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Virtex-4 FPGAs beat the competition 
in EVERY performance category.

Only Virtex™-4 Platform FPGAs offer you superior performance 

in every aspect of a system. No other FPGA comes close to 

Virtex-4, which delivers a significant advantage in I/O bandwidth,

on-chip RAM speed, DSP & processing compute bandwidth, and

logic fabric performance. Having all the right features is the only 

way to achieve breakthrough performance at the lowest cost.

The World's Fastest AND Lowest 

Power FPGAs!

Virtex-4 FPGAs also give you high performance without breaking

your power budget, with significantly lower power consumption 

than competing 90nm FPGAs, 73% lower static power, up to 86%

lower dynamic power, and 94% lower inrush current.

Visit our website today, and find out more about the real leader in

FPGA performance.

Virtex-4 beats competing FPGAs in every performance category

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.

View The 
TechOnLine
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Enter xx at www.edn.com/info THE POWER MANAGEMENT LEADER

PFC:
SIMPLE, SMALL, POWERFUL

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

Plug our new IR1150 µPFC
into your design: 

• Simplifies compliance with 
new energy efficiency and 
harmonic regulations

• One-Cycle Control technique

• No AC-line sensing

• 50% less PCB area*

• 40% fewer parts*

• 45% fewer design steps*

• SOIC-8 package

• Enables bridge-less boost designs

IR1150 One-Cycle Control CCM PFC

* in typical 1kW power supply
µPFC™  is a trademark of International Rectifier Corporation

ISNS
3

COMP
5

VFB
6

OVP
4

FREQ
2

VCC
7

GATE
8

COM
1

IR1150

-
+

BRIDGE

V OUT

RTN

+
AC NEUTRAL

AC LINE

Vcc

+

TYPICAL CIRCUIT DESIGN USING µPFC™

1.5A gate drive
for high power
performance

Enable with
micropower
standby for
energy savings

High Speed
50-200kHz for
small magnetics

Robust
22V VCC

Dedicated OVP pin
for high reliability

From 75W to 3kW+

Reference 
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Available
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Single Sided PCB1.1" Enter 3 at www.edn.com/info
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Find out more about Atmel’s AVR solutions today at www.atmel.com/ad/avr

If you’re looking for ways to get better
designs to market faster (and who isn’t these
days), start designing with Atmel’s AVR®

family of MCUs. No other 8-bit micro can give you
its exceptional combination of performance, flexibility and
power management. 

AVR is the most efficient and powerful 8-bit MCU on the
planet. It has an enhanced RISC core running single-cycle
instructions and a well-defined I/O structure that limits the
need for external components. So it’s not only easier to use, 
it delivers blazing execution of up to 20 MIPS. 

And when you consider AVR’s outstanding Flash and
EEPROM capability, plus its huge range of packaging,

peripherals, memory sizes, power management modes and
development tools, there’s almost no limit to what you can
design. From complex battery operated applications to
industrial controls, and a whole lot more in between. 

That’s why AVR has become the most popular
microcontroller of its kind, with over a billion installed
around the world. 

So if you’re looking for ways to get more out of your
designs, make sure you use the microcontroller that
delivers more. 

Check it out today at www.atmel.com/ad/avr and register to
win a free development kit. It just could be the start of a very
fruitful relationship.

With Atmel’s AVRmicrocontrollers,
your designs will always give you
more than you expected.

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

Performance Up to 20 MIPS
Power consumption 100nA (power down)
Memory size 1 to 256 Kbytes Flash
Packaging 8 to 100 pins
Peripherals UART, SPI, 2-wire interface, timers, PWM, 10-bit AD, CAN, LCD
Migration path All devices code compatible for seamless upgrade

R

Everywhere You AreSM
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Whatever your next innovative idea is, 
we’ll help you design it.
Personal Media Player.  People want to watch TV programs, movies 
and home videos on their own schedule. That’s why today’s personal 
media players allow people to access the content they love, whenever and 
wherever they want. At the core of this revolution in personalized content 
is the Philips Nexperia Media Processor, which makes it possible to record 
broadcast video, download and view movies from the Internet, and store or 
share digital photos. The processor allows you to attach the player to a TV 
for DVD video quality — even high-defi nition output. As an industry 
leader in media processing technology, Philips 
Semiconductors is prepared to be your partner 
in designing what’s next.

www.philips.com/pm

©Koninklijke Philips N.V., 2005. All rights reserved. Nexperia and the Nexperia logo are trademarks of Koninklijke Philips N.V.
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Personal Media Player.  To help you design what’s next, Philips’ 
reference design features the following ICs: 
1.  Media Processor/System Control – Nexperia PNX1500 Media 

Processor supports DivX, MPEG-2, MPEG-4, H.264, WMV9, motion adaptive 
de-interlacing, real-time DVD-quality MPEG-4 video encoding, and scaling as 
well as system control, UI, and communications. 

