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Tired of adding capacitors to your power design? Introducing the T2 series – the second generation
PTH modules with TurboTransTM technology. This patented* technology provides up to an 8X
reduction in required output capacitance while still meeting the stringent transient load
requirements of DSPs, µPs, ASICs and FPGAs.

with new T2 Power Modules & TurboTrans™

Turbo Charge Your
Transient Response

High Performance. Analog. Texas Instruments.

Order your sample now!
www.ti.com/T2

• TurboTrans technology
• 1.5% output regulation
• Up to 50% smaller footprint
• SmartSync synchronization
• Wide input voltage 

(4.5V to 14V)
• Auto-Track™ sequencing

VOUT with TurboTrans

VOUT without TurboTrans

8A IOUT  Transient
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Toshiba MLC NAND leadership provides

the power to launch today’s applications.

It takes power to launch a successful product in this world of technology migration and

converging applications. So you need the power of a proven, leading-edge memory solution

from an industry leader. That‘s MLC NAND Flash from Toshiba. •  With its high density and

proven reliability, our MLC NAND Flash is enabling today’s new applications while

answering the cost/performance challenges of many consumer designs. For

your high-density storage needs, Toshiba MLC NAND Flash can help you deliver

the right solution. • Visit us at mlcnand.toshiba.com and find out how the

industry leadership and design experience offered by Toshiba can give your

next consumer design its best shot at success.

mlcnand.toshiba.com
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POWER CONVERSION Smallest, highly efficient 
3-MHz DC/DC converters 
extend battery life and 
save space in portable 
applications. (TPS62300)

AUDIO POWER 

AMPLIFIER
Smallest, high efficiency 
stereo Class-D APA enables 
longer battery life. 
(TPA2012D2)

TI DSP-based digital media processors come with razor-sharp reflexes, 
making them easily programmable to adapt to new standards: 
• Video: H.26x, VC-1, MPEG-2, MPEG-4, Microsoft® WMV9
• Imaging: JPEG, MJPEG, JPEG2000
• Audio: MP3, AAC, Microsoft  WMA9, G.7xx, Dolby® Digital, 
  Pro Logic® II, DTS®-ES, DD-EX, THX®

• HD Radio™: Eureka 147 DAB, Digital Radio Mondiale (DRM)

DSP

AUDIO
CODEC

Highly integrated, low-power 
stereo codecs ideal for a variety 
of portable audio equipments. 
(TLV320AIC33)

INTERFACE Highly configurable, low-power
USB 2.0 compliant solutions 
provide world-class throughput.
(TUSB6250)

Technology for Innovators™

Drive your portable audio and video innovations to market faster with TI solutions designed for your entire 

signal chain. With industry-leading DSP-based digital media processors, high-performance analog ICs, 

logic and application software, TI helps you get your product to the consumer fast. If you are looking for

the easiest to use, most reliable, scalable and power-efficient solutions for portable consumer electronics,

then look no further than TI.

For technical information including application notes, visit www.ti.com/tiportable

PORTABLE AUDIO/VIDEO SOLUTIONS 
TO GET YOU TO MARKET FASTER.

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. Microsoft is a registered trademark of Microsoft Corporation. 
All other trademarks are the property of their respective owners. 1005AO © 2005 TI

557229_003.indd   1557229_003.indd   1 10/24/2005   12:10:36 PM10/24/2005   12:10:36 PM



© 2004 Analog Devices, Inc. Product and company names listed are trademarks or trade names of their respective owners.

__________ like never before.

Unlock your
creative genius
with Blackfin.®

Think about your current design: tight specs, tight budgets, tight
schedules, and last-minute changes. Obscure, hard-to-find 
bugs. Nights and weekends fighting an underpowered processor,
or wrestling with an inefficient tools environment for code 
size and performance.

Now, think about Blackfin Processors in your next design.
Think about being on time and on budget. Cutting parts count,
slashing build cost, and extending design life by replacing 
inflexible ASICs or DSP accelerators in software. Plus, having all 
the performance and code density you need for your 
most demanding applications: networking, user interface,
device control, and media or signal processing.

Blackfin makes it all possible, at $5 and 50 mW for a 400 MHz
processor with memory protection that scales up to 750 MHz.
Plus, only Blackfin delivers the performance headroom that 
lets you think about the details, deal with them easily, and focus 
on what really matters: getting to market fast with a strong
competitive advantage.
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Xfm DAB Digital Radio
from i-Tech
Using Blackfin, Sonarics
Labs consolidated system
control and six software
algorithms, including DAB
decoding and AM/FM
decoding—all with lower 
power consumption.

Roku™ SoundBridge
Network Music Player
Blackfin’s programmability and
off-the-shelf performance
enabled Roku to readily add
iTunes® functionality when
consumers demanded it.

Visit www.analog.com/ThinkBlackfin
3 Test drive Blackfin design tools today

Blackfin gives you the ability to scale from $5 to 750 MHz, the 
power to run a full-feature, memory-protected RTOS like INTEGRITY
for avionics, medical instrumentation, consumer, automotive, and
telecommunication designs, plus the availability of world-class tools
all on Blackfin Processors. That’s an incredibly powerful combination.”

3Dan O’Dowd, President and CEO
Green Hills Software, Inc.
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product differentiation
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The Blackfin
Advantage

Headroom for
future upgrade

without redesign

Blackfin Programming Benefits vs. Typical Embedded Processor
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“

Competitive Code Size Comparisons

Relative code size comparisons for third-party benchmarks using Green Hills Software’s MULTI Compilers.

Blackfin = Best Code Density

Freescale™ ColdFire V4e Core

Freescale ColdFire V2 Core

Renesas SH4

Intel® Pentium® 4

Freescale PowerPC® e500 120%

117%

111%

107%

101%

100%

AuthenTec FingerLoc™ Sensor
Blackfin exceeded performance
targets for fingerprint
authentication and delivered 
out-of-the-box matching 
to their certification model.

Real-time
operating systems:

3 INTEGRITY®, Green Hills®

Software—memory-
protected for reliability 
and security

3 velOSity™, Green Hills
Software—rapid
development, small footprint

3 ThreadX®, Express Logic—
small footprint, fast, royalty-
free RTOS

3 Nucleus®, Accelerated
Technology

3 Fusion™, Unicoi Systems™

3 RTXC/dm™,
Quadros Systems

3 µClinux—open source OS

Software development
tools:

3 MULTI® IDE, Green Hills
Software—award-
winning tools for fast 
time to market

3 GCC tool chain—
open source/µClinux
development

3 VisualDSP++® IDDE—
award-winning software
development tools

3 Blackfin Design Kit,
GAIO TECHNOLOGY
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Going One-on-One

[tiring] Going Three-to-Three

[easy]
[easy] to maintain signal integrity from 3mm to 3 meters
 with a wide variety of high speed interconnects and signal integrity services.
[easy] to go from 3mm to 30mm
 with Q Series® high speed interconnects and DP Array™ high density arrays.
[easy] to go from 30mm to 60mm
 with high speed RiseUp® elevated board-to-board systems.
[easy] to go from 60mm to 200mm
 with high speed Flex Data Links and Custom Flex capabilities.
[easy] to go from 200mm to 3 meters
 with High Data Rate Twinax & Coax, Data Rate I/O and RF cable assemblies.
[easy] to fi nd out more
 about signal integrity from 3mm to 3 meters at www.samtec.com/easy

www.fi nalinch.com
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Featuring 86dB signal-to-noise ratio over a 5MHz signal bandwidth, the ADS1610 data
converter provides state-of-the-art performance at 4x the speed of the nearest competition.
This unmatched combination of speed and precision extends TI’s portfolio of high-speed
delta-sigma converters for demanding measurements in communications, scientific
instrumentation and test & measurement applications.

Speed with Precision

High Performance. Analog.Texas Instruments

16-Bit,10MSPS ∆ΣADC

For a datasheet, sample and 
evaluation module, visit 

www.ti.com/ads1610
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Design Today, Prototype Tomorrow
Superior Design Tools and Resources for the Analog Designer

WEBENCH® Online Tools
Get to market faster by accel-

erating your design process.
WEBENCH® tools allow you to
select products, design, and receive
a custom prototype kit in 24 hours.
webench.national.com

Application Solutions
Over 100 interactive system

block diagrams with a list of 
recommended parts for: automotive,
broadcast video, data communica-
tions, displays, industrial, medical,
and consumer applications.
solutions.national.com

24/7 Online Seminars
View over 50 on-demand

design focused seminars for
power, amplifiers, audio, data
acquisition, interface, and thermal
management.
www.national.com/onlineseminar

Analog University®

Get your design right the
first time. Log on to Analog
University for fast, free information
from the pros at National, including
in-depth design courses.
analogU.national.com

© National Semiconductor Corporation, 2005. National Semiconductor, , WEBENCH, and Analog University are registered trademarks of  National Semiconductor Corporation. All rights reserved.
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Why is it, when over the past decade
we’ve seen the most exciting technol-
ogy innovations in history with per-
sonal computing, the rise of the
Internet, wireless computing, smart
phones, digital cameras, and much
more, that our children aren’t interest-
ed in pursuing science and technology
as a career?

This year, the University of Illinois
tied for 17th place in the ACM
(Association for Computing Machin-
ery) International Collegiate Program-
ming Contest (Reference 1). That
ranking is the lowest for the top-per-
forming university in the 29-year his-
tory of the contest. Students from
China’s Shanghai Jiao Tong Un-
iversity took the top honors, continu-
ing a gradual ascendance of Asian and
Eastern European schools during the
past decade or so. The last time a US
institution won the world champi-
onship was in 1997. 

So what? Well, this is only one of
many indicators that we in the United
States are in danger of losing our lead-
ership in technical fields and thus, inno-
vation. We may have already lost it.

As technology experts, evangelists,
and engineers, why do we care? I think
the answers are obvious. Science and
technology drive innovation, which in
turn drives much of the global econo-
my, and much of the US standard of liv-
ing. Economists have estimated that
innovation has generated half of the

growth in the US gross domestic prod-
uct over the past 50 years. Our eco-
nomic future depends on how many
new ideas we bring to reality.

This time isn’t the first that the
United States has had to respond to
such a challenge. In 1957, Sputnik
shocked us into action, and the result
was a national commitment to win the
“space race.” In 1958, we passed the
National Defense Education Act,
which encouraged students to study sci-
ence and mathematics, among other
subjects, by providing low-interest
loans and federal aid to schools. Then,
11 years later, we watched a man walk
on the moon. Flash forward to 2005. Is
this Sputnik Part 2?

We are facing a new and even more
serious challenge. The unhappy fact is
that, as a nation, we are producing fewer
of the people we need to ensure the
health of our economy and our nation-
al security. Although the demand for
skilled engineers is growing at a rate five
times that of other occupations, the sup-
ply is not keeping pace. We’re experi-
encing a graduation gap among the
growing number of mathematically and
scientifically literate people we need.
Fewer US graduates have the training
and skills to do the high-end jobs we
used to think of as our birthright. Al-
though many US citizens still believe
that foreign workers are no match for US
workers in knowledge, skills, and cre-
ativity, evidence to the contrary exists.

I could list the dismal rankings and
stats versus other countries, such as
China, Finland, Japan, South Korea,
and many others. But you know these
stats; EDN has reported on this topic.
It’s all over the news, and I’ve pointed
out a few of my favorites. So, I’m not
going to keep trying to sell you here on
the problem we’re facing.

At Intel and, I imagine, at many of
the employers you work for, we’re
alarmed. About 85% of our employees
have a technical background. Our
demand for those with master’s degrees
and doctorates has grown significantly
over the years. Indeed, the typical mix
in our college-recruiting program is

BY CRAIG BARRETT, CHAIRMAN, INTEL CORP

he harsh fact is that the US need for the highest quality
human capital in science, mathematics, and engineering
is not being met.”—US Commission on National Security
for the 21st Century

As EDN’s US readers, you represent the cream of the
engineering community. How many of you have children or friends who
have children who are studying an engineering-related curriculum and show
zeal to be the future technology-designer all stars? I’m betting the percent-
age is small even for this esteemed group and certainly smaller than it would
have been if we had asked ourselves this question 25 years ago, let alone 10.

“T
Sputnik, races, and the state 
of US education

,,
E D N . C O M M E N T
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Whatever your next innovative idea is, 
we’ll help you design it.
Near Field Communication.  Share music with a friend wirelessly. Download 

the bus schedule from a street sign. Buy a soda with your cell phone. Change the 

way information and services are distributed, and are accessed and paid for by 

the connected consumer. How? With Near Field Communication — a wireless 

connectivity technology that enables convenient short-range communication 

between electronic devices; providing ease of use, instant connectivity, zero 

confi guration and smart key access for the consumer. Delivering a world where 

everyone can connect to information, entertainment and services safely and 

securely — anytime, anywhere. As a market leader in contactless chip technology 

and a founding member of the NFC forum, Philips Semiconductors is prepared 

to be your partner in designing what’s next.

www.philips.com/nfc

©Koninklijke Philips N.V., 2005. All rights reserved. 
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only about one-third at the bachelor’s
degree level, whereas more than 50%
of those Intel hires come with master’s
degrees or doctorates. 

Much of the discussion about the
future of technology in the United
States centers on the well-known prob-
lems with math and science education
in the kindergarten through grade 12
system. And this concern is growing
and critical—as it should be. But we
also need to focus on what is happen-
ing in our higher education system.

We know that we need to improve
the quality of math and science educa-
tion. In part, that improvement re-
quires that our politicians, parents, and
citizens at large understand the impor-
tance of these subjects to our nation’s
future. The keys here are accountabil-
ity and better trained and more highly
qualified teachers.

To encourage more students to enter
technical fields, we need to provide
increased incentives and support. We
need a national focus on providing a
greater number of scholarships to those
attracted to technical-degree programs
and more low-interest student loans to
make such education available to a
broader range of students. In addition,
we should set up loan-forgiveness pro-
grams for those who graduate with
technical degrees and choose to teach
in our elementary, middle, and high
schools for a certain number of years.

We need to reform our immigration
system to enable us to attract top sci-
entific and technical talent from
around the world to study in the United
States and encourage more of them to
remain in this country rather than
return home to compete against us. 

Probably most important, we need to
promote innovation at our universities
by increasing funding for basic R&D—
the foundation of our nation’s standard
of living, economic stability, and
national security. The high-technolo-
gy industry has invested billions of dol-
lars every year on R&D to foster inno-
vation and competitiveness. But, to
succeed we need partnerships that
bring together the resources of govern-
ment, higher education, and business.

Unfortunately, US government
spending on basic R&D in key areas of
the physical sciences and engineering
has been flat and has dropped signifi-
cantly over the past 20 years as a per-
centage of the gross domestic product.
This decrease is a mistake.

The federal government must prior-
itize investment in the industries of the
future. Federal investment in basic
R&D is critical because it benefits the
entire scientific and engineering com-
munity. Basic research means research
that involves a high degree of uncer-
tainty in technical success and com-
mercial value but that can lead to rev-
olutionary breakthroughs that can help
create products, jobs, and wealth. Our
leading universities are the best places
to perform this type of research. Some
of the most significant innovations of
the past 20 years, including the
Internet and fiber optics, are products
of basic R&D.

This issue of basic R&D is not sole-
ly the domain of the government;
industry also has a role. For example,
When the US government stopped
funding the National Laboratories for
future lithography research, for exam-
ple, Intel and other semiconductor
companies began financing this initia-
tive. Today, the private sector has spent
more than $250 million to continue
this effort and commercialize the
technology. The semiconductor indus-
try, along with the Defense Advanced
Research Project Agency, supports five
research centers currently comprising
more than 30 universities studying the
future technological challenges to
Moore’s Law. And Intel funds more
than 300 research projects at almost 100
universities worldwide. The company
has also established Intel Research Labs,
a group of research facilities adjacent to
the University of California—Berkeley,

Carnegie Mellon University (Pitts-
burgh), and the University of Wash-
ington (Seattle)—where faculty, grad-
uate students, and Intel researchers
work together on exploratory research.
Many other private companies have
similar efforts, but we need more.

To remain competitive, the US gov-
ernment should increase the budgets of
public-research agencies such as the
National Science Foundation by 10 to
12% a year over the next five to seven
years to double federal spending in
higher education for basic research.

In short, we have to recognize that
our future in many ways depends on our
bright young people graduating from
our universities. We must accept the
fact that the United States will retain
its competitive edge only as long as it
nurtures the best and the brightest.
This time we have no satellite beeping
up in the heavens to convince us that
we face a challenge. But it is a challenge
we must face. We cannot risk becom-
ing a second-rate scientific and tech-
nological power in the 21st century.
The risks for all of us—and for our chil-
dren and grandchildren—are too high. 

I suspect I am not telling you any-
thing new. I also know our collective
industry loves races, just as the United
States did with Sputnik. You may dis-
agree with some of my recommenda-
tions, but that should not stand in the
way of our raising our collective voic-
es regarding this problem. EDN’s read-
ers are engineering and technology
experts and, as such, should all make
sure that, through education and
innovation, the United States contin-
ues to lead the world.EDN

R E F E R E N C E
Association for Computing

Machinery, International Collegiate
Programming Contest,
http://icpc.baylor.edu/icpc/.

,,
E D N . C O M M E N T

1

We need to promote
innovation at our
universities by
increasing funding
for basic R&D.

Craig Barrett holds a bachelor’s degree, a
master’s degree, and a doctorate in mate-
rials science from Stanford University
(Stanford, CA). He joined Intel in 1974
as a technology-development manager and
rose through the ranks.
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PC-HOSTED LOGIC ANALYZER

Digital Test, Easy and Simple
Trigger DSO and View Data with Waveforms

USB
Interface

“Your Eyes into
  the Digital World”

www.nci-usa.com
Phone 256-837-6667 • Fax 256-837-5221

email: contact @nci-usa.com

• Up to 4 Meg/Channel
• Transitional Timing

• 72 Channels @250MHz
• 36 Channels @ 500MHz

See the
solution
quickly
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1. Harnessing
components include 
backshells, heat shrinkable 
molded parts, tubing and wire.

2. Complete Tyco Electronics 
high-performance and specialized
cable assemblies arm you with
solutions to perform to the 
highest standards.

1.    2.

Whether you’re wiring, sealing, bundling, labeling or protecting your
product, Tyco Electronics has the solution. We offer a huge selection
of highly engineered and cost-effective harnessing components including
heat shrinkable tubing, connector backshells, molded shapes and 
high-performance wire and cable. Add identification and labeling 
products for applications like RFID and UID, and Tyco Electronics is
clearly the one stop for your harnessing needs. For more information,
visit www.tycoelectronics.com/productinfo and request our Raychem
products application guide and Madison Cable catalog.

Wire it. Seal it.
Bundle it. 

North America 800-522-6752 • Europe +49 6251 1330
• Asia +81-44-844-8183 • www.tycoelectronics.com
MADISON CABLE, RAYCHEM and TYCO are trademarks.
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     Shanghai to San Jose, analog is everywhere.

www.analog.com/everywhere

Analog—setting designs apart

In today’s digital world, it’s analog performance that helps create a great user experience. In fact, as
designs go more digital, engineers rely more on analog functionality to bring their designs to life.

And the most trusted company for bringing analog technology everywhere is Analog Devices.

