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For more information please visit our website 

www.avagotech.com

Avago Technologies

From the first commercial LED displays to the first 
optical mouse . . . from the first fiber optic transmitters 
and receivers for data communications to the first 
low-cost transmitters and receivers for SERCOS robotic 
technologies: our inventions have been transforming 
the way the world works for quite some time now.

Avago Technologies is one of the leading global 
suppliers of analog, mixed-signal and optoelectronic 
components and subsystems. We've helped tens of 
thousands of OEMs bring new ideas from the drawing 
board through the distribution channel. Including 
many of the world's top manufacturers. And with more 
than 2,000 patents and patents pending, we've 
invented-and reinvented-more than a few of the 
markets we serve. 

 

So how come you've never heard of us?  Well, you 
have-just not by our new name. We started as the 
semiconductor division of Hewlett-Packard, then 
continued as part of its spinoff, Agilent Technologies. 
Now we've spun off ourselves to become . . . Avago 
Technologies. The largest privately-held independent 
semiconductor company in the world. And quite 
possibly the world's oldest startup.

Would you like to know more about who we are and 
what we do?  Visit us at  www.avagotech.com.  And 
learn all about how we're inventing the future . . . 
all over again. 

For the past 40 years,
we’ve been inventing 
the future.
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DESIGN IT YOUR WAY...
6A,12A,18A, YOU CHOOSE

for more information call 1.800.981.8699 or visit us at 
http://powirplus.irf.com

myPOWER™ Delivers Optimized Performance, On-line Hardware Customization and Simulation

Part 
Number

Input 
Voltage

Output 
Voltage

Output 
Current

Swithcing
Frequency Power Semi BOM Delivery 

Time Comments

IRPP3637-06A 5V 1.25V 6A 600kHz IR3637AS, IRF8910

24-48Hrs
Standard Ref Design

Fixed BOMIRPP3637-12A 12V 1.8V 12A 400kHz IR3637S, IRF7823, 
IRF7832Z

IRPP3637-18A 12V 3.3V 18A 400kHz IR3637S, IRLR8713, 
IRLR7843

IRPP3637-06AC

3.0V to 
13.2V

0.8V to 
5.0V

Up to 6A

400kHz or 
600kHz

Various

1-2 Wks

Customizable Ref Design
BOM confi gurable 

on-line. 
Operating range defi ned 

is NOT 
possible with one BOM

IRPP3637-12AC Up to 12A Various

IRPP3637-18AC Up to 18A Various

International Rectifier’s new expanded
myPOWER™ online design tool now
includes chipsets that offer dependable
reference designs and enhanced on-line
design service. The first chipsets are
based on IR’s IR3637S and IR3637AS
controllers, targeted at single-phase
synchronous buck converter applications.

IR3637 IC Features
• 1% accurate, 0.8 V referencce
• Internal 400 kHz/600 kHz oscillator 
• Soft-start function
• Short circuit protection

DirectFET™ & myPOWER™ are trademarks of International Rectifier Corporation.

IRPP3637-06A IRPP3637-12A IRPP3637-18A

5Vin / 1.25Vout
@ 6A & 600kHz ~1.0in2

12Vin / 1.8Vout
@ 12A & 400kHz ~1.5in2

12Vin / 3.3Vout
@ 18A & 400kHz~2.0in2

1. Enter Requirements
5. Buy

2. Select Design 4. Full BOM

3. Simulate, Analyze and Configure
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Check out Atmel’s security solutions today at www.atmel.com/ad/securitysolutions

Everywhere You Are®

Secure Memory and Microcontrollers for Smart Cards Smart Card Reader ICs

Biometrics Trusted Platform Module IC Embedded Security RF Identifi cation

When it comes to thwarting 21st 
century evildoers, nobody has 
more industry-proven secure 
IC solutions than Atmel®.

 With a broad portfolio of biometric 
sensors, embedded security chips, RF 
identifi cation chips, secure microcontrollers 
and secure memories for smart cards, 
and RFID/card readers, Atmel has 
the expertise and fl exibility to provide 
customer-driven solutions for security in an 
unsecured world. 

 And, when it comes to measuring why 
we’re good, don’t just take our word for it. 
Our secure microcontroller product portfolio 
meets the stringent needs of the security 
market with some of the highest security 
certifi cations in the industry, including 
Common Criteria EAL4+/EAL5+, FIPS-140-
2 Level 3 and 4, ZKA, Visa® International and 
MasterCard CAST approvals.
 So, when your next project calls for 
security, think Atmel. We’re Everywhere You 
Are®… securely.

Ancient Methods of Protection Will Only 
Take You So Far.
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2006-6773-501-101-D

(800) 891 8841To learn why each of these customers chose PXI, 
visit ni.com/pxi.

PXI is a modular, software-defined platform
for measurement and automation systems. 
• Open industry standard supported by more than 

70 vendors and 1,200 products

• Highest-accuracy instruments, including the highest-
resolution digitizer with -120 dBc typical SFDR

• Industrial-grade, cost-effective system based on
standard PC technologies

• Direct connectivity to existing instruments using 
GPIB, Ethernet/LAN, USB, CompactPCI, 
PCI, and PCI Express 

• Software-defined configuration and automation with
National Instruments LabVIEW and LabWindows/CVI,
C/C++, NI TestStand, and Microsoft .NET

Choose from a complete set of PXI chassis, 
controllers, and modular instruments from NI.

PXI Chassis 3U, 6U, rack-mount, 4 to 18 slots
PXI Controllers Remote or embedded
Digitizers/Oscilloscopes Up to 24 bits, 250 MS/s
Signal Generators Up to 16 bits, 200 MS/s
High-Speed Digital I/O Up to 400 Mb/s
RF Up to 6.6 GHz, 20 MHz RTB
Digital Multimeters Up to 71⁄2 digits, LCR, 1,000 V
Programmable Power Supplies Up to 20 W, 16 bits
Audio Analyzers Up to 24 bits, 500 kS/s
Switches Multiplexers, matrices, RF, relays
Multifunction I/O Analog I/O, digital I/O, counters

PXI The Test Platform of Choice for 
Thousands of Companies Worldwide

Microsoft

Boeing

BAE Systems

Lockheed Martin

United States Air Force

Honeywell

Saab

Johns Hopkins University

Pyrex 

DePuy, 
a Johnson & Johnson Company

Samsung

Stanford University

National Institute of 
Oceanic Technology

Lund Institute of Technology

Sandia National Laboratories 

Lexmark

Magneti Marelli,  a Fiat company

Renault

Summitek Instruments

United States Navy

United States Army

Toshiba

Flextronics

Fiat

Niksar Australia Pty Ltd.

NEC Aerospace Systems

Siemens

SELEX Sistemi Integrati

Huari Telecom

Soliton Technologies

Active Signal Technologies

PC-Based
Controller 

Modular
Instruments

DC to 6.6 GHz

Rack Mount
or 

Portable 
Chassis
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71 PIC microprocessor drives 20-LED dot- or bar-graph display

72 PC’s serial port controls programmable sine-wave generator

74 I2C interface connects CompactFlash card to microcontroller

76 IC and DMM form direct-readout temperature probe

VDD

MCLR

CKIN

RB3
GP3

5

9

4

8

VSS

RB0
GP0

RB1
GP1

RB2
GP2

RB4
GP4

RB5
GP5

3V

14 1

4

16

R3
10k

C2
0.1 �F

IC1

C1
22 pF

R2
10k

R4
56

R5
56

R6
56

R7
56

R8
56

R1
4.7k

S1

3V

6
7

7
6

8
5

10
3

11
2

PIC12C508A/PIC16F84A

LED
19

LED
20

LED
15

LED
16

D E S I G N I D E A S

SEPTEMBER 1, 2006  |  EDN 5

An overview of 
on-chip compression
architectures

61Data-compression
techniques can help
manage the escalating

cost of test in nanometer designs.
by Brion Keller,

Cadence Design Systems

The right video
architecture can make
all the difference

46Digital-video broadcast
and the iPod phenome-
non have ignited a race

to bring video to the palmtop. Pro-
cessing architectures are at the
center of the struggle. 

by Ron Wilson, Executive Editor Clash of the wireless-
USB standards

37Wireless USB is poised
to enter the market.
Understanding the

differences between the two
leading approaches will help
developers choose the right one 
for their application. 

by Richard A Quinnell,
Contributing Technical Editor

MASKING MASKING MASKING

DECOMPRESSOR

COMPRESSOR

COMPRESSED OUTPUT STREAM

COMPRESSED INPUT STREAM

CHIP OR CORE
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A DMM that works like you do
in the 21st century
A DMM that works like you do

Enter the next generation of digital multimeters, the Agilent

34410A and 34411A DMMs. Take readings at 1,000, 10,000,

even 50,000 readings per second. Log data automatically

and with more reading storage. Detect peak inputs as short

as 20 µS. View two measurements at once via the dual

display. Take advantage of expanded measurement ranges.

Even measure temperature or capacitance.

Based on years of working closely with our customers,

these new DMMs are pure Agilent; instruments designed

to work the way you do.  And because they’re Agilent, they

are the only DMMs with a fully open configuration, so you

can easily integrate them into your workflow, regardless of

I/O connectivity to your PC.

To look at all the new features and specs of this next

generation of multimeters, and to download our new appli-

cation note, 8 Hints for Making Better Digital Multimeter

Measurements, go to www.get.agilent.com/dmmcall.

© Agilent Technologies, Inc. 2006   

Agilent 34410A digital multimeter
• >150x faster reading rate at 6.5 digits*
• Improved accuracy*
• Open I/O with LAN (LXI Class C compliant), USB and GPIB
• 100x more reading storage*
• Dual display

Agilent 34411A digital multimeter
All of the above plus:
• 50,000 readings per second at 4.5 digits
• Analog level, pre- & post-triggering
• Additional 1M reading memory

*Compared to Agilent’s industry leading 34401A digit multimeter

Call a sales engineer who is ready to help 
with your next multimeter purchase.
u.s. 1-800-829-4444 ext. 5462
canada 1-877-894-4414 ext. 5462

in the 21st century
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The FPGA Eye Opener!

The complete transceiver solution with best-in-class signal integrity.

www.altera.com

Copyright © 2006 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that are 
identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names 
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights.

Stratix® II GX FPGAs offer the industry’s most comprehensive 
solution for high-speed serial applications. With significantly 
lower power consumption than competing devices, Stratix II GX 
FPGAs have up to 20 transceivers performing with exceptional 
noise immunity from 622 Mbps to 6.375 Gbps. Designers 
have immediate access to Quartus® II software support and 
an array of intellectual property (IP) cores, system models, 
development boards, and collateral—everything needed to 
complete a design in the shortest amount of time. 

Discover Stratix II GX FPGAs today at www.altera.com. 

 • Up to 20 transceivers with dynamic pre-emphasis, 
equalization, and output voltage control

• Best-in-class signal integrity from 622 Mbps to 6.375 
Gbps with exceptional channel-to-channel noise immunity

• Low power consumption (140 mW/channel at 3.125 Gbps 
and 240 mW/channel at 6.375 Gbps) while retaining best-
in-class jitter performance

• Dedicated circuitry supporting wide range of protocol 
standards across multiple data rates

Transmit eye diagram at 6.375 Gbps. For characterization details, see www.altera.com/stratix2gx/characterization. 
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www.edn.com

We want to hear from you. That’s why the
online version of every EDN article con-
tains “Feedback Loop,” a bulletin-board
section where you can post your com-
ments for all to see. Look for the “Post a
comment” link just to the left of the head-
line. You can also punch in the URL below
to see all of the recent comments by your
peers.
➔ www.edn.com/feedbackloop

ONLINE ONLY READERS’ CHOICE FEEDBACK LOOP

MMaaggnneettiicc--ffiieelldd  mmeeaassuurreemmeennttss  hhoolldd  
tthhee  kkeeyy  ttoo  rreedduucciinngg  ddcc//ddcc  EEMMII
➔ www.edn.com/article/CA6351292

TTiinnyy  bbooaarrdd  ddeelliivveerrss  WWeebb  ccoonnnneeccttiivviittyy
➔ www.edn.com/article/CA6355959

TTaalleess  FFrroomm  TThhee  CCuubbee::  Sweating blood
over hardware-interface routines
➔ www.edn.com/article/CA6351304

PPrryyiinngg  eeyyeess:: breaking down a broken 
cell phone
➔ www.edn.com/article/CA6339254

IIss  SSyynnooppssyyss’’  ssttaattiissttiiccaall--ttiimmiinngg  ttooooll  
rreeaaddyy  ffoorr  pprriimmee  ttiimmee??
➔ www.edn.com/article/CA6355491

HHaacckk--pprrooooff  ddeessiiggnn
➔ www.edn.com/article/CA6351284

BBeeyyoonndd  RROOHHSS::  tthhee  ggrreeeenniinngg  ooff  gglloobbaall
mmaarrkkeettss
➔ www.edn.com/article/CA6351285

SSccaalliinngg::  aa  bbaallaanncceedd  vviieeww,,  ppaarrtt  tthhrreeee
➔ www.edn.com/article/CA6351290

PPCCII  EExxpprreessss::  EEvveerr--ffaasstteerr  ggrraapphhiiccss  ppiippee
sseerrvveess  mmaannyy  mmaasstteerrss
➔ www.edn.com/article/CA6351293

DDAACC  CCTTOO  ppaanneell::  DDFFMM’’ss  hhoott,,  EESSLL’’ss  
aa  wwaayy  aawwaayy
➔ www.edn.com/article/CA6355935

Recent articles getting high traffic 
on www.edn.com:

Check out these Web-exclusive articles:

FLUX
DENSITY

LOOP
AREA

22000066  MMIICCRROOPPRROOCCEESSSSOORR  
DDIIRREECCTTOORRYY
• Technical details on every processor

family from more than 60 companies

• Filter based on your target 
application

• Exhaustive parametric tables

• More than 120 block diagrams

• Expanded analysis of each company
and its offerings

➔ www.edn.com/microdirectory

IInnggrreeddiieennttss::  cceelllluullaarr  TTVV,,  wwiirreelleessss  UUSSBB,,
mmoorree .. .. ..

Chips and components for cooking up 
digital consumer applications.
➔ www.edn.com/article/CA6358514

Visit the Design Ideas home page for
all the latest reader-invented circuit
designs. The page allows you to
explore our 12-year archive of Design
Ideas chronologically, by technology
category, and by searching.

Plus, every two weeks, Design Ideas
editor Brad Thompson introduces the
latest Design Ideas in his own inimitable
style, with lots of links to not only relat-
ed EDN articles, but also useful (or just
fun) resources elsewhere on the Web.

Finally, you can learn how to submit your
own Design Ideas. If we publish a
Design Idea you submit, you make
$150!
➔ www.edn.com/designideas

VISIT DESIGN IDEAS CENTRAL

BBeettwweeeenn  TThhee  LLiinneess

Senior Editor Michael Santarini on EDA 
➔ www.edn.com/betweenthelines

PPoowweerrSSoouurrccee

Technical Editor Margery Conner on power
design 
➔ www.edn.com/powersource

DDeessiiggnniinngg  IIddeeaass

Brad Thompson on Design Ideas (see
below) 
➔www.edn.com/designideas

BLOGS
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“Engineering and technology development
are quickly moving towards a more global
outlook and IEEE is clearly international.

Being a member of a worldwide
professional organization will greatly

enhance your career.”

Dr. Ronald M. Sega, IEEE Fellow
Undersecretary, United States Air Force

IEEE: 367,000 members in over 150 countries. Join us.
www.ieee.org/join
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Affordable multi-channel 
digitizers for fast and 
accurate A/D conversion

•  Prices starting at less than 
$1,000 per channel

•  2 to 8 digitizing channels

•  12 or 14-bit resolution

•  10 to 125 MS/s sampling per 
channel

•  128 MS to 2 GS of on-board 
acquisition memory

•  Advanced on-board eXpertTM

FPGA signal analysis features

•  GageScope® Windows-based 
oscilloscope software for 
programming-free operation

•  Software Development Kits for 
LabVIEW, MATLAB, or C/C# for 
custom development

With more than 35 digitizers, the Octopus family allows you to select only the features that you 
need.  The multiple high-speed input channels are ideal for rapid acquisitions at the numerous 
test points inspected by manufacturing test systems.  The high vertical resolution and Multiple 
Recording capability make Octopus the perfect solution for ultrasonics, radar and lidar applications. 

Advanced timing features such as 
external clocking and Time Stamping 
provide the most comprehensive and 
unmatched digitizer synchronization 
and timing accuracy.  

Octopus digitizers may be equipped 
with GaGe eXpertTM on-board data 
analysis FPGA technology.

Try our GageScope® Windows-based
oscilloscope software for programming-
free operation or one of our SDKs for 
custom development in LabVIEW, C/C#, 
MATLAB, and other programming 
environments.

Resolution
(bits) SFDR SNR ENOB

(bits) Bandwidth

CS82XX 12 71 dB 62 dB 10 > 100 MHz

CS83XX 14 72 dB 66 dB 10.7 > 100 MHz

Sample Application: Analog Stimulus/Response System

Application notes, datasheets, pricing, and more product information available at: www.gage-applied.com/edn09

Low-Cost Multi-Channel Digitizers

OctopusTM digitizers offer up to 8 channels in a single PCI card

CompuGen 4300 
4-channel PCI AWG 

Octopus 8-channel 
PCI Digitizer

8 Response
Signals

4 Stimulus
Signals

System Clock

M
arker O

ut

IRIG Device 

10 MHz Reference 
Source Out

Clock In

Trigger In

Clock In

Device
Under
Test
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Kamen is a compelling speaker. He
offered a disclaimer at the beginning of
his talk suggesting that he was not an
accomplished speaker. Don’t believe it.
All engineers should hear his thoughts
on innovation. I’ll share some of those
thoughts in a future column. But here
I’ll stick to his thoughts on encourag-
ing technical careers and the global
race to develop a deep technical-talent
pool. (See the sidebar, “Global friends
or foes,” at the Web version of this edi-
torial at www.edn.com/060901ed1.)

On DEKA’s home page, you’ll find
the following Kamen quote: “You have
teenagers thinking that they are going
to make millions as NBA stars when
that’s not realistic for even 1% of them.
Becoming a scientist or engineer is.”
Kamen laments that kids aspire and
work toward being sports heroes or
entertainment celebrities. Meanwhile,
he argues that scientists and engineers
are almost completely responsible for
the incredible standard of living that
we enjoy today.

On kids’ passion for sports, Kamen

states, “They are all amazed that you
can get the ball through the hoop 72%
of the time ... They wouldn’t want to
fly in an airplane that landed 72% of
the time.’’ Kamen even attacks tech-
nology as a distraction. He says, “Kids
would rather [be sitting] in front of that
mind-numbing video game than
designing it or building it or under-
standing it or improving it.”

Through FIRST, Kamen and his
many partners are using a sports model
to encourage kids to discover their
inner engineer. Kamen structured the
FRC (FIRST Robotics Competition)
like a high-school sports season. Teams
get a kit of parts and a limited time to
design and build a robot for competi-
tion. The first FRC took place in 1992
with the help of 23 sponsor companies
and 28 competing teams. 

Kamen claims that the competition
was an immediate success with the par-
ticipants and that the engineers who
served as mentors liked it as much as
the kids did. Those engineers remem-
bered why they became engineers. Suc-
cess and growth have led the final tour-
nament to a venue at Walt Disney
World, then to the Astrodome, and
ultimately to the Georgia Dome. Now,
regional competitions around the
world feed the final competition. More-
over, this success led FIRST to create
the FLL (FIRST Lego League) compe-
tition for middle-school kids and, more
recently, the FVC (FIRST Vex Chal-
lenge), which is a more affordable com-
petition than the FRC. In 2005, 1133
teams competed in the FRC, 7500
teams competed in the FLL, and 300
teams took part in the new FVC.

Despite the success, Kamen thinks
FIRST needs to reach out to many
more kids. The cause is noble, so I’m
happy to spread the word. If you and
your company are not involved in
FIRST, at least take a look at the organ-
ization. You might find it very fulfilling,
and you might help to ensure contin-
ued innovation wherever you live.EDN

You can reach me at 1-858-748-6785 or
mgwright@edn.com.

BY MAURY WRIGHT, EDITOR IN CHIEF

e in the trade press are asked daily to spread the
word about everything from new products to
“can’t-miss” upcoming events or seminars. Our
role as filters of information means that we say no
most of the time. At the recent National
Instruments Week conference, however, Dean

Kamen, founder of DEKA Research and Development Corp (www.
dekaresearch.com) and inventor of the Segway, pleaded for help in
spreading the word about FIRST (For Inspiration and Recognition of
Science and Technology, www.usfirst.org), the organization he founded
in 1989. FIRST is an attempt to transform our culture and make sci-
ence and technology as attractive to kids as sports and entertainment.

W
Through FIRST,
Dean Kamen and
his many partners
are using a sports
model to encour-
age kids to discov-
er their inner 
engineer.

Sportslike competition 
drives science and 
technology education

,,
E D N . C O M M E N T
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www.coilcraft.com 800/322-2645

®

Our new LPS shielded inductors give you the
best combination of ultralow profile and high
level performance.