2.  Power Management Unit – PCF50606 PMU+. One chip provides 
complete system power supply and management including DC/DC converters, 
battery management, charger control and dynamic power control that 
optimizes multiple voltage levels in real time to minimize power consumption.

3.  TV Codec – SAA7109 TV codec provides A to D and D to A conversion 
for composite video signals; decodes PAL, NTSC, SECAM, encodes PAL, 
NTSC and 720P, 1080I HD video out.

4.  Wireless LAN 802.11g – BGW211 System-in-a-Package (SiP) 802.11g 
solution features the industry’s lowest standby and operating power 
consumption and supports 802.11e for enhanced QOS.
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© 2005 National Instruments Corporation. All rights reserved. NI and ni.com are trademarks of National Instruments.
Other product and company names listed are trademarks or trade names of their respective companies.

2005-5073-101-D

To view a seven-minute online demo of the 
NI PXI-5922, go to ni.com/modularinstruments. (800) 449 6347 or ni.com

Discover the Signals You’ve Been Missing
The new National Instruments PXI-5922 flexible-resolution digitizer 
uses patented techniques to deliver the highest resolution and 
highest dynamic range of any digitizer today up to 15 MS/s. 
The dual-channel digitizer features:

• Flexible resolution from 24 bits up to 500 kS/s to 16 bits at 15 MS/s
• Spectral, audio, vibration, and communications analysis software
• -120 dBc typical SFDR and -120 dBFS rms noise
• Deep onboard memory up to 256 MB per channel
• Integrated antialias protection for all sampling rates

With innovative hardware capabilities and more than 400 measurement
and analysis functions, the NI PXI-5922 revolutionizes dynamic
measurements for user-defined applications. From DC to RF, 
NI modular instruments power measurements from prototype 
to production.

Industry’s Highest-Resolution Digitizer
From 24 bits up to 500 kS/s to 16 bits at 15 MS/s

All Other Digitizers

Performance Audio Test I and Q Baseband Digitization

High-End Converter Test
Re

so
lu

tio
n 

(b
its

)

Sampling Frequency (Hz)

Multimeters 71⁄2 digits, 1000 V
Audio Analyzers 24 bits, up to 500 kS/s
Digitizers 8-24 bits, up to 200 MS/s
Signal Generators Up to 16 bits, 200 MS/s
High-Speed Digital I/O Up to 400 Mb/s
RF 2.7 GHz, 20 MHz RTB
Switching Multiplexers, matrices,

RF switches, relays
Multifunction I/O Analog input and output, 

digital I/O, counters

Define your test system with 
NI modular instrumentation.

Enter 4 at www.edn.com/info
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Structured ASICs
deserve serious
attention at 90 nm

69The cost of 90-nm—not
to mention 65-nm—
silicon is outrageous.

Users should take a long, hard look at
structured ASICs when considering
which fabric to use for their next logic
design. 

by Michael Santarini, Senior Editor

Windowed-watchdog
timers enhance 
system security

79A supervisory function
enables system 
recovery to prevent

execution errors.
by Donald W Corson, 

EM Microelectronic

contents

Which interface 
will get traction?

58Fibre Channel rules in
the SAN world, and
InfiniBand is progressing

in computer clusters, but a faster
flavor of the venerable Ethernet
looms as a potential jack-of-all-
trades. 

by Maury Wright, Editor at Large CAT5 tracks:
Audio goes the
distance, reliably and
on time

47Do you want to route
high-bit-rate digital audio
over long expanses with

minimal latency and “five-nines”
reliability? Find out whether a
conventional Ethernet scheme will
meet your needs or whether you
need an audio-optimized variant. 

by Brian Dipert, Technical Editor
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©2005 Synopsys, Inc. Synopsys and the Synopsys logo are 
registered trademarks of Synopsys, Inc. Agere, Agere Systems and

the Agere Systems logo are trademarks and PayloadPlus is a
registered trademark of Agere Systems, Inc. All rights reserved.

www.synopsys.com/greatchips

“It not only reduces cost, it makes that old
network equipment feel young again.”

Roger Bailey / Senior Technical Manager, Agere Systems

T H E G R E AT C H I P S E R I E S # 1 9 – PAY LO A D P L U S® N E T W O R K P R O C E S S O R[ ]

Classification - Deep packet classification, multiple
programmable pattern processing engines.

Pad Ring wth 946 IOs.