For example, when it comes to data converters and amplifiers, more engineers specify ADI than any
other brand. What’s more, our in-depth expertise across a multitude of analog technologies—including
power, RF, and MEMS—helps optimize performance in countless applications, from automotive GPS 
and advanced TV to MP3 and medical imaging equipment. 

For more than 40 years, ADI has been delivering innovative, reliable analog solutions that meet the
most demanding performance and budget requirements.

Celebrate the analog world. Order your free “analog is everywhere” poster.
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Check out Atmel’s Automotive products today at www.atmel.com/ad/automotive

© Atmel Corporation 2005. All rights reserved. Atmel®, logo and combinations thereof, Everywhere You Are®, AVR®, and others, are registered trademarks or
trademarks of Atmel Corporation or its subsidiaries. ARM® is the registered trademark of ARM Ltd. Other terms and product names may be trademarks of others.

Take the easy road ahead to
successful automotive designs with
Atmel’s dedicated IC solutions.
From body electronics, chassis, automotive

security and safety, car infotainment to power train –
Atmel, the automotive specialist, has more than 
20 years of automotive electronics design expertise
and is a market leader in numerous areas.

Our certified devices support key application
areas from flashers, drivers, door modules to lighting,
sensor acquisition, and networking, just to name a
few. But that’s not all! If you’re looking for complete
system solutions such as tire-pressure monitoring,
car access, GPS systems and car radio, we’re right
there with you too.

Adding our high-performance microcontrollers,
including AVR® and ARM®, and memories, Atmel can
support your toughest requirements. We can also help
you as a development partner with a broad range of
dedicated ASICs based on Intellectual Property (IP).

When it comes to technology, we’ve really got you
covered. With dedicated technologies and qualified
fabs, our high-end products meet the strict
automotive quality demands.

So whether ASSP or ASIC, Atmel is by your side
every step of the way. Design-ins are supported by a
full range of kits, software and other tools. If you are
looking to improve your next automotive design,
check out why Atmel is Everywhere in Automotive.

…Everywhere in Automotive

R

Atmel is …

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here

… here … here

… here

… here

… here
… here

ASSPs (Chassis, Body Electronic, Security,
Safety, Car Infotainment, Safety, Power Train)

Microcontrollers
(ARM®, AVR®, MARC4, 80C51)

ASICs Networking (CAN, VAN, LIN, FlexRay™)

Memories Sensors Acquisition Everywhere You Are®

Our fabs are qualified:
ISO 9001:2000 
ISO TS 16949:2002 
ISO 14001:1996
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In the world of microwatts and milliamps,
many applications, such as power supplies,
motor controls, industrial equipment, and

UPS systems, still need real power and heat
dissipation. Offering these features, the MHP
series from the BI Technologies SMT Division
of TT Electronics provides 20 to 140W resis-
tors at �55 to �155�C. The resistors come
in TO-126, -220, -263, and -247 packages
and integrate a thermal flange to facilitate
thermal flow from the resistive element away
from the package. Their low inductance also
makes them suitable for RF sources, ampli-
fiers, and circuit terminators.

Within each package style, you can select
resistance values of 0.01 to 220�, tolerance
of 5 or 1%, and temperature coefficients of

50 to 250 ppm/�C. Higher resistance values are available at reduced power levels. The family
members differ primarily in available package, resultant thermal impedance from resistor core
to flange, and power rating. Prices range from $1.25 for the 20W unit to $4.20 for the 140W
unit (volume quantities).—by Bill Schweber
�TT Electronics, BI Technologies SMT Division, www.bitechnologies.com.

Using a series of TO-class packages with an
integral thermal and mounting flange, the MHP
series of low-inductance power resistors is
available with maximum power ratings of 20,
35, 50, 100, and 140W.

Bright light, blown
fuse: an obvious 
yet handy feature

Waytek’s ATO and ATM minifuses
include internal LEDs that light
when a fuse blows, so that you
can quickly identify the circuit
that needs checking or the fuse
that needs changing. Rated at
32V and available in 3 through
40A capacity, the color-coded
fuses allow quick amperage iden-
tification. They cost 34 cents
each (high quantities).

—by Bill Schweber
�Waytek Inc, wwwwaytek
wire.com.

Xilinx has added five Spartan 3E devices and a Virtex 4 device,
which includes a hard-wired PowerPC core, to its XA automo-
tive FPGA lineup. When the company last year introduced the
XA family, it included mostly CoolRunner II CPLDs and
Spartan-IIE and Spartan 3 FPGAs. According to David Gamba,
senior marketing manager, customers have asked for higher
end FPGAs. To fill that need, the company is offering the Virtex
4 FX XA, which includes a 32-bit PowerPC core delivering 700
Dhrystone MIPS at 450 MHz, DSP multipliers, and 10/100/
1000 Ethernet MAC (media-access-controller) blocks. “We’re
seeing it used as the central gateway to the backbone of the
vehicle,” Gamba says. “It is controlling all of the network and
subprocessors.” The device costs $40 (100,000).

Xilinx is also offering low-price-per-gate Spartan 3E XA

devices with 100,000 to 1.6 million system gates (30,000 to
533,000 ASIC gates). The 100,000-gate version sells for $3
(100,000). According to Kevin Tanaka, manager of automo-
tive marketing and product planning, Xilinx has put all of the
XA devices through extensive testing, and they comply with
numerous automotive standards. “We have a zero-defect ini-
tiative and have taken great steps in this area for automotive,”
says Tanaka, who notes that Xilinx conforms to ISO
TS16949, the AEC-Q100 qualification flow, and the PPAP
(production-part-approval process) and complies with ISO
9001 and 41001, QML, and TL 9000. The devices operate
at �40 to �100 or �40 to �125�C, depending on
version.—by Michael Santarini
�Xilinx, www.xilinx.com.

Noninductive resistors handle 
high power with aplomb

EDITED BY FRAN GRANVILLE
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An integral indicator LED in the
ATO and ATM minifuses shows
which fuse is blown.

Automotive FPGA family adds high-end models
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Designers have used
millions of Hall-effect
sensors for contactless

switching and position sensing,
but rotary sensing using this
phenomenon has mechanical

Innovative construction puts 
new twist on old principle

DILBERT By Scott Adams 

and alignment difficulties. A
new design from Melexis over-
comes the limitations and pro-
vides noncontact 360� rotary
sensing using an inexpensive
magnet with self-compensation

for inherent, unavoidable drift.
Vincent Hiligsmann, product-
marketing manager for auto-
motive sensors at the company,
says “The manufacturing and
thermal tolerances are com-

pulse
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The reality-tolerant, multisensor Melexis MLX90316 Hall-effect sensor has 360� rotary positions. 
It includes a flux concentrator above the passivation layer.

pensated at the IC level.”
The MLX90316 uses four

Hall sensors and support cir-
cuitry and builds a ferromag-
netic concentrator disk above
the Hall devices to steer the
flux lines in the z-axis direction;
thus, the device senses in the
x, y, and z planes. The outputs
of the Hall sensors go to sig-
nal-conditioning circuitry, A/D
converters, a DSP/microcon-
troller, and D/A converters to
yield output information in 
multiple formats. The formats 
include analog-sine/cosine,

quadrature x/y signals, which
imply rotary angle, along with
a 12-bit PWM output and a
digital-serial-protocol output.
By design, the user-program-
mable monolithic device is ra-
tiometric and thus is relatively
insensitive to inevitable varia-
tions in flux-density strength
due to temperature, aging,
and air-gap variations.

The surface-mount device
is available in an eight-lead
SOIC for conventional appli-
cations or as a redundant de-
sign with two fully independ-
ent, isolated die in a TSSOP-
16 package for critical appli-
cations, such as automotive
steering or throttle (accelera-
tor) sensing. The design also
includes self-checking and in-
ternal diagnostics. The MLS-
90316 Triaxis Hall device
sells for less than $1 (high
volumes).—by Bill Schweber
�Melexis Microelectronic
Integrated Systems NV,
www.melexis.com.
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Compact,
Reliable,
Embedded
PCs
These go-anywhere SBCs operate 
where others can’t. Rugged, reliable, 
and built for harsh environments, 
you will find PC-compatible archi-
tecture that will support Windows®,
Linux, and x86-based software 
development tools. 

Platforms
• PC/104 – 3.6 x 3.8 inches
• EPIC – 4.5 x 6.5 inches 
• EBX – 5.75 x 8.00 inches

Software Support
• Windows® XPe
• Linux 2.6
• Windows® CE
• x86-compatible RTOS
• Quick start development kits

Input/Output
• A/D and D/A
• Digital
• Serial
• GPS
• USB 2.0

Communication Expansion
• GSM/CDMA Cellular
• 802.11 a/b/g Wireless
• 10/100/1000 Mbps Ethernet

Long-life product availability

-40°C to +85°C operation

Our SBCs are the right choice for industrial,
transportation, pipeline, instrumentation, and
MIL/COTS applications.

PC/104
EPIC

EBX

TM

Call 817-274-7553 or
Visit www.winsystems.com
Ask about our 30-day 
product evaluation!

715 Stadium Drive  •  Arlington, Texas 76011
Phone  817-274-7553  •  FAX  817-548-1358   
E-mail: info@winsystems.com

WinSystems®
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Peregrine Semiconduc-
tor now offers an SP6T
(single-pole, six-throw)

RF switch for 100- to 3000-
MHz use that exceeds the
tight performance standards
necessary for cell phones in
GSM (global-system-for-mo-
bile-communications) and WC-
DMA (wideband-code-divi-
sion-multiple-access) systems.
The monolithic PE42660, tar-
geting use in antenna-module
subsystems of quadband-GSM
handsets, uses Peregrine’s
proprietary, mixed-signal RF
UltraCMOS process. It com-
bines low-voltage CMOS-log-
ic control with high-level ESD
tolerance at all ports, also crit-
ical to these handsets. In addi-
tion, the device integrates a
SAW filter with overvoltage
protection. Peregrine officials

say that the process, a varia-
tion on silicon-on-insulator
technology, is less costly and
provides better performance
than GaAs (gallium-arsenide),
SiGe (silicon-germanium), and
other CMOS processes.

The switches offer second-
and third-harmonic distortion
of �88 and �85 dBc, re-
spectively. Transmitter-path in-
sertion loss is less than 0.55
dB at 900 MHz and 0.65 dB
at 1900 MHz. Isolation be-
tween the transmitter and the
receiver sides is better than 48
and 40 dB, respectively, at
those frequencies. The 2.75V
device has a switching time of
less than 2 �sec, and typical
and maximum operating cur-
rents are 13 and 20 �A, re-
spectively. ESD protection is
1500V per the human-body

model at all ports for the 50�
device, which sells for 60
cents (10,000).

—by Bill Schweber

�Peregrine Semi-
conductor Corp, www.
psemi.com.

The BlueCore 5 multime-
dia external IC from
CSR (Cambridge Silicon

Radio) is the fifth generation of
the company’s hardware and
software product for 2.4-GHz
Bluetooth applications. This
version has 64-MIPS internal-
DSP-coprocessor power—dou-
ble that of its two-year-old pre-
decessor. The new device has
156 kbytes of SRAM, extend-
ed data rates, and a 90-dB-
SNR stereo-analog codec. It
also embeds a second gener-
ation of ClearVoiceCapture
technology from Clarity Tech-
nologies Inc (which CSR ac-
quired in March), which im-
proves echo-cancellation and
noise-suppression perform-
ance.

Bluetooth IC introduces 
fifth generation

The 144-ball BGA device
has a 1.5V core and has inter-
nal linear and switch-mode
regulators to derive needed
power from a single external
supply. It also supports collo-
cated 802.11b/g systems
through a hardware interface
for basic activity signaling, as
well as Intel WCS (wireless-
coexistence-system) sensitivi-
ty and channel signaling. The
built-in USB and dual-UART
ports reach 4 Mbps, and the
I/O also includes an I2S and
SPDIF (Sony/Philips digital
interface). The BlueCore 5
sells for $3 to $5 (volume
quantities).

—by Bill Schweber
�Cambridge Silicon
Radio, www.csr.com.
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Packing more power, performance, and features into an 8�8-mm
BGA, the BlueCore-5 multimedia external IC extends data rates
and adds multimedia support.

EXTERNAL
MEMORY

UART/USB

PARALLEL
I/O

AUDIO
IN/OUT

PCM/I2S/
SPDIF

SPI

FLASH
RAM

BASEBAND
DSP

MICRO-
CONTROLLER

KALIMBA
DSP

CRYSTAL

I/O2.4-GHz
RADIO

RF IN

RF OUT

SYSTEM ARCHITECTURE

RF switch hits quadband-
GSM-handset target

CMOS
CONTROL/DRIVER

AND ESD

RX1

RX2

TX1

TX2

RX3

RX4

V3V2V1

Switch your RF path among six ports, with the nearly RF-transpar-
ent SP6T CMOS switch, which meets the stringent mandates of
GSM/WCDMA applications.
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Scientists at the NIST (Na-
tional Institute of Standards
and Technology) have discov-
ered that nanoscale oscillators
can naturally synchronize their
output under certain condi-
tions, a phenomenon that may
lead to more compact mi-
crowave transceivers for cell
phones and other applications.
The researchers built 50-nm-
wide sandwiches comprising a
nonmagnetic layer of copper
between slices of magnetic

film. Placing multiple such os-
cillators within 500 nm of each
other caused them to synchro-
nize, boosting the power of the
generated signal. Whereas a
single oscillator generates 10
nW, the output of synchro-
nized oscillators increases by
the square of the number of
devices taking part. There-
fore, an array of 10 oscillators
could produce a useful 1 �W
or more and occupy less
space than other compo-

nents, according to NIST.
�NIST, www.nist.gov.
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Nanoscale oscillators
synchronize for strength

RESEARCH UPDATE

Laser makes a kinder, gentler neural interface
Laser-technology company Aculight and Vanderbilt University (Nashville, TN) have won a
contract from the National Institutes of Health (www.nih.gov) to develop a compact, low-cost
neural stimulator. The device would assist in the treatment of Parkinson’s disease, epilepsy,
and other conditions without causing the tissue damage that electrical stimulation can
cause. The company’s fiber-coupled laser generates pulsed, midinfrared light, enabling better
spatial precision than electrical stimulators. The device will allow medical researchers and
physicians to activate individual nerves, according to Aculight.
�Aculight, www.aculight.com.

Technology
boosts
capacitor
density 50
times
STMicroelectronics claims
that a new technology en-
ables the fabrication of ca-
pacitors with densities of
more than 30 nF/mm2, a 50-
fold improvement over con-
ventional processes based on
oxides or nitrides of silicon or
titanium. The technology em-
ploys PZT Perovskites, a class
of materials that combines
lead, zirconium, titanium, and
oxygen and offers a dielectric
constant of approximately
900—200 times greater than
silicon dioxide. The technolo-
gy will be available as part of
STMicroelectronics’ IPAD (in-
tegrated-passive-and-active-
device) manufacturing
process, which can integrate
more than 30 discrete de-
vices on a single die.
�STMicroelectronics,
www.st.com.

The ability of tiny oscillators to
synchronize their output may
lead to wireless components
that are cheaper and smaller
than today’s components.
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A team of researchers in the Netherlands has creat-
ed what it claims are the first superconducting tran-
sistors based on nanometer-scale semiconductor
wires. The combination could enable electronic 
circuits based on dissipation-free superconducting
elements. In the experiments, a supercurrent (a cur-
rent without resistance) flowed through an indium-
arsenide nanowire between aluminum-based super-
conducting contacts. The team reports that it can
control the supercurrent using a gate voltage, 
making the structure a supercurrent transistor. The
work may lead to circuits that would find use in
quantum-computing architectures. The team includ-
ed scientists from the Kavli Institute of Nanoscience
at Delft University of Technology and Philips
(www.philips.com).
�Kavli Institute Delft, qt.tn.tudelft.nl.

Semiconductor nanowires yield
superconducting transistors

In an artist’s con-
ception, electrons
travel through a
semiconductor
nanowire between
two supercon-
ducting metal
electrodes.

BY MATTHEW MILLER
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There’s a Samsung MCP to fit every mobile device 
Multi-Chip Packages from Samsung give your handheld designs all the memory they
need in the smallest footprint. And they don’t consume much power, either. Samsung 

MCPs stack up to eight layers of Flash, DRAM and SRAM in a myriad of configurations 
and densities in standard packages.

The perfect memory solution for the tightest spaces

© 2005. Samsung is a trademark of Samsung Electronics Company, Ltd.  All other trademarks are the property of their respective owners.

www.samsungusa.com/semi/mcp 

557153_031.indd   1557153_031.indd   1 10/24/2005   12:07:49 PM10/24/2005   12:07:49 PM



Hong Kong-based Solo-
mon Systech’s SSD-
1279 LCD driver clev-

erly exploits the abundant mem-
ory resources available in ad-
vanced mobile phones that typ-
ically feature a microcontroller
or DSP and an image proces-
sor. The SSD1279 takes ad-
vantage of the image proces-
sor’s large display SRAM to im-
prove overall display efficiency
of the phone system. 

The SSD1279 LCD driver
measures 24�1.5 mm2 and
can drive TFT (thin-film-tran-
sistor) LCD panels as large as
4 in. Using the RGB interface,
the LCD driver communicates
with a common image proces-
sor, a TFT graphics controller,
and a baseband processor on
advanced mobile phones. This
connection is particularly use-
ful when you are using the
CMOS/CCD camera in the
smart-phone system. In addi-
tion, the driver’s small die allows
for a thinner contact ledge for
the LCD module, enabling
compact mobile phones. The
SSD1279 consumes 6.9 mW
when driving a 2.2-in. TFT LCD
with 240�320-pixel QVGA
resolution.

CK Chow, product-market-
ing manager of Solomon Sys-
tech, envisions a trend in ad-
vanced phones with RAMless
LCD drivers. “Smart phones
already have powerful DSPs,
which do the image process-
ing, so you don’t need RAM-
based display drivers for
graphics control. Also, you
can reduce the driver’s die
size and reduce the overall
phone-system cost and save
on power consumption,” he
says.

—by NS Manjunath, 
EDN correspondent, 

Hong Kong
�Solomon Systech,
www.solomon-systech.com.
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ROHS (restriction-of-hazardous-substances) features

are popping up in pc-board-design software. The

ROHS directive, which strictly limits six substances,

including lead, in electronics products for sale in the

European Union after July 2006, is moving from a

manufacturing to a design problem. “You have to

solve the compliance issue as far upstream as possi-

ble,” says Manny Marcano, president of EMA Design

Automation Inc.

EMA provides a function for Cadence Design

Systems tools that puts parametric information for

ROHS compliance on the desktop. At the design

stage, an engineer can call up an approved-vendor

list that provides ROHS-compliant parts. “Today, en-

gineers are picking parts from their old libraries and

designing boards that may or may not be compliant,”

says Marcano. “When it gets to manufacturing, it’s

too late, and, if the part is noncompliant, you’ve got

to do iterations of that design cycle.”

Likewise, Mentor Graphics Corp has announced pc-

board-tool support allowing designers to use compo-

nent data to find ROHS parts. Zuken Ltd’s efforts also

broaden the company’s ROHS offerings. Jeroen

Leinders, international distribution manager at Zuken,

says that customers asked for support of a new pad

shape. Zuken responded with CADstar 8.0 tools incor-

porating rounded rectangular pads. Leinders claims

that using rounded rather than rectangular corners

improves the soldering process for lead-free design.