Highest saturation current ratings Compared
to competitive inductors of the same size, our
Isat ratings are typically 20 - 30% higher.

Widest range of L values Only Coilcraft’s LPS
family offers you so many inductance options:
from 3300 µH all the way down to 0.33 µH.

And no one else has so many high inductance
values in a 3x3 mm footprint.

Rugged construction Their impact-resistant
design withstands 1500 G’s deceleration in one
meter drop tests, making them the per-
fect inductors for handheld devices.

See why designing in our new LPS
inductors is a really bright idea.
Visit www.coilcraft.com/lps3

RoHS
COMPLIANTRoHS

COMPLIANT

These new ultrathin inductors
 

These new ultrathin inductors
really shine in LED and EL

 

really shine in LED and EL
backlight applications

 

backlight applications

LPS3008
0.56 - 330 µH

Up to 1.8 A
3 x 3 mm

0.8 mm high

LPS3010
0.47 - 330 µH

Up to 2.3 A
3 x 3 mm

0.9mm high

LPS3015
1 - 330 µH
Up to 2.0 A
3 x 3 mm

1.4 mm high

LPS4012
0.33 -3300 µH

Up to 5.0 A
3.9 x 3.9 mm
1.1 mm high

LPS4018
0.56 - 3300 µH

Up to 4.8 A
3.9 x 3.9 mm
1.7 mm high
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Accelerating the Speed of Design.

1 800 408 8353
www.em.avnet.com 

Avnet, your one solution for design creation.
Avnet Memec focuses on a select number of leading suppliers to provide original

equipment manufacturers (OEMs) with the technical expertise you need in designing

cutting edge products.

With factory trained and certified technical support, Avnet Memec specialists offer a

level of technical depth that is unmatched in the industry. That translates into faster time

to market for you, our valued customer. And it keeps getting better. Avnet is ranked #1

for having knowledgeable FAEs and well-informed sales reps.* We deliver:

> Proactive Engineering Support

> Factory Certified FAEs

Accelerate Time to Market.™

Visit the Avnet Design
Resource Center™at:
www.em.avnet.com/drc

© Avnet, Inc. 2006. All rights reserved. AVNET is a registered trademark of Avnet, Inc.
*As rated by Electronics Supply & Manufacturing, 2006 Distributor Customer Evaluation Study.

™
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See section 1 to browse over 65 pages of test 
equipment solutions from these great manufacturers.

your test equipment
distributor of choice.ALLIED

With Allied, your electronic and
electromechanical product solutions are
unlimited. If it’s not in our catalog, 
WE’LL FIND IT FOR YOU.
1.800.433.5700

©
 A

llied Electronics,Inc 2006.‘A
llied Electronics’ and the A

llied Electronics logo are tradem
arks of A

llied Electronics,Inc.
A

n Electrocom
ponents C

om
pany.
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We Create BGA Solutions 
From The Drawing Board 

To The PC Board. 

From concept to completion, Advanced is your single source for comprehensive

BGA socketing systems. We specialize in economical, dependable alternatives 

to direct device attach, with an array of innovative solutions for any stage of

development. Whether you’re using BGA, LGA or CSP devices in prototype or

production applications — you can be sure we’re with you every step of the way.

To learn more, visit us online at

http://www.bgasockets.com

or call 1.800.424.9850.
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5 Energy Way, West Warwick, Rhode Island 02893 USA

Fine Pitch Device Validation
Compact design enables test and validation 
of 0.50mm and 0.65mm pitch devices directly
on production-level boards.

Same Footprint As Device | Compact Size | Industry-Proven Solder Ball Terminals | Thousands of Footprints Online

New Fine Pitch Socket Adapter System

• BGA, LGA, CSP Device Validation or
Production-level Socketing

• 0.50mm and 0.65mm Pitch

• Hybrid male/female interstitial pattern for
compact size – only 2.00mm larger than
device package.

Flip-Top™ BGA Socket

• BGA & LGA Device Test and Validation

• 1.00mm and 1.27mm Pitch

• Compact size and easy to use – no screws
or tooling holes in PC board are required.

Socket Adapter System

• BGA, LGA, CSP Device Validation 
or Production-level Socketing

• 0.75mm to 1.50mm Pitch

• Industry-proven solder ball design 
for superior reliability.

NEW!NEW!
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As the promise of EUV (extreme-ultraviolet) lithography
fades, the old war-horse, 193 nm, is again rising up to fill
the gap. By immersing the wafer and the front element of

the lens in water, stepper vendors have been able to edge up the
numerical aperture and the depth of field of their optical columns
just enough to make 65-nm fabrication ready for production and
probably enough to make the 45-nm node feasible. However, the
next step, to 32 nm, could be costly and may be a step too far.

The lithography heavyweights, ASML and Nikon, were at
Semicon West in force in July with their advanced 193-nm im-
mersion systems. Canon, which appears to have lost ground to
the leaders in the race toward 45 nm, was discussing a devel-
opment platform rather than a production stepper. Everyone
voiced a certain amount of confidence that the systems, which
pump highly purified water through a puddle that contacts both
the objective lens and the wafer, will also form the basis of 45-
nm production.

Immersion lithography helps because the light leaves the ob-
jective lens into a fluid—water—with a higher refractive index than
air. To increase the depth of field, numerical aperture, or both for

32-nm work, developers must find a fluid with an even higher re-
fractive index. The refractive index of pure water is simply too low
for 32-nm work. According to Ludo Deferm, vice president of
business development at European research consortium IMEC
(Interuniversity Microelectronics Center), all of the fluids that ven-
dors have so far tried either are too viscous to remain uniform as
the wafer passes under the objective at high speed or are chem-
ically reactive with the objective-lens coatings, the photoresist, or
both. So far, no one has been able to solve the materials prob-
lem, leaving some unpleasant alternatives. Critical layers will de-
pend on double-exposure techniques using two masks, accord-
ing to Deferm. You expose each mask using an off-axis lighting
pattern to produce the desired image on the resist. This tech-
nique appears to be able to produce the feature size that 32 nm
requires, but it demands additional masks and additional stepper
time, both of which are hits to cost.—by Ron Wilson
�ASML, www.asml.com.
�Nikon, www.nikon.com.
�Canon, www.canon.com.
�IMEC, www.imec.be.

pulse
INNOVATIONS & INNOVATORS

A handful of companies has for a number
of years been pitching biometric sensors
as the best protection for portable PCs
and other electronics, and the technology
is catching on with some enterprise-IT de-
partments. But a technology such as a fin-
gerprint sensor needs software support to
supplant or complement a password in
protecting notebook-PC data. So, Fujitsu
Microelectronics turned to software part-
ners Phoenix Technologies and Cogent
Systems for support in launching its latest
sweep sensor, the MBF 320.

The trio is offering a fingerprint sensor
that is active before the operating system
boots in a package that eases OEM-im-
plementation challenges. Although you
must configure the USB 2.0-based sensor
at the operating-system level, it operates at

the BIOS level after configuration. Phoenix
supports the sensor in its TrustedCore
firmware, and more than 50% of the com-
pany’s BIOS customers now ship the
TrustedCore software. Meanwhile, Cogent
provides the fingerprint-matching engine
that the TrustedCore BIOS hosts. The

three components offer OEMs a turnkey
approach to adding biometric security.

The Fujitsu sensor hosts a 500-dpi,
8�256-pixel sensing array and 8-bit gray-
scale depth. The sensor includes an auto-
matic-finger-detection feature that wakes
the sensor. In standby mode, the sensor
sips less than 200 �A of current. When
active, the sensor draws less than 12 mA
of current. Samples are now available for
$5 (1000). The software bundle also sup-
ports Fujitsu’s older, 2-D MBF 200 single-
touch sensor.—by Maury Wright
�Fujitsu Microelectronics, http://
us.fujitsu.com/micro/biometricsensors.
�Phoenix Technologies,
www.phoenix.com.
�Cogent Systems, 
www.cogentsystems.com.

Immersion-lithography road map hits dead end

Biometric sensor and preboot software lock down laptops

EDITED BY FRAN GRANVILLE
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A sweep sensor for fingerprint identifica-
tion, such as the Fujitsu MBF 320, relies
on a narrow array of sense elements, al-
lowing the sensor to occupy minimal
space in products such as notebook com-
puters and even handheld devices.
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Most analog and RF
engineers rely on
Spice simulators for

accurate circuit analysis, but
Spice simulation is painfully
slow. Over the years, EDA ven-
dors have attempted to speed
Spice simulation for engineers
by introducing fast-Spice sim-
ulators. Although the tools
speed simulation, they compro-
mise accuracy. Officials at
Berkeley Design Automation
believe they have solved this
problem with two tools that the
company claims are Spice-ac-
curate and five to 10 times
faster than competing tools.

According to EDA veteran
Paul Estrada, Berkeley’s chief
technology officer, the compa-
ny merged its patented, sto-
chastic, nonlinear simulation
engine from its PLL-Analyzer
tool with a range of tools.
These tools are a fast, sparse-
matrix solver; a global-conver-
gence solver; adaptive time-
stepping technology; latency-
exploitation algorithms; a fast,
stiff-DAE (differential-algebra-
ic-equation) solver; a unified
time/frequency engine; and a
device-sensitivity analyzer. To-
gether, these tools create the
Analog FastSpice time-delay,
or transient-analysis, simulator
and the RF FastSpice periodic-
convergence-analysis add-on
for Analog FastSpice.

Speedy Spice-accurate
simulator targets analog, RF

DILBERT By Scott Adams 

Tom Ferry, the company’s
vice president of marketing,
says the tools target simulation
of large, critical blocks, giving
analog and RF engineers a re-
liable and accurate fast-Spice-
class tool. He notes that most
fast-Spice tools use a divide-
and-conquer approach: They
piece a design into mini blocks,
and users then tune the blocks’
performance before they simu-
late their circuits. In some cas-
es, tuning blocks can take
more time than running a pure-
Spice simulation. The Berkeley
tools, in contrast, do not break
down circuits into mini blocks
and require no tuning, says

Ferry. Instead, users input their
Spice netlist into the tool and
then simply run the simulation.

“The result of this technology
is an order of magnitude im-
provement in verification band-
width,” says Ferry. “If you are de-
signing an RF CMOS or a 65-
nm SOC [system on chip] with
32 SERDES [serializer/de-
serializer] ports on it, having this
much more bandwidth is amaz-
ing.” Beta customers have run
the Analog FastSpice tool on
several designs. A SERDES-
circuit design comprising 4200
devices in a 0.13-micron imple-
mentation took 5.4 days to run
in pure Spice but only 7.2 hours
with Berkeley’s tool, Estrada
claims. The company ran bench-
mark tests of its tool versus pure
Spice on several 802.11 cir-

pulse

FROM THE VAULT
Are engineers handicapped in reaching
the highest levels of corporate manage-
ment? According to a lengthy study con-
ducted by AT&T, they might be. The results
of that study, ongoing since the 1950s
and reported by industrial psychologist
Ann Howard in the proceedings of the
1983 IEEE Careers Conference, suggest
that engineers are unlikely to have the in-
terpersonal, verbal, and administrative
skills most companies consider important
managerial attributes. Further, the study
indicates that graduates of social-sci-
ence and humanities programs typically
surpass engineers in these key manage-
ment skills and are much more likely to
reach high-level positions.
Gary Legg, Editor, EDN, April 19, 1984, pg 55
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cuits targeting 0.18-micron
technology. A 107,264-device
IC took 1.2 hours to run in pure
Spice and nine minutes to run in
Analog FastSpice. At the other
end of the spectrum, a complex
circuit with 25,522 devices took
6.25 days to run in pure Spice
but only 15 hours with Ber-
keley’s tool, Estrada claims.

In benchmarking the RF
FastSpice against the most
popular commercial simulator,
the commercial simulator
couldn’t finish most designs,
the pure-Spice tool was unable
to finish four of the seven
benchmarks, but RF FastSpice
completed them all. The simu-
lator completed a digital-TV cir-
cuit with 8590 devices in 28
minutes and another TV circuit
with 6548 devices in 10 min-
utes. The pure-Spice tool fin-
ished one wireless circuit in 45
minutes, a second wireless in
100 minutes, and a networking
circuit in 40 minutes, compared
with 4.5 minutes, 100 seconds,
and four minutes, respectively,
for the RF FastSpice.

The RF version of FastSpice
supports complex blocks, such
as a voltage-controlled oscilla-
tor, a crystal oscillator, a low-
noise amplifier with a mixer cir-
cuit, and a power-amplifier cir-
cuit. The company tailored the
tools to plug into the Cadence
(www.cadence.com) Virtuoso
ADE (analog-design-environ-
ment) flow. The tools are com-
patible with HSpice and
Spectre netlists, and they run
with traditional models, such as
BSIM (Berkeley short-channel
IGFET model) 3 and 4, Verilog-
A, and s-parameter. Analog
FastSpice costs $95,000 for a
one-year subscription, and RF
FastSpice costs $40,000 for a
one-year subscription.

—by Michael Santarini
�Berkeley Design Auto-
mation, www.berkeley-da.
com.
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Applications

– Processor core 

and I/O rail supply

– OMAP processor and 

low-power DSP supply

– Mobile phones,

smartphones, PDAs

– Portable media players

– WLAN

Features

– EasyScale interface (1 pin)

– Dynamic voltage scaling,

step size 25, 50 or 100mV

– Up to 95% efficiency (max)

– 2.25MHz fixed frequency 

– Quiescent current: 32µA (typ)

– Input voltage: 2.5V to 6V

– Output voltage: 0.6V to 6.0V

– Output currents

– TPS62400: 400mA/600mA

– TPS62420: 600mA/1000mA

– Pricing:

TPS62400: $2.70 in 1k units

TPS62420: $2.95 in 1k units

www.ti.com/portablepower 800.477.8924, ext. 1340

Evaluation Module

Now Available

Dual Buck Converter
with 1-Wire Interface

The TPS62400 synchronous, step-down switcher with integrated FET features
a unique, one-pin EasyScale serial interface, which adjusts the output 
voltage dynamically during operation. The patent-pending feature gives the
dual-channel TPS62400 complete, on-the-fly digital control when powering TI’s
TMS320C5000™ DSPs and OMAP™ processors for portable applications.

EasyScale™ Interface Enables Digital Control 

EasyScale, TMS320C5000, OMAP, Technology for Innovators and the red/black banner are trademarks of Texas Instruments.  1621A0 © 2006 TI

Technology for InnovatorsTM

VOUT Switching
IOUT VIN Adjustable    Frequency Price

Device Topology (mA) (V) (V)           (kHz) (typ)     Package          (1k)
TPS63000 Buck/Boost 1200 1.8 to 5.5 1.2 to 5.5 1500 10-pin SON $2.75
TPS62350 Buck 800 2.7 to 6.0 0.75 to 1.537 3000 12-pin WCSP $2.15
TPS717xx LDO 150 2.5 to 6.5 0.9 to 6.2 — 5-pin SC70 $0.45
TPS799xx LDO 200 2.7 to 6.5 1.2 to 6.5 — 5-pin WCSP $0.35

POWER MANAGEMENT

Additional Portable Power Solutions
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Formal-verification-tool
start-up Jasper Design
Automation is offering

a free tool to help IC-verifica-
tion teams generate and track
verification plans. Craig Coch-
ran, vice president of market-
ing at Jasper, says that the
company offers “lite-” and
deep-formal tools. Lite-formal
tools, such as JasperGold
Express, typically prove formal
assertions, whereas deep-for-
mal tools, such as Jasper-
Gold, run a systematic formal
test plan describing the most
critical features in a design
that require formal verifica-
tion. The tools then systemat-
ically verify the features.

Most verification teams use a
mixture of simulation, formal,
code-coverage, and other tech-
niques. “You still use your simu-
lator, do constrained random
verification, and use coverage-
driven verification to see blanket
coverage across a design,” says
Cochran. “But the blanket cov-
erage is still uncertain because
you can’t achieve full coverage
with just a simulator. All features
of your chip are not created
equal. Some functions can be
crucial to your chip because of
complexity, a new feature, or
even a late spec change.”

Verification teams must pri-
oritize these functions and fig-
ure out what verification tech-
niques best suit each function.
So, verification teams typically
devise a verification plan.
“Customers have been writing
these test plans for some
time, but they usually write
them with a word-processing
program,” says Cochran.
“There really was a need for a
tool that would help people
easily create and generate a
test plan. People could get a
lot of use out of this product—
not just for formal verification,
but also for simulation.”

Free tool tracks verification plans
Jasper plans to give away

copies of its GamePlan Verifi-
cation Planner beginning in
the next few weeks to anyone
who is interested in download-
ing it. The product helps users
capture the main features, ex-
pected functions, verification
approaches, test priorities,
technologies, and test status
of their design. The tool gen-
erates a verification-test matrix

to provide the overall verifica-
tion status and generates a
verification-test plan in hyper-
linked HTML (Hypertext Mark-
up Language) format. Verifica-
tion teams can share the test
matrix and HTML-verification-
test plan over their network to
share information on their pro-
gress.

Jasper created GamePlan’s
test-plan structure in cus-

Zilker Labs’ new ZL2105 digital-power-
conversion and -management IC targets
the needs of the embedded-system mar-
ket. The device provides as much as 3A at
0.6 to 5.5V. The chip combines power-
management and -conversion functions,
as well as the switching FETs, into its 6��6-
mm package.

Unlike several other digital-conversion
ICs, which use PID controllers for their
PWM schemes, the ZL2105 uses a state
machine. “The architecture is determinis-
tic: You can’t change it from being a buck
step-down converter, because the loop is
a hard-wired state machine—not a DSP or

a microcontroller,” says Jim Templeton,
Zilker’s founder and vice president of mar-
keting. “That’s part of the ease of use of
the chip, because it makes it higher effi-
ciency by virtue of dissipating less power,”
he adds.

The chip requires no programming: You
set characteristics such as output volt-
ages, overcurrent-protection settings, de-
lay times, and more by strapping pins, se-
lecting resistors, or using any of the
PMBus commands that the chip supports.
The device costs $2.80 (100).—by Margery
Conner
�Zilker Labs, www.zilkerlabs.com.

Power-conversion and -management IC 
squeezes into embedded-system space
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The ZL2105 provides as much as 3A with input voltages of 4.5 to 14V at output voltages rang-
ing from 0.6 to 5.5V. It includes integrated switching FETs and a boost diode and requires no
programming.

tomizable XML (Extensible
Markup Language). The tool
isn’t Jasper-specific and
doesn’t require users to have
a copy of JasperGold Verifi-
cation System or JasperGold
Express to run it. You can
check out the status and
when the download will be
available at www.jasper-da.
com/gameplan.

—by Michael Santarini
�Jasper Design Auto-
mation, www.jasper-da.com.
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RF modulators with the highest linearity and output power.
In RF designs, analog is everywhere.

www.analog.com/rfmodulators

ADL5374 WiMAX spectrum at 3.6 GHz, carrier power = –10 dBm.

Part Center  Frequency OIP3 P1dB  
Number Frequency (MHz) Range (MHz) (dBm) (dBm)
ADL5370 450 250 to 1300 23 10.5
ADL5371 900 700 to 1300 26 13.5
ADL5372  2140 1600 to 2400 26 12
ADL5373 2500 2300 to 3000 25 13
ADL5374 3500 2800 to 4000 21.5 11

ADL5370 ADL5371 ADL5372 ADL5373 ADL5374

ADL537x family of pin-compatible RF modulators Best dynamic range for direct transmit designs 
from 250 MHz to 4 GHz
Our new RF modulator family offers the highest output power
and widest dynamic range, across all radio standards and
frequencies. These pin-compatible devices generate highly
linear modulated RF signals that improve transmission quality
and eliminate the need for intermediate frequency stages. The
ADL537x modulators are optimized for specific bands of
operation and offer:

• Industry’s highest output power: 4.8 dBm to 5.8 dBm
• Carrier feedthrough: –32 dBm to –54 dBm
• Sideband suppression: –33 dBc to –61 dBc 
• LO drive: –3 dBm to +3 dBm 
• Direct interfacing to our TxDAC® transmit converters
• 4 mm � 4 mm, 24-lead LFCSP
• Low $4.98/1k pricing

Evaluation boards available:
Stand alone evaluation boards, as well as combo boards 
that feature both the ADL537x modulators and AD977x 
dual-channel TxDAC+® converters, are available at
www.analog.com/rfmodulators.

597987_023.indd   1597987_023.indd   1 8/14/2006   2:48:44 PM8/14/2006   2:48:44 PM



No single bus is ide-
al for every applica-

tion. USB is excellent for easy
desktop connectivity, LAN/
Ethernet suits use in distributed
systems, and PCI and PCI
Express provide high perform-
ance for automatic test equip-
ment. For applications de-
manding a modular approach,
users should expect reduced
cost and size through a shared
chassis, backplane, and proces-
sor; greater throughput through
a high-speed connection to the
host processor; and greater
flexibility and longevity through
user-defined software.