210 million transistors
266 MHz
.13 micron
Eleven 266 MHZ DDR interfaces

2.7 MB
internal
memory

Traffic Manager and
Scheduler with four
compute engines.

We’re pretty much in a complete
Synopsys flow. With their full
suite, we reduced our solution
from three chips down to one.

FREE SEMINARS

WORLDWIDE LOCATIONS

REGISTER NOW:   
WWW.SYNOPSYS.COM/SPRINGTECH

Enter 5 at www.edn.com/info
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19 Intense LEDs take on the sun

19 Book leads those on the digital dark side to the analog force

19 Simple transformer monitors ac currents

20 Track-and-hold device allows direct capture of signals greater than 10 GHz

20 LED module delivers 60 lumens

22 Tool analyzes ICs

22 Embedded DSP simplifies programming

22 Physical guide routes optical guide

24 Emulators speed event-based verification

24 Module enables graphical embedded programming

26 Q&A: Cisco’s Todd Westerhoff on EDA

28 Global Designer: WiCon panel opines on state of wireless standards, FPGAs

implement high-end image-processing applications, bits & pieces

Express yourself
In line with our new motto—Voice of the
Engineer—we're providing more opportunities
than ever for you to share information and opin-
ions with your peers at www.edn.com.

➔Feedback Loop: An online bulletin board that
allows you to post comments on a specific arti-
cle. Look for it on the left side of every article on
the site. See a list of all the active threads at
www.edn.com/feedbackloop, and check out the
ongoing discussions on these recent articles:

Embedded-system programmers must learn the
fundamentals
www.edn.com/article/CA601846

Baker’s Best: Turning Nyquuist upside down
by undersampling
www.edn.com/article/CA529378

➔Blogs: Discussions that our editors lead:

Brian's Brain, by Brian Dipert
www.edn.com/briansbrain

Recent topics: Advanced video codecs, gadgets
for the road, dual-core processors

On The Verge, by Maury Wright
www.edn.com/ontheverge

Recent topics: Podcasts go mainstream, Wi-Fi
hurts cafés, Zigbee products roll

Only on www.edn.com
EDN readers list engineering heroes
When Editor in Chief John Dodge asked you to
name your engineering heroes in a recent column,
he clearly hit upon something you were eager to
talk about.
➔www.edn.com/article/CA607116

DAC-stravaganza
An archive of news coverage from the recent
Design Automation Conference.
➔www.edn.com/article/CA607973

Free Webcast features EDN Editorial Advisory
Board member Chuck Clark Jr
As a Boeing Technical Fellow, holder of 15 patents,
and survivor of nine takeovers in the electronics
and aerospace industries, Chuck Clark has devel-
oped some interesting insights into engineering.
EDN Editor in Chief John Dodge interviewed Clark
in a recent online conference.
➔http://e2e.unisfair.com/

PCI-SIG forms I/O virtualization specification group
Virtualization extensions to the PCI Express stan-
dard would define a standardized method for a sin-
gle physical device to present itself to a system as
multiple virtual devices.
➔www.edn.com/article/CA608868
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This issue is not about simple glob-
alization. Globalization itself—locating
your staff worldwide to take advantages
of various perceived attributes they
offer, for both technical expertise and
lower cost—is unavoidable given the
time, cost, complexity, and pressures of
today’s designs. Also, globalization pro-
vides an around-the-clock advantage
and the technology-enabled ease of
transferring data and designs from Point
A to Point B.

But why stop there, many companies
are asking? You can outsource product
design to a third party, which in turn
may use big chunks of external IP
(intellectual property); you can out-
source physical manufacturing; and
now, you can even outsource your
research and development. The article
gave plenty of examples of which com-
panies are using this approach and the
results in apparent cost (read “people”)

savings. What’s left? Not to worry,
many say: The companies that out-
source so many aspects of their roles can
do the upfront product definition, as
well as the product marketing. Sounds
like a plan, doesn’t it?

However, all this outsourcing buries
a reality: Once your outsource partners
learn how you define products, how you
market them, and whatever other
“secret” understanding you have or you
assume that you have, and you have an
“in” on your markets, those partners no
longer need you. It’s that simple. The
“secret sauce” you think makes a dif-
ference may not be such a secret or

maybe isn’t the barrier to entry that you
thought it was.

You already see this entry of new
players in diverse markets, such as
home appliances and consumer prod-
ucts. In these markets, companies most
of us have never heard of are using
widely available chip sets and compo-
nents and quickly developing a signif-
icant presence in the markets of long-
established market leaders. 

If a company thinks it can survive
and remain a market force if it just does
marketing and branding, while aban-
doning true R&D, design, and innova-
tion, the company is deluding itself.
The shelves of Wal-Mart are full of
brands that used to be real players and
now exist only as nameplates.