Daya Nadamuni, EDA analyst at Gartner Dataquest

(www.gartner.com), says that software companies

will continue to enhance their tools for ROHS compli-

ance because the directive involves changing materi-

als and, thus, electrical properties. Designers can set

up libraries for processes that recognize electrical

properties for materials. “Suppose that a board is

ROHS-compliant but doesn’t comply with rest of the

library,” she says. “You may get a simple solder-joint

failure that could become a cost.” The back end will

push compliance issues upstream. “Manufacturing

will increasingly tell design-software companies that

tools need ROHS functions,” Nadamuni says.

—by Drew Wilson
�Cadence, www.cadence.com.
�EMA Design Automation Inc, www.ema-eda.com.
�Mentor Graphics, www.mentor.com.
�Zuken, www.zuken.com.

Design software
complies with ROHSRAMless LCD driver

supports QVGA

GLOBAL  DES IGNER

FEEDBACK LOOP
“Touting a power-supply chip as
more efficient than an analog part
is damning with faint praise. I
should hope it’s more efficient.”
Bradley Albing in EDN’s Feedback Loop at www.edn.com/

article/CA6268902. Add your comments.

The SSD1279 LCD driver
uses SRAM to improve overall 
image quality.
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A 3G phone the size of a postage stamp? Visit freescale.com/3G

3G Solutions

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. ©Freescale Semiconductor, Inc. 2005.

It’s the freedom of an open platform.

It’s the freedom to miniaturize.

It’s the freedom to cut costs.

It’s the freedom to differentiate.

It’s freedom for 3G.
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To measure trace gain, hook a net-
work analyzer to any short, untermi-
nated pc-board trace and capture its S11
data. Now, convert that data to the time
domain and integrate it to produce a
picture such as the one in Figure 1. (If
you have a TDR-type instrument, it
may already produce such a picture;
otherwise, see Reference 1 for infor-
mation about converting from TDR to
S11 format.)

This measurement derives from a
simulated, 30-in., unterminated pc-
board trace. The trace is 0.006 in. above
the reference plane and 0.0083 in. wide.

The small initial positive pedestal sug-
gests that the asymptotic high-fre-
quency value of trace impedance must
lie slightly higher than the 50� source
impedance of the network analyzer.

During the first 10 nsec of this wave-
form, before the big reflection arrives
from the far end, observe the gentle
upward tilt of the waveform. This tilt
hints at a slow modulation of the char-
acteristic impedance with time—
therefore, variations with frequency. 

Next, look at the rounded shape of
the second edge. This edge has twice
traversed the structure. It contains a
cornucopia of information about the
high-frequency gain of the pc-board
trace. Unfortunately, the second edge
sits superimposed upon the still-rising
form of the characteristic-impedance
curve. The two curves interfere with
each other. 

With one S11 measurement you can-
not independently deconstruct the gain
and impedance information present in
this waveform. A second measurement,
however, reveals both.

Make the first measurement as usual,
with an open-circuit trace at the far end.
Make the second measurement with the

trace shorted to ground at the far end. 
From the two S11 curves you have

measured, now calculate the round-trip
gain, H2(f), of your pc-board trace. 

The symbol H2 should remind you
that this gain is the round-trip (two-
way) gain, not just the one-way gain.
This calculation works at extended fre-
quencies corresponding to the full
length of the waveform you have cap-
tured, and the reflection time of your
TDR test coupon does not limit it: 

Note that these expressions return a
pure gain function, independent of
loading. The gain function assumes per-
fectly matched source and end termi-
nations. Perfect terminations are not
the same as 50� terminations, espe-
cially for transmission lines having a
length sufficient to force operation
even partially in the RC mode, such as
long backplane traces. Reference 2
discusses the gain function H(f) at
length. 

This technique uniquely derives the
transmission-line gain from measure-
ments you take at only one end of your
pc-board trace. Any digitizing TDR
instrument captures the raw data you
need to apply this technique.EDN

R E F E R E N C E S
Johnson, Howard, “See beyond the

edge,” EDN, Oct 13, 2005, pg 36,
www.edn.com/article/CA6262542.

Johnson, Howard, and Martin
Graham, High-Speed Signal
Propagation: More Black Magic,
Prentice-Hall, 2003.

BY HOWARD JOHNSON, PhD

K, this topic isn’t for everyone, but this year, I have en-
countered so many people struggling with frequency-
domain descriptions of transmission-line behavior that I
thought I’d pass along some interesting tricks. 

My last column extracted a complete curve of pc-board-
trace impedance versus frequency from TDR (time-

domain-reflectometry) or S11-type measurements (Reference 1). This
column concentrates on trace gain using a similar trick. For the purpose
of this column, the trace gain is the gain measured between two points
along an infinitely long structure, where distance x separates the points
and the signal travels in only one direction. 

O
Deconstructing gain and
impedance from S11

,,
S I G N A L  I N T E G R I T Y

Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical
workshops for digital engineers at Oxford
University and other sites worldwide. Visit
his Web site at www.sigcon.com or e-mail
him at howie03@sigcon.com.
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Figure 1 Data following the second edge
is a mixture of gain and impedance infor-
mation.
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ColdFire

MCF521x

Now everyone can afford to 

create 32-bit applications thanks to

Freescale ColdFire® MCF520x and

MCF521x devices. Starting below 

$5* (US), these devices remove the

cost barrier to feature-rich, 32-bit

performance. And they come with a

level of integration you’d expect only
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embedded control.

Optimized for low-power, these

ColdFire devices use distributed

clocking, power management 
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features to minimize

power consumption. 

They offer up to 166MHz of

performance, with up to 256KB 

of Flash, and feature optional 

Ethernet and CAN interfaces for

optimizing control, connectivity 

and security applications.

Reduce your development costs

with affordable, full-featured kits 

that include both demonstration

software and open source tools. 

We’ll help you get up to speed 

quickly with our extensive

68K/ColdFire ecosystem and 

over 25 years of

experience in 32-bit

leadership.

It’s the ideal environment
for working in 32-bit.

68K/ColdFire Family

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. *All quoted pricing is MSRP.
©Freescale Semiconductor, Inc. 2005.

Save 20% on your ColdFire eval kit at freescale.com/coldfirefamily

565117_035.indd   1565117_035.indd   1 10/20/2005   4:36:26 PM10/20/2005   4:36:26 PM



36  EDN |  NOVEMBER 10, 2005

D
A

N
IE

L V
A

SC
O

N
C

EL
LO

S
BY CHARLES CLARK • PRATT & WHITNEY ROCKETDYNET A L E S  F R O M  T H E  C U B E

n the mid-1960s, when I began designing circuits for mili-
tary applications, many military-rated parts were available.
We still had to occasionally qualify a “nonstandard” part,
but it was not a huge ordeal, because manufacturers made
the parts mostly in the same way as the military parts—with
semiconductors, many capacitors, and other parts in her-

metic packages. With the advent of both the military and the
civilian space programs, manufacturers supplemented the
available parts lines with various radiation-hardened parts.

I

traceability and then enhance the parts
to match their environmental require-
ments, including total-dose and single-
event radiation testing. These environ-
ments also require destructive physical
and materials analyses to avoid using
parts that support combustion or outgas
or poorly made parts that allow metal
thinning, have poor connection-system
integrity, and allow moisture penetra-
tion. This approach to obtaining mili-
tary and space parts is useful, and the
candidate parts can include commer-
cial- and industrial-grade products.

Although commercial parts are
inexpensive, upgrading, DPA (defense-
procurement approval), material analy-
ses, and radiation testing are not. The
end users of these parts must repeat most
of the process for every new procure-
ment, because the verification is specif-
ic to the part lots; manufacturers of com-
mercial parts are constantly tweaking
those parts and changing their fabrica-
tion processes. The biggest risk in using
upgraded commercial parts in military
and space applications is finding that a
part is unusable after the developer has
already designed it in. Ways to mitigate
that risk include choosing multiple sup-
pliers, multiple part types, or both, but
having Plan B adds to the cost, too. The
push for lead-free components is anoth-
er major concern, because the alternative
seems to be the use of leads with pure-
tin plating. (Every 10 years or so, we
seem to relearn that pure tin grows metal
whiskers, or tiny filiform hairs, which can
be troublesome in 0g environments.)

Properly screened and tested inex-
pensive commercial parts are viable
alternatives to the virtually extinct mil-
itary- and space-rated component
types. But the old adage remains true:
“If you want economy, you have to pay
for it.”EDN

Charles Clark is a Technical Fellow with
Pratt & Whitney Rocketdyne and is a
member of EDN’s Editorial Advisory
Board. Like Clark, you can share your
Tale from the Cube. Contact mgwright@
edn.com.

verters, motor drives, and the like. My
experience with COTS at this level has
been spotty. Although it works for some
ground-based—and even some ship-
board—applications, these environ-
ments usually require some concessions.
And these negotiations can burn up a
lot of time and money. Airborne- and
space-system applications are more
challenging. Commercial satellite man-
ufacturers were among the first to face
the electronic-component-availability
problem, and their solution was to buy
industrial-grade parts from manufactur-
ers of high-quality parts that provided lot

But when consumer electronics ex-
ploded in the ‘80s, the burden of find-
ing parts rated for military and space
applications became more and more
difficult. Semiconductor manufactur-
ers, in particular, happily addressed the
huge consumer market and soon neg-
lected or discontinued their military
and space offerings. The segment went
from being the dog to being the tail,
and the tail kept getting shorter until,
today, it’s practically gone.

The COTS (commercial-off-the-
shelf) approach gets a lot of press, most-
ly for subassemblies such as power con-

Parts are parts
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PROTECT AND DRIVE YOUR MOTOR
WITH RUGGED 600V ICs

for more information call 1.800.981.8699 or visit us at 
www.irf.com/motion

High Voltage ICs Deliver Dedicated, Reliable Appliance Solutions

FEATURES

• High and low side gate driver IC

• Integrates low voltage driver with
high voltage level shifter

• IR industry leading, high voltage technology

• Single, rugged, compact IC

IR’s iMOTION brings digital controllers, analog
stage and power modules together in one easy
to implement, integrated design platform.

Specifications IR2136xPbF IR2130xPbF IR21381QPbF

Configuration 3-phase driver 3-phase driver 3-phase driver
Voltage 600V 600V 600V
Dead time (DT) 290ns 2.5µs 1µs
Soft shutdown duration time No No 6.0µs
ton/toff 400/380ns 675/425ns 550/550/ns
Matching delay 40ns No 100ns
Drive current Io+/Io- 200/350mA 200/420mA 220/460mA
Desaturation blanking time No No 4.5µs
Independent half bridge driver No Yes No
Cross conduction prevention logic Yes Yes No
Undervoltage lockout Yes Yes Yes
Integrated brake driver No No Yes

iMOTION is a trademark of International Rectifier.
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Best Signal Integrity: 
7x Less SSO Noise

Virtex-4 FPGAs deliver the industry’s best signal integrity, allowing you to 
pre-empt board issues at the chip level, for high-speed designs such as
memory interfaces. Featuring a unique SparseChevron™ pin out pattern,
the Virtex-4 family provides the highest ratio of VCCO/GND pin pairs to
user I/O pins available in any FPGA. By strategically positioning one hard
power pin and one hard ground pin adjacent to every user I/O on the device,
we’ve reduced signal path inductance and SSO noise to levels far below what
you can attain with a virtual ground or soft ground architecture.

The Industry’s Highest Signal Integrity, 
Proven By Industry Experts
Incorporating continuous power and ground planes, plus integrated
bypass capacitors, we’re eliminating power-supply noise at its source. In
addition, we provide on-chip termination resistors to control signal ringing.
The lab tests speak for themselves. As measured by signal integrity expert
Dr. Howard Johnson, no competing FPGA comes close to achieving the
low-noise benchmarks of Virtex-4 devices.

Visit www.xilinx.com/virtex4/sipi today, and choose the right high-performance
FPGA before things get noisy.

The Programmable Logic CompanySM

© 2005 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners.

Dr. Howard Johnson, author of High-Speed Digital Design,

frequently conducts technical workshops for digital engineers 

at Oxford University and other sites worldwide.

Visit www.sigcon.com to register.

Design Example: 1.5 volt LVCMOS 4mA, I/O, 100 aggressors shown.

564478_038.indd   1564478_038.indd   1 10/20/2005   4:33:12 PM10/20/2005   4:33:12 PM



turn subsidizing the Internet service.
Proponents even claim that BPL sys-
tems can deliver video and voice over
IP in addition to Internet services.
Relatively small deployments of BPL
are under way worldwide. But let’s fully
examine the real challenges that BPL
still must face to go mainstream.

Depending on whom you listen to, BPL
is either a panacea or a plague. Back in
early October, ComTek (Communica-
tions Technologies) held a press confer-
ence in conjunction with the city of
Manassas, VA, to announce a citywide
BPL network. The hype was thick.
ComTek Founder and Chief Executive
Officer Joseph Fergus opened saying, “It’s
certainly a pleasure being here today to

welcome you all to this great event,
this historic event in the history of
this nation ... to announce an
achievement of a major national

technology milestone—the first
citywide commercial deploy-
ment of BPL. It is no exag-
geration to say that Manassas

now has the distinction of being plugged
into the Internet in a way that is truly
unlike any other city in America.” 

Others weren’t quite so taken with the
news. Manassas citizen, engineer, and
ham (amateur-radio) enthusiast George
Tarnovsky stated, “This entire BPL system
is a failure.” Tarnovsky’s point focused not
only on emissions from the BPL system
that interfere with ham operations, but
also on interference from hams and other
sources to the BPL system. He continued,
“They have no ingress protection.”

Sending data over power lines is not a
new concept. The HPA (HomePlug Pow-
erline Alliance) has for years touted
power-line-based home networking, and
HomePlug 1.0 products from multiple
vendors offer 14-Mbps maximum data
rates—although actual data rates are in
the 5- to 6-Mbps range. New HomePlug
1.0 Turbo products are just emerging that
extend the maximum speed to 85 Mbps.
Meanwhile, the group is working on a new
specification, HomePlug AV, which will
focus on moving video around a home and
offer 200-Mbps rates. That specification
is complete, and chip samples that support
HomePlug AV are due late this year.

BPL, however, focuses on using the

roponents of BPL (broadband-over-power-line)
technology insist that the best wires for the last
mile were strung and connected long ago. But BPL
still faces technical hurdles, a potentially nasty
standards fight, and angry amateur-radio operators.

To many of us that lived the DSL-versus-cable bat-
tles, the broadband fight is history. But as alternative schemes such
as WiMax are demonstrating, a place still exists for new last-mile
broadband technologies. BPL advocates insist that the power grid
is the best option yet. The technology offers the potential advan-
tage of a ubiquitous “broadband outlet” on every wall of a house or
a business. Moreover, a smart grid could enable applications such
as automatic meter reading, load balancing, and even remote con-
trol of power-hungry appliances such as air conditioners—in

P

Riding
the

sine wave

BROADBAND
DATA HITCHES
A RIDE WITH
AN UNLIKELY
CARRIER.

BY MAURY WRIGHT • EDITOR AT LARGE
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power grid for the access side of broad-
band. The power lines that serve homes
will also serve up broadband data. Data
will still ride fiber optics or other high-
speed network media into neighborhoods
but will then jump to the power grid to
reach the home, thereby eliminating the
need for trenching and new wires (see
sidebar “BPL backhaul”). Presumably, BPL
will reach subscribers that DSL or cable
doesn’t. And, in some cases, BPL will sim-
ply compete with the incumbents (see
sidebar “BPL: Do the economics work?”).

There are two choices for when to cou-
ple the data to the power line. In some
cases, service providers use only the LV
(low-voltage) lines for BPL. Typically, in
an LV deployment, data enters the grid at
the transformer that serves six to eight
houses. The transformer and, therefore,
the BPL bridge or router may be pole-
mounted or may be in a cabinet on the
ground when utilities are underground.
LV BPL typically works over 110 or 220V
systems. In other cases, service providers
also send data along the MV (medium-
voltage) portion of the grid—lessening
the reach required of fiber or other high-
speed media. MV architectures vary
greatly by utility and world region, but
voltage on such lines varies from 5 to 30

kV. Generally, the broadband stream must
couple from the MV to the LV lines at
each transformer.

Both BPL and in-home power-line net-
working rely on the same baseline OFDM
(orthogonal-frequency-division-multi-
plexing) technology that DSL and
802.11 wireless LANs use. HomePlug 1.0,
for instance, uses 84 equally spaced
OFDM subcarriers in the band between
4.5 and 21 MHz.

Unfortunately, OFDM is the only com-
monality when it comes to competing
BPL schemes. There are three main BPL
camps today, organized primarily around
IC companies. Intellon has long touted
power-line networking and has been a
leader in the HPA since its inception.
Intellon is the leader in HPA chips,
although Conexant also offers products,
and Arkados is just entering the market.
Although HomePlug 1.0 was designed for
in-home networking, manufacturers are
deploying HomePlug 1.0 chips in LV BPL
systems.

Spain-based DS2 (Design of Systems on
Silicon) was also once an HPA member
but left the organization because of a dis-
agreement over the technology road map.
But DS2 has an advantage in working
products. The company has chips in pro-
duction for both in-home and BPL net-
works that operate at 200-Mbps rates. The
third player is Israel-based Main.net Com-
munications. But, although there are BPL
deployments based on Main.net chips, the
company is supposedly in financial trou-
ble. Representatives did not respond to
EDN’s requests for an interview.

STANDARDS MURK LURKS
Although the HPA is arguably a stan-

dards body and European organization
Opera (Open PLC Research Alliance)
has adopted DS2 technology, a standards
battle is still on the horizon. The IEEE
P1901 committee is working on both BPL
and in-home power-line networking.
Jean-Philippe Faure of Schneider Electric
and Jim Mollenkopf of Current Commu-
nications Group act as co-chairmen of the
committee. Current Communications
Group includes both Current Commu-
nications, a BPL-service provider, and
Current Technologies, a BPL-equipment
vendor. Today, Current is clearly in the

HomePlug camp; Schneider would prob-
ably lean toward DS2.

Still, Faure and Mollenkopf are charged
with building consensus and impartial
development of the best technology. Mol-
lenkopf, chief architect at Current but
speaking in his role as co-chairman, says,
“We will choose the best solution. We will
choose whatever works best.” According
to Mollenkopf, the BPL focus is now on
the LV flavor, although, he states, “We
probably will address the MV side over
time.” The group is looking for a tech-
nology that delivers raw data rates in
excess of 100 Mbps.

Mollenkopf admits that three industry
consortiums are active in the P1901 com-
mittee, including the HPA; the UPA
(Universal Powerline Alliance), of
which DS2 is a key member; and the
CEPCA (Consumer Electronics Power-
line Communication Alliance). Pana-
sonic and other consumer-electronics
companies drive CEPCA, which prima-
rily focuses on in-home networks. Ac-
cording to Mollenkopf, Main.net is not
participating in the committee.