PXI, based on PCI and next-
generation PCI Express, is the
fastest growing test-and-meas-
urement standard since IEEE
488. PXI best meets modular-
instrumentation demands, with
more than 70 vendors in the
PXI Systems Alliance, more
than 1200 products, and a pro-

jected 25%-annual-growth
rate through 2011, according
to Frost and Sullivan (www.
frost.com). All instruments in a
PXI system share the same
power supply, chassis, and con-
troller. With PXI, the controller
can be a high-performance
slot-zero embedded controller,
a desktop or laptop PC, or a
server-class machine. When
you require faster processing,
you can easily upgrade a PXI
system’s controller. To reuse
existing equipment, you can
use PXI to control USB, IEEE
488, LAN/LXI, serial, and VXI
instruments.

Modular instruments require
a high-bandwidth, low-latency
bus to connect instrument
modules to the shared proces-
sor for performing user-de-
fined measurements. PXI
meets these needs with band-
width as high as 2 Gbytes/sec
for each slot. In a modular RF

acquisition system, PXI can
stream two channels of 100M-
sample/sec, 16-bit intermedi-
ate-frequency data directly to
a processor for computation.
Neither LAN nor USB can
meet these requirements, so
these instruments always in-
clude an embedded, vendor-
defined processor. Only high-
bandwidth standards, such as
PXI, provide a truly software-
defined approach for modular
instrumentation.

—by Darcy Dement, 
senior product manager, 

National Instruments
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VOICES
Modular instrumentation:
LXI challenges PXI

T
he PXI (PCI Extensions for Instrumentation) open, mod-
ular standard emerged almost a decade ago. The indus-
try widely considers PXI the successor to the physically
larger VXI (VME Extensions for Instrumentation). Overall,

PXI is a success; its recent growth far exceeds that of test and
measurement as a whole. Still, not everybody is satisfied with PXI.
Among those who feel that the industry needs a different stan-
dard is Agilent Technologies (www.agilent.com), the world’s largest
test-and-measurement-product supplier. Agilent and several oth-
er manufacturers have formed the LXI (LAN Extensions for
Instrumentation) Consortium (www.lxistandard.org) and have be-
gun to introduce products that conform to a standard that differs
markedly from PXI. Recently, EDN asked representatives of LXI
and the PXI Systems Alliance (www.pxisa.org) to explain why they
believe that their camp offers the best modular-instrumentation
approach. Read abbreviated versions of the comments here; then
go to www.edn.com/060901p1 for the full story.

PXI
LXI is the successor
to IEEE 488 that

simplifies system integration by
leveraging Ethernet’s position
as the most popular communi-
cation protocol. LXI offers an
easy transition from IEEE 488
because there is no software to
change, and the specs remain
the same. Further, designers
can use non-LXI equipment in
hybrid systems by adding
bridges and adapters.

But LXI goes further by of-
fering capabilities never be-
fore available. LXI simplifies
setup, control, troubleshooting
and test-asset management. It
can enable remote operation
or sharing in which engineers
at different sites can access
and control an instrument. The
IEEE 1588 PTP (Precision-
Time Protocol) adds the di-
mension of time to the system
designer’s arsenal. Finally, the
LXI infrastructure is simple:

LAN cards are standard on all
computers, cables cost pen-
nies per meter, and inexpen-
sive routers and switches are
readily available. 

LXI is also highly scalable, al-
lowing designers to buy only
what they need when they
need it. Modular architecture al-
lows engineers to mix and
match measurement resources
and add channels, I/O lines,
switches, signal resources, and
modules without card-cage-slot
constraints. LXI boosts efficien-
cy by enabling software written
for R&D instruments to run on
finished modules, ensuring
traceability through the product
life cycle. Smart modules dis-
tribute intelligence to the net-
work and improve efficiency by
running application-and-analy-
sis software locally. The result is
less programming and less traf-
fic between instrument and
controller, leaving more band-
width for data-analysis tasks.

LXI boosts speed by offering
125 times the I/O throughput
of IEEE 488. Time stamps re-
duce troubleshooting times by
months, and remote operation
allows engineers at different
sites to remotely troubleshoot
problems. LXI’s high-speed
LVDS (low-voltage-differential-
signaling) trigger bus operates
in star or daisy-chain configura-
tions to deliver ultrahigh-speed,
low-latency, low-jitter signals to
applications requiring direct
links between two devices.

—by Bob Rennard, 
president, LXI Consortium

LXI
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The idea of wireless sen-
sors that report meas-
urements over comm-

unications protocols, such as
802.15.4, including ZigBee
and other similar standards, is
gaining ground. A key part of
the concept is that such sen-
sors—with their low power de-
mand and duty cycle—should
derive their power from batter-
ies or should extract their pow-
er requirements from energy
they “harvest,” or “scavenge,”
from the environment. Start-up
company Perpetuum has de-
signed its PMG7 generator to
glean sufficient energy from
the vibration of rotating equip-
ment—pumps, fans, and other
mechanical equipment—that
ac-induction motors drive to
power a sensor and wireless-
transceiver node.

Perpetuum’s generator is
electromechanical rather than
piezoelectric, a principle that
some researchers have used
to scavenge vibration energy.
Its fundamental structure is a
sprung beam that carries a pair
of permanent magnets. Vibra-
tion sets the magnets in mo-
tion, and a coil comprising
many turns of fine wire lies be-
tween the magnets. Circuitry in
the generator rectifies the ac
and charges a capacitor or su-
percapacitor, which in turn
powers the sensor node. The
design can gather useful
amounts of energy because
the sprung beam is a resonant
structure, tuned to the 50- or
60-Hz vibrations that all ac
motors produce. The essence
of the Perpetuum product is
the design of the resonant
beam, which has a wide me-
chanical bandwidth; a range of

vibration frequencies set it in
motion, and users need not
tune each generator to a spe-
cific motor. The generator of-
fers a mechanical-tuning fea-
ture, but Perpetuum’s Chief
Executive Officer, Roy Free-
land, asserts that the PMG7
works immediately when you
attach it to almost any ac mo-
tor driving mechanical equip-
ment. Freeland believes that
such a power source is essen-
tial for the deployment of
802.15.4 networks: “When you
present the wireless-sensor
idea to, for example, process
engineers, they are enthusias-
tic until you mention the word
‘battery,’” he says. “We know of
an oil company that will not ac-
cept any form of battery-pow-
ered equipment on its sites.”

The PMG7 generator out-
puts at much as 5 mW at 3.3V
from a vibration level of 100
mg. This power is sufficient to
drive a wireless node to peri-
odically report sensor data,
such as temperature, pressure,
or the spectrum of the same vi-
brations that power the gener-
ator. US manufacturer RLW Inc
(www.rlwinc.com) has em-
ployed this principle to build its
accelerometer-based condi-
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tion-monitoring sensor node. It
transmits raw-accelerometer
spectrum for remote analysis,
but Perpetuum says enough
energy is available to perform
an FFT within the sensor and
to report processed data.
Users can bolt a sensor node
to the motor, pump, or fan
housing, or they can simply
and temporarily attach a mag-
netic clamp for true “instant-
sensor-network” operation.

Perpetuum’s target price for
high-volume production is less
than €100. Its price at intro-
duction is higher, but Freeland
says: “The product is already
competitive with a battery-
powered alternative when you
take into account the lifetime
cost of using batteries and in-
clude the cost of intervention
by service personnel to replace
them.”

—by Graham Prophet,
EDN Europe

�Perpetuum Ltd, www.
perpetuum.com.
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RRoohhddee  &&  SScchhwwaarrzz’’ss  nneeww  FFSSUUPP  ssiiggnnaall--ssoouurrccee  ssppeeccttrruumm  aannaallyyzzeerr  aanndd  pphhaassee--nnooiissee  tteesstteerr  tteessttss  aanndd
cchhaarraacctteerriizzeess  RRFF--ssiiggnnaall  ssoouurrcceess..  IItt  ooppeerraatteess  aatt  88,,  2266..55,,  oorr  5500  GGHHzz,,  ddeeppeennddiinngg  oonn  ooppttiioonnss..  AA  ttyyppiiccaall
ttaasskk  iinn  ddeevveellooppiinngg  aa  ccoommmmuunniiccaattiioonnss  ssyysstteemm  iiss  mmeeaassuurriinngg  aann  oosscciillllaattoorr’’ss  pphhaassee  nnooiissee,,  hhaarrmmoonniiccss,,
sseettttlliinngg,,  oorr  ppoowweerr  iinn  tthhee  aaddjjaacceenntt  cchhaannnneellss  aanndd  tteessttiinngg  ttrraannssmmiitttteerr  aanndd  rreecceeiivveerr  mmoodduulleess;;  tthhee  ddee--
vviiccee  ppeerrffoorrmmss  aallll  tthheessee  ffuunnccttiioonnss  iinn  oonnee  uunniitt..  TThhee  iinnssttrruummeenntt  ccoommppaarreess  tthhee  ssiiggnnaall  uunnddeerr  tteesstt  wwiitthh
aann  iinntteerrnnaall  oorr  eexxtteerrnnaall  rreeffeerreennccee;;  aann  ooppttiioonn  aaddddss  aa  sseeccoonndd  rreecceeiivviinngg  ppaatthh  ttoo  tthhee  iinnssttrruummeenntt,,  aallllooww--
iinngg  uusseerrss  ttoo  aasssseessss  tthhee  ccoorrrreellaattiioonn  bbeettwweeeenn  ttwwoo  ssiiggnnaallss..  TThhee  iinnssttrruummeenntt  pprroovviiddeess  pphhaassee  nnooiissee  wwiitthh
aann  iinntteerrnnaall  rreeffeerreennccee  ssoouurrccee  ooff  ��113366  ddBBcc  aatt  11  HHzz  aatt  aa  6644--MMHHzz  iinnppuutt  ffrreeqquueennccyy  aanndd  1100--kkHHzz  ffrree--
qquueennccyy  ooffffsseett  aanndd  ��116655  ddBBcc  aatt  11  HHzz  aatt  1100--MMHHzz  ffrreeqquueennccyy  ooffffsseett..

TThhee  ddeevviiccee  aalllloowwss  uusseerrss  ttoo  mmaarrkk  aanndd  lliisstt  aallll  iinntteerrffeerreennccee  lliinneess  oorr  ttoo  ssuupppprreessss  iinntteerrffeerreennccee  lliinneess..  IItt
aallssoo  ddiissppllaayyss  iinntteeggrraall  ppaarraammeetteerrss,,  ssuucchh  aass  rreessiidduuaall  ffrreeqquueennccyy--  oorr  pphhaassee--mmoodduullaatteedd  jjiitttteerr  oorr  rrmmss  jjiitt--

tteerr..  TThhee  pphhaassee--nnooiissee  tteesstteerr  ccaann  rreeccoorrdd  tthhee  lleevveell  oorr  tthhee
ffrreeqquueennccyy  ooff  tthhee  ssiiggnnaall  ssoouurrccee  aass  aa  ffuunnccttiioonn  ooff  ttiimmee,,  aall--
lloowwiinngg  yyoouu  ttoo  ttrraacckk  sseettttlliinngg  aanndd  sswwiittcchhiinngg  ooff  ttrraannssiittiioonnss
iinn  hhiigghh--ffrreeqquueennccyy  ssiiggnnaallss,,  mmoonniittoorriinngg  tthheeiirr  bbeehhaavviioorr  iinn
tthhee  ttiimmee  ddoommaaiinn..  TThhee  iinnssttrruummeenntt  iinncclluuddeess  hhiigghh--ssttaabbiilliittyy
ddcc  ssoouurrcceess  ttoo  aassssiisstt  iinn  cchhaarraacctteerriizziinngg  tthhee  bbeehhaavviioorr  ooff
vvoollttaaggee--ccoonnttrroolllleedd  oosscciillllaattoorrss..

CCoommbbiinniinngg  aa  ssppeeccttrruumm  aannaallyyzzeerr  aanndd  aa  pphhaassee--nnooiissee
tteesstteerr  aalllloowwss  uusseerrss  ttoo  rreedduuccee  tthhee  ccoosstt  ooff  mmaakkiinngg  aa  sseett  ooff
mmeeaassuurreemmeennttss  tthhaatt  aarree  ttyyppiiccaall  ooff  tthhoossee  tthhaatt  ttooddaayy’’ss  RRFF--
aanndd  rraaddaarr--ssiiggnnaall  wwaavveeffoorrmmss  rreeqquuiirree..

—by Graham Prophet, EDN Europe
�Rohde & Schwarz, www.rohde-schwarz.com.

Spectrum analyzer adds phase-noise-measurement set

Vibration powers 
wireless sensor

GLOBAL  DES IGNER

The PMG7 generator gleans
sufficient energy from the vi-
bration of rotating equipment—
pumps, fans, and other me-
chanical equipment—that ac-in-
duction motors drive to power
a sensor and wireless-trans-
ceiver node.

Rohde & Schwarz’s new spectrum ana-
lyzer allows users to mark and list all in-
terference lines or to suppress interfer-
ence lines. It also displays integral pa-
rameters, such as residual frequency-
or phase-modulated jitter or rms jitter.
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Suppressors

145 Adams Avenue, Hauppauge, NY 11788 USA • Tel: (631) 435-1110 • Fax: (631) 435-1824

w w w . c e n t r a l s e m i . c o m

Energy Efficient
Devices

It’s just this simple

CBRHDSH1-40L and 
CBRHDSH2-40

Tiny Schottky 
Bridge Rectifier

4 individual SMA Schottky Rectifiers 
in a bridge configuration

or

• Any circuit requiring a small energy efficient Schottky
bridge rectifier

The new Central Semiconductor CBRHDSH1-40L
(1A, 40V, Low VF) and CBRHDSH2-40 (2A, 40V)
are full wave glass passivated Schottky bridge
rectifiers manufactured in a durable HD DIP
surface mount package. Designed for applications requiring a 
smaller and more energy efficient alternative to a standard bridge
rectifier, these new devices are ideal for today's latest electronic
product designs. 60V and 100V devices are under development.

Typical ApplicationsCentral’s New High Density Schottky 
Bridge Rectifiers • Voice over IP (VoIP) 

• Power over Ethernet (PoE) 
• Networking equipment 

• Modems
• Laptops
• Data line protection

4 SMA packages HD DIP package

HD DIP
Actual Size

Free Samples

Samples available from stock.
To order, visit: www.centralsemi.com/sbr

Features
• Low VF (0.39V typ. for CBRHDSH1-40L) 
• Pb Free and RoHS compliant
• HD DIP utilizes 50% less board space compared 

with 4 individual SMA devices
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expected performance of your circuit
before you start simulations. Then, after
you run a simulation of your circuit, you
verify your design before you spend
time soldering the circuit. These tools
also help you to troubleshoot your
bench circuit. Using simulations is a
great way to try out ideas by creating
what-if scenarios.

You can view the results from these
software tools on a PC with user-friend-
ly graphical-user-interface suites.
These tools fundamentally provide dc
operating points, small-signal gain,
time-domain behavior, and dc sweeps.
At a more sophisticated level, they help
you analyze harmonic distortion, noise
power, and gain sensitivity and perform
pole-zero searches. This list is incom-
plete, but generally, Spice and IBIS
software have many of these funda-
mental features. By finessing the
Monte Carlo and worst-case-analysis
tools in Spice, you can predict the
yields of your final product. At the
onset of a project, using a breadboard
circuit may be expensive and time-con-
suming. A simulation may speed up
your application-circuit time to market. 

But beware. You can effectively eval-
uate analog and digital products if your
models or macromodels are accurate

The nay sayers in the industry will
tell you that your computer-based-sim-
ulation tools do not work and that
using them is a waste of time. These
people are a bit misguided and have a
limited view of what these tools can do.
Sure, if you misapply a Spice tool, it can
lead you astray. These simulation tools
do not replace good engineering judg-
ment. But, like any other tools, they are
only as good as their users. Before you
run a simulation, it is critical to have a
good idea of how the final outcome will
look. Any insight that you gain from
your simulations is a bonus. Better yet,
Spice simulations point out problems
that you would never anticipate. In
most cases, these simulation tools use
double-precision calculations. Such
calculations ease the detection of low-
level problems that are impossible to
find on the bench. 

The questions are: Does my model
accurately mimic the device over tem-
perature? Does the simulation produce
distortion results that are representative
of the device? Do I receive a good por-
trayal of the device’s ac response? Do I
expect the model to simulate these
parameters and to what degree of accu-
racy? What information do my models
provide? Did I accurately include the
parasitic characteristics of my board
and components? 

The only way to answer these ques-
tions is to have a feel for what your cir-
cuit will do in real life before you start
your simulations. Then, ask challeng-
ing questions about your simulation
results. There is no replacement for
good engineering judgment.EDN

BY BONNIE BAKER

computer-based simulation of your analog and digital cir-
cuit is important. Such a simulation is important because
using your preferred computer Spice program for analog
simulation or IBIS (I/O Buffer Information Specifica-
tion) program for digital simulation can reduce initial

errors and development time. If you correctly use your simulator, you
can identify circuit errors and nuances before you go to your bread-
board. The first step to correctly using these tools is to determine the

enough for your application. The key
words here are “accurate enough.”
These models should mimic the actu-
al performance of the component with-
out carrying the burden of too many
circuit details. Too many details can
lead to convergence problems and
extremely long simulation. Too few
details can hide some of the intricacies
of your circuit’s performance. Worse
yet, your simulation, whether you use
a complete circuit model or just the
macromodels, may misrepresent what
your circuit will do. Remember that a
Spice or an IBIS simulation is simply a
pile of mathematical equations that,
with any luck, represents what your cir-
cuit will do. In essence, a simulation
produces imaginary results. 

Using Spice to ease your life 

,,
B A K E R ’ S  B E S T

Bonnie Baker is a senior applications engi-
neer at Texas Instruments and author of
A Baker’s Dozen: Real Analog Solu-
tions for Digital Designers. You can
reach her at bonnie@ti.com.

MORE   AT EDN.COM

Go to www.edn.com/060901bb
and click on Feedback Loop to post a
comment on this column.

+

A
You can effectively
evaluate analog
and digital products
if your models or
macromodels are
accurate enough
for your application.
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© Agilent Technologies, Inc. 2005   

Agilent 33220A 20 MHz function/arbitrary waveform generator
• Low-distortion basic waveforms
• Variable edge-time pulses up to 5 MHz
• Arbitrary waveforms up to 64K points
• AM, FM, PM, FSK, and PWM modulation
• Sweep and burst operation modes
• Open connectivity via USB, LAN, and GPIB

A function generator set for action
The Agilent 33220A packs in bench and test-system featuresThe Agilent 33220A packs in bench and test-system features

Get the application note, 
8 Hints for Getting More from Your Function Generator
www.agilent.com/find/8-hints

Or call a Live Sales Engineer now if you are ready for a new
High Performance Function Generator
u.s. 1-800-829-4444 Ext. 5463
canada 1-877-894-4414 Ext. 5463

A function generator set for action

The Agilent 33220A function generator packs outstanding

performance into a very compact design.

Able to fit into your rack or on your bench, the 33220A is

loaded with multiple signal powers—from stable, accurate

output of low-distortion sine waves to variable edge-time

pulses and custom arbitrary waveforms. 

Front panel operation provides the ease of use you’d design

yourself—because Agilent created the 33220A in consul-

tation with customers like you. You’ll find access to all

major functions and adjustments at your fingertips. Agilent

Open capabilities mean system readiness, compatibility

with popular software environments, plus built-in USB,

LAN, and GPIB ports.

The Agilent 33220A is powerful and affordable enough for

uses from R&D to manufacturing. Its software compatibility

with the widely used 33120A and 33250A function genera-

tors ensures easy integration into new or existing systems.

To enhance your function generator power now, get tips at

www.agilent.com/find/8-hints.
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he Waysmall series from Gumstix offers designers a line of
Linux-based computer systems that easily fit into the palm of
your hand. Housed in an 83�36�15-mm plastic case, these
miniature systems provide XScale processing power along with
an MMC (MultiMedia Card) slot, two serial ports, one USB

client port, a power interface, and general-purpose I/O pins. Introduced in
2004 and selling for less than $200, Waysmall computers are popular with
the open-source community for mobile- and handheld-system applica-
tions. But the real treasure for embedded-system designers is hidden inside:
a complete single-board computer that is literally the size of a stick of gum.

T
Tiny computer holds
embedded treasure

PRY FURTHER AT EDN.COM

Go to www.edn.com/060901pry
for additional artwork for the
Waysmall series.

+
BY WARREN WEBB • TECHNICAL EDITORP R Y I N G  E Y E S

The single-board computer includes 64
Mbytes of SDRAM and 4 or 16 Mbytes of
Strataflash. Flash memory comes preloaded
with Bluetooth utilities, HTTP-server and -
client routines, audio players, and uClibc, a
small-footprint C library for embedded Linux
systems. You can also add a wide range of
system, communications, scripting, library,
and development tools to the Gumstix plat-
form using the supplied build-root configu-
ration tools.

The card slot adds as much as 512 Mbytes of flash
memory for program or data storage. For size-con-
strained applications, Gumstix offers a reduced-size
flash-memory card that fits inside the MMC socket foot-
print. Gumstix designers were forced to use MultiMedia
instead of SD (Secure Digital) cards because open-
source drivers would reveal the proprietary encryption
scheme. Optional single-board-computer configurations
replace the MMC slot with a second I/O connector to
enhance expansion features.

The Gumstix single-board computer attaches
to the Waysmall computer motherboard using
a 60-pin Hirose connector to interface with
the power source, serial ports, and USB port.
Although somewhat fragile, this connector
enables a variety of Gumstix expansion cards
or application-specific custom baseboards.

