |
City State Zip ‘
e 1-888-WIRE-REQ \
iy Phone Fax

Get an instant fax-hack brochure‘at
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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 SURPLUS INVENTORY

Visit us on the Internet at:
http://www.penton.com/corp/classifieds

l ( Senior Chemist il g BE B 0.0 S
required by a small Company in Colorado s A L E ’

The ideal candidate will possess the following 1,000,000 WALL
qualifications in order of importance. h o RAN SF ORMERS

L . . . 4.5VDC/1A .- CR999---- $4.35

or E-mail us at: » A minimum of 10 years experience in formulating 8VDC/2A . CR578-- $6.55

. adhesives, coatings, sealants or encapsulants 8.5VAC/1. 35A - CS163---- $4.40
careerlink @penton.com « A minimum of five years experience formulating, | 9VAC/1.5A .-.. CS049--- $5.50
manufacturing and marketing U.V. curable Acrylic | 3 §¥:gn‘= TR gg?gg e :ggg

4 based adhesives, coatings and seafants. 15VDC/1 . MB348:- $5.60

« Free to relocate without legal encumbrances. Min 1000/tipe - Call for othert pes

c A R:E. * Previous experiences with Epoxy formulations a plus. i S[J l{l) L s 'l‘l{l‘]) l‘s

¢ M.S., or Ph.D. in chemistry or related field of study PO Box 276,
Lin

is preferred. Alburg, VT 05440
Tel: (01) 514-739-9328

Come join our fast growing, dynamic company while | z Fax (01) 514-345-8303
enjoying the amazing scenery, healthiest l FIREE CATALOGG!

\
|
l environment and climate the U.S. has to offer.

039095/ED, P.0. Box 6192 |

Please mail resumé to:
t Cleveland, OH 44101 CIRCLE 240 ON READER SERVICE CARD

THE FREE R.A. BLOCH
NATIONAL

|
|
|
|
!
|
|

ADVERTISING OPPORTUNITY

CANCER HOTLINE

1-800-433-0464 ‘
hen camcer strikes yo  your family of fiends, |
religble information is vital. Talking 10 a cancer

survivor will help you or your loved ones success-

fully cope with this olways-treatable, often-curable O PPOR I l l NI I
disease. All of absolutely na chorge.

(oll 1-800-433-0464, 24 hours a day to be IN ELECTRONIC ENGINEERI NG
matched with o survivor with your type of concer. Lot the

R A. Bloch National Cancer Hotline help you get through
the shock and uncerlainty of a concer diagnosis. -

Al calls are absolutely fres, completely sponsored by WI R E L ESS M 'aowa vg
Richard Bloch and Sprint, and donations are never, ever &g
solicited. Oor volunteers don‘l give medical advice — YS T E MS ES I GN
they falk from personal experience of beating concer.

Their “I've-been-there” experience might save yaur lifo.

Call now for help, comfort and hope.
J

Don’t miss out on this exciting opportunity to reach 173,000 Electronic

In most cases, advertisements contained in I

Electronic Design employment section | EngmeerS m ALL d'“'PImeS!

indicate that the companies are equal | Career Opportunities in Electronic Engineering will be distributed in
opportunity employers. The Federal Civil I

Rights Act of 1964, and other laws, prohibit February 1999!

discrimination in employment based on race, |

color, religion, national origin, sex or for any ° Deudline to reserve space is December 15
reason other than lack of professional . s p
qualification for the position being offered. It | | ® Deadline to receive artwork is December 30

should be noted that employment

adt‘)'lfa:ize;“ephts N f'ecmnic Design i | Contact Greg Marthe today at:

published for the readers convenience and In

no way, to the best of our kn0w|edge, promote | ‘ Ph: 2] 6.93] .9589 Fux: 2] 6.696.8206
unlawful discrimination. j ‘ emuil: gmurthe@penton.com
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en it comes to software radio Pentek
ins by a mile with the world's widest line of
digital receivers with supporting vardware
and software products. After all, we put
software radio on the map with the first
board-level products for open-arcnitecture
systems designers.

Pentek’s digital receivers go the distance,
with dozens of models to choosa from, each
performing frequency down corversion, low
pass filtering, and decimation of RF input
signals to support real-time DSP processing.
And because they're fully compatible with
Pentek’s family of off-the-shelf, high-speed
A/D converters, RF translators anc DSP

products, they match perfectly to help speed
yaeur development.

it's what you'd expect with the industry’'s most
complete selection of high-performace DSP
amnd data acquisition products - all highly
modular and easily configurable.

* VME, VXI and PCI architectures

¢ Sampling rates to 70 MHz

« Tuning resolution better than 1 Hz

s Up to 32 changels per board

¢ Connections to ‘C6x, ‘C4x and SHARC DSPs

Pentek delivers for you in more ways than
one. Take advantage of Pentek’s powerful

SwiftNet™ drivers 4 junication
libraries plus comprehensive software tools
to get your receiver system up and runring
fast. Wha<'s more, our experienced zppiica-
tions engineers are ready to assist you
throughout your development cycle.

For the new, expanded

edition of our acclaimed Digital &
Receiver Handbook and Full-

Line Catalog, call

201-818-5900,

Ext. 886

FPENTEIK

Pentek, Inc., One Park Way, Lpper Saddle River, NJ 07458 » 201-818-5900 * Fax: 201-818-5904 ¢ e-mail: info@pentek.com * Web: www.pentek.com

Worldwide DJistribution and Support
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SwiftNel ix a trademark of Paitelc




WARPED

NnVHDL or
VERILOG.

ST Introducing Warp2’, Rel. 5.0—a complete CPLD design environment for just $99.

Long the leader in VHDL design synthesis, the latest version of our popular
§ : Warp~ software supports Verilog synthesis, too. Better yet, we've added Aldec's
s = powerful timing simulator and FSM (Finite State Machine) editor to support larger
LS L A':E"!__'f!"'—“ designs. Package that with Cypress’s own UltraGen™ synthesis technology,
et e 23 7 " and you have the most integrated, easy-to-use design environment
= for Cypress PLDs and CPLDs, including our Simply Faster™ Ultra37000~ CPLD

v Seamce 3 ‘ - = family. So Get Warped" Right now. For more information, or to order a
Warp2, Release 5.0 kit for $99, call 800 WARP-VHDL and ask for Kit #0028 (VHDL) or Kit #0029 (Verilog). Or visit us at
www.cypress.com/warprs.

_= - -
=, CYPRESS
=7

BY ENGINEERS. FOR ENGINEERS™*