DO STANDARDS MATTER?
In any case, a standard is not forth-

coming from the IEEE any time soon. The
organization began working on one this
summer, and Mollenkopf hopes for a rat-
ified standard by the end of 2006, but he
admits that his time line is optimistic. In
many ways, the process is no different
from other communication technologies
for which multiple flavors existed. In the
early days of DSL, for instance, there were
at least three flavors vying for market
share. Vendors shipped multiple flavors
while the players worked out the stan-
dards issues, and the market succeeded
with minimal impediment from the stan-
dards carnage.

But BPL is fundamentally different
from other broadband flavors. In the case
of DSL and cable, for instance, the broad-
band-access network is completely sepa-
rate from the in-home network—
whether the in-home choice is Ethernet,
802.11, or even HomePlug. In the case of
BPL, the technology has to work even if
the in-home network is also power-line-
based. And no gateway separates the
access and in-home networks. Mol-

AT A G L A N C E
BPL (broadband over power line)

will compete with DSL and cable
and, through the “broadband-outlet”
concept, may prove even simpler for
consumers to buy and install.

BPL technologies for various 
vendors all rely on baseline OFDM
(orthogonal-frequency-division-multi-
plexing) technology, but no universal
standard exists.

The IEEE P1901 committee is
working on power-line networking 
for access and in-home applications,
but three consortiums are pushing
different technologies.

BPL systems generate real inter-
ference that can hinder amateur
radio and other services, but filtering
can eliminate the noise.

�

�

�

�
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lenkopf states, “Our biggest focus is on the
low-voltage wire for both access and in
home. There is not a clean demarcation
point that the wires respect.”

So, here we have one of BPL’s poten-
tially strongest value propositions and a
potential Achilles’ heel. The HPA pro-
motes the concept of the broadband out-
let. In its vision, every power plug is
broadband-enabled. A subscriber needs
no gateway or router. A subscriber can
connect a game console in the family
room using a HomePlug modem, a set-top
box in the living room using a HomePlug
modem, and a PC in the office using yet
another HomePlug modem. Current
Communications has one of the largest

North American BPL deployments in the
Cincinnati area in partnership with the
Cinergy utility. Current’s products rely on
HomePlug 1.0 chips, and the company is
selling BPL based on the broadband-out-
let model. Customers buy HomePlug 1.0
products and install one for each PC or
other Internet appliance. The process is
purely based on self-installation, and the
products sell for as little as $30 at major
retailers. BPL offers symmetrical band-
width, and each modem communicates
directly with the bridge/router at the
transformer. The HPA and Current claim
that this architecture offers better per-
formance than cable or DSL. Current
offers the service in Cincinnati for $27

per month regardless of how many
modems a customer owns.

The disadvantages of the broadband-
outlet concept include security issues, and
the absolute requirement of a standard
that considers the interaction between
the access and the in-home networks
because they are physically one and the
same. Say you want to share files over
your home network and that the con-
nection between two computers is the
power line that also serves up your Inter-
net. The files move on a network that you
also share with your neighbors. The same
concern could hold true with cable
modems, but most cable subscribers con-
nect the cable modem directly to a fire-

BPL: DO THE ECONOMICS WORK?
Although most of the
buzz surrounding BPL
(broadband over power
line) has been technolo-
gy-centric, it’s fair to 
ask whether the world
needs yet another broad-
band-access scheme. In
fact, the same question
holds for fixed-wireless
schemes, such as WiMax.
But the WiMax crowd can
point to Third World coun-
tries where there are no
DSL or cable incumbents
as markets. Presumably,
BPL could serve in those
places, as well, although
the power grid in such
areas more than likely
lacks the reliability to
serve. So, where will BPL
win and at what cost?

In the long term, the
success of BPL may de-
pend on power-centric
features that a smart
power grid enables. Auto-
matic meter reading alone
could save utilities major
amounts of dollars and
help subsidize Internet
services. In areas such as
California, where rolling
blackouts are a threat
each summer, the ability

to remotely control cus-
tomers’ appliances may
be a major money saver.

Oleg Logvinov, presi-
dent and chief executive
officer of start-up IC ven-
dor Arkados, states, “I’m
a skeptic of BPL as a
pure-play technology.”
But Logvinov, who comes
from the power industry,
can give you a dozen rea-
sons that BPL will suc-
ceed. He claims that utili-
ties will use the distrib-
uted intelligence to do
preventive maintenance
and better understand
where losses occur in the
grid. He believes that util-
ities will ultimately man-
age reactive power to
save energy. Logvinov
states, “It’s possible to
save more than 10% just
by optimizing your distri-
bution.”

Other players believe
that the dollars do add
up for BPL as a pure-
Internet play. Motorola
Business Development
Manager Mary Ashe
states, “From a pure rev-
enue perspective, from a
cost of equipment per-

spective, it’s a very strong
business case.”

The major BPL deploy-
ments that you can con-
sider as examples appear
to be competitively
priced. The ComTek
(Communications Tech-
nologies) deployment
that covers the city of
Manassas, VA, will go
head to head against
DSL and cable alterna-
tives. ComTek is pricing
the service at $29.95 per
month. You may find DSL
or cable cheaper—espe-
cially if you swap carriers
and make a long-term
commitment—but the
ComTek price is competi-
tive. The service passes
12,500 homes and 2500
businesses and, so far,
has 700 paying cus-
tomers. The Current
Communications deploy-
ment in Cincinnati costs
$27 per month.

Note that, in the Com-
Tek case, the deployment
is not a pure-Internet play.
The Manassas utility is
taking advantage of the
smart grid to control traf-
fic lights, to connect cam-

eras that enable remote
monitoring of substa-
tions, and to automatic-
ally detect outages. The
city is still exploring
automatic meter reading.

Ultimately, however,
BPL faces an obstacle
that cable and DSL don’t.
A BPL system requires a
bridge/router at the
transformer to serve a
customer. The typical
transformer serves only
six to eight power cus-
tomers. If only one cus-
tomer buys the Internet
service, that bridge
becomes expensive.
Cable and DSL plants
don’t require gear to be
so granular in most
cases. In fact, cable and
DSL service providers
just don’t offer service
when they can’t cost-
effectively distribute their
investment across many
customers. Perhaps
those are the types of
customers that BPL will
win. But will BPL service
providers be able to
afford to serve customers
that the other broadband
players can’t?
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wall/router, and home-network transfers
occur behind the firewall. In the HPA
scenario, only the built-in 56-bit DES
(Data Encryption Standard) keeps the
data passing between two HomePlug
modems private—although the HPA will
later add more robust security.

As for compatible access and in-home
standards, the HPA has simply decided to
use the same MAC (media-access-con-
troller) and PHY (physical) layers for
both. The HPA has announced that the
HomePlug BPL specification due in mid-
2006 will use the MAC and PHY that are
already parts of HomePlug AV.

As you might guess, not everyone thinks
a common access and in-home physical
network is a great idea. Motorola, for
instance, offers BPL equipment under the
brand Powerline LV that the company
also based on HomePlug 1.0 chips. Ac-
cording to Principal Engineer Dick Ill-
man, “Our model is still very much like
DSL or cable modem. Our intent is one
client per house.” Motorola Business
Development Manager Mary Ashe
expects most subscribers to use 802.11 or
Ethernet as their home network.

Although Motorola uses HomePlug
chips, the company also adds more robust
encryption and authentication capabili-

ties. So, customers in a Motorola-based
BPL deployment must use a modem from
the service provider rather than buy a
modem at retail. The result is a more
expensive modem, although Ashe claims
that prices can still be less than $100.
And the system still relies on a self-instal-
lation model. Illman claims that the
Powerline LV modems will coexist with
a HomePlug home network, although the
bandwidth of both would suffer. The
CSMA/CA (carrier-sense-multiple-ac-
cess-with-collision-avoidance) MAC
scheme would allow both networks access
to the wire.

SEPARATE ACCESS AND HOME
DS2, meanwhile, believes in distinct

access and in-home networks. Company
Founder Victor Dominguez states, “It’s
impossible to develop a technology for the
home if you don’t consider how it inter-
acts with the access network.” With regard
to the HPA’s plan to use the same MAC
and PHY layers for access and in the home,
Dominguez states, “It makes no sense from
the PHY-channel, network-topology, or
network-performance perspectives.”

DS2 is unwilling to share the details of
its MAC and PHY layers, but Dominguez
believes that the first order of business for

BPL BACKHAUL
BPL (broadband-over-power-line)
deployments still rely on some
type of high-speed backhaul net-
work to succeed. In LV (low-volt-
age) BPL networks, only the
power line between the trans-
former and the home carries the
data stream. In medium-voltage
systems, the data rides the power
lines significantly farther, but such
systems must still link to the
telecommunications infrastructure
at some point.

A fiber ring that Manassas, VA,
installed over the past five years
enables the much-hyped, citywide
BPL deployment. The network
does rely on both medium-voltage
and LV lines to carry data from
substations to subscribers.

Motorola, conversely, is pro-
moting LV-only BPL. An LV system
would normally require a fairly
extensive push of fiber into a
service area. But Motorola is
solving the backhaul problem
with its Canopy fixed-wireless
offering. Canopy is available in a
variety of unlicensed frequency
bands and in point-to-point or
point-to-multipoint topologies.
The service is similar to WiMax,
and Motorola will likely move
Canopy to the WiMax standard
now that the spec is stable. The
Powerline LV system relies on a
Canopy antenna and receiver that
reside on the power pole with the
transformer and feed the LV BPL
bridge.

To learn how to get increased
performance out of your data
acquisition application, read the
introduction to PCI Express white
paper at ni.com/pciexpress.
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any power-line-standards body should be
a coexistence layer. He claims that the
UPA already has such a layer in place. In
addition, the ETSI (European Telecom-
munication Standards Institute, www.
etsi.org) is working on power-line stan-
dards. The IEEE P1901 group has a liai-
son with the ETSI group. Dominguez
claims that the ETSI group will early next
year define a coexistence layer and that
the HPA rejected such a layer. Mollenkopf
from the IEEE states, “A potential solution
is a common signaling protocol.”

With or without a standard, the BPL
movement is going full-steam ahead.
Another industry group, The United
Power Line Council, has a PDF map of
BPL installations on its Web site (www.
uplc.utc.org/file_depot/0-10000000/
0-10000/7966/conman/BPL+Map+
updated.pdf), and the number of deploy-
ments in North America is amazing even
if some are only trials. And Europe is well
ahead of North America in BPL deploy-
ment. The utilities involved include stal-
warts such as Consolidated Edison and
Duke Power. And ISPs (Internet-service
providers), such as Earthlink, are signing
on as partners to provide the Internet
backbone.

WHAT IS INTERFERENCE?
With BPL rolling out, however, ham

operators around the world are the lead-
ing voices of dissent, because some BPL
installations interfere with ham opera-
tions. There is no question that BPL sys-
tems emit energy that acts as interference
to radio communications. The overhead
power lines are unshielded and cover a lot
of geography—especially when a utility
runs data along MV lines. Some in the
BPL industry have characterized the ham
operators as lunatics with nothing better
to do than complain. Some of these
“lunatics” claim that the BPL industry
will interfere with emergency communi-
cations, leading to catastrophe. Others
argue that the technology ultimately
lacks the capacity to serve the stated goals
of voice, data, and video. Fortunately,
there are some reasonable people on both
sides of the issue.

The National Association for Amateur
Radio represents the ham operators. The
group still uses the acronym ARRL
(American Radio Relay League) from its

legacy group (www.arrl.org). ARRL Lab-
oratory Manager Ed Hare has been
involved with testing BPL systems and
has worked with the HPA group and
companies such as Motorola to try to
make BPL work. Hare states, “My goal is
to help BPL succeed. Not all BPL systems
will cause interference.”

BPL systems operate under Part 15 of
the FCC (Federal Communications
Commission) rules that cover unlicensed
services. Basically, the rule states that such
services can’t interfere with other author-
ized radio services. Moreover, the FCC
specifically prohibits such systems from
using frequencies assigned for emergency
service, the police, the military, and oth-
ers. Last year, the FCC also issued guide-
lines for BPL systems. For a complete
description of the situation, see a review
of the FCC rules and order compiled by
Conformity magazine (Reference 1).

According to Hare, both DS2- and
HomePlug-chip vendors have worked to
minimize interference. To eliminate in-
terference, the chip makers implement
“notches” that keep BPL signals out of
bands that hams use. The term “notch”
is a bit misleading, because it refers to an
analog filter. In the OFDM systems, the
BPL vendors simply don’t use the sub-
carriers in the frequency bands that the
hams use.

Intellon’s HomePlug chips come with
the notches in place. DS2 offers pro-
grammable notches that you can dynam-
ically reconfigure. According to Hare,
systems based on HomePlug or DS2 chips
are relatively quiet. With the notches in
place, Hare claims, an overhead power
line would generate a noise level about
15 dB higher than quiet. The noise would
not be measurable on underground
power lines.

MORE   AT EDN.COM

For more on BPL, visit the following
EDN blog postings:

www.edn.com/051110b1
www.edn.com/051110b2
www.edn.com/051110b3
www.edn.com/051110b4
www.edn.com/051110b5

See also “Free from interference:
FCC adopts powerline rules” at
www.edn.com/article/CA475078.
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Many in the BPL industry see the
notched systems as quiet. The ham oper-
ators have long memories regarding
what’s acceptable when it comes to inter-
ference. Neighbors of ham operators
have often blamed them for causing inter-
ference on TVs. As Hare points out, a TV
viewer that gets a herringbone pattern on
his picture is unhappy regardless of
whether the measured interference is
legal. And ham operators would like even
the 15 dB of noise to go away.

Hare points out that Motorola has
eliminated interference in its Powerline
LV equipment. Interference is yet anoth-
er reason that Motorola supplies its own
power-line modems rather than relying
on off-the-shelf HomePlug modems.
Motorola’s Illman claims that, even with
some carriers turned off in an OFDM sys-
tem, intermodulation still results in a
noise floor in those bands. So, Motorola
added filters to its modem to further clean
those frequencies. The result is a system
that emits no interference and completely
rejects interference, as well. Hare has
extensively tested the Motorola system
and affirms both claims.

Still, even the notched systems that do
generate a bit of noise aren’t the ARRL’s
biggest target. Systems without notches
are. Hare claims that some service
providers using DS2-based gear simply
don’t enable the programmable notches.
And it appears that some Main.net-based
systems either lack the ability to notch
the frequencies in question or require
some type of manual configuration of 
filters.

Manassas, VA, based its BPL deploy-
ment on Main.net technology, and it is
noisy, according to local ham operators.
Tarnovsky claims that a group of local
ham operators surveyed the city and
found that, generally, a signal-strength
meter on a ham radio measures noise of
S9 plus 20 to 40 dB. Such meters use a
scale of S0 to S9, and S3 to S5 is consid-

ered a quiet environment. More than S9
is at the top of the scale.

Tarnovsky claims that the Manassas
deployment primarily uses a first genera-
tion of Main.net’s chips that you can’t
program to notch the frequencies of inter-
est. Main.net even sent an engineer to
meet with the group of ham operators.
According to Tarnovsky, ComTek prom-
ised to implement notches, but a Com-
Tek employee acknowledged that the
company has yet to do so. A ComTek
executive did not return EDN’s calls to
address these issues.

In mid-October, the ARRL formally
asked the FCC to instruct Manassas to
shut down the BPL system. At press time,
the ARRL was waiting for a response.
Tarnovsky claims that the system is unre-
liable in any event, due to lack of filter-
ing from ingress noise. He claims that
mobile-ham operators transmitting
around town have locked up portions of
the BPL system requiring a reset. I won-
der whether that’s what ComTek’s Fergus
means when he states that Manassas cit-
izens have a unique way of connecting to
the Internet?EDN

R E F E R E N C E
Ramie, Jerry, “Review of FCC Report

& Order 04-245 on Broadband Over
Power Lines (BPL),” Conformity maga-
zine, August 2005, www.conformity.
com/0508/0508review.html.
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CAN USB WORK OVER A NETWORK?

his year’s USBOIP (Universal Serial Bus over Internet
Protocol) hands-on project explores what is necessary to
enable USB devices to operate over a network. The proj-
ect attempts to spark interest and consideration about the
emerging methods to extend the functions of USB
devices. As with all hands-on projects, the effort for this
project spanned several months’ research, planning, and
implementation. The recently released Wireless USB
specification was unavailable during most of the project,
so it did not materially affect our effort.

A consortium of seven computer and telecommunica-
tions companies officially developed and released the USB
specification in 1995. Although USB was originally
designed for connecting computers and telecommunication
gear, it became a universal bus for the desktop, peripherals,
and many consumer-electronics products. There are more
than 2 billion wired-USB connections in the world today,
according to the USB Implementers Forum. USB has been
so successful as a plug-and-play-connectivity tool that it
also connects computers to devices that implement other
communication technologies, such as USB-to-serial, USB-
to-Ethernet, and USB-to-802.11 adapters. 

T
USB IS A SUCCESSFUL INTERFACE FOR POINT-TO-POINT CONNECTIONS,

BUT IMPLEMENTING USB OVER IP PRESENTS CHALLENGES.

PORT BLE
CONNECTI N
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At EDN, we have even bridged the
proprietary game-link interface in Nin-
tendo’s Gameboy Color with USB for a
hands-on project (Reference 1). A goal
of that project was to demonstrate how
designers could use a commercially avail-
able device in a novel way—in this case,
using a handheld device designed for
gaming as a serious business and
engineering platform. Readers pro-
vided feedback regarding their
designs using the Gameboy as a
portable platform, including as
low-cost medical equipment. 

The original concept for this
hands-on project was to enable a
USB host to access a legacy USB
device over a wireless-network
connection, such that the USB
device could work as is and would
be unaware of the network con-
nection (see sidebar “USB terms”).
To allow the USB device to con-
nect over the network, the user
would plug the USB device into a
small box that would act as a local
host and network adapter and
manage the transactions with
the host computer over the
network (Figure 1). On the
host computer, you would
extend the USB-system soft-
ware to enable it to send and
receive USB transactions
over the network rather than
the default PCI bus. You
would extend the system soft-
ware so that the USB class
drivers would be unaware of
the changes and be viable as is.
This last point is crucial to the
ability to support existing
USB devices.

This arrangement differs
from adapters, such as USB-to-

802.11 units, that provide a wireless-net-
work capability through a USB device to
a host system. In this case, the adapter is
a USB device that can connect only to a
host controller (Figure 2). As a result,
these devices use the USB port to add a
connectivity capability to the host con-
troller rather than to another USB
device.

EDN determined that a wireless-USB
project was too ambitious for a hands-on
endeavor, so we reduced the project scope
to enabling a USB connection over a
wired-network connection. This change
was acceptable because we would want to
perform a USB connection over a wired
connection before taking on the additional
complexities of a wireless connection.

To minimize the project’s complexity,
the project goal was to demonstrate a suc-
cessful USB session over the network.

The project timetable was aggressive.
(The undertaking is a part-time activity,
after all.) So, we were not concerned
about making a production-ready dem-
onstration or with delivering maximum
performance. To save time, we decided to
avoid building the physical components
for this project and to use a commercial-
ly available processor and board that
could support the project. 

The board needed to include hardware
and software to support the connection
of at least one USB 2.0 device, and it
needed to be able to connect and oper-
ate on the network in our office. These
requirements would allow us to focus on
developing the new bus drivers for the
USB-system software on the host com-
puter and the USB server to demonstrate
the concept of the project (Figure 3). In
the end, Atmel supplied us with an

AT91RM9200-EK evaluation
board with an ARM9 processor for
the project—but not until we had
lost project time with our original
processor and board selection. 