A 200- or 400-MHz Intel XScale
processor powers the Gumstix single-
board computer, which measures
80�20�6.3 mm. Targeting low-
power, open-source applications, all
Gumstix configurations run the 2.6
Linux kernel and user-space tool kit
based on the embedded C library and
the Busybox utilities. The software
offers a complete Linux operating-sys-
tem environment plus a range of open-
source applications that can run on the
single-board computer. 

The Infineon Bluetooth module provides a
low-cost, short-range radio-frequency trans-
ceiver designed to eliminate interconnecting
cables for product development or opera-
tion. Bluetooth technology operates in the
unlicensed ISM (industrial/scientific/med-
ical) band at 2.4 to 2.485 GHz, using a
spread-spectrum, frequency-hopping, full-
duplex signal at a nominal rate of 1600
hops/sec. With a Bluetooth RF link, users
need only to bring the devices within range,
and they will automatically link up and
exchange information. Omitting the
Bluetooth module drops the single-piece
price of the 200-MHz Gumstix single-board
computer to $99.
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-40o and -55o to +85oC
Operating Temperature

3.3 to 350 VDC outputs
in 1/2 Brick and Full Brick

P/HP/XP Series
HIGH POWER
3.3 to 350 VDC 

Output
Isolated to

300 Watts

VV Series
Up to 10,000 VDC Output
Up to 10 Watts

New Dual Isolated Outputs
to 250 VDC Isolated Output
Thru-Hole and Surface Mount

New AV Series
Isolated
100 to 5000 VDC Output
Surface Mount/Thur-Hole

A/SM Series
Surface Mount/Thur-Hole
Isolated
3.3 to 1000 VDC Output

AVR Series
Regulated to IKV
Low Noise

M/MV Series
Military Components
Military Environmental
Testing Available
3.3 to 500 VDC

HVP Series
Programmable to
6000 VDC Output

LV/HV Series
36 to 170 Inputs
Terminal Strips
PC Board Mount
3.3 to 48 VDC Output 

OR/IR/JR/KR Series
Wide Input Range
8 to 60 VDC
2 to 100 VDC Output

Regulated

SURFACE MOUNT   •   MILITARY UPGRADES   •   2500 Standard Models   •   Custom Models
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Stanford Research Systems

• 1 µHz to 30 MHz

• 1 µHz frequency resolution

• Sine, square, ramp, triangle, noise

• 12-bit, 40 MSamples/sec arb waveforms

• 2.5, 5, or 10 MHz reference input

• Log and linear sweeps, AM, FM, PM and
burst modulation

• GPIB and RS-232 (opt.)

$1595 (U.S.  List)

The DS345 is a flexible and powerful
function/arb waveform generator for a
wide range of applications.

Using Direct Digital Synthesis (DDS), the
DS345 can generate very high resolution
waveforms. Its full suite of features
includes AM, FM, PM and Burst modulation,
linear and log sweeps and a 10 MHz
reference input.

Dedicated buttons make front panel
operation intuitive, unlike competitive
models with obscure menu driven
interfaces. This makes the DS345 very
easy to use.

If you’re looking for outstanding value in
a function generator, take a close look
at the DS345.
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The clash of the wireless-USB stan-
dards did not begin with the computer
community; it came from the wireless
industry. Wireless-system developers
were looking for a means of establishing
short-range, high-speed data communi-

cations that did not conflict with other
users of the increasingly crowded radio
spectrum. The answer that arose was the
UWB (ultrawideband) radio, which
works by spreading its radiated energy
over many gigahertz, so that it is too weak

to interfere with conventional users of the
same frequencies.

Two UWB schemes appeared: DS
(direct sequence) and OFDM (orthogonal
frequency division multiplexing). Sup-
porters of each approach—the UWB
Forum for DS-UWB and the WiMedia
Alliance for OFDM-UWB—worked to
get the IEEE to adopt their technologies
as IEEE standards, but the standards
process stalled. That standards conflict has
now spawned a market battle for the “killer
application” of UWB: a wireless version of
the USB. The two main contenders are
the CableFree USB, which Freescale
Semiconductor and its partners promote,
and the Certified Wireless USB, which the

ecoming wireless is a natural step in the evolution
of the popular USB (Universal Serial Bus), whose
developers aimed at simplifying the cabling of PC
systems. Now, two approaches to unwiring the
USB have arisen, leaving developers with the dif-
ficult choice of which to pursue. Making that

choice requires understanding the differences between these
two approaches and the trade-offs those differences represent.

B

CLASH OF THE
WIRELESS-USB
STANDARDS
WIRELESS USB IS POISED TO ENTER THE MARKET. UNDERSTANDING THE
DIFFERENCES BETWEEN THE TWO LEADING APPROACHES WILL HELP
DEVELOPERS CHOOSE THE RIGHT ONE FOR THEIR APPLICATION.

BY RICHARD A QUINNELL • CONTRIBUTING TECHNICAL EDITOR

Figure 1 The Belkin
CableFree USB
hub allows USB
2.0 devices to plug
into a hub that con-
nects wirelessly 
to a PC through 
a plug-in adapter.
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WiMedia Alliance and the USB-IF (USB
Implementers Forum) promote.

Perhaps surprisingly, the most signifi-
cant differences between these clashing
wireless standards occur in the commu-
nications protocol, not the radio link.
There are radio differences, but the oper-
ations of the unwired-USB approaches
are relatively indifferent to such physical-
layer details (see sidebar “A tale of two
radios”). The real differentiation comes in
how each approach handles the problem
of using a radio in the first place.

Replacing a cable with a wireless link
is more difficult than it looks. The re-
placement link must do more than sim-
ply pass along a copy of the bits coming
in at each end. It must replace some
attributes of a wired connection that are
absent from wireless ones, including reli-
able signal integrity, inherent associa-
tion, and physical security. 

CABLE-REPLACEMENT ISSUES
Signal integrity becomes an issue for

wireless-cable replacement, because wi-
red-communications protocols usually
expect a highly reliable data stream.
Without special provisions for handling
the kinds of delayed or dropped data that
can occur with a wireless link, wired pro-
tocols can quickly fail. The USB proto-
col has only a few features to deal with
signal issues. One is a CRC (cyclic-
redundancy check) to detect noise-cor-
rupted data packets. Another is a turn-
around timer to prevent the bus from

waiting forever for a failed peripheral to
respond to the host. 

The CRC poses no special problems for
a wireless link, but the turnaround timer
can. The delays inherent in converting
the bit stream to a modulated radio sig-
nal, and the corresponding demodulation,
may be more than the turnaround timer
can tolerate. Switching delays may also
exist in the wireless channel when the
system must use the same antenna for
both transmitting and receiving, aggra-
vating the problem.

The issues surrounding association are
artifacts of the wireless link’s broadcast
nature. “Association” means establishing
a well-defined logical connection from
one device to another. Defining a con-
nection is inherent in a cable hookup;
when you plug two devices together, you
are indicating that you want them to
communicate. But in a wireless link,
association is more ambiguous. If a
peripheral device wishes to establish a
wireless link with a host and more than
one host is within range, the peripheral
needs some method of determining
which host to link with.

Association is also a key element of
communications security. Security in-

volves preventing both the unauthorized
communications between two devices
and a third party’s interception of au-
thorized communications. In a wired con-
nection, the need for physical access to
the wires provides a high degree of secu-
rity. It’s hard to connect to a host or eaves-
drop on wired communications without
access to the equipment. The broadcast
nature of a wireless link, however, opens
the door for both types of activities to
occur at a distance. 

Encrypting the data stream can provide
the needed security. Encrypted data
streams are difficult to mimic or to read
without possession of the encryption key.
Establishing an encrypted data stream,
however, first requires a secret exchange
of keys between the units. For wireless sys-
tems, this exchange occurs during asso-
ciation, with the result that associated
devices can communicate with each
other, and nonassociated devices cannot.

NEW VERSUS OLD PROTOCOL
The ability to handle security, associa-

tion, and signal-integrity issues is essen-
tial to any wireless-cable-replacement
technology. The competing approaches of
CableFree USB and Certified Wireless

HOST
LOCAL

SUBSYSTEM
REMOTE

SUBSYSTEM DEVICE

IN
IN

IN

IN

DATA0/1
ACK

DATA0/1
ACKDATA0/1

NAK

Figure 2 Performing a USB transaction over a wireless link requires that intermediate
subsystems work to prevent the USB turnaround timer from creating problems (cour-
tesy Icron Technologies).

AT A G L A N C E
Two approaches to wireless USB

are poised to hit the market.

Protocol differences are more
significant than radio differences.

CableFree USB uses USB 2.0
for low cost and ease of implemen-
tation.

Certified Wireless USB uses a
new protocol for wireless links.

Key protocol differences involve
the handling of association, security,
and signal-integrity issues.
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A TALE OF TWO RADIOS
The clash of the wireless-
USB standards began as
competition for IEEE stan-
dardization of personal-
area-network-radio tech-
nology. To achieve high
bandwidth over short dis-
tances without creating
interference in an already-
crowded spectrum, devel-
opers turned to UWB
(ultrawideband) radio. 
The conflicts arose in the
definition of modulation
schemes for the UWB 
signal.

The UWB radio gener-
ates signals that are short
bursts—only a few cycles
long—of a carrier frequen-
cy. The frequency spectrum
that results from these
short bursts contains many
harmonics of similar mag-
nitudes spread out over a
bandwidth of several giga-
hertz. Because the signal
energy is distributed
across numerous harmon-
ics, the energy at any one
frequency is relatively
small. This dilution of ener-
gy allows a UWB signal to
share radio spectrum with
more conventional narrow-
band communications
without generating signifi-
cant interference.

Two modulation
schemes for UWB signals
arose as contenders for
IEEE standardization: DS-
UWB (direct-sequence
UWB) and OFDM-USB
(orthogonal-frequency-
division-multiplexing
UWB). Proponents of DS-
UWB formed the UWB
Forum to refine and pro-
mote their approach. The
supporters of OFDM-UWB
created the WiMedia
Alliance. For several years,
both groups engaged in
fierce lobbying within the
IEEE-standards process,

ending in a stalemate.
The DS-UWB approach

has the advantage of sim-
plicity. As Figure A shows,
the scheme works on only
two frequency bands. A
given network uses one
band or the other to avoid
interference from other
networks. Working with
only two carriers simplifies
the transmitter design.

DS-UWB also employs a
simpler modulation
scheme. The data stream
directly controls the trans-
mitter, turning it on and off
with BPSK (binary-phase-
shift keying). To prevent
repeating data patterns
from disturbing the sig-
nal’s power spectrum, the
data stream is first encod-
ed into tokens to prevent
such repetitions.

The OFDM-UWB ap-
proach is more elaborate,
using frequency hopping
over multiple channels to
avoid interference (Figure
B). The scheme allows the
transmitter to eliminate
noisy channels from the
hopping sequence. This
scheme also allows multi-
ple networks to operate in

close proximity with mini-
mal interference, but the
penalty is a more complex
and costly transmitter.
Proponents of DS-UWB
also contend that OFDM
performs poorly in the
presence of multipath
propagation and requires
channel manipulation
rather than simple pulse
shaping to control the out-
put spectrum.

Unable to resolve these
conflicting approaches,
both camps have now
turned to the marketplace
for a decision. CableFree
USB uses the DS-UWB
approach, and the OFDM-
USB approach has its
home in Certified Wireless
USB. Both sides are hop-
ing that their combination
of cost, performance, and
utility will win the market
over.

Recent developments
are favoring the OFDM-
USB approach, however.
The WiMedia Alliance has
seen the selection of its
scheme by the USB
Implementers Forum. In
addition, the Bluetooth
SIG (Special Interest

Group) has now chosen
the WiMedia UWB radio as
the successor to its current
radio scheme. The Alliance
has begun to define the
behavior of a common
radio platform for inclusion
in next-generation PCs.
With the right combination
of protocol-adaptation lay-
ers, a single WiMedia radio
transceiver can function as
a Bluetooth, Certified
Wireless USB, FireWire,
and TCP/IP (Transfer
Control Protocol/Internet
Protocol) channel.

The Alliance is also vig-
orously pursuing world-
wide regulatory accept-
ance of its UWB scheme.
The United States allows
full use of the WiMedia
radio’s 14 frequency chan-
nels, and other countries
are expected to follow suit
for many of the channels.
In situations in which local
regulations restrict chan-
nels, however, the Wi-
Media radio simply re-
moves those channels
from the hopping scheme.
Thus, a single OFDM-UWB
radio design has the
potential of achieving
worldwide regulatory
acceptance. The two-chan-
nel DS-UWB scheme now
has regulatory approval in
only the United States.

Although the outcome of
this competition seems to
be stacked in favor of the
WiMedia approach, it is
too early to discount the
impact of the design sim-
plicity and early market
entry that DS-UWB enjoys.
As the market makes its
choices over the next few
years, it will be the best of
times or the worst of times
for the two camps. Who
will enjoy which is still up
in the air.

Figure A The direct-sequence ultrawideband radio uses low- and
high-frequency bands (left and right, respectively) to avoid inter-
ference from adjacent networks.
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Figure B The WiMedia ultrawideband radio employs 14 chan-
nels and uses frequency hopping to mitigate interference.
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USB address these issues in different
ways. CableFree USB exactly mimics
USB 2.0 in its interfaces to host and
peripheral devices, handling the wire-
less issues within device adapters. Cer-
tified Wireless USB employs a new
communications protocol, similar but
not identical to USB, to address the
wireless issues.

This first difference in the two ap-
proaches could significantly impact
their market acceptance. The Cable-
Free approach of retaining the USB
2.0 protocol means that developers
can quickly offer products that users
can simply plug in without making
any system changes. CableFree prod-
ucts, such as the Belkin four-port hub
in Figure 1, appeared at the Consumer
Electronics Show in January. The system
offers a hub that connects to the periph-
eral devices and wirelessly communi-
cates with an adapter, or “dongle,” that
plugs into the USB port of a laptop 
computer. 

The Certified Wireless approach, on
the other hand, required the definition of
a new specification. The initial specifi-
cation, which its developers released in
May 2005, received a supplement defin-
ing the association’s methods in March
2006. The specifications are now under
the control of the USB-IF.

Waiting for a new specification has
made Certified Wireless USB lag behind
CableFree USB in its market introduc-
tion, giving CableFree a chance to estab-
lish itself as a de facto standard. In addi-
tion, introducing a protocol means that
implementing Certified Wireless USB
involves a software change. This need to
change software may further delay
implementation, as well as present a bar-
rier to adoption by the market. Such soft-
ware is beginning to appear, however.
Windows XP drivers for Certified Wire-
less are now available from WiQuest
Communications.

The flip side of having a new protocol
is that it was developed for wireless com-
munications. This situation has allowed
the approach to provide extra value by
optimizing data throughput over the radio
link and providing power-management
features for the radio. These additional
attributes bode well for the long-term
value of the Certified Wireless approach

if the CableFree approach does not first
dominate the market.

HANDLING SIGNAL DELAYS
The market impact of the two ap-

proaches may be important for companies
seeking to develop peripherals and host
computers, but developers who simply
need to use an unwired USB connection
will need to look at the technical details
to choose the best approach for their
application. One of the first places to look
is at the signal-integrity issue and its
impact on data throughput.

The Certified Wireless USB approach
has built into its protocol the features to
handle such wireless-channel attributes as
noise, fading, and conversion delays.
These features add to the protocol over-
head, but the USB-IF claims that the pro-
tocol has a 75% efficiency in data trans-
fers over a 480-Mbps link. Because USB
2.0 was designed for a wired connection,
on the other hand, the CableFree ap-
proach requires that you make some ac-
commodation to handle the problems
that USB 2.0’s turnaround timer causes.

One such accommodation comes from
Icron Technologies, developer of the
ExtremeUSB extension (Figure 2).
When the host device initiates a trans-
action, it expects to receive a response
from the peripheral device within the
turnaround time. To address that expec-
tation, the ExtremeUSB extension inserts
into the link a local and a remote sub-
system to mimic the peripheral to the
host and mimic the host to the peripher-
al. When the host initiates a transaction,

the local subsystem responds with an
NAK (negative acknowledgment), so
that the host does not wait for the
peripheral’s response. The local sub-
system then passes the transaction to
the remote subsystem, which interacts
with the peripheral. The remote sub-
system returns the peripheral’s response
to the local subsystem, which then
waits for the host to make a second
attempt at initiating the transaction.
The local subsystem has the peripher-
al’s response in memory, allowing it to
react immediately and complete the
transaction.

This approach prevents the delays
inherent in the wireless link from slow-
ing the host system’s bus. The host need

not wait for time-out of the turnaround
timer before moving on to the next task.
The approach does, however, require that
the host make more than one attempt to
initiate a transaction before obtaining the
desired response. This need for multiple
attempts can reduce the effective band-
width available to the peripheral.

ASSOCIATION METHODS
Another technical difference between

the CableFree and the Certified Wireless
approaches occurs in the way they han-
dle association and security. CableFree
devices have built-in association. The
hub and dongle come as a matched pair,
with internal registers that contain
matching identity information. Commu-
nications between the hub and the don-
gle encapsulate the USB-data packet with
a header that indicates the identity of the
sender. By first validating the data-pack-
et header, you can then configure the
matched hub and dongle to respond only
to one another’s signals.

This approach prevents outside devices
from connecting to the host or the
peripheral but does not prevent snooping.
The hard-wired identity information,
however, can also contain a private key
for encryption of the data. Encryption
makes the link more costly and complex
but provides full data security. A Cable-
Free USB implementation may not have
built-in encryption.

The drawback of the hard-wired ap-
proach to association is that it prevents
the interoperability of devices from dif-
ferent manufacturers. For the home-user

HOST

PICK RANDOM
INTEGER A

CALCULATE
y1=gA mod p

CALCULATE
X=y2

A mod p

PERPHERAL

PICK RANDOM
INTEGER B

CALCULATE
y2=gB mod p

CALCULATE
X=y1

B mod p

EXCHANGE
RESULTS

Figure 3 This Diffie-Hellman key agreement
protocol is the basis for Certified Wireless
USB’s unwired-association scheme. 
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market that CableFree targets, this char-
acteristic may not be a problem. Home
users will adopt CableFree simply to elim-
inate the need for cables with their
equipment. They will not purchase new
CableFree peripherals for use with a pre-
configured CableFree-ready PC.

The Certified Wireless approach, how-
ever, targets next-generation equipment,
although, for the home user, vendors are
developing a hub-and-dongle approach
that can handle legacy USB 2.0. For this
next generation, Certified Wireless has
adopted association features that will
ensure multivendor interoperability and
data security. These association ap-
proaches allow Certified Wireless to go
well beyond legacy installations.

Two methods of association are avail-
able in Certified Wireless: wired and un-
wired. In the wired approach, the periph-
eral must physically connect through a
cable to its target host for first use. Once
the devices connect, the user initiates
association between them. The host and
the peripheral exchange encryption keys
and other information across the cable,
and then store that information in their
internal memories. The two can thereafter
automatically establish a secure wireless
link without physically reconnecting. The
host keeps a record of all peripherals that
it has associated with. The peripheral must
retain association data on at least one host
but may have enough memory to remem-
ber several hosts.

UNWIRED-DISPLAY NEEDS
The unwired-association method, or

numeric model, uses the Diffie-Hellman
key agreement protocol to establish a
secure channel. The method depends on
a user’s reading a two-digit display on
each device to verify that the association
is correct and then signaling each device
to accept the association. This display re-
quirement adds cost to the devices, but,
because the approach targets devices
that may have displays, such as printers
and cameras, this constraint may not
matter.

The Diffie-Hellman protocol has three
elements (Figure 3). The first element is
a pair of numbers, g and p, that are pub-
licly known. The number p is a large
prime, and g is an integer less than p. The

second element is the ability for the host
and peripheral to independently develop
random numbers. The third element is
the ability of the host and peripheral to
perform calculations of the type y�gX

mod p, where mod means to use modulo
arithmetic.

The protocol offers a secure way of
exchanging keys. When the two devices
attempt to associate, each generates a ran-
dom number: A for the host and B for the
peripheral. The host then calculates:
y1=gA mod p, and the peripheral calcu-
lates: y2=gB mod p.

The devices exchange their results, and
then use them to calculate X=y1

B mod p
(peripheral) or X=y2

A mod p (host). This
calculation yields the same number in
each device, X=gAB mod p without re-
vealing the random numbers. 

To complete the association process,
the user must verify that the two devices
have reached an agreement. The devices
each display a two-digit contraction of the
result for X, which the user compares and
verifies. The value gAB becomes a shared
secret key for the two to use in further
communications. Because the system
chooses a new random number each time
it makes an association, only the two de-
vices involved have possession of their
private key. As with the wired approach,
the host and peripheral must keep track
of the keys and other data generated dur-
ing the association.

The advantage of the Certified Wire-

less association method is that it allows
devices from different manufacturers to
associate at will, which, in turn, allows
computers and other devices to build in
support for Certified Wireless without
knowing which devices it is will associ-
ate with. Certified Wireless thus becomes
a cable-free replacement for USB func-
tions rather than a simple replacement for
a single USB cable.