Remember RCA? Once the undis-
puted leader in TV innovation, the
company spent more than a billion in
1950s’ dollars to develop color TV as we
know it today, including architecture,
CRTs, imagers, and much more. Then,
in addition to its other corporate mis-
steps, such as going to conglomerate
mode and supplying home appliances,
carpets, rental cars, and more, it began
the process of shedding. It outsourced
the labor-intensive soldering of the
wired TV chassis that predate pc boards,
albeit using US-sourced components.
Next, the manufacturing of these com-
ponents—mostly passives—moved;
then, the design of these components
traveled. Next came manufacturing of
the more complex parts; then, their
design; and, soon, all that was left was
an empty shell of a well-respected
brand, and a name that used to have dis-
tinctive value—but now had none.

When your functions and true added
value have atrophied by that magni-
tude, anyone can step in and take away
your markets, shelf space, and business.
Today’s smart move to outsourcing
almost everything may be the dumb-
est long-term move a company can
make.EDN

BY BILL SCHWEBER, EXECUTIVE EDITOR

f you really want to worry about the state of our industry—for both
our engineers and our companies—pick up a copy of the March 21,
2005, Business Week, which is available free online with registration
or at your local library. The multifaceted cover story “Outsourcing
Innovation” filled in the details with examples and numbers of what
many of us already know or have heard: Not only engineering-design

roles, but also all of the functions—the very essence of many companies—
are “going away.” We are helping them to evaporate.

I
Outsourcing
innovation starts
a dangerous
downward spiral.

Are we losing 
our innovation religion?

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

Go to www.edn.com/article/
CA601510 and click on Feedback Loop
to post a comment on this column.

MORE   AT EDN.COM

+
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A  G R E A T E R  M E A S U R E  O F  C O N F I D E N C E

www.keithley.com 4200-SCS

device characterization • parametric I-V analysis • stress-measure
• reliability tests • device modeling • materials research

The Model 4200-SCS, the industry’s most popular and productive parametric analyzer, is now your best choice for reliability testing, too.

New stress-measure capabilities in our 5.0 software release simplify testing. Exceptional current sensitivity (to 100 attoamps) and an

intuitive Windows XP
®

interface make the Model 4200-SCS the best, most cost-effective solution for a growing list of applications:

� Semiconductor technology development � Organic LEDs

� Incoming inspection, failure analysis � Hall Effect and Van der Pauw testing

� Device reliability and lifetime testing � Semiconductor process integration

� Nanotechnology research � RFIC, high power MOSFET/BJT

� High and low κ dielectrics

For a demo, contact us at 1-800-588-9238 or 
for more information, visit www.keithley.com/at/173.html

We’ve wrapped up everything 
you need in one package.

Enter 7 at www.edn.com/info
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just everywhere …

For superior solutions: 
NTC and PTC thermistors

■ Application-specific designs
■ High reliability
■ Long service life
■ Low cost

More information at www.epcos.com
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AD9445

14 bits, 125 MSPS
80 dBc SFDR @ 300 MHz

60 fs aperture jitter

Base Station

AD9446

16 bits, 100 MSPS
80 dBc SNR
90 dBc SFDR

Test Gear

AD7621

16 bits, 3 MSPS
�1 LSB INL
90 dB SNR

Instrumentation

AD7641

18 bits, 2 MSPS
�2 LSB INL
93 dB SNR

CT Scanner

AD7760

24 bits, 2.5 MSPS
�100 dB THD

100 dB to 118 dB SNR

Data Acquisition

Breakthrough data 

Highest performance ADCs . . .

...where it matters most.
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The performance levels that define your design

In the world of data conversion, more bits are good, and faster sample rates are even better. But good performance
in one area is of little value if it comes with compromises in other areas, like ac linearity, dc accuracy, power
consumption, integration, packaging, or price. Today, benchmark converters are about delivering leading perform-
ance on multiple levels and giving designers the combination of features they need for their particular applications.
Like best-in-class nonlinearity for medical designs (AD7641), unparalleled SFDR for base stations (AD9445), or a
combination of precision and small size (7 mm � 7 mm) for portable instruments (AD7621)—and of course, all
with best-in-class speed and resolution to start.

Just because your design is complex does not mean you have to settle for trade-offs. More engineers are trading up
to the levels of performance available only from Analog Devices. They know that when performance defines their
design, they want the converters that define performance. For more information, please visit our website.

converter performance beyond speed and bits.

w w w . a n a l o g . c o m / P e r f o r m a n c e A D C s

549476_16_17.indd   3549476_16_17.indd   3 6/22/2005   5:54:53 PM6/22/2005   5:54:53 PM



Enter xx at www.edn.com/info

We Create BGA Solutions 
From The Drawing Board 

To The PC Board. 