AMBIGUITIES
Like many engineering endeav-

ors, this hands-on project suffered
from its share of erroneous assump-
tions derived from ambiguities. The
first such “gotcha” occurred
because the electrical and logical
interface for USB connections is
nonsymmetrical. While shopping
the USB silicon providers for a tar-
get on which to perform this proj-
ect, we discussed only what the

project aimed to demonstrate
at a functional level. 

In this case, the target
board would not only support
an Ethernet connection to the
network, but also act as a host
to the USB device. The im-
plicit assumption was that the
target board would include a
USB-host port. After meetings
with several chip vendors, we
identified a target processor
and development board that
would support both USB and
Ethernet, but the chip and
board were in late prerelease
development. The delay did
not appear to pose a significant
risk to the project timing, and

HOST
COMPUTER

A

HOST
COMPUTER

B

WIRELESS-
ACCESS 

POINT

USB-TO-
802.11B

ADAPTER
USB

DEVICE

USB
DEVICE

ETHERNET

ETHERNET

USB

USB

USB

Figure 2 USB-interface adapters extend the interface capabilities
for host computers; they do not extend the interface capabilities
for other USB devices.
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Figure 1 The USB server acts as a host controller to a
USB device and coordinates with each host/client to
enumerate the USB device on each host computer.
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AT A G L A N C E
Designers have successfully used

USB (Universal Serial Bus) to bridge
other communication technologies.

Ambiguities are sources of errors
and lost time in any project.

Some USBOIP (USB over
Internet Protocol) implementations
can enable serial sharing of a device
with many host computers.

�

�

�
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no other target candidates were forth-
coming, so we chose to work with the up-
and-coming target processor and board. 

The target processor was an ARM7-
based device. One benefit of using the up-
and-coming device and board was that
they already had ports of smaller real-time
operating systems, which would simplify
the project by allowing us to use a simple
operating-system architecture. Although
operating systems can improve produc-
tivity for application developers over sev-

eral projects by abstracting the underly-
ing hardware, that abstraction was not
going to help this project, because we
were working on a one-shot deal at a
lower level than application developers
normally do. In fact, in this case, a heavy
operating system would increase the proj-
ect complexity, because it would require
us to spend time learning about its inter-
faces and architecture.

Progress on the chip and board hap-
pened according to plan, but the gotcha

reared its ugly head when we examined the
data sheet for the new device just before the
board’s delivery. Although the new chip
supported Ethernet and USB on the same
device, it sported a USB-device port and
no USB-host port. This was a disaster of
miscommunication, because a USB-device
port connects to a USB-host port and can-
not connect to another USB-device port.
We quickly identified a new target: an
ARM9-based processor resident in Atmel’s
AT91RM9200EK evaluation kit.
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USB TERMS
To develop and support
USB (Universal Serial Bus)
devices, it is necessary to
understand the contents of
the USB 2.0 specification
and the accompanying
OHCI (Open Host Control-
ler Interface) specification
(references A and B). We
also reference Jan Axel-
son’s book for this project
(Reference C). The follow-
ing paraphrased excerpts
from these references may
help readers unfamiliar
with USB terms. 

USB is a polled cable
bus that supports data
exchange between a host
computer and simultane-
ously accessible peripher-
als. Any USB system has
only one host. The USB
interface to the host-com-
puter system is the host
controller, or USB host.
You can implement the
host controller as a combi-
nation of hardware, firm-
ware, or software. It initi-
ates all data transfers, so
that the attached peripher-
als can share the USB
bandwidth through a host-
scheduled, token-based
protocol. The bus supports
hot-pluggable peripherals
that users can attach, con-
figure, use, and detach
while the host and other
peripherals are in opera-
tion. USB 2.0 supports
three bus speeds for infor-
mation transfers: high-

speed 480 Mbps, full-
speed 12 Mbps, and low-
speed 1.5 Mbps. 

A function is a USB
device that provides a
capability to the system,
and a single physical
device can contain more
than one function. USB
devices divide into device
classes such as a hub,
human interface, printer,
imaging, or mass-storage
device. USB devices must
maintain information for
self-identification and
generic configuration; they
also must always display
behavior consistent with
defined USB-device states.
The hub-device class is a
USB device that provides
USB-device-attachment
points.

USB devices connect
with the USB host in a
tiered-star topology. Each
wire segment of the bus is
a point-to-point connec-
tion between the host and
a hub or a function or a
hub connected to another
hub or function. Hubs are
at the center of each star.
The host system inte-
grates a root hub to pro-
vide one or more attach-
ment points. Hubs main-
tain status bits to report
the attachment or removal
of a USB device on one of
its ports. The host queries
the hub to retrieve these
status bits. In the case of

an attachment, the host
enables the port and
addresses the USB device
through the device’s con-
trol pipe at the default
address. The USB-cable
connectors for the host
and device ends of the
cable are different and
keyed so that users can-
not plug them into the
wrong device. This con-
straint is important,
because the USB host
must meet more require-
ments than the USB
device, including provid-
ing power and ground
lines for a nominal 5V to
each device for up to 500
mA. A cable segment can
be as long as 5m, and, by
using the maximum five
hubs between the host
and the device, a periph-
eral can be as far as 30m
from the host. To extend
the range of a peripheral
beyond 30m, the long-dis-
tance cabling must use
another interface—for this
hands-on project, an
Ethernet connection.

The USB data-transfer
model between a source
and a destination on the
host and an endpoint on a
device is a pipe. A stream-
data pipe has no USB-
defined structure, and a
message-data pipe does.
Pipes have associations of
data bandwidth, transfer-
service type, and endpoint

characteristics, such as
directionality and buffer
sizes. Most pipes come
into existence when a user
configures a USB device.
One message pipe, the
default-control pipe,
always exists, once a user
powers a device, to provide
access to the device’s con-
figuration, status, and con-
trol information.

Bus enumeration identi-
fies and assigns unique
addresses to devices
attached to a bus. Because
the USB allows USB
devices to attach to or
detach from the USB at
any time, bus enumeration
is an ongoing activity for
the USB-system software.
Bus enumeration also
includes the detection and
processing of device
removal.

REFERENCES
USB Implementers

Forum, Universal Serial
Bus Specification, Revi-
sion 2.0, April 27, 2000,
www.usb.org/pub/support
information/papers/hcir1_
0a.pdf.

USB Implementers
Forum, Open Host
Controller Interface
Specification for USB,
Release 1.0a, 1999,
ftp://ftp.compaq.com/
developers/docs.
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Complete, Third Edition,
Lakeview Research, 2005.
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The change not only cost us a few
weeks, but also increased the project’s
complexity. The operating-system choic-
es were limited to Windows CE or Linux,
making the options for operating-system
architecture larger and more complex
than originally planned. We chose Win-
dows CE because of its more integrated
tool suite and because we would also be
working with Windows USB support on
the desktop portion of the project. An
unfortunate consequence of this decision
was a longer troubleshooting process due
to the difference in time zones between
our office in California and the techni-

cal-support provider in France.
The evaluation kit with the ARM9

processor core arrived, and the project
was on again. However, bringing up the
board provided a few more examples of
how uncertainty can lead to erroneous
assumptions. The process required that
we install Windows CE Platform Builder
5.0, ActiveSync 3.7, Embedded Visual
C�� 4.0 sp4, and the AT91RM9200EK
BSP for Platform Builder on the desktop
workstation. Building a CE image for the
AT91RM9200EK target was a straight-
forward, albeit many-stepped, process. 

The evaluation board uses a three-step

process to load Windows CE because it is
too large to reside onboard. The first step
involves loading the boot loader from seri-
al-data flash into SRAM and executing it.
After establishing and configuring the
boot loader through a serial connection,
the boot loader loads the Windows CE
image from an Ethernet connection into
SDRAM and launches. Finally, the Win-
dows CE image executes in SDRAM.

The ambiguity that bit us arose from
where to install the serial-data-flash card
that contained the boot loader. The board
instructions said to insert the card in the
bottom slot of the evaluation board and
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CABLE REPLACEMENT
Rather than enabling a
USB (Universal Serial
Bus) device to operate
over a network, the 
Icron approach aims at
replacing the USB cable
with a dedicated wireless
interface. Icron’s wireless
architecture uses Local
and Remote ExtremeUSB
subsystem dongles (Lex
and Rex) to connect the
USB device to the host
system (Figure A). There

is no modification to the
host-USB-system soft-
ware because the Lex and 
Rex handle the timing
accommodations.

The Turnaround Timer
parameter limits the time a
host or device may take to
respond to a request or to
acknowledge receipt of a
message. With a wireless
approach, this time limit
can be affected by the time
it takes a half-duplex radio

to switch between trans-
mitting and receiving
mode, longer transmission
times due to restricted
bandwidth, lost packets,
and a higher transmission-
error rate, as well as by
delays introduced from
error correction and
encryption processing.

The Lex and Rex system
accommodates this timing
constraint by responding
to the host system with an
NAK (negative acknowl-
edgment) when the Lex
subsystem recognizes that

a data packet cannot be
returned to the host in the
allotted time (Figure B). At
the same time, the Lex
forwards the request to
the Rex. The Rex forwards
the request to the device
and generates a local
acknowledgment to the
device. The Rex then for-
wards the message to the
Lex. When the host system
reissues the request, the
Lex recognizes that it is
caching the desired infor-
mation, and it sends it to
the host.EXTREMEUSB

WIRELESS

RF CONVERGENCE

RF LINK
LEX

EXTREMEUSB
WIRELESS

RF CONVERGENCE

RF LINK

USB

USB

REX

Figure A The Lex and Rex dongles comprise three layers. The top
layer is the ExtremeUSB protocol layer, which compensates for
the effects of delay. The RF-convergence layer formats USB
packets in a manner that is more suitable for transmission over
RF (courtesy Icron).

HOST

IN

NAK

IN

IN
IN

TIME

DATAD1 ACK

DATAD1 ACK
DATAD1 ACK

LEX REX DEVICE

Figure B This diagram shows the NAK and ACK (acknowledge)
signal sequence for a USB transaction over the wireless inter-
face (courtesy Icron).
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then boot the board. Doing
so, however, created unexpect-

ed activity on the serial port. In this case,
instead of seeing the loader, we saw the
character C repeated over and over. The
ambiguity we experienced was due to the
wording “bottom of the board.” And it
was further exacerbated by the fact that
the instructions contained no drawings of
the board. We eventually discovered
another slot on the back of the card at the
same location as the slot on the front of
the board. By placing the data card in the
slot on the back of the board, we were 
able to establish a proper serial-debugging 
session.

We were able to configure the loader
to initiate downloading the Windows CE
image from the Ethernet; however, it did
not seem like the download was working
properly. Eventually, we determined that
the Ethernet cable provided with the
evaluation board was cross-wired, and we
were connecting the evaluation board to
a router instead of directly to the work-
station. It would have helped if we had
spotted the little red sticker on the end
of the cable sooner or if the kit included

two Ethernet cables. Using a cross-wired
cable is fine if the workstation is dedi-
cated to communicating with target
boards, but, in this case, we used one
workstation for everything, and it was
therefore connected to the network.

Another source of trouble and lost
project time involved establishing an
ActiveSync connection under Windows
CE over the USB port. This project was
not the first time we experienced trouble
with the ActiveSync connection, how-
ever (Reference 2).

USBOIP
After project work had begun, we

found Keyspan, a company that offers
USB Server, a product (model US-4A)

that enables USB devices to connect to a
Mac or a PC by means of an Ethernet-
based LAN. Keyspan bases the product on
an embedded microcontroller and the
Cypress USB EZ-Host chip. The ap-
proach of USB Server aligned with our
goals for the project. Eric Welch, vice
president and chief technology officer at
Keyspan, offered technical support and
helped us with the low-level details for
the project. We also became aware of
another company, Icron, which offers a
USB-cable-replacement approach using
a Freescale processor (see sidebar “Cable
replacement”).

To enable USB data to travel over the
network between the desktop and the
USB server, the software that resides on
the host system and the USB server must
modify how a normal USB connection is
made. The USB server in turn acts as the
host controller to the USB device. To
avoid confusion, we use Keyspan’s term
“host client” to refer to the host controller
on the desktop, because it is actually
communicating with the USB server
rather than the USB device. We also
adopted Keyspan’s term “NHCI” (net-
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work-host-controller interface), which
replaces the OHCI (Open Host Con-
troller Interface) or EHCI (Enhanced
Host Controller Interface) as defined in
the USB specification. 

On the host-client side, the software
enumerates devices connected to the
USB server as if they had been plugged
in locally, which causes the device man-
ager to load the respective class or ven-
dor driver for that device. These drivers
expect to interact with the Microsoft
USB stack, so the NHCI host software
must also emulate this interface. There-
fore, the client-side software has two
tasks: to inform the device manager when
devices are connected and to emulate the
Microsoft USB-stack communication
API.

When the class or vendor drivers make
requests of remotely connected USB
devices, the NHCI protocol packages and
sends the requests over TCP/IP. The final
piece of the host-client software detects
USB servers on the network and makes
them visible to the user. It is an imple-
mentation detail whether the networking
piece should be separate from the USB-

stack emulation, such as with two bus-
enumerator drivers. For instance, the Mi-
crosoft driver-development kit contains a
“toast” example, which demonstrates how
to write a kernel bus-enumerator driver
that reports child devices to the device

manager and manages all plug-and-play
power requests. The NHCI host-client-
side software emulates the local USB and
does not operate in any way with the
Microsoft USB stack. Rather, it operates
in place of it.

In addition to the USB stack operating
on the host client, the USB server in-
cludes a partial USB-host stack, because
it is a host controller to its locally con-
nected devices. The local USB stack
allows the server to perform the normal
polling activity that the host system
would otherwise be sending over the net-
work. The USB server provides hub sup-
port so that it can manage local bandwidth
and handle devices downstream from the
hub separately—that is, so it can connect
those downstream devices to different host
clients to support serial sharing.

The NHCI software on the host client
needs to modify one other aspect of the
USB-system software. Because all of the
devices on a USB share the bandwidth of
the bus, the host controller performs
transfer management and allocates
bandwidth to each device. However, the
data coming from the USB server does

APPLICATIONS

WINDOWS SUBSYSTEM

FUNCTION DRIVERS

BUS DRIVERS

HARDWARE

HARDWARE-SPECIFIC 
INTERFACE

I/O-REQUEST PACKETS

I/O-REQUEST PACKETS

WINDOWS API FUNCTIONSUSER
LAYER

KERNEL
LAYER

Figure 3 New bus drivers replace the
USB/PCI drivers to provide the USB/
network capability for the USB-system
software on the host computer and the
USB server.
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not share the bandwidth with any of the
local USBs, because the data and mes-
sages come over the network. The net-
work can experience longer transit delays
than would occur on a local USB. It is
therefore necessary to relax the timing
requirements within the low-level driv-
ers. This method works as long as the class
driver does not require hard time limits;
in those situations, hosting the USB
device over the network may not work or
may work differently from the way that
the user expects. This ability to relax the
timing requirements at a low level
becomes even more critical for  accom-
modating transit-delay problems for
wireless connections.

SHARING
This project concept is similar to the

various wireless-USB-specification efforts
and products that aim to replace the
point-to-point wire connecting a USB
host and device. One area that these
approaches have failed to address,
though, is the ability of multiple host con-
trollers to serially share the USB device
over a network. 

Using the USB Server model to extend
USB over a network connection affords
this capability, which does not exist with
USB. “We see a serial-sharing model as a
killer application for USB over network,”
says Welch of Keyspan. “It enables mul-
tiple sharing of all the functions, such as
the fax, scanner, and memory-card inter-
faces on a multifunction printer, as an
example. You can get this capability with
many of the legacy-USB devices that are
out there already without waiting for an
engineering redesign.” 

The recently released Wireless USB
Specification addresses what is necessary
to replace the connection between USB
devices and hosts with a wireless-network
capability (Reference 3). At this point,
the specification focuses only on wire
replacement; it does not consider the
extension of serial sharing of devices
when connecting over a network. The

specification acknowledges that USB
transactions will need to be able to share
the ultrawideband radio with other appli-
cations running on the host computer,
and the specification places the respon-
sibility for supporting this bandwidth
sharing on the wireless-USB host. If the
host must consider sharing the bandwidth
with other applications, why not take the
transition to a wireless-network connec-
tion as an opportunity to share the device
and bandwidth with other host comput-
ers on the same network?

The USB interface has proved itself a
useful and successful electrical and logi-
cal protocol. Designers have used it to add
interface capabilities, such as wireless net-
working, to host computers, without
requiring the user to open the computer
case—or to power off the computer, for
that matter. This hands-on project
demonstrates that it is immediately pos-
sible to extend the connectivity and
sharability of USB devices without re-
engineering and without waiting for future
USB devices to directly incorporate the
connectivity capability.EDN
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No one, except for Steve
Jobs, perhaps, thought
that an Apple Macintosh
could sell for $500 to
$700. Nonetheless, Apple
accomplished this task
with the Mac Mini system.
With prices starting at
$499, this 2.9-lb, 6.2-sq-
in., 2-in.-high box packs in-
credible power for han-
dling music, video, and
general-purpose comput-
ing tasks. Add your own
keyboard and display, turn
it on, and OS X shows the
way. Apple’s marketing
says it best: “Everything
you ever wanted, nothing
you don’t need.”
�Apple Computer,
www.apple.com/macmini.

MIGHTY 
MAC MINI

Electronics have for years taken center stage during
the holiday-shopping season, and 2005 will be nno ex-
ception. EDN has pulled together a lineup to help you
with this year’s shopping. First, a word of advice:
Check thhe Internet, because that’s where you’ll almost
always find the lowest prices. Amazon, for instance,
ggives you multiple online sources, besides its own, for

prices. Just make sure the provider is reputaable.
Thanks go to product specialists Taylor Santos and
Kirk Stanford at Circuit City (Burlington, MMA) for their
picks. EDN also relied on the Consumer Electronics
Association’s TechKnowOverload college-campus
tour, PC World, PC magazine, CNet, DemoFall, and
EDN ’s Digital Den. Here are this year’s picks.

HO, HO, HO, AND ELECTRONICS SHOPPING WE GO

Train a high-definition HDR-HC1 Sony
Handycam camcorder on your arm,
and you’ll see every hair, freckle, dis-
coloration, and goose bump. The com-
pany claims the device, which it intro-
duced in July, is the smallest, lightest
high-definition camera. For a $1800 street
price and a $2000 manufacturer’s suggested retail
price, it should be good. CNet labeled it a good “first effort” but added that only high-defi-
nition-product “fanatics” should consider it. The unit occupies the “prosumer-lite” market that
sits just below several professional-grade videocameras for a few hundred bucks more.
�Sony, www.sonystyle.com.

HIGH-DEF CAMCORDER
DOESN’T MISS A TRICK

GET SIRIUS
If you’re getting a Sirius satellite radio for
your home, make sure the unit has a built-
in AM/FM tuner. Tivoli’s tabletop unit is 
a good bet. For XM needs, the tiny Delphi
Roady 2 car receiver, which has FM and
sells for $50, is a hard deal to beat. Sirius’
least expensive car unit as of press time,
the Starmate, also has FM and sells 
for $80.
�Sirius, www.sirius.com.
�Tivoii Audio, www.tivoliaudio.com.
�XM Radio, www.xmradio.com/roady2.