All of the complexity associated with
the new protocols of Certified Wireless
USB may make the approach unsuitable
for some applications. For those applica-
tions, the simpler and less expensive
approach that CableFree USB offers can
be compelling. Still, the long-term fate of
the two approaches remains uncertain. 

History has shown that being first in
the market, like CableFree USB, can be
a compelling advantage regardless of
technical attributes. At the same time,
the Certified Wireless approach has the
backing of the USB-IF as well as indus-
try powerhouses, and it promises both
high performance and multivendor in-
teroperability. One set of advantages may
overwhelm the other, or both ap-
proaches may find a home in noncom-
peting applications. Deciding which
approach to adopt will determine the out-
come in this clash of the wireless-USB
standards.EDN
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Consumer-electronics manufacturers
are rushing past handheld DVD play-
ers to compete against the Video iPod.
Handheld receivers for the emerging
DVB (digital-video-broadcast) stan-
dards are on everyone’s drawing
boards. Video approaching VGA
(video-graphics-array) resolution is
flickering to life in cell-phone hand-
sets. And in every one of these mar-
kets, the most forward-looking pundits
are predicting the arrival of high-defi-
nition handheld devices.

All of this could be an obvious boon
to consumer-electronics and handset
manufacturers, persuading consumers
to rush out and buy another multihun-
dred-dollar toy and again replace their
cell phone while they are at it. But the
growing demand for decent video on
handheld devices is posing a serious
challenge to system designers, and it is
confronting system architects with a
too-large menu of hard choices.

THE OEM’S DILEMMA
The first decision an end-system

designer must face is how much work to
do. In many of these markets, you can
license a complete system design,
including the user-interface software,
board film, and enclosures, and simply
arrange to have an OEM manufacture
it. That approach involves minimal
development cost, but the only oppor-
tunity for differentiation is a clever
choice of a reference-design vendor. At
the other extreme, you can start with IP
(intellectual-property) cores and design
an SOC (system on chip), design a
board, select peripherals, and create the
system from an almost-clean sheet of
paper. This approach offers the greatest
opportunity for differentiation—with-
out any guarantees of success unless your
organization happens to have deep
expertise in digital-video processing—
but it could take 50 man-years.

“Customers today aren’t looking for
reference designs as much as they are
looking for complete solutions,” says
Josh Kablotsky, engineering fellow at
Analog Devices Inc. “They want to
push all the complexity back onto their
vendors, but, at the same time, they

want the ability to differentiate.”
It is an understandable position. The

connections between algorithms, system
resources, and the end-user experience
are highly complex and have their roots
in the deepest levels of system imple-
mentation—both hardware and soft-
ware. Except for a handful of vendors
that have long experience in digital-
video systems, much of the expertise is
inaccessible. It makes sense to ask semi-
conductor suppliers—which have
attempted to position themselves as
experts—to solve these problems.

But this stance has profound impli-
cations for both the system vendors and
the semiconductor vendors. For the sys-
tems vendors, it means they must accept
the design of their device as a black box,
with only a few design knobs and a
promised road map on which to build a
market position. They must be able to
estimate from demos and superficial
descriptions just how far they can turn
the knobs and in just which direction
the road map is likely to turn.

For the semiconductor vendors, the
growing importance of the reference
design means that their cherished archi-
tecture—often the crown jewel of a sen-
ior design team—is all but irrelevant to
the customer. “Customers just want a
solution to their problem. They don’t
make choices based on architecture,”
Kablotsky says. The predicament also
means that, to play in these markets, a
vendor must provide a complete prod-
uct, including hardware, codecs, appli-
cation software, operating systems, and
user-interface tools. The primary prod-
ucts customers will get from semicon-
ductor vendors are the APIs (applica-
tion-programming interfaces) of the
software modules, not the underlying
hardware. Architecture indirectly be-
comes an issue in system design de-
pending on the chip developer’s ability
to attract software partners and to pro-
vide powerful APIs.

THE SOPHISTICATED OEM
A look inside a sophisticated OEM

provides an illustration of this delicate
balancing act. Fast Forward Video has
been building JPEG-based digital-
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video-recording subsystems since 1999.
The company designs at the board level,
eschewing FPGAs or ASICs in favor of
standard-product ICs whenever possible.
The company differentiates itself not with
custom hardware but with substantial
expertise in video-processing algorithms.

This approach is no mean trick when
you’re performing it on someone else’s
chip. “The No. 1 issue is keeping the flow
of data between the outside world and the
disk drive unimpeded,” explains Fast For-
ward’s president, Paul DeKeyser. This
issue forces the company to delve into the
internals of any JPEG hardware it evalu-
ates. “The second is to have the right
codec for the desired results.” This need
dictates that the company must use
JPEG-2000 codecs. “Any scheme that
uses intraframe encoding has image prob-
lems unless you can do multipass encod-
ing,” DeKeyser observes.

One of the greatest difficulties is
matching the highly variable data rates
into and out of the codecs to the plodding
but sporadic pace of the disk drive. “We
started out with an LSI Logic chip set,”
says DeKeyser. “It did JPEG, but the data
rate was so highly variable that we had to
buffer it.” Now, the company uses Zoran
chips. “With JPEG-2000, we have the
concept of metered data rates; the chip
keeps track of a target data rate and works
to keep its average close to the target.
That is one of the strengths that attract-
ed us to Zoran’s chips,” he says.

Fast Forward’s knowledge of the chip
has become intimate, reaching into parts
of the JPEG engine that many users may
not realize are user-programmable. To bal-
ance data rate against subjective image

quality, the company experiments with
such innards as Huffman-coding tables,
for example. “This becomes a sort of trib-
al knowledge—what register settings will
work best for a particular chip,” says
DeKeyser. But extracting this kind of
knowledge takes experience. And that
experience is unavailable at the begin-
ning of a design, when chip selection
must happen. So, a design team must be
able to “tease an evaluation out of a
demo,” as DeKeyser puts it. This situation
is so even if a demo looks terrible because
the chip vendor doesn’t understand the
importance of data converters or looks
wonderful because the vendor has tuned
it around one sample bit stream. The
design team must estimate not only the
quality of a chip, but also how far team
members can accurately optimize the chip
before the architecture runs out of steam.
It takes intuition and communication
with other people in the close-knit video
community who have used the chip. “We
would never use a brand-new device,” De-
Keyser declares.

LEVELS OF ABSTRACTION
With customers varying from those

who want a turnkey system to those, like
Fast Forward, who manipulate hardware
registers, silicon vendors face having to
provide not only full systems built on
their chips, but also multiple levels of
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Figure 1 Renesas surrounded an SH CPU/DSP core with big, hard-wired video processors to achieve its price/performance target
for mobile-video receivers.
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AT A G L A N C E
Handheld devices that can

decode and display broadcast or
even high-definition video are promis-
ing target markets for chip and sys-
tem developers.

Designers will build most hand-
held-video systems from chip ven-
dors’ complete reference designs,
and the system OEMs may know lit-
tle of the underlying architecture.

Improvements in CPU and DSP
energy efficiency are allowing chips
to compete alongside traditional
hard-wired approaches to video
codecs for these applications.

Designers use a mix of program-
mable and hard-wired blocks, but
many agree that significant hardware
support for advanced video codecs
will be necessary for high-definition
TV.
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access to these reference designs. Some
users may see the reference design as a
complete system and want access only to
the user interface. Others may see the
platform as a collection of APIs running
on a host CPU, perhaps complying with
the Khronos Group’s OpenMax royalty-
free, cross-platform API, so that they can
add or remove codecs in a standard way.
Still others may want to understand the
fine structure of application and codec
tasks so they can, for instance, manipu-
late codec parameters or reorganize data
flows to and from DRAM. And others,
like Fast Forward, may want to under-
stand the operation of individual hard-
ware blocks at a register level. This diver-
sity of needs can create mind-bending
customer-support and design-update
issues for a vendor, especially if it relies
primarily on partners for codecs and
applications. A silicon vendor may find

itself counseling a customer on optimiz-
ing a codec that a third party in another
country wrote.

The viability of providing different lev-
els of access to a reference design, the
effectiveness with which the user can
manipulate the design, and the range over
which they can configure the design are
all functions of the underlying architec-
ture. Some architectures target one spe-
cific market and are impractical for any
other use. Some attempt to balance two
mutually antagonistic goals—flexibility
and efficiency—covering a range of end
products with a single hardware platform.
And others make strong commitments to
flexibility and scalability, even at the
expense of energy efficiency and cost.

THE RIFLE SHOT
Some markets are large and stable

enough that it makes sense to offer SOC

designs just for them. The emergence of
mobile-video-broadcast standards in
some Asian markets is a case in point.
Renesas recently announced the CPU-
centric SH-MobileL3V SOC, which
finds use as a handset application proces-
sor in DVB applications (Figure 1).
According to Brian Davis, director of
business development at Renesas, the
device uses the SH-X processor core,
which in turn is based on the superscalar
SH-4. The SH-X adds a DSP subsystem
to handle audio codecs in software. Even
though the SOC targets mobile television
in just two geographic markets, the range
of audio codecs in use even within this
narrow space still demands a software
approach, according to Davis. The SH-
X provides more than enough head room
for an operating system, application code,
and software-audio codecs.

In contrast, Renesas judged that a pure-

AN ARCHITECTURE FOR AGILE RICH-MEDIA PLATFORMS

The digitalization of elec-
tronics enables the conver-
gence of high-quality multi-
media services with high-
speed data communication.
This combination should
offer ubiquitous access to
the Internet and anywhere
and anytime usage of serv-
ices, content, and applica-
tions. Consumers should
be able to access services
and information while at
home, walking in urban
areas, driving a car, and
even in remote, rural loca-
tions. To support all these
scenarios, mobile terminals
should be able to support
and seamlessly switch
between WLAN 802.11n,
3G/4G, 802.16e, and DVB-H
(digital-video-broadcast-
handheld) communications
standards and MPEG-2,
MPEG-4, AVC/H.264, and
MPEG SVC (scalable-video-
coding) content formats.
IMEC is developing the
necessary technologies to
make this scenario happen.

Designers must overcome
some major technological
roadblocks before they can
develop a multimode, multi-
media terminal that sup-
ports these scenarios.
These roadblocks include
the increasing complexity
of multimedia encoders and
decoders, the need for a
seamless switching mode
across communication
standards, the increasing
device cost and power con-
sumption that these termi-
nals require, and the need
for fast time to market.

In its M4 program, IMEC
develops the building
blocks that address these
technical challenges. These
blocks include a software-
defined-radio front end
and digital baseband, a
3MF (multimedia-multifor-
mat) codec, and a quality-
of-experience manager.

The M4 terminal’s 3MF
codec should support
audio- and video-compres-
sion and 3-D-graphics

standards. Toward that
end, IMEC has developed a
flexible, heterogeneous
platform that can support
current and emerging
video- and audio-compres-
sion standards. The com-
pany plans to demonstrate
a power-efficient imple-
mentation of the emerging
MPEG SVC standard on
such a platform. SVC, cur-
rently in the last stage of
the MPEG-standardization
process, aims for highly
efficient compression by
combining the ITU (Inter-
national Telecommunica-
tions Union)-TH.264/MPEG
AVC (advanced-video cod-
ing) with embedded-con-
tent scalability. Content
scalability is the key for
coping with instantaneous
variations in usage condi-
tions, such as platform-
resource usage, communi-
cation bandwidth, and
transmission errors, which
typically occur in the M4
context, and preserving the

quality of the user experi-
ence. The combination of
high compression perform-
ance and embedded-con-
tent scalability, however,
comes at the cost of an
order of magnitude higher
complexity. The challenge
is thus how to achieve
cost-efficient, low-power
implementations of SVC
on a flexible platform.

During the past year,
IMEC has defined a plat-
form meeting these require-
ments. It comprises multi-
ple IMEC ADRES (architec-
ture-for-dynamically-recon-
figurable-embedded-sys-
tems) processors in a multi-
processor configuration
and third-party compo-
nents. The platform also
contains a scratch-pad-
based data-memory hierar-
chy, and each ADRES
processor has its own
advanced DMA controller to
access this hierarchy.

The ADRES processor
features a core that com-
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hardware approach was feasible for video
because the device needed to support only
the MPEG-4 and H.264 video profiles. It
also deemed a software approach to video
decoders and still-image codecs to be 
prohibitively damaging to battery life.
Hence, the design clusters hardware blocks
for video, still-camera processing, and
peripheral control around the CPU, and
the proprietary Super Hyway silicon bus
interconnects them. “The video decoders
are implemented in hardware that is like
a series of state machines with built-in
math functions,” Davis explains. “There
are enough similar functions between
MPEG-4 and H.264 that, with careful
design, they can share some of the state
machines. And our studies show that, with
additional host software, we can cover
Windows VC-1 using the same blocks.”

Relying primarily on hardware gives
Renesas significant energy efficiency.

Power numbers are notoriously difficult to
compare because so many parameters can
have a first-order impact on energy con-
sumption. For instance, does a given
power figure include video scaling and
color-space conversion? Does it include
the display drivers? According to Davis,
the SOC can perform the audio/video-
decoding and display-preparation jobs in
CIF (common-intermediate-format) res-
olution at approximately 200 mW.

Renesas exposes this architecture to
customers at two levels. In Japan, the
chip, which now serves as the basis of a
merged application/baseband design with
NTT, is available as a complete reference
design. In Korea, in contrast, Renesas
works with system-integration partners to
tailor the reference design to local needs.

There can be many variations on this
theme. Qualcomm, for example, has
approached a similar problem—a line of

cellular handsets with video-gaming
capability—with its own set of CPU-plus-
hardware architectures. But, unlike
Renesas, which aimed a chip at a narrow
range of markets, Qualcomm designed
one SOC for each price and performance
point in the handset-gaming market.
“Ideally, at different performance levels,
you would make different architectural
trade-offs,” explains Dave Ligon, senior
product manager at the handset giant.
“We divide this market into three seg-
ments: the multimedia phone, which is
primarily cost-sensitive; the enhanced
phone; and the convergence platform, in
which the gaming requirements are strin-
gent.”

Qualcomm’s chosen architectures di-
rectly reflect these three segments. The
multimedia phone, for example, imple-
ments the platform’s application-DSP
core for geometry processing and an
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prises a coarse-grained,
reconfigurable array and a
tightly coupled VLIW (very-
long-instruction-word) pro-
cessor. The core is fully pro-
grammable from C, thanks
to the co-developed C-code
compiler. It beats the per-
formance of state-of-the-art
DSPs by offering the same
flexibility plus the power
efficiency of state-of-the-art
ASIPs (application-specific
instruction processors). For
a 32-bit ADRES core with
eight-by-eight functional
units in a 90-nm CMOS
technology, the processor’s
power efficiency ranges
from 50 to 70 million opera-
tions/sec-mW, and peak
performance is approxi-
mately 25 billion opera-
tions/sec at 400 MHz. The
device occupies approxi-
mately 7 mm2, including the
core and the L1 cache. The
cache includes 32 kbytes
for data, 128 kbytes for
instruction, and 16 kbytes
for configuration memory.

An innovative, multi-

processor SOC (system-on-
chip) application-mapping
design flow supports appli-
cation development. This
flow employs IMEC’s pro-
prietary, leading-edge
design tools, such as
Sprint to create parallelism
and Atomium to optimize
the memory hierarchy and
minimize the number of
memory accesses. These
tools enable mapping an
application onto a platform
containing multiple hetero-
geneous, flexible process-
ing units—in this case, the
ADRES core—that intercon-
nect through a network on
a chip. The application-
mapping tools also enable
easy use of intelligent
DMA controllers, such as
the ADRES DMA controller,
to manage the memory
hierarchy and to optimize
the data transfers. 

Because of its flexibility,
this platform can support a
variety of video codecs,
offering the advantage of
easy scalability toward a

range of multimedia appli-
cations and thus a low cost
of ownership (Figure A). For
example, the platform sup-
ports scalability by allowing
users to turn off processing
units when they are not in
use. Operating at maximum
performance, the platform
should dissipate less than
700 mW in a 90-nm, 1V
implementation. The plat-
form can support H.264/
AVC decoding to high-defi-
nition-TV resolutions with

rates of 30 frames/sec and
SVC decoding to VGA reso-
lutions with rates of 30
frames/sec.
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ARM core for software-based rasteriza-
tion. Using lots of properly organized
local memory makes the performance
goals achievable at this level.

The enhanced platform employs hard-
ware rasterization. A z-buffer, along with
other hardware-based early-exit strate-
gies, ensures that only visible pixels pass
through the pipeline. The geometry-DSP
cores connect directly to the rasterization
engine to eliminate the energy that a bus
or a shared-memory approach would con-
sume. The raster engine, in turn, drives
a mobile-display processor that, in addi-
tion to creating signals for a small LCD,
implements simple 2-D operations.

At the high end, the convergence plat-
form employs a derivative of the ATI
2300 graphics core in combination with
an enhanced version of the mobile-dis-
play processor. “The convergence plat-
form gives a bit higher graphics perform-
ance than the Silicon Graphics Octane
workstation that was the current hot
product when I worked at Silicon
Graphics,” Ligon says. “And this is a sin-
gle system in package in a handset.”

In practice, the graphics APIs largely
conceal the significant hardware differ-
ences among the three platforms, so game
developers can almost regard the three as
one platform, he says. As it moves up the
product line, an OEM would see addi-
tional features but no fundamental
changes in software interfaces. This
approach can offer the ultimate in ener-
gy efficiency over a range of tasks. But, as
Qualcomm’s three distinct chips indicate,
flexibility means the need for additional
chip designs. For a cash-rich company
with intimate customer relationships that
make it confident of hitting a huge mar-
ket, that trade-off is a good one. But not
everyone is in that situation.

ADDING PROGRAMMABILITY
There is a natural evolution from a

purely CPU-centric architecture in
which hard-wired engines surround a sin-
gle programmable core to a more flexible
architecture in which the specialized
engines themselves become programma-
ble. Some current thinking that went into
Texas Instruments’ DaVinci platform
illustrates this first step (Figure 2). “There
are places for hard-wired blocks and
places for programmable blocks,” observes

TI fellow Ray Simar. “It’s important not
to start with a preconceived notion of
architecture but to start with an under-
standing of the application’s requirements
and how they will evolve over time.
Then, think about architectures.”

The cost of adding some level of pro-
grammability to functional blocks has
been slowly edging down. “Power has
been getting to be a harder problem for
everyone,” Simar says. “But with aggres-
sive power-management techniques and
careful memory architecture, the energy
consumption of a programmable block
may be getting closer to that of a hard-
wired block.”

Simar also points out that a spectrum
of programmability occurs within blocks,
depending on the granularity of the com-
putation and the number of modes in
which the block must function. In some
cases—motion-estimation search and
compare, for example—an operation is so
close to a fixed data-flow model that reg-
ister-programmed state machines can
cover all the application’s needs. In other
cases, so many variations on an operation
may exist or a function may be so data-

dependent that only a device with stored
programs and a program counter can be
flexible enough to keep up. TI has em-
ployed the whole range of options beside
its DSP cores.

One function that many designers
think of as fixed but that is increasingly
demanding programmability is DMA.
Data movement within a multimedia sub-
system can be highly complex, data-
dependent, and variable. Simply routing
data blocks into and out of DRAM would
in many cases result in catastrophe. TI
attacks this problem with a combination
of embedded SRAMs, which are large
enough to hold a full working set for the
function the block performs; flow-
through architectures when possible; and
programmable-DMA controllers to
match DRAM-traffic patterns with the
needs of both functional blocks and DDR
DRAMs.

PEER MULTIPROCESSING
The same style of analysis—beginning

with use cases, identifying tasks, and par-
titioning them into hard, configurable, or
software-driven blocks—can lead archi-
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Figure 2 TI’s DaVinci approach combines a CPU, a separate DSP core, and a blend of
register-configurable and programmable blocks as necessary to reach its goals.
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tects to different conclusions. Nvidia’s
GoForce product line, for example, has
hard-wired engines, but the bulk of the
work falls upon Tensilica-derived pro-
grammable-DSP cores with enhanced
instruction sets. The DSP cores them-
selves repeat the same pattern in micro-
cosm; Nvidia implements the instruction
enhancements in fixed hardware.

“You have to be very clever about what
goes into hardware,” says Geoff Ballew,
Nvidia’s director of product marketing.
On the one hand, fixed hardware deliv-
ers the best energy efficiency—better
than the augmented DSP blocks and far
better than a conventional DSP core. On
the other hand, you’d better choose wise-
ly. Sometimes, with a little more work,
you can reuse a block that appears to be
fixed-function across a number of codecs,
for instance.

Part of the problem is that no good
tools exist for energy profiling at the sys-
tem level. It’s a challenge to identify
which blocks will be the major energy
consumers. Once you identify those
blocks, Nvidia further decomposes them
and employs dynamic, fine-grained clock
gating to switch on and off groups of cir-
cuits within the block, minimizing ener-
gy consumption.