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

BGA socketing systems. We specialize in economical, dependable alternatives 

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

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

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

To learn more, visit us online at

http://www.bgasockets.com

or call 1.800.424.9850.

And Every Step In Between.
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5 Energy Way, West Warwick, Rhode Island 02893 USA

Standard Eutectic or
Optional Lead-free
Advanced now offers select BGA sockets
with lead-free solder ball terminals to comply
with worldwide directives.

free
Pb
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INNOVATIONS AND INNOVATORS

According to Richard Saffa, vice president of visible
LEDs at Optek Technology, the company’s OVL se-
ries of LEDs performs in full sunlight for a variety

of display and signage applications, including commercial
outdoor advertising. The through-hole, oval LEDs, in 3-, 
4-, and 5-mm sizes, are available in blue, green, red/
orange, and red with intensities that vary depending on col-
or and size. For example, the 5-mm, red, AlInGaP device
has typical intensity of 950 mcd at 20 mA, and the green
InGaN device has an intensity of 1750 mcd. 

Viewing angle also depends on size; representative
viewing angle is 50� at half-power and 110� maximum.
Power dissipation for these 25-cent devices is approxi-
mately 130 mW.—by Bill Schweber
�Optek Technology, www.optekinc.com.

Book leads those on the digital 
dark side to the analog force

Simple transformer
monitors ac currents
Is there an electrical component
as versatile as the venerable
transformer in its various mani-
festations? For measuring ac
current, the 5600 series from
C&D Technologies combines iso-
lation to 500V with primary cur-
rent rating to 10A. The device
finds use in switched-mode pow-
er-supply feedback loops, motor-
current monitoring, and other
sensing applications. Bandwidth
is 20 to 200 kHz, and these
transformers are available in 50-,
100-, 200-, or 300-turn versions,
for different sensitivity factors.
Internal inductance is 5 to 335
mH, and dc resistance ranges
from 117 m� to 8.6�.

The less-than-$1 units are
available as two-lead and center-
tapped devices and measure
16.8�20�8.9 mm.

—by Bill Schweber
�C&D Technologies Inc,
www.cd4power.com.

A familiar name to EDN readers, Bonnie
Baker takes many of the subjects and
themes of her popular “Baker’s Best” column
into more detail and depth in A Baker’s
Dozen: Real Analog Solutions for Digital
Designers (Newnes/Elsevier, ISBN 0-7506-
7819-4, May 2005). This clearly written,
highly readable book explains both basic top-
ics, such as A/D-converter operation, and
the dilemmas that designers face, such as
where, when, and how to filter signals in the
signal-processing chain. Other topics include
the use and validity of Spice models; digital-
versus-analog-processing trade-offs and co-
operation; and noise, layout, and grounding.

The $59.95, 368-pg paperback devotes a
chapter to the all-important topic of trouble-
shooting mixed-signal designs. Colleges
don’t teach this subject, but engineers usually
teach themselves at the debugging bench at
first using bad judgment, which leads to ex-

perience and then to good judgment. This
self-teaching primer will enhance your de-
sign, decision, and debugging skills so that
you can face the reality of mixed-signal sys-
tems or digital designs with their inevitable
analog-world aspects.—by Bill Schweber
�Newnes/Elsevier, http://books.elsevier.
com.

Intense LEDs take on the sun

EDITED BY FRAN GRANVILLE

JULY 7, 2005  |  EDN 19

LEDs are moving up the intensity
scale for outdoor-signage uses, as
the OVL series demonstrates. The
devices are available in a range of
colors and 3-, 4-, and 5-mm sizes.

FEEDBACK LOOP
“Did I read that right? You can
program the DSP directly in Visual
Basic? Somebody actually built 
a VB compiler that generates 
native DSP code? What’s next?
Programming a DSP in Cobol?”
Ken Dyck, in EDN’s Feedback Loop on

www.edn.com/article/CA605784. Add your

comments.

The 5600 current-sensing trans-
former series offer 500V-dc isola-
tion in 50- to 300-turn versions.
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The extremely wideband
RTH050 dual track-
and-hold device from

Rockwell Scientific enables di-
rect conversion of gigahertz-
range signals and signal
edges with rise times of ap-
proximately 20 psec. This unit
has small-signal input band-
width of 15 GHz and supports
a sampling rate of 100 to
1000M samples/sec. The dif-
ferential signal-path device in-
corporates cascaded track-
and-hold circuits to provide a
hold time that is greater than
one-half the clock cycle, which 
reduces bandwidth require-
ments for the subsequent sig-
nal-handling chain. Aperture
jitter is 100 fsec, and acquisi-
tion time is 200 psec. Hold-
mode distortion is �42 dB for
a 5-GHz signal with 0.5V p-p
amplitude, rising to �30 dB
for a 7.5-GHz signal; noise is
less than 1 mV. Spurious-free
dynamic range is 65 dB with a
1.060-GHz, 0.5V p-p signal.