�
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With Yamaha’s MusicCast, you need no
wires to create an integrated audio system
in every room of your house. The Music-
Cast MCX-1000 digital-audio
server uses 802.11b technology
to wirelessly broadcast music to
strategically placed “clients” and
“speakers.” MusicCast central-
izes 1000 CDs on an 80-Gbyte
hard drive on the server—a fea-
ture that the iPod also offers.
Still, Yamaha has a long history
of innovation in music and the
instruments from which it em-
anates. Check out its EV-204
and EV-205 electric string vio-
lins, which musicians can play
“silently.” And don’t overlook a
boatload of new XM Radio-
ready receivers and
home-theater systems
from the company.
�Yamaha, www.
yamaha.com.

WHO NEEDS WIRES
IN THE WALLS?The Logitech Laser MX 1000 laser cordless mouse is pricey at a

manufacturer’s suggested retail price of $80. However, some retail-
ers offer healthy rebates, and you can order it online for consider-
ably less. Logitech boasts that the mouse is 20 times more sensitive
than traditional optical-based units and equals the performance of a
corded USB mouse. It comes with a base station for recharging, a
new thumb-button control, and side-to-side scrolling with zoom. The
company also offers other noteworthy products. At $400, the Z-
5500 digital home theater offers good sound at a reasonable price.
And the Harmony line of remote controls, selling for $100 to $250,
helps tame the complexity in controlling home-audio and -theater
systems. The company’s wireless iPod and MP3-player headphones
are nifty, too.�Logitech, www.logitech.com.

NO CHEESY MOUSE

XBOX 360 TO TAKE THE
LEAD—FOR NOW
The Xbox 360 game console,
which is due to debut around
press time, sells for $300 and
comes with accessories that add
$100. It promises dramatic, life-
like, high-definition action. What’s
more, you can rip music on it, 
instantly plug into Xbox Live to
play against other gamers, or
watch DVDs. It processes 500
million triangles/sec.
�Microsoft, www.microsoft.
com/xbox.

IOgear’s WiFi Finder key-ring fob lo-
cates wireless-network hot spots,
supporting 801.11b and 802.11 b/g.
The 8-oz unit, which has a list price
of $30, finds use in mobile workers
of all types and promises to detect
networks as far away as 500 ft of
open space.
�IOgear, www.iogear.com.

FINDING MR 
(WIRELESS) 
GOOD SPOT
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Printing DVD or CD paper labels is a pain,
and scribbling on them with an indelible
marker makes you look like a slob. The
LightScribe disc-labeling system lets you
burn gray-scale images onto specially coat-
ed CDs or DVDs. To use the system, you
need a LightScribe-enabled burner, specially
coated DVDs or CDs, and one of a half-
dozen labeling-software packages. Light-
Scribe burners sell for $75 to $125 online,
and a box of the CDs or DVDs sells for $5
to $40, depending on quantity. HP also op-
tionally builds the LightScribe into PCs.
�LightScribe, www.lightscribe.com.

BURN, FLIP, AND BURN

WIDE SCREENS ARE SIMPLY BRILLIANT

The new handheld Leapster L-Max learning system
from Leapfrog Enterprises helps teach just about
everything that a student in kindergarten, preschool,
or the elementary grades needs: math, reading,
spelling, science, writing, language, art, music, and
logic. Aimed at four- to 10-year olds, the $100 unit,
which uses a Linear Max II CPLD, makes learning
fun. The portable device has its own screen, and kids
can also use it with a TV or computer monitor.
�Leapfrog Enterprises, www.leapfrog.com.

LEARNING IN LEAPS 

With all of the hurricanes
this year, we naturally as-
sume that power outages
will occur. Batteries can last
only so long. So hand-crank-
ed radios could be just the
thing. For just 90 seconds of
cranking to recharge its bat-
teries, the Eton FR300
emergency AM/FM radio
from Grundig plays for 40 to
60 minutes. This unit also
broadcasts National Oceanic
and Atmospheric Adminis-
tration weather forecasts
and has a VHF TV tuner.
After hurricanes Katrina and
Rita, no one in the path of a
hurricane should be without
one. You can get one for
$50 at Amazon (www.
amazon.com).
�Eton Corp, www.eton
corp.com/US.

CRANK UP THAT
RADIO

The first thing you notice about
Sony’s Vaio FS780/W notebook
is the 15.4-in. Xbrite wide-
screen display. Xbrite LCD
technology produces vivid,
brilliant colors. And with 1
Gbyte of RAM, a 120-Gbyte
hard drive, and Pentium M 750
and Nvidia GeForce Go 6200 graph-
ics, this notebook rocks. Wide-screen
units are bulky, but that price is a small one
to pay for the awesome display. And at 6.28
lbs, the FS780/W is comparatively svelte. Expect
to pay around $2200.
�Sony, www.sonystyle.com.
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Highly Integrated Stereo CODEC Ideal for 
Portable, Low-Power Digital Audio Applications

The CS42L51 delivers excellent 

audio performance while providing 

portable device developers with an 

innovative solution that maximizes 

battery life while minimizing end-

product form factors. The CS42L51’s 

key distinction is that it operates 

from a single, 1.8 V power supply for 

low-power consumption, yet delivers 

plenty of output power, 46mW, into 

stereo 16 Ω headphones for a great 

listening experience. This highly 

integrated 24-bit, 96-kHz stereo 

CODEC is based on a multi-bit 

Delta-Sigma architecture which 

allows infinite sample-rate adjustment 

between 4 kHz and 100 kHz.

By generating its own on-chip 

negative power supply voltage, the 

CS42L51 provides ground-centered 

outputs, which eliminates costly, 

space-consuming DC blocking 

capacitors required by some com-

peting solutions. The elimination 

of these capacitors not only reduces 

the implementation cost but it also 

greatly simplifies product design and 

saves valuable circuit board space.

This next-generation CODEC is an 

ideal choice for any portable audio 

product developer. For complete 

specifications and to register for a 

free sample, visit our web site today.

© 2005 Cirrus Logic, Inc. All rights reserved. Free sample offer subject to availability. 

Register for a free sample 
of the CS42L51 today. 

Plus, get the datasheet, application 
notes and more.

www.cirrus.com/CS42L51

• Ground-centered outputs reduce 
bill-of-material costs and save 

space—eliminating the need for large, 
expensive DC-blocking capacitors.

• Consumes less than 12 mW 
@ 1.8 V power supply.

• Available in a 32-QFN 
lead-free assembly. 

Priced from $3.95 (US) in 1K qty.

CS42L51—New IC Minimizes Player Component Count, Size & CostFree Sample

Applications   
• Hard-disc drive & Flash-based 

portable audio players

• Personal media players

• Mini-disc players & recorders

• PDA’s & smart phones

• Digital cameras & camcorders

• Digital voice recorders

• Wireless headsets

• Guitar effects pedals

• Portable audio recording systems

• Portable gaming systems

www.cirrus.com/CS42L51
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LG’s 50PX4DR has a built-in digital-video recorder, including a 160-Gbyte hard drive,
yielding a ton of high-definition TV for $3700 to $4000, depending on where you buy it.
How deep is the discounting? Consider that the list price for this unit is still $6000. With
DVR, you can record any cable or antenna-fed programming instead of paying your 
cable provider to do it or shelling out bucks for Tivo. 
�LG, http://us.lge.com.

DVR IS BUILT-IN 

The Minolta Dimage X1 camera looks good. And when
you use it, you should feel good, too. This 8 million-pixel
device measures only 0.8 in. thick with its lens retracted
and is about one and a half times bigger than a deck of
cards. It boasts powerful antishake technology and
records movies at a respectable 20 frames/sec. And
you can get this slick number in red, black, or silver.
�Minolta, www.konicaminolta.com.

IT’S BETTER TO LOOK GOOD
THAN TO FEEL GOOD

Do you ever want to lock
your car and go to the gym,
pool, or track but have no
place to store the key?
Geocentric Systems has the
answer with its Know-Key
programmable unlocking
system. This electronic retro-
fit allows a car’s owner to
gain entry by lifting the door
handle to input a digital
code. The small electronic
device fits out of sight inside
the car door and eliminates
the need for the ugly keypad
you find on some car doors.
There are as many applica-
tions for the $149 Know-
Key as there are things—like
the liquor cabinet from your
teenager, for example—that
you need to lock.
�Geocentric Systems,
www.geocentricsys.com/
reps2.htm.

GET A HANDLE ON
KEYLESS CAR ENTRYU3 this fall introduced the concept of smart USB drives,

which hold a lot more than just data. They store a mirror im-
age of your PC, including applications, folders, e-mail, and
data. Just plug them into any computer, and you don’t need
your PC. USB-drive vendors Sandisk, Verbatim, Memorex,
and Data Traveler have rallied around the U3 technology.
Many of the devices store 1 or 2 Gbytes.
�U3, www.u3.com/smartdrives.

PUT YOUR PC INTO YOUR POCKET

edn051101toys.qxd  10/25/2005  9:28 AM  Page 70



Enter xx at www.edn.com/info
M I C R O T E C H N O L O G Y

New Precision power amplifier IC offers a best in class 
performance with 350V supply and 350V/µs slew rate
while running at a cool standby current less than 1mA

The new Apex PA78 is the flagship model in a new series of Precision ICs that 
combine new levels of power amplifier performance for speed, voltage supply, 
quiescent current and price. For applications that demand high voltage drive 
power that’s equally responsive, the PA69, PA86 and PA78 offer you a multitude 
of performance and per unit cost combinations to choose from.

Visit us online today at 
www.apexmicrotech.com/EDN
or call 1-800-862-1015.

• Data sheets
• Design tools
• Application notes
• Spice models
• Eval kits
• Request v12 data book

Break the Speed Barrier

 Output Output Slew Power Production
 Voltage Current Rate Bandwidth Volume Pricing
Model V mA V/µs kHz 10k pcs USD

PA69 ±100 50 200 200 $10.50
PA69A ±100 75 250 200 $13.60

PA86 ±100 100 350 300 $18.15
PA86A ±125 150 350 300 $21.60

PA78 ±175 150 350 200 $24.85
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The widespread design of wireless devices forces many engi-
neers to move from the time domain into the frequency

domain. An instrument such as a spectrum analyzer and a
tool such as the Fourier
transform can present fre-
quency-domain informa-
tion in easy to understand
formats.

Still, frequency-domain
measurements require a bit
of explanation, starting
with the discrete Fourier
transform (DFT), an algo-
rithm that operates on dis-
crete time samples ac-
quired by an analog-to-
digital converter (engi-
neers often call a discrete
Fourier transform a fast
Fourier transform, or
FFT). A DFT produces in-
formation about the aver-
age frequency content of a
signal during the period
sampled. Thus, the DFT
serves well when frequency
content remains constant.

A DFT plots both “posi-
tive” and “negative” fre-
quencies on either side of a
0-Hz (DC) reference. The
negative information is re-
dundant, but it represents
half the power in the sig-
nal. So, a DFT routinely
doubles the power repre-
sented at each positive fre-
quency value. In effect,
this power represents the
root-mean-square (rms)
amplitude of the sine-
wave component at a giv-
en frequency.

The frequency range
and resolution a DFT pro-
vides depend on the sample rate (Fs) and the number of data
points acquired (N). The DFT puts out frequency information
between 0 Hz and (Fs/2) - (Fs/N). The frequency lines, or bins,
occur at intervals of Fs/N. Thus, the sampling frequency deter-

mines the frequency range or the bandwidth. The number of
sampled points determine the frequency resolution, also called
the resolution bandwidth (RBW).

As you lower RBW, a DFT better resolves signals, so individ-
ual frequency components become visible (see figure). Notice
that decreasing the RBW also lowers the displayed noise floor.
But, the finer frequency resolution and lower noise come at a
price; longer acquisition times, which mean you must take more
samples. Thus, data-transfer and computation times increase
and overall measurement throughput decreases.

The lower noise floor effectively increases dynamic range, but
this situation applies only for narrowband signals, such as pure
sine waves. The bandwidth of such signals fits entirely within
one frequency bin. Observe caution when measuring modulated
signals. Their power spans several frequency bins, and you’ll ob-
serve their average power reduced by an amount that equals the
observed noise-floor reduction due to decreasing the RBW.
Thus, the dynamic range for these signals remains constant. Re-
ducing RBW does not improve the dynamic range for broad-
band modulated signals.

You also can use a preamplifier to help an RF analyzer mea-
sure signals that may remain hidden beneath the instrument’s
noise floor. Suppose you apply signals with -110 and -145 dB
amplitudes to an analyzer with a -140 dB noise floor. The latter
signal falls below the noise floor, so the analyzer cannot detect it.
A preamp with a 30 dB gain would boost the two signals to -80
and -115 dB, which raises the weaker signal above the noise
floor. The analyzer’s software then “lowers” the measured spec-

trum by 30 dB. In effect, the two signals now exist at their origi-
nal levels of -110 and -145 dB and the noise floor moves down
by 30 dB to -170 dB. Obviously you cannot change the actual
noise floor, but the relative difference between the signals is cor-
rect due to amplification of the signal. In effect, you can increase
the effective sensitivity of the analyzer and lower the noise floor
in relation to the signals.

THE DATA DETECTIVETHE DATA DETECTIVE

Fourier Rules in the Frequency Domain
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Go to http://rbi.ims.ca/4400-501 to solve the challenge!

By taking more samples over a longer

time, you can decrease the resolution

bandwidth and separate nearby signals

from one another. The better resolution

comes at the cost of longer processing

times, though.

Phil’s production-line test instruments indicate 
a signal source produces one or more spurs
that shouldn’t exist in good products. But Jane,
an engineer in the development lab, can’t
detect and measure any spurious signals. 

Who’s Got the Spur?

Can you suggest ways Jane could improve her measure-
ments to determine whether the spurs do exist?

http://rbi.ims.ca/4400-501
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rom a system designer’s point of view, digital-video
cameras combine the worst of the portable con-
sumer and home-entertainment worlds. There are
rigid constraints on space, power consumption, and
component cost. But end users still expect their
recordings to look and sound well when played back
on stationary equipment in which recording flaws

are much more visible—and audible. High-quality microphone
recording is therefore indispensable. Acoustic- and mechani-
cal-noise issues associated with handheld use in outdoor envi-
ronments, as well as electrical interference from switching power
supplies, motors, and digital circuitry within a camera, make it
all the more difficult to achieve good sound quality.

Audio playback presents additional challenges. The tiny loud-
speakers that portable equipment uses limit both audio volume
and audio quality. Fortunately, countermeasures ranging from
analog-circuit design to DSP (digital-signal processing) and pc-
board layout are available to address these issues.

THE SIGNAL CHAIN
Consumer cameras have one or more internal condenser

microphones as well as an input jack for external condenser or
dynamic microphones. A preamplifier, an ADC, and DSP func-
tional blocks follow these elements (Figure 1). Each stage adds
noise and distortion. Without external noise sources, the weak-
est link in this chain limits the overall SNR and THD (total

harmonic distortion). The weakest link is usually the preamp
or the ADC, in which audio performance is most expensive,
not only in component cost, but also in power consumption.

An electret condenser-microphone capsule incorporates a
built-in FET buffer that makes the signal less susceptible to inter-
ference on its way to the preamplifier. However, the FET also
generates thermal noise. Moreover, any noise in the micro-
phone-bias voltage that powers the buffer also adds to the audio
signal, severely degrading the SNR because of the very low sig-
nal amplitude at this point. Providing a clean supply is there-
fore even more important for the microphone capsule than for
the subsequent stages.

Handheld and built-in microphones also require ALC (auto-
matic level control) to counteract seemingly random variations
in signal volume as the microphone moves toward or away from
the sound source. The ALC keeps the recording volume approx-
imately constant by introducing a variable gain or attenuation
stage into the signal path. This variable gain affects not only
the signal, but also the noise added before the ALC stage.

In all-digital implementations operating on the digitized sig-
nal, the result is that the ADC’s constant quantization noise is
amplified along with the signal during quiet passages, progres-
sively worsening SNR as the signal volume decreases. Ampli-
fying the signal in the analog domain, before the ADC adds its
quantization noise, results in better SNR.

However, even analog ALC circuits amplify thermal noise

BY YAN GOH • WOLFSON MICROELECTRONICS

Challenges for designers 
of digital-camera 
audio subsystems
MORE THAN A FEW DESIGN TRICKS GO INTO PROVIDING THE IMPRESSIVE
AUDIO PERFORMANCE OF LOW-COST DIGITAL-VIDEO CAMERAS.
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Figure 1 The cleverness that produces the high-quality audio is not immediately apparent from examining a typical portable camera’s
audio-signal chain.

edn051101ms4155.qxd  10/25/2005  3:21 PM  Page 73



generated in the FET buffer. To avoid filling up periods of silence
with loud, white noise (a phenomenon known as noise pump-
ing), designers should use ALC in conjunction with noise gat-
ing, which cuts off the signal when its amplitude drops close to
the noise floor. If possible, designers should also tailor ALC tim-
ing to the type of signal; speech usually sounds best with short-
er hold and decay times than those that are appropriate for
music, whose volume changes are often intentional.

ACOUSTIC NOISE
By a common definition, “acoustic noise” refers to any

unwanted sound that enters the microphone, such as voices,
music, or traffic noise. These noise sources usually originate off-
axis; the sound does not come from where the camera lens is
pointing. Highly directional, shotgun-type microphones pick up
far less off-axis noise but are equally insensitive to all off-axis
sound. For capturing background sounds, a cardioid or omni-
directional microphone is more appropriate. Video profession-
als have a set of microphones to choose from. For more mod-
est amateur requirements, a zoom microphone is a good com-
promise. Such a microphone is actually an arrangement of two
microphones with different directionality, or a pair of back-to-
back-mounted membranes, whose signals are mixed in varying
proportions depending on the optical zoom. In wide-angle
scenes, the combined response is omnidirectional but gets pro-
gressively narrower as the lens zooms in.

Air blowing directly into the microphone generates wind
noise. It is mostly random in nature and occupies the low audio
frequencies. Foam windscreens effectively suppress wind noise,
but designers should supplement them with electronic highpass
filtering in windy conditions. Second-order filters with cutoff
frequencies near 200 Hz have worked well in practice. Because
such filters also remove bass from the signal, you should enable
them only when you need to. You can conveniently implement
them in the digital domain and incorporate them into an audio
IC (Figure 2).

Another type of acoustic noise occurs when someone breathes
a plosive, such as a p, b, or t sound, directly into the microphone
capsule. Most of such sounds’ energy concentrates near the low
end of the audio range, with amplitudes much greater than those
of other speech. As a result, unlike wind noise, designers can-
not remove plosive sounds in the digital domain; the large-sig-

nal peak would drive the ADC into saturation, resulting in a
brief silence in the digitized audio until the signal returned with-
in the ADC’s range. Although an analog peak limiter or ALC
with a short attack time mitigates this problem, the best cure
is free. The microphone’s source impedance, the preamplifier’s
input impedance, and the coupling capacitor between them
form a first-order highpass filter whose cutoff frequency depends
on the capacitance. This capacitor need not be any larger than
necessary to maintain the overall bass response, which the
microphone usually limits. Reducing the capacitance to just the
right value suppresses many types of low-frequency noise at no
extra cost.