Deciding how much flexibility you
need is difficult, according to Steve Bar-
low, senior director of engineering at
Broadcom. At resolutions below CIF—or
D1 resolution in a 65-nm process—for

example, you can acceptably deal with
most functions in programmable hard-
ware. Above that level—as the functions
of set-top boxes begin to converge with
those of mobile-video devices, for exam-
ple—hard-wired engines become neces-
sary. Broadcom’s approach is in many
ways similar to Nvidia’s: programmable
processors enhanced with special hard-
ware. In Broadcom’s case, the processor is
a proprietary CPU core with a 16-ele-
ment vector processor and a 2-D register
file, which Broadcom acquisition Alpha
Mosaic developed. This architecture was
sufficiently robust to allow a single chip
design to support MPEG-4 and, with only
software changes, adapt to the demand for
H.264. But for set-top-box levels of per-
formance, Broadcom needs to augment
architecture with more fixed-hardware
blocks. “There are some functions, such
as the CABAC [context-adaptive-bina-
ry-arithmetic-coding] function in the
H.264 main profile that simply don’t map
well onto vector hardware. At some
point, you are up against the limit of what
semiconductor technology can do, and
you have to go hard-wired,” says Barrow.

ABSORBING THE FUNCTIONS
In an interesting bit of evolution, some

multimedia architectures have picked up
this concept of hard-wired functions
within a DSP core and used them not to
build specialized blocks, but to build a sin-
gle powerful DSP core that can itself han-

dle all the media tasks in a handheld sys-
tem. This approach relies on careful study
of the algorithms necessary for video pro-
cessing, identification of the hot spots
within those algorithms, and develop-
ment of instruction-set extensions to
break up the hot spots.

“Applying systems expertise to crafting
the microarchitecture of the DSP core
can give anywhere from double to 20
times the performance on these algo-
rithms,” says Analog Devices’ Kablotsky.
And that performance is enough to han-
dle, for example, CIF-level H.264 decod-
ing entirely in the Blackfin DSP core with
about 20-mW power consumption. How-
ever, centering computationally intensive
tasks on the DSP core invites two prob-
lems: It increases the number of instruc-
tion fetches, or the amount of wasted
energy, necessary to complete the tasks,
and it increases the core-clock rate, again
increasing energy consumption. Kablot-
sky argues that creating instructions tai-
lored to the algorithms helps both of these
issues. By combining large numbers of
operations—the entirety of an inner loop,
for example—into a single new instruc-
tion, you can reduce the number of
required fetches. By developing exten-
sions to the microarchitecture to exploit
data-level parallelism through the use of
SIMD (single-instruction-multiple-data)
instructions, for example, you can slash
the clock rate.

DSP licenser Ceva has taken a similar
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Figure 3 To achieve efficiencies, the Neon SIMD processor in the Cortex A8 architecture stitches intimately into the Cortex CPU
pipelines.
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approach. In this case, Ceva based the
microarchitecture evolution on an ac-
quisition that brought the company own-
ership of the FST (fast-subspace-tracking)
algorithms for video processing. Accord-
ing to Ceva’s vice president of sales,
Issachar Ohana, the FST software dra-
matically speeds video operations. By
incorporating instruction extensions for
the FST code, Ceva developed the Ceva-
X core, which Ohana claims can perform
30-frame/sec H.264 decoding at resolu-
tions as high as D1 without external hard-
ware assistance. “The combination of
these algorithms and the tuning of the
core to execute them give us energy con-
sumption competitive with that of hard-
ware,” he says.

Having all the computation flowing
through a single DSP core simplifies
things. But the big advantage, according
to Kablotsky, is that it presents a single,
C-level-programming model to develop-
ers. It presents all the features that a sys-
tem OEM might want to customize and
all the hooks a codec developer or high-
ly skilled video house might want to
tweak as source code for a microarchi-
tecture. This approach eases both modi-
fication and extension of the system
architecture, at least within the range of
the DSP’s computing power and the bat-
tery-life tolerance of the user.

A third example comes from the oppo-
site end of the processing-core world:
ARM. Keith Clarke, vice president of
technology marketing at the CPU giant,
walked through the evolution of the sin-
gle CPU as multimedia processor. The
ARM7 by itself is adequate for some audio
applications. But add the 16-bit saturat-
ing arithmetic instructions and increased
speed of the ARM9, and you get not just
audio, but also MPEG-4 QCIF (quarter-
CIF) encoding at 15 frames/sec at
approximately 80 MHz. Add speed and
the SIMD instructions of the V6 instruc-
tion-set architecture on the ARM11, and
you can achieve VGA-resolution H.264
encoding. Move one step further to the
Cortex A8 and the Neon accelerator with
its 64-bit SIMD architecture (Figure 3),
and you can perform 30-frame/sec
MPEG-4, VGA encoding in about half
the cycles that the ARM11 would re-
quire. That task in real time requires

about 300 MHz. To make these options
more realizable to users, ARM is now pro-
totyping a parallelizing compiler that can
extract data parallelism and employ the
SIMD hardware to exploit it.

GOING MULTICORE
A highly optimized central DSP or

CPU core is not necessarily the end of the
road. Analog Devices, ARM, and Ceva
all suggest that multiple cores might be
necessary for the multiple high-definition
data streams in set-top boxes, for exam-
ple. Other vendors, such as Cradle Tech-
nologies, are also looking at a multicore
approach based on customized DSPs. The
company offers an asymmetric cluster of
fully programmable DSP cores that
reside around a shared central memory.
Having the right extensions on the right
DSP core and providing that core’s local
memory with the right data becomes the
essence of system architecture. Designers
with an intimate understanding of both
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the use scenarios and the algorithms must
make all these decisions, according to
Cradle’s vice president of applications,
Bruce Schulman.

According to Schulman, one critical
step is to partition the application into
large enough blocks. If too little process-
ing takes place in each block, too much
traffic will pass through the shared on-
chip memory, and system throughput will
suffer. If too much processing takes place
in each block, the chip will be unable to
exploit the inherent task of parallelism in
the application. Another critical step is to
study the flow of data through function-
al blocks and conduct prefetching under
program control so that a computing
block is never waiting for data and so that
the chip efficiently uses external DRAM.

All of these features give the architec-
ture significant flexibility across a range of
systems with similar applications. How-
ever, only the stout of heart will undertake
programming the individual DSP cores.
For the most part, customers relate to the
Cradle architecture through its APIs.

A SYSTEMATIC APPROACH
These architectures represent the best

analyses of their designers, plus a lot of
vested interest, institutional inertia, and
tradition. Vendors tend to start with the
architectural biases that made them rich
in the first place. Yet, from the tremen-
dous variety, patterns emerge that suggest
that a systematic approach to video-rich-
multimedia architectural design is possi-
ble. Any such approach would start with
an intimate relationship with the codec
and application developers, whether they
are in-house or third party. Without this
knowledge, you can’t accomplish much.
With it, system architects can begin with
a task-level model of the system, com-
plete with the data flows for expected use
patterns.

From this model, the architects should
first extract the computational or data-
moving hot spots—those code sequences
that will consume the most time, energy,
or both. Using conventional approaches
such as pipelining, SIMD engines, and
state machines, designers can tame these
hot spots with dedicated hardware.
These accelerators can just stay on paper
for the moment; designers need not
implement them in any particular fash-
ion, but they reduce the estimated exe-

cution times and energy consumptions of
the code sequences they accelerate.

Next, architects can partition the over-
all tasks into large blocks in such a way
that the overall system requires minimum
bandwidth between blocks. Motion esti-
mation or Huffman decoding, for exam-
ple, might be blocks. This step is vital: In
today’s technology, computation doesn’t
cost much, but bandwidth feasts on ener-
gy. When you have identified all the
blocks, you can organize them based on
the data flows and decide which ones you
can string into pipelines, which you can
arrange in parallel, and which are stub-
bornly sequential.

You then group the blocks, along with
the accelerators you created for them, and
map them onto the fewest processing sites
that can meet both the throughput and
the energy requirements of the system. If
one mighty ARM core with a number of
extended instructions can do the job at an
acceptable clock frequency, you’re done.
If it requires a dozen little DSPs, each with
its own accelerator, so be it. The idea 
is to map the blocks onto the smallest
amount of computational resource nec-
essary. If you have the time, you can now
perform an optimization step, looking at
all the accelerators that happen to land on
each processing site to see whether they
can share hardware without resource con-
tention. If so, you might merge two or
more accelerators into one slightly more
flexible one. Finally, you outfit these pro-
cessing sites, whether they are CPUs,
DSPs, or blocks of dedicated hardware,
with local memory and connect them to
each other and to central DRAM in
whatever manner is necessary to meet the
required data-flow bandwidth.

Although no one is likely using this
explicit approach, it organizes and
describes the tangle of individual deci-
sions that make up a multimedia archi-
tect’s job, and it explains the blossoming
garden of architectures that is rapidly
appearing in the handheld-rich-video
market.EDN
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he test time that scan tests require typically dom-
inates manufacturing-test costs for digital designs.
The increase in design complexity and the require-
ments for delay tests have made test time a design
parameter that requires active management in
nanometer designs. As the number of patterns

increases, it takes more tester-buffer space to hold the complete
test set, and it takes longer to execute the test set in manufac-
turing. To address both the data-volume and test-time problems,
test engineers and test architects have developed techniques
employing on-chip hardware that compresses the test-stimulus
and response patterns and then applies them to the chip under
test. Luckily, there are many test architectures that engineers
can employ for test-data compression.

COMPRESSION-METHODS BACKGROUND
The dominant method of testing digital circuits is the use of

an ATPG (automatic test-pattern generator) to target a stuck-
at or transition fault model at all of the circuit nodes. In cir-
cuits that contain storage elements, engineers can use scan reg-
isters to enable control and observation of the storage elements
and ensure high fault coverage. When the ATPG generates too
many test patterns, the test-application time becomes too long,
and engineers must use on-chip-compression techniques to min-
imize test time and, thus, test costs. 

Test compression builds on technology originally developed
for LBIST (logic built-in self-test). Figure 1 shows the gener-
al structure of compression logic within a chip or core. The sys-
tem decompresses a compressed input stream and feeds it into
the internal scan chains, some of which may be inside cores
within the design. The system optionally feeds the output from
the internal scan chains through masking logic and then com-
presses it into an output stream. Engineers can use several archi-
tectures for the input decompressor and the output compressor. 

INPUT DECOMPRESSION
Input decompression enables a small number of scan input

streams to load stimulus into a much larger set of internal scan
chains. Papers have proposed and products have implemented
several types of input-decompression architectures. Table 1 lists
the most common.

The simplest input decompressor is broadcast scan. This
device simply fans out each scan input to multiple internal
chains. The main complaint against broadcast scan is that those
chains receiving their values from the same scan-in pin have

directly correlated values, which may impact fault coverage. In
most practical implementations, however, this possibility has
not been a problem. Engineers obtain the linear-spreader, space-
expansion network by XORing combinations of scan inputs to
each internal-chain input. The scan correlations are still there,
but they are less direct than with broadcast scan. 

Another approach to avoiding the scan-chain dependency
associated with broadcast scan is the use of multiplexed scan
configurations. In its simplest form, this technique uses sever-
al broadcast-scan configurations and provides one or more addi-
tional scan inputs to switch between them. The scan correla-
tions are still there, but, for some scan cycles, one of the con-
figurations may allow you to attain the desired care bits. A mul-
tiplexed linear spreader is similar to the multiplexed broadcast
scan. It provides two or more sets of linear equations that you
can use to solve and attain the desired care bits from the ATPG.

Alternative approaches for input decompression rely on a
sequential linear-feedback and spreading network. The sequen-
tial elements are based on LFSRs (linear-feedback-shift regis-
ters) or linear automata, but they achieve the same result: Buffer
up the input variables from the scan-input streams so that scan
cycles not requiring a lot of care bits can defer the use of the
variables for later, more demanding cycles. These approaches
are almost assuredly the best for dealing with any scan correla-
tion. However, the scan chains still see correlated values, so

BY BRION KELLER • CADENCE DESIGN SYSTEMS
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Figure 1 In a general-compression structure, engineers decom-
press a compressed input stream and feed it into the internal
scan chains, some of which may be inside cores within the
design.
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there are limits to how many care bits one scan cycle or con-
secutive scan cycles can accommodate. 

OUTPUT COMPRESSION
The role of an output compressor is to enable a large num-

ber of internal scan-chain output streams to merge to create
either a much smaller set of external scan-output streams or to
create a signature for each test or set of tests. Table 2 lists the
most common compressors, many of which papers have pro-
posed and products have implemented.

The simplest compressor, an XOR tree, computes simple par-
ity of its inputs. This method has two major limitations: alias-
ing and X tolerance. If engineers feed each internal-chain out-
put to one scan-output pin through a parity tree and if an equal
number of inputs to the parity tree contain errors, the error will
be lost due to cancellation. Unknown values (X states) in any
chain output mask any other chain feeding the same scan out-
put. Diagnostics of tester failures are possible by assuming that
any error bit in the output stream could have come from any
of the internal chains that feed to that output. Although this
technique causes the simulation of many more faults than would
be necessary without compression, it likely reduces diagnostic
accuracy over uncompressed analysis.

One method of reducing the limitations of the XOR-tree
space compactor is to combine it with input fan-out to help deal
with both the aliasing problem and the issue of unknown (X)
values. Here, each internal chain feeds to a unique set of scan
outputs, with each scan output fed by an XOR tree of values
from some set of chain outputs. Defining a space compactor that
can deal with a large number of X values in the same scan cycle
requires a large amount of fan-out, making it prohibitively
expensive to implement. The more fan-out, the likelier that a
larger number of X values in the same cycle will cause every out-
put to be X. Unless you know that there will not be a large num-
ber of X values in any scan cycle, this approach will likely require
some amount of X-masking capability. Diagnostics become more
difficult, because errors now tend to appear on multiple output
pins; simply picking all internal chains that feed any of the fail-
ing outputs produces too many candidates. Solving simultane-
ous equations to locate the most likely source or sources of the
errors can help to reduce the number of candidates to consid-
er for capturing the defect’s effect and thus reduce the number
of faults to simulate.

The multiplexed-output-select approach consists of a multi-
plexed internal-chain-output-select network using inputs to
select which set of chain outputs each scan cycle should observe.
This approach often causes the system to ignore most of the
chain outputs and thus may miss some of the accidental detec-
tions that occur. It is unclear how detrimental this approach

might be, but few defects in today’s technologies behave exact-
ly like the faults in the ATPG-fault model. Selecting the chain
outputs to observe takes care of much of the necessary mask-
ing to avoid X values. As long as there is no combining of val-
ues from multiple internal chain outputs, there should be nei-
ther a need to add X-masking to such a compressor nor an issue
with aliasing. Diagnostics are much simpler for this approach,
because there is only one source of the error when it is seen at
a scan output—the internal chain selected on that scan cycle.
However, because the system does not observe many of the addi-
tional errors that typically occur when devices fail, it may be
difficult for diagnostic-fault simulation to correctly assess the
location of the failure with such a reduced response set.

Convolutional compactors add a linear shift register to the
output-space-compactor network. Its advantage is that it reduces
the aliasing problem associated with a simple XOR tree. The
addition of the shift register also may reduce the ability of the
compactor to deal with unknown values (X). An X value cor-
rupts the bits in the register and anything they feed, but the X
eventually drops out of the register. Diagnostics are more com-
plicated and, again, likely to require the simulation of many
more faults than if no compression took place.

Finally, for decades, engineers have used MISRs (multiple
input-shift registers) to compress responses, and MISRs are nec-
essary for any form of BIST. The output data continually clocks
into the MISR, and, at the end of the test, the signature in the
MISR assesses a pass or fail versus the known-good signature.
MISRs have some small chance for aliasing in which the defect
produces a signature that matches the defect-free circuit, but
the likelihood is normally much smaller than the missed faults
due to poor fault coverage. The biggest benefit of using a MISR
is that response data compression is highest with a MISR,

because there is no need to compare
output values on every scan cycle—
only the final state. It is even possible
to collect a signature across all of the
tests and check it only at the end of
the test set. MISRs cannot tolerate
any X values. Using a MISR requires
the use of X-masking to prevent any
X values from getting into the MISR
unless all X sources have been
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TABLE 1 COMMON INPUT DECOMPRESSORS
Input decompressor Comment
Broadcast scan The simplest input-decompression

scheme
Linear (XOR) spreader A combinatorial input decompression,

requires linear-equation solver
Multiplexed broadcast scan Alleviates scan correlation from 

broadcast scan by switching between
several broadcast-scan configurations

Multiplexed linear spreader Alleviates scan correlation from linear
spreader by switching between
several spreader configurations,
requires linear-equation solver

Linear-automata stream Alleviates scan correlation from linear
spreader by circulating input variables
within FSM, requires sequential 
linear-equation solver

TABLE 2 COMMON OUTPUT COMPRESSORS
Output Combinatorial/
compressor sequential Comment
Space compactor (XOR Combinatorial Could alias (lose) errors from even 
tree) using only fan-in number of chains or when combined 

with unknown (X) values
Space compactor with fan-out Combinatorial Less chance of aliasing, can handle some X
Multiplexed output selects Combinatorial May miss accidental detects, can handle X
Convolutional compactor Sequential Less chance of aliasing, can handle some X
MISR with space compactor Sequential Less chance of aliasing, cannot handle X
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blocked. Also, diagnosing failures from the final MISR signa-
tures is highly unlikely. Knowing which of several MISRs caught
the error may help isolate the error to a single core or area of
the chip but not to a specific failing net. Diagnostics with MISRs
typically require either reapplying the test and scan-out (with-
out compression) to collect the diagnostic fail data or to observe
the state of the MISR on each shift cycle to catch where the
errors enter the MISR on each cycle. One alternative is to add
a few uncompressed vectors to the compressed test set and per-
form diagnostics primarily for failures that occur within that
smaller, uncompressed test set.

DEALING WITH UNKNOWN VALUES
A typical design with tests generated by an ATPG has

unknown logic values that propagate in the scan chains to the
output streams. Except for the multiplexed-output selects, com-
pression logic loses efficiency when it has to contend with a large
number of unknown or unpredictable values in the output
streams. This situation is a concern for any compression scheme
that relies on MISRs to compute signatures, but it also can cause
non-MISR-based results to suffer. All compression schemes
except the multiplexed-output approach linearly merge the out-
put streams and thus are affected when an X merges with non-
X values, causing the ATPG to ignore and effectively mask out
some of the non-X internal-response values. As more unknown
values become part of the output stream, engineers may have
a tough time seeing defective responses, possibly resulting in a
loss of fault coverage or an increase in test-vector count to make

up for the fact that such tests detect fewer faults, either those
that the ATPG targets or those that emerge by accident.

One way to alleviate the problem of unpredictable values in
the output stream is to mask these values before they enter the
compressor. In the case of MISRs, this step may be necessary
to avoid the creation of corrupted and unpredictable MISR sig-
natures. In the case of the space-compactor approaches, it may
be necessary just to allow detection of certain faults; there is no
absolute requirement to mask out all X values. However, because
X values that do propagate through mask out known values from
some chains when too many X values do appear on the same
scan cycle, only a few chains may be observable on that cycle.
This situation reduces the ability to see where additional errors
may have been and reduces the ability of diagnostics to locate
the true failure location.

Masking out some values while allowing others to pass requires
you to pass some information into the device. Thus, adding an
X-masking capability consumes more of the input bandwidth,
possibly taking that bandwidth away from care bits that target
faults. Remember, however, that the observation points for faults
are also effectively care bits in this compression environment.
So, it is not unreasonable to allocate some of the input-side
bandwidth to the X-masking.

INTEROPERABILITY REQUIREMENTS
Typically, vendors insert compression architectures at the

RTL or gate level, and the ATPG and diagnostics engines need
to understand the architecture of the compression to generate
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and diagnose tests with these structures on-chip. The suppli-
er that inserts the compression then also by default becomes
the ATPG and diagnostics supplier. Semiconductor companies,
however, often demand choices for ATPG and diagnostics from
multiple vendors for a given application. As a result, the indus-

try is moving toward enabling inter-
operability of ATPG and diagnostics
for different compression architectures.
The Accellera Consortium (www.
accellera.org) of EDA vendors and
users launched an OCI (Open Com-
pression Interface) technical com-
mittee within the last year. The OCI
technical committee is defining a

standard that you can use to describe the required information
about on-chip compression structures to ATPG and diagnos-
tics tools. More information is available at the Accellera Web
site (Reference 1).

Test-data-compression techniques manage the escalating cost
of test in nanometer designs. As designers adopt delay test to
detect small delay defects in nanometer designs, they will also
adopt on-chip compression methods. Luckily, the test indus-
try has developed several popular compression structures over
the past few years and will continue development as new chal-
lenges arise.EDN
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The circuit in Figure 1 uses only
five I/O lines to drive a dot- or

bar-graph display of 20 LEDs. Although
this version of the design uses a small
and inexpensive one-time-program-
mable microprocessor, such as a Mi-
crochip (www.microchip.com) PIC12-
C508A, you can use other micro-
processors with N I/O lines to drive as
many as N�(N�1) LEDs. For software
development or modification, you 
can use a PIC12C508A-JW repro-
grammable-EPROM version of the
PIC12C508A, or you can substitute a
less expensive PIC16F84A with flash
memory. 

To avoid application of excessive
reverse voltage to the LEDs, the cir-
cuit’s power supply, VDD, must not
exceed 3V dc. You can drive other types

of loads and provide electrically isolat-
ed interfaces by replacing the LEDs
with appropriately rated optocouplers.
For demonstration purposes, IC1’s
input line, GP3, connects to a push-
button display-mode-selector switch
and a pulldown resistor that simulates
a digital-input-signal source with a volt-
age amplitude of 3V p-p.