According to Ron Latreille,
product-line manager for
mixed-signal products, the im-
proved speed of this unit, com-
pared with its predecessors,
allows users “to digitize a
broader range of signals with
no increase in power con-

Track-and-hold device allows
direct capture of signals
greater than 10 GHz

DILBERT By Scott Adams 

sumption” at 1.65W. A similar
device, the RTH055, also inte-
grates 12-dB attenuators to
eliminate the need for external

components to scale down
signals with excessive full-
scale magnitude. The RTH050
sells for $300 (100) and is
available in a 13-lead HSD
package.—by Bill Schweber
�Rockwell Scientific Co
LLC, www.rockwellscientific.
com.

BivarOpto’s LK series
encompasses single-
chip, 1W LEDs targeting
safety, signaling, emer-
gency, and general illu-
mination. The 465- to
635-nm surface-mount
devices, also available
in white to 8000K, use a
Cree XLamp die that in-
cludes an aluminum pc-
board base for manag-
ing thermal issues. The
lead-free encased met-

al-core module, which
measures 20.3 mm sq,
includes an integral
lens; you can also get a
two-pin header-based
connector for snap-in
and ease of replace-
ment. The LED operates
from �30 to �100�C;
maximum forward cur-
rent is 400 mA. The LK
series modules sell for
$4 (volume 
quantities).

—by Bill Schweber
�BivarOpto, www.
bivar.com.

LED module
delivers 60
lumens

The LK Series of 60-lumen
LEDs use a metal-core pc-
board assembly to yield a
1W SMT design with inte-
grated lens.
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FEEDBACK LOOP
“The Nyquist Theorem addresses avoiding
aliasing of a reconstructed signal, not perfect-
ly reconstructing the original signal. For sig-
nals approaching one-half the Nyquist fre-
quency, severe amplitude attenuation periodi-
cally occurs as the sampled points move into
and out of phase with the signal.”
Konrad Kratz, in EDN’s Feedback Loop on www.edn.com/

article/CA529378. Add your comments.

20 EDN |  JULY 7, 2005

OUTPINP

INN

TMS

OUTN

VCC VEE GND

CLK1P CLK1N CLK2P CLK2N

TH1 TH2

Simple in concept but fast in execution, the RTH050 track-and-
hold device from Rockwell Scientific offers a 15-GHz bandwidth
and a 1G-sample/sec sampling rate with a dual internal structure
for relaxation of interface timing.
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TPS75003
IS1

SW1
FB1
IS2

FB2
SW2

OUT3
FB3

AGND
DGND

IN1
IN2
IN3
EN1

EN2
SS1

SS2
EN3
SS3
DGND

DGND

5 V_INPUT

VCCAUX

100µF

1.5nF 1.5nF 10nF

0.033 0.033

5µH

15µH VCCINT
1.2 V at 
2A

VCCO

3.3V at 
2A

VCCAUX

2.5V at 
300mA

100µF

100µF

10µF

61.9k

15.4k

61.9k

36.5k

Q2

Q1

D1

D2

3A
BUCK1

3A
BUCK2

300mA
LDO

The TPS75003 power management IC for Xilinx’s SpartanTM-II/IIE/3 series of FPGAs
integrates multiple functions to significantly reduce the number of external components
required and simplify design. Combining increased design flexibility with cost-effective
voltage conversion, the IC includes programmable soft-start for in-rush current control
and independent enables for sequencing the three channels. The TPS75003 meets all
Xilinx startup profile requirements, including monotonic ramp and minimum ramp times.