MECHANICAL NOISE
The microphone membrane reacts to mechanical vibrations

and shocks just as much as it does to sound waves. In handheld
cameras, this sensitivity leads to problems in handling noise.
First, internal microphones often pick up the rattling of mov-
ing parts, such as pushbuttons or loose cables within the cam-
era enclosure. You should prevent any such parts from moving
when the camera shakes. Second, the mechanical action of fin-
gers and palms on the camera enclosure generates large peaks
in the bass and infrasonic regions.

Because effective shock mounting is impractical in consumer
cameras, the only option is filtering. As with plosive noise, a
smaller microphone-coupling capacitance blocks the worst
mechanical-noise peaks. If necessary, you can supplement this
measure with additional highpass filtering in the digital domain.
However, for higher frequency components of handling noise
(fingernails tapping against the enclosure, for example), the cut-
off frequency would be well within the audible range. There-
fore, it is preferable to rely on the user’s more gentle handling
of the equipment, rather than indiscriminately suppressing the
entire bass range.

ELECTRICAL NOISE
Transients in dc/dc converters and digital signals generate EMI

(electromagnetic interference) that nearby pc-board tracks pick
up. The connection from the microphone to the preamplifier
is particularly sensitive to EMI because the signal amplitude is
relatively low in relation to the induced spikes. EMI covers a
wide bandwidth, and, thus, filtering cannot remove it. How-
ever, a differential microphone preamplifier can suppress EMI
spikes that appear in both the microphone signal and the micro-
phone ground. To use this approach, you must treat the micro-
phone ground as a signal in its own right and route it next to
the microphone-signal track. The differential amplifier then
subtracts the ground voltage from the signal, canceling out the
EMI and leaving the desired signal.

This remedy is imperfect, though. In a real-world pc-board
layout, one of the two tracks is slightly longer or closer to the
noise source, making the EMI spikes larger in one track than
in the other. Moreover, differential amplifiers’ finite CMRR
(common-mode rejection ratio) results in attenuation—rather
than complete cancellation—of even perfectly identical signals.
You should therefore design the board to reduce EMI pickup.
First, make the microphone connection as short as possible. If
you use a cable, shield it. You can produce a shielding effect on
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Figure 2 Digital filtering can suppress noise that is limited to one
part of the audio spectrum, such as low-frequency wind noise
and narrowband zoom noise.
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the board itself by placing grounded lands
on both sides of the signal track and cre-
ating ground planes on adjacent copper
layers. The next step is to maximize the
physical distance between the EMI source
and the analog audio circuitry. Finally,
wherever possible, minimize the EMI that
digital and power-switching circuits emit within the camera.

The power supply provides another point for noise entry into
analog circuits. As digital and power-management circuits pol-
lute their supply rails with switching noise, the microphone pre-
amplifier and the analog part of the ADC need a separate, low-
noise supply. Carefully separate digital and analog grounds.
Finally, good decoupling of all of the supply voltages short-cir-
cuits supply noise before it can spread around the system.

Zoom noise is an issue peculiar to cameras. Originating from
the stepper motor attached to the zoom lens, it can spread
acoustically, mechanically, or electrically—through the supply,
or as EMI—through the alternating magnetic field that the
motor windings emit. Zoom noise is periodic and falls into a nar-
row band around the motor’s step frequency, usually within the
audio range; harmonics and mechanical gears can add peaks at
other frequencies. Digital notch filtering can remove this type
of noise but also suppresses genuine audio signals within the
same frequency band. To minimize such collateral damage, the
notch filter should be highly selective with a narrow stopband,
and you should disable it whenever the lens motor is inactive.

You can use the same approach to guard
against narrowband noise from motors in
hard-disk drives or other electromechan-
ical components.

AUDIO PLAYBACK
Although cameras are primarily record-

ing devices, audio-playback quality is also an important part of
a user’s experience. The options for playback are headphones,
built-in loudspeakers, and line-out connections to a home high-
fidelity system. The line-out connection is the most demand-
ing in signal purity and requires a low-noise, low-distortion DAC
and an output buffer. In practice, headphone outputs can often
double as line outputs, because their THD is much lower with
a high-impedance line load than with 16 or 32� headphones.
Higher signal amplitudes make the playback signal chain less
noise-sensitive than the recording side. Nevertheless, the usual
precautions for mixed-signal circuits apply: Separate analog from
digital, provide clean analog supplies, and protect analog sig-
nals from EMI.

If the signal is good enough for a line-out connection, it’s good
enough for headphones, too; the transducer rather than the elec-
tronics usually limits overall performance. However, producing
sufficient volume with built-in loudspeakers can be difficult.
Small magnets and membrane diameters limit their energy effi-
ciency, and cranking up the signal level only causes distortion
and even more quickly depletes the battery.
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DSP techniques can boost perceived loudness without increas-
ing the peak signal level that the loudspeaker and the analog-
signal path see. One option is dynamic compression, which
applies extra gain when the signal amplitude is low. This tech-
nique squeezes the signal’s dynamic range into a narrower region
near full-scale.

Another technique is peak limiting, which amplifies the sig-
nal beyond full-scale and instantaneously ramps down the gain
during signal peaks to prevent clipping (Figure 3). In effect, the
method compresses the top part of the original signal’s dynam-
ic range and amplifies the lower part. Both methods reduce the
signal’s dynamic range, and you should employ them when you
use headphones or a line-out connection.

An additional problem with small loudspeakers is their poor
bass response. Bass-boost circuits can help mitigate this issue;
alternatively, equalizers offer a more complete approach that can
also iron out other kinks in the speaker’s frequency response.
Although obtaining flat response to 20 Hz remains elusive with
subminiature speakers, bass boost and equalization deliver dras-
tic improvements. You should use both in conjunction with peak
limiting to prevent signal clipping when you apply a large gain
to one or more frequency bands. You can relatively inexpen-
sively implement dynamic compression, peak limiting, bass
boost, and equalization inside an audio chip. As with other sig-
nal-processing functions, a dedicated-hardware or DSP approach
invariably uses less power than does a software algorithm run-
ning on a general-purpose processor.EDN
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Figure 3 Using dynamic compression (a) or peak limiting (b) coax-
es more volume from small speakers.
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Designers often use thermistors
rather than other temperature

sensors because thermistors offer high
sensitivity, compactness, low cost, and
small time constants. But most ther-
mistors’ resistance-versus-temperature
characteristics are highly nonlinear
and need correction for applications
that require a linear response. Using a
thermistor as a sensor, the simple cir-
cuit in Figure 1 provides a time peri-
od varying linearly with temperature
with a nonlinearity error of less than
0.1K over a range as high as 30K. You
can use a frequency counter to convert
the period into a digital output. An
approximation derived from Bosson’s
Law for thermistor resistance, RT, as a
function of temperature, �, comprises
RT�AB�� (see sidebar “Exploring
Bosson’s Law and its equation” on the
Web version of this article at www.
edn.com/051110di1). This relation-
ship closely represents an actual ther-

mistor’s behavior over a narrow tem-
perature range.

You can connect a parallel resistance,
RP, of appropriate value across the ther-
mistor and obtain an effective resist-
ance that tracks fairly close to AB���
30K. In Figure 1, the network con-
nected between terminals A and B pro-
vides an effective resistance of
RAB�AB��. JFET Q1 and resistance RS
form a current regulator that supplies a
constant current sink, IS, between ter-
minals D and E.

Through buffer-amplifier IC1, the
voltage across R4 excites the RC circuit
comprising R1 and C1 in series, pro-
ducing an exponentially decaying
voltage across R1 when R2 is greater
than RAB. At the instant when the
decaying voltage across R1 falls below
the voltage across thermistor RT, the
output of comparator IC2 changes its
state. The circuit oscillates, producing
the voltage waveforms in Figure 2 at

IC2’s output. The period of oscillation,
T, is T�2R1C1ln(R2/RAB)�2R1C1
[ln(R2/A)��lnB]. This equation indi-
cates that T varies linearly with ther-
mistor temperature �. 

You can easily vary the conversion
sensitivity, �T/��, by varying resistor
R1’s value. The current source com-
prising Q1 and R1 renders the output
period, T, largely insensitive to varia-
tions in supply voltage and output load.
You can vary the period, T, without
affecting conversion sensitivity by

READERS SOLVE DESIGN PROBLEMS

Temperature-to-period circuit provides 
linearization of thermistor response

EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE

�

designideas

Figure 1 This simple circuit linearizes a thermistor’s response and produces an output period that’s proportional to temperature.

S Kaliyugavaradan, Anna University, 
Madras Institute of Technology, Chennai, India
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Most current microprocessors,
DSPs, and field-programmable

gate arrays integrate hardware and soft-
ware resources that support either or
both of two common interface stan-
dards—SPI (serial-peripheral inter-
face) and I2C (inter-IC)/SMBus. Both
two-wire-interface standards suffer
from a few crucial disadvantages. For

example, I2C’s throughput rates are 100
kbps, 400 kbps, or 3.4 Mbps in stan-
dard-, fast-, and high-speed modes,
respectively, and can thus restrain a
fast peripheral data converter’s sample
rate. Excluding framing and overhead
bits, a 100k-sample/sec, 12-bit ADC
must transfer at least 1.2 Mbps over
the interface, a rate that only I2C’s

high-speed mode supports. Many pro-
cessors and controllers currently offer
no I2C high-speed mode and thus
would be unable to support a fast data
converter.

One of I2C’s major benefits reduces
the number of host-to-target inter-
connections. Using only two wires
plus ground, the host controller can
address the target device and exchange
data, whereas SPI requires three
wires—data, clock, and chip-selec-
tion—plus ground. Multiple SPI-tar-
get devices can share data and clock
lines, but each device requires its own

varying R2. For a given temperature
range, �L to �H, and conversion sensi-
tivity, SC, you can design the circuit as
follows: Let �C represent the center
temperature of the range. Measure the
thermistor’s resistance at temperatures
�L, �C, and �H. Using the three resist-
ance values RL, RC, and RH, determine
RP, for which RAB at �C represents the
geometric mean of RAB at �L and �H. For
this value of RP, you get RAB exactly
equal to AB�� at the three tempera-
tures, �L, �C, and �H.

At other temperatures in the range,
RAB deviates from AB��, causing a non-
linearity error that is appreciably less
than 0.1K for most thermistors when
the temperature range is 30K or less.
You can easily compute RP using:
RP�RC[RC(RL�RH)�2RLRH]/(RLRH�
RC

2). Because temperature-to-period-
conversion sensitivity, SC, is 2R1
C1lnb, you can choose R1 and C1 such
that R1C1�SC[�H��C]/ln(RAB at �L/
RAB at �H) to obtain the required value
of SC. To get a specific output period,
TL, for the low temperature, �L, R2
should equal (RAB at �L)eY, in which Y
represents (TL/2R1C1). In practice, use
a lower value for R2 because the nonze-
ro response delay of IC2 causes an in-
crease in the output period.

Next, set potentiometers R1 and R2
close to their calculated values. After
you adjust R1 for the correct SC, adjust
R2 until T equals TL for temperature �L.
The two voltage-divider resistances, R3
and R4, should be equal in value and of

close tolerances. As a practical exam-
ple, use a standard thermistor, such as
a Yellow Springs Instruments 46004, to
convert a temperature span of 20 to
50�C into periods of 5 to 20 msec. This
thermistor exhibits resistances for RL,
RC, and RH of 2814, 1471, and 811.3�,
respectively, at the low, midpoint, and
high temperatures. Other parameters
for the design include SC�0.5 msec/K,
�L�20�C, �H�50�C, �C�35�C, and
TL�5 msec. 

Because only a fraction of current IS
is through the thermistor, IS should be
low to avoid self-heating effects. This
design uses an IS of approximately 0.48
mA, which introduces a self-heating
error of less than 0.03K for a thermis-

tor’s dissipation constant of 10 mW/K.
Figure 1 illustrates the values of the
components in the example. All resis-
tors are of 1% tolerance and 0.25W rat-
ing; use a polycarbonate-dielectric
capacitor for C1.

Simulating various temperatures
from 20 to 50�C by replacing the ther-
mistor with standard, 2814 to 811.3�,
0.01%-tolerance resistors produces T
values of 5 to 20 msec with a maximum
deviation from correct readings of less
than 32 �sec, which corresponds to a
maximum temperature error of less
than 0.07K. Using an actual thermis-
tor produces a maximum error of less
than 0.1K for a thermistor dissipation
constant of 10 mW/K or less.EDN
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Figure 2 Waveforms show input to comparator IC2 (lower trace) and its output
(upper trace). In the lower trace, IR2 represents the voltage across R2.
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Two wires control SPI 
high-speed ADC
Dan Meeks, Texas Instruments Inc, Austin, TX
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Texas Instruments allows a high-performance, video processing platform to stream
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● DaVinci Integrated Silicon: Scalable, programmable DSP-based 
system-on-chip solutions tailored for digital video applications
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video system expertise
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An audio volume-unit meter dis-
plays peak-related audio ampli-

tudes to aid in accurately setting record-
ing levels or for displaying an amplifi-
er’s operating conditions. A simple
diode and capacitor network provides
a classic volume-unit meter’s peak-
weighted response, but the circuit typ-
ically limits response to about 23 dB of

displayable dynamic range, and the
meter suffers from errors that its point-
er’s inertia and mechanical “ballistics”
introduce. Contemporary displays
eliminate the inertia problem by using
arrays of lighted elements to form bar
graphs, but any shortcomings in re-
sponse and accuracy characteristics
now shift to the signal-processing

domain. You can use DSP techniques
and applied mathematics to replicate a
meter’s functions in firmware, but this
approach gets relatively expensive if
the device doesn’t already include DSP
functions to spare.

An inexpensive analog meter’s weak-
ness remains its peak-hold element, a
capacitor that must charge quickly to
accommodate large signals and accu-
rately for small signals—two mutually
exclusive goals. In addition, the non-
ideal characteristics of the diodes for

dedicated chip-selection line.
Given the perpetual demand for

higher sample rates and resolution, I2C’s
limited speed may restrict its use in
some applications and instead force
designers to select SPI. However, SPI
requires an additional I/O pin on the
host controller. In situations in which
extra pins are unavailable but the
application requires a fast SPI-bus con-
verter, you can apply the technique in
Figure 1.

For example, Texas Instruments’
ADS7816 comprises a 200k-sample/
sec, 12-bit-sampling ADC that re-
quires a bit rate of 3M samples/sec to
sample continuously at a 200k-sam-
ple/sec rate (Reference 1). Selecting
the ADS7816’s active-low CS (chip-
select) pin initiates a conversion cycle.
After toggling and holding CS low dur-
ing the data transfer, CS returns high
after transferring the data completes
the process.

When the clock line initially goes
low, it also asserts CS to a low state.
The time constant of the peak detec-
tor comprising D1, R1, and C1 ensures
that CS does not go high until the
clock line remains high for more than
one clock cycle (Figure 2). Although
the clock line toggles and retrieves data
from IC2, CS remains asserted low, and,
upon completion of retrieval, the clock
line goes high, and CS follows, ready-
ing the circuit for another conversion
cycle.

Because C1 must discharge at the end

of a conversion cycle, the controller
should delay the start of the next con-
version cycle until C1 fully discharges.
Careful choice of R1 and C1 minimizes
the delay to a minimum of three clock
cycles. In addition, the voltage across C1
must not fall below inverter IC1B’s input
threshold before the next clock pulse
arrives to refresh the capacitor’s voltage.
Inverter IC1A’s output voltage and cur-
rent capabilities affect C1’s recharge

time, and R1 and IC1B’s input impedance
affect the discharge time. To ensure a
robust design, include components’ tol-
erances and temperature coefficients
along with variations of logic-input and
-output thresholds.EDN

R E F E R E N C E
ADS7816 data sheet, http://focus.

ti.com/docs/prod/folders/print/
ads7816.html, Texas Instruments.

Volume-unit meter spans 
60-dB dynamic range

designideas
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Jon Munson, Linear Technology Corp, Sunnyvale, CA
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Figure 1 Two inverters and a few components can substitute for an SPI ADC’s
chip-select line.
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Figure 2 An SPI-clock waveform (top trace) evokes data (bottom trace), and
peak detection of the clock (the waveform at Point A in Figure 1) yields a signal
(next-to-bottom trace) that mimics the chip-selection line’s behavior.
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(continued on pg 88)
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full-wave rectification and peak-hold
functions also limit an analog volume-
unit meter’s dynamic range. Preserving
20 dB of display dynamics and moni-
toring signal levels that can vary over
a 40-dB range, which is typical in con-
sumer electronics, call for a circuit with
a dynamic range on the order of 60 dB.

In most instances, traditional circuits
fail to simultaneously provide the
intended accuracy and slew rate, par-
ticularly at low signal levels over a wide
dynamic range. The circuit in Figure
1 offers a simple configuration that
delivers high accuracy over a dynam-
ic range that exceeds 60 dB and pro-
vides the rapid-attack/slow-decay char-
acteristics that a high-quality display
requires.

The heart of the circuit is a Linear
Technology LT1011 comparator, IC2,
which monitors the difference
between the incoming signal’s ampli-
tude and the peak-detected output. It
also delivers charging current to a 4.7-
�F hold capacitor, C6, whenever the
state of its charge is too low. Unfortu-

nately, the input-to-output delay
inherent in comparators and nonlin-
ear amplifiers determines the mini-
mum output-pulse width. If the hold
capacitor charges quickly to track large
input bursts, the minimum charge step
must greatly exceed the level of small
signals and thus limits the dynamic
range.

Inductor L1 solves the capacitor-
response problem by providing an
adaptively variable source of charging
current. Adding a 10-mH inductor
limits the maximum current rate when
the comparator generates narrow
pulses, thus reducing the minimum
charging amplitude step to a smaller
level of 1 mV or less. For wider charg-
ing pulses, the current automatically
ramps up to higher levels to provide
the desired high slewing rate. The
minimum charge step is essentially
proportional to the signal-step size,
ensuring a constant relative accuracy
of better than 1 dB over a 60-dB sig-
nal range. A signal level of �59 dB
corresponds to a 13-mV input, and a

meter-scale factor of 0 dB of 2V peak
corresponds to the input level neces-
sary for a typical gain-of-20 audio
power amplifier to deliver 100W rms
into an 8� load, or approximately 40V
peak output.