Listing 1, available with the online
version of this Design Idea at www.
edn.com/060901di1, performs a variety
of functions. To conserve battery
power, the basic software drives one
LED at a time in dot or bar mode with
a minimum amount of current. Ap-
proximately 2 mA flashes a high-
brightness LED. The software includes
a delay routine that solves the problem
of contact bounce. Tests show that a

miniature pushbutton switch requires a
delay of at least 1 msec for successful
debouncing.

Consuming fewer than 256 words,
the software avoids a C12C508A pro-
gramming restriction that requires
placement of subroutines only in page
0. Other features of the software
include a two-level stack, the use of files
common to both the PIC12C508A and

READERS SOLVE DESIGN PROBLEMS

EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE
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PIC microprocessor drives 
20-LED dot- or bar-graph display
Noureddine Benabadji, 
University of Sciences and Technology, Oran, Algeria
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72 PC’s serial port controls pro-
grammable sine-wave generator
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CompactFlash card to microcon-
troller
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Figure 1 A dot- or bar-graph display uses either a one-time-programmable PIC12C508A or, for experimentation, a repro-
grammable and reusable PIC16F84A. Use high-brightness diodes for LED 1 through LED 20.
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This Design Idea describes a cir-
cuit that uses a PC’s serial port

to control a sine-wave generator that
covers a frequency range of 2 Hz to 20
kHz in 1-Hz steps (Figure 1). The cir-
cuit’s output voltage of approximately
2.2V p-p remains constant over the
entire frequency range. The circuit’s
signal source, a Linear Technology
(www.linear.com) LTC6904, IC1, con-
sists of a digitally programmable
square-wave oscillator that, without
using a clock crystal, covers a frequen-
cy of approximately 1 kHz to 68 MHz
at 0.1% resolution and a few percent-
age points of accuracy. The LTC6904
features an I2C serial-communications
interface that controls the output fre-
quency according to: OSCCLK�2a�

2078 Hz/[2�(b/1024)]. The variables
“a” and “b” represent 4- and 10-bit dig-
ital codes, respectively, and the equa-
tion’s frequency unit, OSCCLK, is in
hertz.

The OSCCLK output from IC1 at Pin
6 drives IC2, a 14-stage 74HC4020
binary counter whose outputs at Q4
and Q10 serve as the clock and input
signals for IC3, a Maxim (www.maxim-
ic.com) eighth-order, switched-capac-
itor MAX291 lowpass filter.

The �3-dB corner of the filter’s fre-
quency response occurs at one-one-
hundredth of IC3’s clock frequency.
Fixed at one-sixty-fourth of the clock-
signal frequency, only the input square
wave’s fundamental frequency can pass
the filter without undergoing consid-

erable attenuation. The filter’s eighth-
order response removes higher order
harmonics, and the filter’s output thus
consists of a sine wave at the input’s
fundamental frequency. The filter’s
clock and input always occur in a 64-
to-1 frequency ratio, and the sine
wave’s output amplitude thus remains
constant over the entire frequency
range.

To generate a 1-kHz sine wave, the
circuit requires a filter clock at a fre-
quency of 64 kHz, which sets the 
OSCCLK frequency 64 times higher, or
1.024 MHz. To satisfy the equation, the
LTC6904 requires programming con-
stants of a�09H and b�3d8H to gener-
ate an OSCCLK frequency of 1023.94
kHz and the nearest output frequency
of 999.9 Hz.

Written for IBM-compatible PCs,
the C-language program accompanying
this Design Idea, which is available at
www.edn.com/060901di2, accepts an

the PIC16F84A in the 0CH to 1FH
range, use of the RETLW 00H instruc-
tion instead of Return, and avoidance
of the ADDLW and SUBLW instruc-

tions. The software defaults to the dot-
display mode. Pressing and holding S1
before and during power application
selects the bar-display mode. Note that

the configuration settings for the
MPASM assembler vary according to
which microprocessor you select for
programming.EDN
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Figure 1 Three ICs and a few passive components generate sine waves under the control of a PC’s serial port.
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output-frequency request, calculates
the nearest values of programming
codes “a” and “b,” transmits the codes
to IC1, and shows the calculated fre-

quency on the PC’s display. Although
a PC’s serial port delivers RS-232 sig-
nals, diodes D1 through D4 limit the
voltages available at Pin 4, the data-ter-

minal-ready pin, and Pin 7, the ready-
to-send pin, to levels compatible with
the I2C bus’s SDI and SCK signals,
respectively.EDN
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Logging data from a large num-
ber of monitored channels usu-

ally requires a lot of memory for stor-
ing the measured data. Unfortunately,
smaller microcontrollers offer only lim-
ited amounts of internal data RAM and
EEPROM and may also lack spare
address and data ports for adding exter-
nal memory. Many low-end microcon-
trollers include an industry-standard
I2C interface for attaching external
ADCs, DACs, real-time clocks, and
other peripherals.

The circuit in Figure 1 connects a
CompactFlash card to a microcon-

troller’s I2C interface through IC1, a 
16-bit I2C I/O extender. In memory-
mapped mode, an 8-bit-wide data bus
controls the CompactFlash card. Mi-
crocontroller IC1’s Port 1 (I/O lines 0
through 7) connects to the Compact-
Flash card’s data bus and provides read
and write access to the card’s data reg-
isters. Port 2 provides the card’s address
and control registers and generates the
read and write signals.

To write to a register, configure Port
1 as an output and write the data to the
port. Next, write the register-control
data three consecutive times to Port 2

while toggling the port’s WRN pin from
Logic 1 to Logic 0 to Logic 1 to gener-
ate the “write” signal. Address bits A2,
A1, and A0 select the register that
receives the written data. Applying
Logic 0 to the CE pin while RDN rests
at Logic 1 enables the CompactFlash
card. To read from a register, configure
Port 1 as an input port and apply three
writes to Port 2 while toggling the port’s
RDN pin from Logic 1 to Logic 0 to
Logic 1 to generate the “read” signal.

After the three writes, the micro-
controller reads Port 1 and makes the
data available. Address bits A2, A1,
and A0 address eight internal registers
and allow read and write access (Table
1). Register 0x00 contains data for
exchange between the host and the
CompactFlash card. Registers 0x03,
0x04, 0x05, and 0x06 specify the track

I2C interface connects 
CompactFlash card to microcontroller

�

Fons Janssen, Maxim Integrated Products Inc, Sunnyvale, CA

Figure 1 A 16-bit I/O extender, IC1, and a CompactFlash connector add external data storage to a microcontroller’s
I2C bus.
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for reading or writing data. Each track
contains 512 data bytes. The processor
indicates reading and writing tracks and
other functions by writing to 0x07, the
command register, and registers 0x01
and 0x07 contain error conditions and
status information.

Two unused pins, 10 and 11, on Port
2 are available to drive LEDs that dis-
play circuit activity and status. As an
alternative, the pins can support a user-
installed configuration jumper. In this
configuration, IC1’s interrupt output
should connect to the host microcon-
troller’s interrupt input so that instal-
lation or removal of the jumper can sig-
nal the microcontroller to recognize or
ignore the CompactFlash card. Select-
ing a CompactFlash-card connector
with hot-plugging contacts allows in-
sertion or removal of a card without
switching off power or disturbing an
ongoing data-logging process.

With software modifications, a host
microcontroller can switch between
two CompactFlash cards. Adding a sec-
ond MAX7311 supports an additional
CompactFlash card and expands the
circuit’s storage capacity, and the hot-
plug feature supports removal of a fully
loaded card for data processing on
another system. Microcontrollers that
include hardware-based I2C interfaces
can use two relatively simple I2C soft-
ware functions to read and write a Com-
pactFlash card through IC1’s I/O ports. 

The first function is: Write_MAX
3711(slv,prt,dat). This procedure

starts the I2C bus and sends a data byte
(dat) to a port (prt) on the MAX7311
using a slave address (slv). The other
procedure, Read_MAX3711(slv,prt),
starts the I2C bus and reads a data byte
from a port on the MAX7311 at a slave
address. These functions serve as
foundations for two additional func-
tions, which read and write to the
CompactFlash card’s registers. The
first, Write_CF_REG(reg,dat), uses
Write_MAX3711 to place the data on
Port 1. Use the same procedure to place
the register address (reg) and other
control signals on Port 2. Executing
this function three times while toggling
WRN generates the write signal. The
Read_CF_REG(reg) procedure uses
Write_MAX7311 to address the Com-
pactFlash card’s register and generates
the read signal. Invoking Read_MAX
7311 then reads the data from the 
register.

These functions, which in turn read
and write the card’s registers, create
functions that access the Compact-
Flash-card sectors: Write_CF(cyl,
head,sec). To perform a write opera-
tion, this procedure uses Write_CF_
REG to designate the CompactFlash
card’s target cylinder, head, and sector

registers (0x03 to 0x06). Next, writing
0x30 to the command register config-
ures the CompactFlash card to accept
data. Executing Write_CF_REG 512
times writes data in the microcon-
troller’s global array to the data regis-
ter. The CompactFlash card automat-
ically adds this data to the current
track. To perform a read operation, the
Read_CF(cyl,head,sec) procedure uses
Write_CF_REG to designate the target
cylinder, head, and sector. Next, writ-
ing 0x20 to the command register con-
figures the CompactFlash card to deliv-
er data to the host processor. Executing
Read_CF_REG 512 times reads all 512
bytes through the data register from the
current CompactFlash card’s track and
places the data in a global array.

If the microcontroller lacks sufficient
internal memory to store 512 data
bytes, the software can write each dig-
itized data-point measurement direct-
ly to the CompactFlash card. For addi-
tional information on controlling
CompactFlash cards, review the mate-
rial in Reference 1.EDN

R E F E R E N C E
CF� and CompactFlash specifi-

cation, www.compactflash.org.

TABLE 1 ADDRESSES AND REGISTERS
Address Register Address Register
0x00 Data 0x04 Cylinder low
0x01 Error/features 0x05 Cylinder high
0x02 Sector count 0x06 Select card/head
0x03 Sector number 0x07 Status/command

The simple temperature-meas-
urement probe in Figure 1 can

serve as an indispensable tool for trou-
bleshooting and debugging electronic
circuits. To measure temperature at 
several points, you can equip IC1, a
Maxim (www.maxim-ic.com) MAX-
6610, with a probe, or you can perma-

nently integrate one or more devices
into a pc board or attach them to com-
ponents. Resistors R1, R2, and R3 set the
circuit’s temperature-scaled voltage
output to various values (Table 1). Fig-
ure 2 shows the circuit’s representative
output versus temperature.

You can display the circuit’s temper-

ature-proportional dc output voltage on
any DVM (digital voltmeter) or hand-
held DMM (digital multimeter). The
circuit draws only 200 �A from a nom-
inal 3V power supply, such as a pair of
AA alkaline cells. A CR2016 lithium-
coin cell can operate the circuit con-
tinuously for several hundred hours or
for several years if you equip the circuit
with a normally open, momentary-con-
tact pushbutton switch.

To produce the error curve in Figure
3, immerse the circuit and a platinum-
resistance standard thermometer in a

IC and DMM form 
direct-read-out temperature probe

�

Alfredo H Saab and Bich Pham, 
Maxim Integrated Products Inc, Sunnyvale CA

1
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TINY I/O EXPANDERS HAVE 240-STEP PWM
BRIGHTNESS CONTROL FOR RGB LEDs

Low Standby Current and Small Size for Portable Applications

MAX7316

P0
P1
P2
P3
P4
P5

V+

2V TO 3.6V

GND

AD0

0V

0V

SDA

µC
SCL
I/O
I/O

SDA
SCL
BLINK

RST
INT

5V

R G B

3.3V
P6

P7

P8

INPUT 1
INPUT 2
INPUT 3

INPUT 1

INPUT 2

5V

BASEBAND

IC

USE EXTRA I/O 
PORTS FOR 

CONTROL

REDUCE NUMBER 
OF CONNECTIONS 
THROUGH HINGE

4-BIT GLOBAL/4-BIT INDIVIDUAL 
INTENSITY CONTROL
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MAX7313–MAX7316 have I/O capability on each port and interrupt output upon transition detect (optional
on some devices). The MAX6964 and MAX6965 are optimized for LEDs with output only, 7V-tolerant
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temperature-controlled oil bath. The
circuit’s relative error with respect to
the standard thermometer varies only
4�C over �40 to �125�C. The MAX-
6610’s data sheet includes additional
information on temperature-measure-
ment error and output range.

To apply the circuit as a temperature
probe, solder a 5-mm length of 1-mm-
diameter, uninsulated copper wire
directly to a small copper pad at IC1’s
GND pin. The wire should make ther-
mal and electrical contact with the
GND pin and thus provide a path of
low thermal resistance from the sensor
IC to the point of probing. Glue the
wire to the pc board to add mechani-
cal support. Heat loss affects the tem-
perature measurement’s accuracy, and,
to minimize heat loss from the probe
through the pc board, use long and thin
copper traces to make electrical con-
nections from IC1 to its supporting
components.

Applying the MAX6610 as a pc-
board temperature sensor differs some-
what from using it as a temperature
probe. For board-temperature sensing,
IC1 must reside in intimate thermal
contact with the board. Connect large
copper areas immediately to the IC’s
pins and use short, thick traces—or
none at all—between the copper areas
and the IC’s pins. The copper areas
guarantee accurate temperature read-
ings by providing thermal contact with

the board and good heat transfer be-
tween the board and the sensor.EDN

R E F E R E N C E
“Precision, Low-Power, 6-pin

SOT23 Temperature Sensors and

Voltage References,” MAX6610/6611
data sheet, Maxim Integrated Prod-
ucts, November 2003, http://
pdfserv.maxim-ic.com/en/ds/
MAX6610-MAX6611.pdf.
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1

TABLE 1 TEMPERATURE-SCALED VOLTAGE OUTPUT
10 mV/��C 1 mV/��C 1 mV/��F

R1 (k�) 68.1 68.1 68.1
R2 (k�) 2.8 2.8 19.6
R3 (k�) Open 2.21 3.32
Note: All resistors are of ��10% tolerance.

TEMPERATURE (�C)

OUTPUT
VOLTAGE

(mV)

1500

1250

1000

750

500

250

0

�250

�500

�750
�50 �25 0 25 50 75 100 125 150

NOTE: 
SCALE FACTOR=10 mV/�C.

Figure 2 The circuit of Figure 1 exhibits a nearly linear
output-voltage-versus-temperature characteristic.
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�50 �25 0 25 50 75 100 125 150

Figure 3 Immersed in a temperature-controlled oil bath
and compared with a platinum-resistance standard ther-
mometer, the circuit of Figure 1 exhibits �2�C error over
�40 to �125�C.
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SHDN TEMP
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GND
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TO DMM INPUTS

BT1
CR2016

3V LITHIUM-
COIN CELL

NORMALLY OPEN PUSHBUTTON
PUSH TO READ

Figure 1 One IC and a few passive parts directly display temperature on an
external voltmeter. See Table 1 for values for R1, R2, and R3.
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Triple-OxideUltimate Power Optimization . . .

Reduce power without 
compromising performance.

Virtex™-5 FPGAs give you unbeatable power savings with the highest performance.

The unique combination of 65nm process, second-generation Triple-Oxide 

technology, ExpressFabric™ architecture, and power-optimized hard IP extends 

the 1 to 5 Watt power advantage delivered by previous-generation Virtex FPGAs.

Achieve higher reliability and a smaller form factor. Save cost on power supplies,

heat sinks, and fans. All this, plus the industry’s highest performance. No other

FPGA vendor comes close.

Meet performance targets within your power budget

Our Triple-Oxide technology optimizes multiple oxide thicknesses to control 

leakage and keep static power on par with 90nm Virtex FPGAs while maximizing

performance. New 65nm ExpressFabric architecture with real 6-input LUTs and

diagonally symmetric routing reduces dynamic power by at least 35%. With

power-optimized hard IP and automated, block-based power control, you can

save even more. With Virtex-5 FPGAs, you can meet your most aggressive 

performance and power targets. No compromises.

Visit www.xilinx.com/virtex5/power, view the Virtex-5 power webcast,

download the XPower Estimator tool, and read the power analysis white paper.

The Programmable Logic CompanySM

www.xilinx.com/virtex5/power

The Ultimate System Integration PlatformVirtex-5 LX is the first of four platforms optimized for

Logic, DSP, processing, and serial connectivity.
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Note: Under worst-case operating conditions (85°C)
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Voltage regulator requires few external components
Using a synchronous-rectification block instead of an external Schottky diode
for 95% efficiency, the ST1S06 high-frequency, step-down, dc/dc converter has

a 1.5A maximum-output-current capability and a 1.5-MHz switching frequency.
Requiring a small inductor, two capacitors, and two resistors, the converter needs fewer
external components than previous models. Providing a soft-start to prevent inrush
current allows the device to minimize the start-up problems typical of battery-pow-
ered devices. The device is available in fixed-output voltages and in an adjustable
version that uses an external resistor diode. It generates an adjustable output voltage
from a 0.8V feedback voltage. The ST1S06 costs 35 to 45 cents (high volumes).
STMicroelectronics, www.st.com

productroundup

Triple-output power
switcher features med-
ical-safety certifications

Accepting a universal input volt-
age of 90 to 264V dc or 127 to

300V dc and a frequency of 47 to 440 Hz,
the triple-output, 50W LPT50 switching-
power-supply series provides 3.3 to 24V
of dc positive outputs, depending on the
model. Measuring
2�4 in., the devices
provide convection
cooling and offer a
5.5W/in.3 rating.

The device can deliver 9A from the pri-
mary output. Also available with med-
ical-safety certifications, the LPT50
costs $28.
Astec Power, www.astecpower.com

Three-chip-set 
reference designs are
customizable online

Expanding on the vendor’s my-
Power Online Design, the Powir�

chip-set reference designs and Web tools

�

�

POWER SOURCES

simplify and accelerate power-manage-
ment-circuit design. Accelerating the
design process by eliminating the need for
design iterations, the IRPP3637-06A,
IRPP3637-12A, and IRPP3637-18A ref-
erence designs come in 6, 12, and 18A
power levels. Users can also modify stan-
dard designs on the vendor’s Web site to
create custom circuits. Each reference
design comes with a suite of online simu-
lation tools with small- and large-signal
analysis, switching waveforms, and per-
formance analysis for all components. The
IRPP3637-06A targets low-current ap-
plications requiring reduced size and com-
ponent count, using the vendor’s IRF-
8910PbF dual SO-8 MOSFET. The IRPP-
3637-12A suits medium-current applica-
tions, using the vendor’s IRF7823PbF and
IRF832ZPbF independent SO-8 MOSFET
and improving electrical and thermal effi-
ciency. The IRPP3637-18A aims at medi-
um- to high-current applications demand-
ing high thermal performance, using the
vendor’s IRLR8713PbF and IRLR7843PbF
D-Pak MOSFETS. The standard IRPP-
3637-xxA reference designs cost $150, and
the customized IRPP3637-xxA reference
designs cost $250.
International Rectifier, www.irf.com

Synchronous-buck 
regulator provides four
output-voltage options

Targeting portable-system applica-
tions using lithium-ion batteries,

the 1A SC194A synchronous-buck reg-
ulator has a 2.7 to 5.5V input-voltage
range. The device includes a 17-�A qui-
escent current, 93% efficiency, a power-
save mode, and protection features. Two
programming pins allow users to set a 1,
1.2, 1.5, or 1.8V output voltage. Users can
hard-wire them to set a constant voltage
or tie them to a microcontroller and
dynamically switch them for applications
using digital-power control. Additional
features include an internal compensation

�

�
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network and integrated switching FETs.
The devices need no external Schottky
diode. The SC194A costs $1.42 (1000).
Semtech, www.semtech.com

SMBus battery charger
suits lithium-ion and 
nickel-chemistry batteries

Operating with or without a
microcontroller, the LTC4101 pre-

cision smart-battery-charger controller
complies with Revision 1.1 of the SMBus
standard and meets SBS (Smart Battery
System) Level 2 charging-function re-
quirements. The charger suits 3 to 5.5V
charging voltages for one-cell lithium-ion
and three- to four-cell nickel-chemistry
batteries. Capable of fast charging 4A
with 0.8% voltage accuracy and 4% cur-
rent accuracy, the device also features
synchronous switching and provides
high-efficiency charging from a 6 to 28V-
wide input-supply-voltage range. Avail-

able in an SSOP-24 housing, the LTC-
4101 costs $5 (1000).
Linear Technology, www.linear.com

Converter series 
provides three 
input-voltage ranges

The rugged IEXR and IEHR dc/
dc-converter series comes in 10 to

16V-, 21 to 60V-, or 60 to 132V-dc
ranges. The devices deliver 70 to 150W
of output power; single-output-voltage
models range from 8 to 52V dc, and two
models have a 110V-dc output. Custom

output voltages are also available. These
convention-cooled converters come in a
chassis-mount, vented enclosure with a
0 to 50�C temperature range with derat-
ing higher than 40�C. Available with 19-
in.�2U rack mounting, or DIN-rail
mounting, the IEXR and IEHR series cost
$171 (100).
Schaefer, www.schaeferpower.com

Power supplies meet 
military standard 810E

The configurable NV-175 and NV-
350 power-supply families meet the

military 810E standards for shock, transit
drop, bench handling, basic transporta-
tion, and shipboard vibration. The NV-
175 comes with one to four outputs with
a 3�5-in. footprint and cover and inter-
nal-fan options. The NV-350 delivers as
many as six outputs and mounts in a 1U
chassis. The NV series costs $89 (100) for
a single-output, 180W configuration.
Lambda, www.lambdapower.com

�

�

�

Development kit 
includes a single-board
computer, software

Based on the 32-bit AVR32-
based AP7000 DSC (digital-sig-

nal-controller) family, the “program-
and-go” STK1000 development kit tar-
gets POS (point-of-sale), navigation,
SOHO (small-office/home-office) net-
work-gateway/router, and printer appli-
cations. Features include a production-
ready, AVR32 single-board computer
with an AT32AP7000 SOC (system on
chip); a 3.5-in. TFT (thin-film-transistor)
LCD; an audio DAC; and connectors for
VGA, Ethernet USB, CompactFlash,
and SD cards. The AT32AP7000 con-
troller includes a vector-multiplication

coprocessor, a 16-bit stereo-audio DAC,
a 2048�2048 pixel TFT/STN (super-
twist-nematic) LCD controller, a 480-
Mbps USB 2.0 with on-chip transceivers,
and two 10/100 Ethernet MACs (media-
access controllers). Serial interfaces
include RS-232, USART, I2S, AC97,
TWI (two-way interface)/I2C, SPI, PS/2,
and several SSCs (synchronous serial
modules). Software for the development
kit includes the Linux operating system;
a GCC (GNU C compiler); a GNU
debugger; all drivers, utilities, editors, and
image viewers; and an IAR embedded
workbench for AVR32. Application-
ready C/C�� application software
includes Web, FTP, and Telnet servers, in
addition to utilities and libraries for
video, sound, and displaying images. The

STK1000 development kit costs $499.
Providing emulations, the JTAGICE
mkII is available separately for $299.
Atmel, www.atmel.com

RTOS occupies 
10 kbytes in 
minimal configuration

Targeting the StarCore SC1000
and the SC2000 DSP-core fami-

lies, the OSEck RTOS requires less than
10 kbytes of memory in a minimal con-
figuration, suiting mobile-multimedia
applications. The device delivers fully
pre-emptive, event-driven, real-time re-
sponse with a 300-nsec context-switch-

MICROPROCESSORS
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Product details: www.silabs.com/SmallMCU

Fully Loaded, Small Form Factor MCUs 
Silicon Laboratories’ mixed-signal MCUs combine a high-speed 8051

CPU, Flash memory and best-in-class analog peripherals in ultra-small

packages allowing designers to reduce component count while improving

system performance. These highly-integrated, feature-rich devices are

optimized for space-constrained, low-power, cost-sensitive applications.