Triple Supply Powers SpartanTM-3

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. Spartan is a trademark of Xilinx. All others are property of their respective owner.  1111A0 © 2005 TI

Applications

– DSL modems

– Set-top boxes

– Plasma TV display panels

– DVD players 

Features

– Two 95%-efficient, 3-A buck 

controllers and one 

300-mA LDO

– Adjustable output voltages 

– from 1.2 V for bucks

– from 1.0 V for LDO

– Input voltage range of 

2.2 V to 6.5V

– Independent soft-start for

all three power supplies

– LDO stable with small 

ceramic output capacitor

– Independent enable for 

each supply for flexible

sequencing

– 4.5 mm x 3.5 mm x 0.9 mm 

20-pin, QFN package

– $1.90: 1 K price

POWER MANAGEMENT

www.ti.com/xilinxfpga-u 800.477.8924, ext. fpga

For more information on TI’s complete line of
power management solutions for Xilinx
FPGAs—including a library of reference

designs, schematics and BOMs—visit
www.ti.com/xilinxfpga-u.
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Giga Scale Integration
claims that its new IC-
economic-analysis

tool can help you figure out
whether a foundry’s less ex-
pensive, standard 90-nm pro-
cess or even its 130-nm pro-
cess will meet your design re-
quirements just as well as the
same foundry’s pricier, low-
power, 90-nm process. The
technology expands on the
company’s InCyte chip-estima-
tion tool, which allows users to
derive an IC specification with
estimates on die size, power,
performance, and leakage. The
company has now taken the
estimation technology a step
further by creating an eco-
nomic analysis add-on engine
to InCyte that allows users to
turn their design specification
into an IC budgetary quotation
and figure out the best foundry
and fabric for their next design
project.

Adam Traidman, Giga Scale
IC’s president and chief exec-
utive officer, says that the
company gathered silicon-wa-
fer-pricing and defect-density
data from foundries and trade
groups, package-pricing data
from packages, and test- and
assembly-cost data from vari-
ous vendors. The InCyte eco-
nomic engine’s database
stores that data. “We take the
output of our InCyte tool, which
provides technical chip estima-
tion for die size, power con-
sumption, and number of pins,
and combine that data with the
new economic data to produce
this final packaged-chip cost,”
says Traidman.

The engine also has a life-
cycle-analysis feature that al-
lows designers to forecast and
account for mask re-spins, in-
creasing yields, and decreas-
ing wafer and package costs.

Tool analyzes ICs
Traidman says that Giga Scale
will eventually improve the tool
to allow users to analyze
whether they should imple-
ment their designs in FPGAs,
structured ASICs, or tradition-

al cell-based-ASIC fabrics. The
economic engine is available
as a $2000 upgrade to InCyte.
InCyte is available as a free
download at www.chipesti-
mate.com.

—by Michael Santarini
�Giga Scale Integration,
www.gigaic.com.

Even optical fibers, al-
though relatively rug-
ged, may still need
some support and pro-
tection when designers
cram them into today’s
tight and crowded box-
es and systems. The
OFFGS (optical-fiber-
flexible-guide system)
from Richco Inc pro-
vides the needed rout-
ing and channeling for
250- and 900-micron
fibers. The flexible
guide lets designers
snake the fiber around
the pc board and within
the box and provides
consistent placement
and basic protection. 

According to Cheryl
Cummins, marketing
manager at Richco, the
OFFGS is available in a
flat style for mounting
directly to the pc board
and with support posts
that raise it above the
pc board, so that it can
go over ICs and other
obstructions. A stan-
dard OFFGS piece
measures 6.5 in. (16.5
cm) long and costs
about $2.

—by Bill Schweber
�Richco Inc, www.
richo-inc.com.

Keep that optical fiber
well-behaved and con-
strained within your pc-
board-based product
with a flexible guide from
Richco.

Physical guide
routes optical
guide
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FEEDBACK LOOP
“Many [software engineers] are actually other
types of engineers that became involved with
programming in school or on the job through
necessity. Often facing a time crunch, they
write only enough code to make the project
work, rarely giving any thought to quality
code.”
Joseph Travis, in EDN’s Feedback Loop on www.edn.com/

article/CA601846. Add your comments.

22 EDN |  JULY 7, 2005

Sheldon Instruments’ recently released SI-C6713DSP-PC104p
embedded DSP board in the PC/104-Plus form factor targets
real-time test, measurement, and digital-control applications.
With a typical power consumption of only 2.25W, the board fea-
tures the latest 300-MHz TMS320C6713 DSP from Texas
Instruments and as much as 256 Mbytes of SDRAM. An expan-
sion site for a family of multifunction I/O modules extends the
DSP power with as many as 64 analog inputs and 16 analog
outputs; a timing interface with two digital synthesizers and four
counters; and a digital interface that comprises 32 bits of gen-
eral-purpose I/O, two quadrature encoders, two frequency coun-
ters, and two PWM outputs.

The board comes with DSP-software libraries that enable sys-
tem engineers to directly program their DSP systems in Visual
Basic or National Instruments’
(www.ni.com) LabView. How-
ever, for those who require
custom development, the 
conventional C/C��-based
tools have source-code-distri-
bution support. Prices for the
SI-C6713DSP-PC104p board
with a 300-MHz DSP and 64
Mbytes of SDRAM start at
$1985, and prices for I/O
modules start at $595.