The circuit also includes two opera-
tional-amplifier stages based on Linear
Technology’s high-accuracy LT1469
dual op amp. The first stage, IC1A, pro-
vides gain of a factor of six in this
example, so that a 2V input peak pro-
vides a 12V output. The second op-
amp stage, IC1B, forms a precision
inverting half-wave rectifier. The out-
puts from IC1A and IC1B and the posi-
tive-peak-detected voltage across C6
combine at IC2’s input to provide a
zero-crossing threshold to the com-
parator. When its input falls below 0V,
IC2’s output switches on Q1 and deliv-
ers charge to C6 until the voltage across
C6 reaches or slightly exceeds the
amplified audio voltage. The feedback
network comprising R8 and C4 provides
an optimal volume-unit-metering dis-
charge.EDN
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Figure 1 This inductor-compensated voltage-unit meter displays a 60-dB dynamic range.
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Parameters MAX13050 TJA1040 MAX13052 PCA82C250 MAX13053 TJA1050 MAX13054 TLE6250

Fault Protection (V) ±80 -27 to +40 ±80 -27 to +40 ±80 -27 to +40 ±80 ±40

ESD Protection
IEC Contact Discharge**

(kV)
±8 — ±8 — ±8 — ±8 —

Standby Current (µA) 11 15 25 170 12.5 50 — —

Price† ($) 1.51 — 1.51 — 1.48 — 1.65 —

±80V Fault and ±8kV ESD Protection Eliminate External Components

♦No External Components Required
♦Eliminates
♦TVSs or TRANSZORB®(S)
♦PolySwitch® Limiters
♦Limiting Resistors 
♦Supply Clamps

♦Save 34%* Total Solution Cost
♦GIFT Qualified

TRANSZORB is a registered trademark of Vishay Intertechnology, Inc.
PolySwitch is a registered trademark of Tyco International Ltd.
*Eliminating these components averages $0.80 (volume of 1000 pieces), a 34% savings from typical competitive solutions at $2.31 (1000 pieces).
**ESD per Contact Discharge Model tested by IBEE test facility. GIFT certification is available. 
†1000-up recommended resale B-grade, FOB USA. Price provided is for design guidance and is FOB USA. International prices will differ
due to local duties, taxes, and exchange rates. Not all packages are offered in 1k increments, and some may require minimum order quantities.

Performance Upgrade to Competition
Ideal for Automotive 12V/42V Mixed Voltage Systems

replaces
replaces

replaces
replaces
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This Design Idea outlines an
easy-to-implement time-de-

lay routine that requires no sub-
routine calls and thus avoids possi-
ble stack-overflow problems (List-
ing 1). This method also saves
RAM space by requiring in most
cases only two variables: the
PACER_CLOCK as a free-running
counter and another variable
introduced at a particular instance
(for example, TIME_VAR). The
routine dedicates the microcon-
troller’s Timer 0 to generate an
interrupt-on-overflow instruction
every 10 msec or at any other
desired interval. You assign the
Timer 0 interrupt a low priority in
the initialization code and then
enable the Timer 0 any convenient
time. After assignment, do not alter
the interval because many services
likely depend on the pacer-clock
routine. Note that the routine can
achieve delays of as much as 255
times the Timer 0 overflow period.

Listing 1 is written for Micro-
chip’s PIC18F242 flash-memory
controller, but porting the routine
to another microcontroller should
pose few problems. When copying
the code to paste it into routines,
note that you must change the
labels—in this example, “wait_
loop100”—at each application of
the code between the rows of aster-
isks in the listing.EDN

Pacer clock
saves subroutine
calls
Enver Torlakovic, Willmot, New
South Wales, Australia
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MORE   AT EDN.COM

You can download the listing
from the Web version of this
Design Idea at www.edn.com/
051110di2.
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LISTING 1—TIME-DELAY ROUTINE
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DAC Update
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Input
Interface

MAX5895/MAX5894/MAX5893 16/14/12 500 CMOS
MAX5878/MAX5877/MAX5876 16/14/12 250 LVDS
MAX5875/MAX5874/MAX5873 16/14/12 200 CMOS
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MAX5878 16-Bit, 250Msps Dual DAC
♦ Noise Density = -164dBFS/Hz at fOUT = 16MHz
♦ ACLR = 75dB at fOUT = 61.44MHz
♦ Low-Power Operation: 296mW at 250Msps
♦ LVDS and CMOS Interface Options
♦ Pin-Compatible, 12-/14-/16-Bit Families

MAX5895 16-Bit, 500Msps Dual DAC
♦ Two-Tone IMD = -100dBc at fOUT = 10MHz
♦ SFDR = 92dBc at fOUT = 10MHz
♦ Selectable 2x/4x/8x Interpolating Filter with >99dB

Stopband Rejection
♦ Digital Quadrature Modulator with Image Rejection
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Adapters allow 
SOIC interchange

Correct-A-Chip adapters allow the
use of SOIC D-package, 150-mil

body chips on SOIC DW-package, 300-mil
body-chip boards and vice versa. Series
666000 adapters accept narrow-body
SOIC D-package devices and mount on
boards for wide-body SOIC DW-package
footprints. Series 665000 adapters accept
wide-body SOIC DW-package devices and
mount on boards for narrow-body SOIC
D-package footprints. Both product lines
have eight to 24 pins and are built from
1.56-mm FR-4 boards, complying with
IPC-600E Class 2 standards. A 24-pin
adapter costs $7.25 (100).
Aries Electronics Inc, www.aries
elec.com

Connector system 
provides miniature docking

Taking up half the space of a single-row docking system,
the 0.5-mm-pitch CradleCon connector also has a

smaller form factor than most competitive dual-row systems.
The system suits digital cameras, audio players, mobile phones,
and other applications requiring cradle docking. Available with
14 to 36 circuits, the system features a dual-row, staggered-SMT
pattern, allowing for a more compact construct than inline sol-
der patterns. A metal shutter version is also available to pro-
tect against dust and debris. A 14-circuit plug costs 78 cents
(50,000).
Molex, www.molex.com

HDMI receptacle provides 
low-impedance mismatch

Carrying 5 Gbps of uncompressed video and audio in
one cable, this HDMI (high-definition-multimedia-

interface) receptacle contains metal shields for EMI pro-
tection, providing low im-
pedance. The surface-
mount-terminated recep-
tacle is capable of 19 posi-
tions and includes a panel-
mount flange option. The
connector is rated for
10,000 mating cycles.
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registered trademarks, and others are the trademarks of Atmel Corporation or its subsidiaries.

Enabling success from the center of technology™

At Avnet Electronics Marketing (EM), support across
the board is much more than a tagline for us.
From initial design through end of life – we are deeply
committed to driving maximum efficiency throughout
the product lifecycle. Take Battery Technology Inc. (BTI)
for example.

Battery Tech – The Challenge
BTI technology keeps more than half a million laptops
alive with its line of batteries. When it came time for
BTI to recharge its product designs, it needed a 
product engineering solution that reduced the number
of components on its board, and lowered overall costs.

Avnet EM and Atmel – The Solution
Avnet’s MCU specialist introduced a new product 
solution involving Atmel’s 8-Bit Flash memory based
AVR microcontroller that solved BTI’s challenge 
quickly and efficiently. Today, BTI utilizes Avnet’s point
of use replenishment system (POURS) program to
ensure the proper flow of components into the 
manufacturing line, as it readies these new products
for volume production.

BTI has also charged Avnet and Atmel to move its
existing designs to Atmel’s AVR platform – the 
industry’s leading flash-based microcontroller. It’s no
shock to see why – with Avnet and Atmel’s focused
energy, BTI found total support across the board.

For additional application solutions and to download
the BTI case study, visit: www.em.avnet.com/atmel/satb

Jim Carver
Avnet,

Field Applications Engineer

Bringing Products to Life.

Rodney McCray
Atmel,

Field Applications Engineer

Christopher Chu 
Battery Tech,

President
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productroundup
CONNECTORS

ROHS (reduction-of-hazardous-sub-
stances)-compliant, the HDMI recep-
tacle costs $1.20 (1000).
FCI, www.fciconnect.com

Cable assembly 
features self-locking 
ZMA connectors

This cable-assembly series in-
cludes self-locking ZMA coaxial

connectors, eliminating the axial move-
ment typical in BNC connectors and
retaining the BNC’s
quarter-turn installa-
tion characteristics.
The device achieves
a 10-dB gain in RF
shielding by elimi-
nating interface mis-
alignment caused by cable-weight down-
force. When the cable is in the mated
position, integrated silicone gaskets seal
out moisture.
Semflex Inc, www.semflex.com

Micropitch interfaces
come in three 
submillimeter sizes

Targeting low-profile applications
with a 2.31-mm mated height,

these 0.5-mm-pitch interface systems are
also available for 5-mm board spacing.
Suiting applications requiring less densi-
ty, the 0.635- and 0.8-mm-pitch systems
are available with 300 and 240 I/Os,
respectively. The micropitch interfaces
cost 7 to 35 cents per mated line. 
Samtec, www.samtec.com

High-density connector
suits differential and 
single-ended systems

The 14-row version of the high-
speed, high-density Ventura con-

nector features 178 single-ended and 93

differential signals per inch. This design
uses a standards-compliant, 110- or 12-
mil via. Designers can use it in 6.25-
Gbps, single-ended and 12-Gbps, differ-
ential systems. Crosstalk is less than 5%,
and insertion loss is less than 2 dB at 6
GHz and 3 dB at 8 GHz. Differential
insertion loss is less than 2 dB at 6 GHz
and less than 3 dB at 10 GHz. The
Ventura connector costs 18 to 24 cents
per mated signal line.
Teradyne Inc, www.teradyne.com/tcs

Category 5e UTP 
cables find use 
in rugged environments

The 1304A and 1305A AES (Ad-
vanced Encryption Standard)/

EBU (Enterprise Backup Utility)-com-
pliant Brilliance CatSnake tactical field-
deployable Category 5e UTP (unshield-
ed-twisted-pair) cables feature bonded-
pair UTPs. The 24-gauge-AWG, 7�32-
stranded cables feature bare-copper con-
ductors and polyolefin insulation. The
1304A has a heavy jacket wall for medi-
um-duty use, and the 1305A has an
upjacketed wall for heavy-duty applica-
tions.  Both cables pass the �40�C bend
test per the UL1381 standard.
Belden CDT Inc, www.belden.com

Cable assembly 
relocates connector 
jacks off the pc board

Targeting applications in need of
higher density, the Octopus net-

work-interface multiconnector cable
assembly moves the network-facing con-
nections on the box from full-size or M-
BNC jacks on the pc board to a 100-mil
center multipin pc-board connector.
Each pc-board-mounted latching-ejector
header handles 24 coax lines. A 24-cable
assembly comes with standard BNC or
M-BNC jacks and costs $400 for the 3m
version.
Trompeter, www.trompeter.com

�

�

�

�

�

Custom Specific
Analog ASICs

Turn your
ideas into

custom-specific ICs
of highest

quality.

Robert-Bosch-Straße 6
D - 55129 Mainz 

Phone +49 - 61 31- 50 62 - 0 
prema@prema.com

www.prema.com · Germany

PREMA Semiconductor GmbH

We offer

● supply voltages from
0.9 V up to 120 V

● ASICs for ultra low power
with high voltages

● an innovative technology
for analog and 

mixed-signal ASICs

suitable for applications
consumer and

automotive electronics, 
telecommunication,

measurement systems
and industrial
automation.

Please contact us… … for the
future of

your products.
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Digital megohmmeter
combines analog and
digital features

The 1860 megohmmeter features
an enhanced LCD that presents

measurements in digital and analog for-
mats for instant test results and an RS-

232C interface for serial-data collection.
The device measures the insulation re-
sistance of components and the leakage
resistance on capacitors, and it performs
resistivity tests on samples of insulating
material. It features a 250-k� to 20-T�
resistance-measurement range and a 50,
100, 250, 500, and 1000V-dc test voltage.

Additional peripherals include a 2-mA
charge current, programmable charging
and measurement times, a comparison
function with programmable low limits,
and a go/no-go display indicator. The
device costs $2995, including a NIST-
traceable calibration certificate and lead
set for connecting to the device under test.
QuadTech Inc, www.quadtech.com

Locking programmable
oscillator generates a
low-noise sine wave

Based on Analog Devices’ AD-
9858 1-GHz DDS (direct-digital

synthesizer), the Model LPO400A lock-
ing programmable oscillator generates a
noise sine wave of 200 kHz to 400 MHz
and ECL-level clock outputs. The device
features a user-programmable output fre-
quency in 1-Hz steps, as well as the pro-
grammable phase of the output signal
with a 14-bit resolution. With a 3.3V
power supply and 2-ppm/year stability,
the oscillator targets applications requir-
ing programmable-frequency sources.
The LPO400A features a 60�60-mm
footprint and costs $395 (100).
Novatech Instruments Inc, www.
novatech-instr.com

AWG family features 
12-bit resolution

The PCI CompuGen family of
ultrafast AWG (arbitrary-wave-

form-generator) cards has 12-bit reso-
lution. The 11G member of the family
features a 1 billion/sec conversion rate
with a single channel, the 4300 has a
300 million/sec rate with four channels,
and the 8150 has a 150 million/sec rate
with eight channels. These waveform-
generator and function-generator cards
provide aperiodic analog waveforms by
creating digital representations of the
waveform in the onboard memory of the
card. The PCI CompuGen family costs
$4495.
Gage Applied Technologies, www.
gage-applied.com
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Set-top-box MPEG-2
decoders support dual-
TV and -DVR applications

Implementing SVP (Secure Video
Processor) technology, the STB-

5524 and STB5525 set-top-box devices
target the DVR (digital-video-reader)
market; the 5525 also supports dual-TV

and -DVR requirements in standard-def-
inition set-top boxes. Both devices feature
a glueless interface to the vendor’s demod-
ulator chips, a low-cost SATA interface,
two 480-Mbps USB2 ports, and an inte-
grated CPU with a 300-MHz ST231 core.
The STB5524 and STB5525 cost $14 and
$15 (10,000), respectively.
STMicroelectronics, www.st.com

DSP series 
supports 7.1 channels

The Aureus DA7xx DSPs support
7.1 channels, including AC3 or

DTS decoding, Dolby ProLogic IIx or
Neo:6 matrix decoding, bass manage-
ment, and delay, using 22% of available
performance of a DA710 processor. The
250-MHz TMS320DA708 comes in a
TQFP-144 package and costs $13.52
(10,000); the 300-MHz TMS320DA710
comes in a BGA-256 package and costs
$221.63 (10,000).
Texas Instruments, www.ti.com

Single-chip H.264 codec
requires low power

Requiring less than 185 mV of
total chip power, the MG1264 sin-

gle-chip VGA 30 fps H.264 video codec
enables two-channel AAC audio encod-
ing. The chip’s EVE (enabling-video-
everywhere) architecture uses dedicated
hardware media-processing engines that
are active only when data is processed, a
multithread embedded microcontroller
with single-cycle context switching, a
video preprocessor, a video-processing
oriented-memory controller, and a single
16-bit SDRAM. MG1264 samples are
currently available and sell for $10.
Mobilygen, www.mobilygen.com

Physical-layer port-pro-
tection switch targets
video systems

For use with the vendor’s Hotlink-
On-Demand family of video seri-

alizers/deserializers, the YLink SMPTE
(Society of Motion Picture and Tele-
vision Engineers) physical-layer port-
protection switch provides HD-SDI and
SD-SDI point-to-point-communication
links. The switch automatically detects
the system data rate and identifies pro-
tocols, including DVB-ASI. YLink
transmitters and YLink-receiver protec-
tion switches each connect to a HotLink
II transceiver. Available in a BGA-256,
the product costs $100 (100).
Cypress Semiconductor Corp,
www.cypress.com
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Network anything. Network everything.™

www.lantronix.com   |  800.526.8764© Lantronix, 2005. Lantronix is a registered trademark, and XPort and WiPort are trademarks of Lantronix, Inc.

We’ll connect it 
to the world.

You design it.

PUT THE POWER OF THE WEB IN YOUR PRODUCTS.
Imagine providing the ability to access,

control, even diagnose and repair your products

from virtually anywhere … at any time over a

network or the Internet. 

XPort™ and WiPort™ device servers enable you

to quickly build Ethernet or 802.11b connectivity

into your designs. With a robust

operating system, built-in Web

server and full TCP/IP stack,

XPort and WiPort have

everything you need

to bring your products

to market

with lightning

speed. And they’re

secure. Both have 256-bit AES Rijndael encryption.

WiPort features 128-bit WEP and WPA security.

Lantronix provides the networking expertise,

so it’s easier than you may think. WiPort is 

even FCC-certified, so you don’t need separate 

certification. Best of all, design changes are

usually minimal or unnecessary.

Call or visit our Web site to get a

Development Kit and put the power of the Web 

in your products.
Visit

www.lantronix.com
for your free Device
Networking white paper.

Serial 
to 802.11b 
Wireless 
Device 
Server

Serial 
to Ethernet 
Device Server
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What you design is your business. Adding distributed control through-

out your application is ours. Our LONWORKS® platform is a worldwide

standard for networking anything you want to control—pumps,

motors, valves, fans—even a remote-controlled window washer. Add

networking features to your products and watch them deliver more

than you thought possible. Start today with our NodeBuilder® develop-

ment tool, or ease into your LONWORKS development with our new Mini

EVK. Call +1 408-938-5200 lto earn more about our development

tools, or visit us online at www.echelon.com/embedded.

DES IGN  WITHOUT
L IMITS
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Call: 972-272-9392 sales@tech-tools.com

www.tech-tools.com

100 MHz
18 Channels

See Our Other
Embedded

Development Tools!

Quick Turnaround.

Calibration Available.

International Shipping.

PCB Production,
Assembly,
Turnkey

China Connection...

10 days Delivery w/solder Mask
NRE not included

UL Approved

MYLYDIA INC.
1-800-Mylydia

sales@mylydia.com

www.mylydia.com

D/S PCB ~ 12¢ per in2

4-L PCB ~ 20¢ per  in2

Prototype ~ Production

productmart
This advertising is for new and current products.

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

www.madelltech.com
Phone:  (877) 670-9023 

(402) 319-4101
E-mail: info@madelltech.com

Test and measurement, SMT Equipment, Rework Stations, Lab Equipment, 
Bio-laboratory, Optics and more

Free tools with purchases
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Learn more, visit us online:www.emulation.com/049

One size does not fit all. 
And one solution don’t fit all!

E
m

u
la

ti
o

n
E

m
u

la
ti

o
n

TT
e

c
h

n
o

lo
g

y
e

c
h

n
o

lo
g

y
,,

In
c

.
In

c
.

• 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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From 1990 through 1995, Massachusetts-based Wildfire Communications developed and
marketed the Wildfire telephone-based “virtual assistant,” which was the subject of a signif-

icant amount of media coverage and numerous favorable—even rave—reviews. Based on voice
recognition of a few hundred key words, the device allowed subscribers to call in, ask for their
messages, route and forward calls, manage contacts, send faxes, and more. It was a 24-hour-a-
day, remotely accessible secretary—admittedly with fewer capabilities—costing $10 to $20 per
month per user. By the end of the decade, the system boasted several hundred thousand active
users, and the On PR public-relations agency was even taking some of the credit for its success
(www.onpr.com/results/case_studies/HowTheEnterprise_Wildfire.asp).

The service was doing so well that, in April 2000, Orange plc (part of France Telecom) pur-
chased Wildfire for €148 million and rolled out service to the United Kingdom, France, and Italy,
operating though regional-phone-operating companies. But with the rise and accessibility of e-
mail, the Web, cell phones, and other communications modes, Wildfire had just 10,000 remaining
users by July 2005, and Orange pulled the plug on the product and service.—by Bill Schweber

Wildfire ignites, then extinguishes
�

YESTERDAY’S HYPE MEETS TODAY’S REALITY

realitycheck

STATS Users at the end of the 90s: several hundred thousand / Remaining users in July 2005: 10,000
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