MCUs TIMING POWER BROADCAST WIRELINE WIRELESS

9 mm2 2 2

32 kB

16 kB

8 kB

16 mm 25 mm

Fl
a

sh

Size

Highest
Functional Density

• 8–12 Bit ADC

• 2–32 kB Flash Memory

• 25–50 MIPS 8051 CPU

Low-Cost, Professional Tools

Complete development kits (including in-system

debug and integrated development environment)

make development quick and easy. Low-cost

evaluation kits and reference designs simplify

evaluation and accelerate time-to-market.
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ing speed and a 500-nsec worst-case
interrupt latency. Additional features
include built-in error detection and han-
dling, and message-based Linx IPC
(interprocess-communications) services.
Developmental support for the platforms
includes an RTOS-aware source-level
debugger that supports freeze-mode de-
bugging and postmortem analysis as well
as a high-level run-mode-analysis tool
that enables designers to study system
details, including process/task informa-
tion, CPU and memory profiling, task
switching, and stack and memory usage.
A single-seat SC1000 or SC2000
OSEck developers license costs $8000.
Enea, www.enea.com

Evaluation board
includes a microcon-
troller-development kit

The MCBSTR9 evaluation
board features the STR912FW-

44X ARM966E-S-based microcon-
troller. Features include dual serial ports,
a CAN (controller-area-network) inter-
face, an SD-memory-card connector, an
Ethernet interface, and eight LEDs. A
USB interface provides board power, and
a potentiometer allows analog-voltage
input. A prototyping area allows devel-
opers to add their own hardware. The
device comes with a microcontroller-
development kit featuring ARM Real-
View compilation tools and the vendor’s
�Vision debugger/simulator.
Keil, www.keil.com

POE controller features
integrated diode bridges

Integrating on-chip diode bridges,
a transient-surge protector, and a

switching-regulator FET, the Si3400
POE (power-over-Ethernet) controller
features IEEE 802.3af compliance. The
diode bridges enable a proprietary early
power-loss indicator as well as allow a
direct connection to the RJ-45 con-

nector. A PD (power-device) interface
allows for programmable classification-
and detection-signature circuitry; a
switching-regulator controller; a dual
current-limited hot-swap switch; and
comprehensive protection circuitry,
including a thermal-shutdown capabil-
ity and support for nonisolated and iso-
lated applications. Available in an
ROHS (reduction-of-hazardous-sub-
stance)-compliant, 5�5 QFN-20, the
device targets 802.3af-compliant PSE
(power-sourcing equipment) and pre-
standard legacy PSE not compliant with
the standard’s inrush-current limits.
The Si3400 costs $2.48 (10,000) with
an available engineering-evaluation
board and an Ethernet-system evalua-
tion kit.
Silicon Laboratories, www.silabs.com

Microcontrollers feature
an LCD controller for
WVGA-sized screens

The 32-bit, 200-MHz SuperH
microcontrollers feature an SH-

2A CPU core with a built-in FPU
(floating-point unit), an integrated
CD-ROM decoder, and support for
DRM (digital rights management) for
audio content. The vendor claims a
higher level of integration with these
microcontrollers, integrating a host
interface that supports USB 2.0 speci-
fications and a display controller that
supports color liquid-crystal panels as
high as WVGA size at 800�480 pix-
els. The instruction set of the SH2A-
FPU in the SH7263 and the SH7203
devices is upward-compatible with
those of the SH-2A and SH-2 CPU
cores; however, the vendor claims a
75% ROM-code-efficiency improve-
ment compared with the SH-2 core.
The SH7263 features an SRC (sam-
pling-rate converter) that converts the
audio-data-sampling frequency, an SSI
(serial-sound interface) for input and
output of digital-audio data, a serial-
communication interface with a 16-

�
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Low Profile from

.19"ht.

See EEM 
or send direct

for FREE PICO Catalog
Call toll free 800-431-1064

in NY call 914-738-1400
Fax 914-738-8225PICOElectronics,Inc.

143 Sparks Ave. Pelham, N.Y. 10803
E Mail: info@picoelectronics.com

www.picoelectronics.com

Delivery-

stock to one week

Audio Transformers
Impedance Levels 10 ohms to 250k ohms,
Power Levels to 3 Watts, Frequency Response
±3db 20Hz to 250Hz. All units manufactured
and tested to MIL-PRF-27. QPL Units available.

Power & EMI Inductors
Ideal for noise, spike and Power Filtering
Applications in Power Supplies, DC-DC
Converters and Switching Regulators

Pulse Transformers
10 Nanoseconds to 100 Microseconds. ET
Rating to 150 Volt Microsecond, Manufactured
and tested to MIL-PRF-21038.

Multiplex Data Bus
Pulse Transformers
Units are electrical equivalents of QPL MIL-
PRF-21038/27. Manufactured to MIL-STD-
1553 Command Response Military Data Bus
Requirements designed to meet MAC AIR
SPEC A3818, A5690, A5232 and A4905. 
QPL M21038/27 units available in plug-in.

DC-DC Converter
Transformers
Input voltages of 5V, 12V, 24V And 48V.
Standard Output Voltages to 300V (Special
voltages can be supplied). Can be used as self
saturating or linear switching applications. All
units manufactured and tested to MIL-PRF-27.

400Hz/800Hz
Power Transformers
0.4 Watts to 150 Watts. Secondary Voltages 5V
to 300V. Units manufactured to MIL-PRF-27
Grade 5, Class S (Class V, 1550C available).

Surface Mount

(Thru-Hole Available)

Transformers and

Inductors

See Pico’s full Catalog immediately

www.picoelectronics.com
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15th November 2006 
Arabella Sheraton Grand Hotel
Munich, Germany

Organised by

Individual awards sponsored by:

European Electronics Industry’s
Night of Nights 

Join us on 15th November 2006 in Munich to celebrate Elektra 06, the
European Electronics Industry Awards. In addition to the awards
ceremony, the evening will include a drinks reception, dinner and live
entertainment, with plenty of opportunities to network.

Contact us now to book your table.

RSVP to Vicky Weyman
phone: +44 (0)20 8652 2180
email: vicky.weyman@rbi.co.uk

www.electronicsweekly.com/awards
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EDN
continues
to grow
with the
industry
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EDN’s 50th Anniversary Issue debuts September 28th
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stage FIFO, and an I2C-bus interface.
The device also includes an eight-
channel, 10-bit ADC; a two-channel,
8-bit DAC; an eight-channel DMAC
(direct-memory-access controller); a
CAN (control-area-network) con-
troller; and a NAND flash controller.
A five-channel MTU2 (multifunction-
timer unit) suits motor control and can

produce a three-phase PWM (pulse-
width-modulation)-wave output for
controlling ac motors. The USB-pow-
ered E10A-USB requires no external
power supply and suits use as an emu-
lator. The SH7263 price ranges from
$16.90 to $19.60.
Renesas Technology,
www.renesas.com

INTEGRATED CIRCUITS
Analyzer displays results
using sine-wave graphs

Measuring the amplitude, phase,
and impedance responses of

electronic, electro-acoustic, and other
systems, the 10-Hz to 4-MHz C60 im-
pedance and frequency-response ana-
lyzer displays results using a graphing
program. This portable scientific test-
and-measurement device tests the net-
works with a sine-wave excitation, dis-
playing the results on a PC. Powered by
a USB connection, the C60 costs
$2800.
Cypher Instruments, www.
cypherinstruments.co.uk

Triple-channel AFE IC
provides low jitter

The triple-channel ISL98001 8-
bit video AFE (analog-front-

end) IC features the required functions
for digitizing YPbPr video signals and
RGB graphics signals from DVD play-
ers, VCRs, set-top boxes, and PCs.
Suiting a variety of video resolutions,
the device is available in five speeds,
ranging from 140M to 275M
pixels/sec. A fast conversion rate pro-
vides support for HDTV resolution as
high as 1080 pixels and computer-
monitor resolutions as high as QXGA.
The digital phase-locked-loop tech-
nology provides a 450-psec maximum
jitter (250 psec typical) peak to peak.
Additional features include a peaking

function, which compensates for input
degradation during low-channel band-
width, and integrated HSYNC and
SOG signal processing, which elimi-
nates the need for external sync slicers,
sync separators, Schmitt triggers, and
noise filters. Available in an MQFP-
128 package, the ISL98001 costs
$10.06 (1000).
Intersil, www.intersil.com

Digital temperature 
sensor targets 
low-power systems

Operating on a 1.7 to 3.7V sup-
ply-voltage range, the DS75LV

digital temperature sensor targets low-
power and battery-operated systems.
The device is factory-calibrated to a
�2�C accuracy over its voltage-supply
range at a �25 to �100�C temperature
range and is �3�C accurate over �55
to �125�C. A thermometer provides
user-selectable 9-, 10-, 11-, and 12-bit
digital temperature readings, translating
to resolutions of 0.5�C for the 9-bit
readings to 0.0625�C for the 12-bit read-
ings. The thermostat function with user-
defined trip points allows for a cus-
tomizable threshold temperature and
output hysteresis. A low-power shut-
down mode is also available, reducing
current draw to less than 2 �A. The
DS75LV costs 90 cents (1000).
Dallas Semiconductor, www.
maxim-ic.com

�

�

�

© 2006 National Instruments Corporation. All rights reserved.
LabVIEW, National Instruments, NI, ni.com, and NI CompactDAQ are

trademarks of National Instruments. Other product and company names 
listed are trademarks or trade names of their respective companies. 

2006-6681-301-101-D

NI CompactDAQ provides the 

plug-and-play simplicity of USB for

sensor, electrical, mechanical, and

physical measurements. It delivers fast

and accurate data acquisition in a small,

simple, and affordable system.

• Hi-Speed USB (2.0) for up to 3.2 MS/s 
signal streaming

• Multiple connectivity options 
for sensors and signals

• Hot-swappable modules with 
built-in signal conditioning

• Simple setup with 
hardware autodetection

• Driver for National Instruments
LabVIEW and text- based 
languages included

Simple. 
Complete.
USB Data Acquisition.

Take a virtual tour of NI CompactDAQ 
at ni.com/compactdaq.

800 327 9894

NI CompactDAQ
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• Development & Production Applications
• Surface Mount, Thru-hole, Compression Style
• BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more!
• Bandwidth - up to 30 GHz
• 7 different  socketing systems
• Ask about our "ASAP Service"
• Adapters and Receptacles too!
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USB to I2C
for PC’s

NEW! UCA93LV - bus-powered
USB I2C interface - great for laptops!
400kHz bus monitoring / addr. filtering!
Also: PCI93LV - PCIbus version I2C
master/slave/bus-monitor.      $499.00

All in one!
Best adapter around!
CleverScope - 100 MHz

Scope, Spectr.Anal, LogicAnal, & SigGen.
for PCs. 4 Msamples storage!  Easy A-B,
math!  2 x 10 bit ch, 8 dig. I/P. Opt.  0-10
MHz SigGen.+ math + filters.
CS328                                    only $999!

sales@radi.com | www.radi.com      408-383-9006 x112

It's Radicom for reliable, high-performance, 
simple to implement Serial TTL, RS232, USB, 

PC/104 and RF wireless modems, 
competitively priced.

Embedded Modems

 Featured –
Half-Inch Modem™
Serial TTL interface
1” x 1” x 0.3”
Global Compliance

Count on Radicom to reduce time-to-market, 
lower cost, and improve product quality.

Modem EaseModem Ease

To advertise in Product Mart, call Judy Keseberg at 800-417-537088   EDN  |  SEPTEMBER 1, 2006

Email: sales@BlueRadios.com

Phone: (303) 957-1003

www .B l u eR a d i o s . c om

� 2.4GHz embedded data radio/modems

� Bluetooth, FCC & RoHS cert. modules

� +100 meter (330 feet) distance

� Speeds: up to 921.6Kbps

� Integrated RF chip antenna

� Voice and data channels

� Low power consumption 1mA

� Small form factor: 20mm x 10mm x 2mm

� Includes integrated software stack

� Secure and robust communication link
�Frequency Hopping Spread Spectrum
�Guaranteed Packet Delivery 
�Encryption and Authentication

$24

QTY1K

productmart
This advertising is for new and current products.
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www.PelicanOEM.com 
Log on or call 800.473.5422 to re-
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD fi les, 
and all the information you need to 
learn how you can install and pro-
tect your equipment in a Pelican 
Protector™ Case.

To advertise in Product Mart, call Judy Keseberg at 800-417-5370

• Same Sensor Invented by Polaroid to Focus Cameras!
• Electrostatic Transducer and Drive Module in One

Complete Package!
• Non-Contact Ranging and Measurement from 6" to over 40'!
• Perfect Sensor for Non-Contact Measurements, Liquid or

Bulk Level Sensing, Proximity Sensing, Robot Guidance
• We Sell Complete Ranging Kits and Components

Phone 734-953-4783
Fax 734-953-4518

www.senscomp.com

Just Add
Power!!
Just Add
Power!!

Complete Ultrasonic
Ranging Sensor –
Complete Ultrasonic
Ranging Sensor –

Tel: (818)772-5463
Fax: (818)772-5473

P.O. Box 10358, Canoga Park, CA 91309 USA
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scope
CHART YOUR COURSE

The annual event for engineers who find
their challenges below 25 kHz, the AES
Audio Engineering Society Convention
comes to San Francisco this year on Oct 5
to 8. A three-day product exhibition accom-
panies the four days of paper sessions and
tutorials all at the Moscone Center. Now
that the forefront of audio engineering
encompasses not only audiophile products
with envelope-pushing specifications but
also an exploding cornucopia of mobile
and desktop devices, the scope of the con-
vention and the range of its appeal promise
to be even broader than in the past. This is,
amazingly, the 121st AES Convention, sure-
ly making it one of the longest running
events on the electronics calendar.

LOOKING AHEAD

Video-phone developed by Bell Labs
uses existing telephone wires
NEW YORK, N.Y.—A TELEPHONE THAT
TRANSMITS PICTURES TOGETHER WITH
SOUNDS USING EXISTING TELEPHONE
WIRES HAS BEEN DEVELOPED BY BELL
TELEPHONE LABORATORIES. . . . THE
VIDEO-PHONE DIFFERS FROM COMMER-
CIAL TELEVISION IN THAT IT SENDS
SMALLER AND LESS DETAILED PICTURES
EVERY TWO SEC. (EDN, September 1956) 

What’s that about a downturn?
As we approach the fourth quarter, forecasters have been quiet-
ly backing off from their semiconductor-industry-growth projec-
tions for 2006. The consensus seems to be that the year will
come in somewhere from 5 to 8% higher than 2005—not a
disaster, but nothing to make executives pull out their check-
books, either. Beneath those numbers, though, there’s impor-
tant detail, according to iSuppli principal analyst Gary Grand-
bois. DRAM shipments dominate the top-line numbers, and
DRAM is tied to a few specific kinds of products, such as PCs.
As it happens, PCs have not had a good 2006. Sales are soft,
and the mix is shifting from desktops to notebooks. Cellular
handsets and consumer devices—which represent a lot
more design starts than PCs—have done pretty well. So
a soft top line is not necessarily bad news for the design
community.

LOOKING BACK

LOOKING AROUND

News extra:
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Scalable, cost-effective
solution for complex
PCB designs
Quickly creating the fanout for dense,
high-pin-count devices is just one of
the many tasks made easy with
OrCAD® PCB Designer. Here are
some others:

• Quickly placing critical components
to optimize logical connections

• Producing customized reports
• Adding or customizing drill

tolerances, symbols, characters
• Routing power and ground to split

power planes

OrCAD PCB Designer suites offer a
complete front-to-back PCB design
solution based on powerful technology:

• OrCAD Capture® schematic entry
• OrCAD PCB Editor place-and-route

(based on Cadence® Allegro® technology)
• SPECCTRA® for OrCAD autorouter

(based on Cadence Allegro technology)

You can further enhance productivity
by adding optional PSpice® A/D for
circuit simulation or by adding
OrCAD Signal Explorer (based on
Cadence Allegro technology) for signal
integrity and topology exploration.

We've assembled some of your most
common PCB design issues into a
booklet, the OrCAD PCB Designer
Solutions Guide – get your FREE 
copy today! 

OrCAD PCB Designer has
a growing number of fans 

Get your free solutions guide
Visit us at 

www.ema-eda.com/PCBDesignerGuide
or call us at 800.813.7288[     ]

©2005 EMA Design Automation, Inc. All rights reserved in the U.S. and other countries.
Allegro, Cadence, OrCAD, the OrCAD logo, OrCAD Capture, PSpice, and SPECCTRA are registered trademarks of Cadence Design Systems, Inc.
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Get in touch
with any
application.
PSoC–® based
Capacitive Touch Sensing

CYPRESS CAPSENSE CIRCUIT DIAGRAM

Cypress, the Cypress logo and PSoC are registered trademarks of Cypress Semiconductor Corporation. All other trademarks are properties of their respective owners. ©2006 Cypress Semiconductor Corporation. All rights reserved.

F O R  M O R E  I N F O R M A T I O N
For a free online or face-to-face seminar 

with PSoC CapSense experts, visit
w w w . c y p r e s s . c o m / t o u c h

CapSense Device Selector Guide

Device Resources Available Package

CY8C21x34 8KB Flash, 512B RAM, I2C, SPI 16-SOIC, 20-SSOP, 
28-SSOP, 5x5 mm 32-MLF

CY8C24x94 16 KB Flash, 1KB RAM, 8x8 mm 56-MLF
I2C, Full-speed USB, SPI 

Simple. Flexible. Integrated. CapSense. Capacitive

sensing replaces mechanical buttons, switches, touchpads,

sliders, and proximity detectors in systems from cell phones

and cars to notebook PCs, white goods and industrial appli-

cations. Immune to environmental wear-and-tear, Cypress’s

cost-effective CapSense solution leverages the flexibility 

of our configurable PSoC® mixed-signal array and brings

elegance, economy and functionality to your designs.

Cypress’s CapSense solution integrates multiple 
buttons/sliders/ touchpads on a single chip, 
using no external resistors or capacitors

■ Flexible implementation vs. hard-coded ASICs 
or fixed-function modules

■ Easy serial communications with I2C, SPI and 
USB interfaces 

■ Easy-to-use PSoC tools provide system-level 
embedded design with quick time-to-market

PSoC® CapSense implementation with two buttons and a slider 
using a single PSoC device. 
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