—by Warren Webb
�Sheldon Instruments,
www.sheldoninst.com.

Embedded DSP
simplifies programming

Designers can easily program
the SI-C6713DSP-PC104p
board in LabView and Visual
Basic. The board incorporates
the TMS320C6713 DSP op-
erating as fast as 300 MHz.
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www.ti.com/bq24100 800.477.8924, ext. 24100

NEW!
Power Management Selection Guide,

Datasheets, Samples, Evaluation

Modules, and Application Notes.

The bqSWITCHER, the industry’s first family of synchronous switch-mode battery
charger ICs with integrated FETs, provides faster and cooler charging in portable
applications. Ideal for high-efficiency charger designs with up to three Lithium-Ion
battery cells in series, the bq241xx enables a small and simple solution by requiring
only a few external components.

Integrated FET Switch-mode
Charger

Technology for Innovators and the red/black banner are trademarks of Texas Instruments.  1135AO © 2005 TI

Technology for Innovators
TM

Applications

All 1-, 2- and 3-cell Li-Ion 

battery-powered applications:

– Portable DVD players 

– Portable media players 

– Handheld devices

– Industrial equipment 

– Medical equipment

Features

– Charges 1, 2 or 3 Li-Ion cells

– Synchronous 1.1-MHz PWM

converter

– Highly integrated: 

– 2-A charge FETs

– Reverse-blocking diode

– Thermal shutdown

– Battery management

features maximize capacity, 

cycle life and safety:

– Accurate voltage and 

current regulation

– Charge conditioning,

status and termination

– Battery detection

– Safety timer

– Temperature monitoring

Packages

– 20-pin 3.5 x 4.5 mm2 QFN

– Lead-free, RoHS-compatible

POWER MANAGEMENT

VIN
VCC

VTSB

IN OUT

PG—

STAT2

STAT1

TTC

CE
—

SNS

BAT

ISET2

ISET1

TS

VSS

Adapter
Present

Done

Charge

0.1µF*

10µH

10µF

7.5k*

7.5k*

RT2

TEMP

Pack+

0.1

Pack–

RT1

*ICharge = 1.33A, IPrecharge = 0.13A, Timer = 260 min

bqSWITCHER Products
Device Charge Regulation Voltage Application Price*
bq24100 1- cell (4.2 V) Standalone $2.10
bq24103 1- or 2- cell selectable Standalone $2.20
bq24105 Externally programmable (2.1 to 15.5 V) Standalone $3.50
bq24113 1- or 2- cell selectable System-controlled $2.20
bq24115 Externally programmable (2.1 to 15.5 V) System-controlled $3.50

10µF

*Suggested resale price in U.S. dollars in quantities of 1,000.

Synchronous, High-efficiency 2-A Switch-mode Lithium-Ion

Charger Fits in 3.5 x 4.5 mm2 QFN Package
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Tharas Systems Inc has
released two new emu-
lator systems that use

multiprocessor SOCs (sys-
tems on chips). The single-
user Hammer S-Class emula-
tor has a capacity of 16 million
gates and targets hardware
designers needing to speed
event-based verification. The
multiuser Hammer M-Class
emulator has a 64 million-gate
capacity and targets hardware
engineers who want to verify
their designs, and, through the
new Virtual Connect add-on,
software engineers, wishing to
get a jump on software devel-
opment. Richard Curtin, senior
vice president of marketing
and business development for
Tharas, says that the two new
systems improve on the com-
pany’s previous offering, the
Hammer 100 system, on just
about all fronts.

Whereas the Hammer 100
used 128 processors, had a
32 million-gate capacity, and
ran an 8 million-gate design
with a testbench operating at
4.5 kHz, the new S-Class uses
1024 custom processors, has
twice as many gates, and runs
the same 8 million-gate design
at 50 kHz. The M-Class has
4096 processors, a fourfold
gate increase, and the ability to
run the same 8 million-gate
design at 200 kHz.

Curtin attributes the speed
and capacity improvements to
the company’s placing 32 of
its Hammer 100 custom pro-
cessors on one SOC. This ap-
proach increases the capacity
and exponentially speeds the
emulators and allows Tharas
to offer the systems in a form
factor the size of a big toaster.
Tharas also custom-designed
the instruction set to handle
Boolean operations for simula-

Emulators speed 
event-based verification

tion. Custom instruction-set
simulation speeds emulation.
The company has also worked
extensively on the compiler to
help users quickly load their
designs onto the emulator sys-
tems. Curtin claims a 50 mil-
lion- to 60 million-gate compi-
lation time. The emulators 
accept Verilog- and VHDL-
design files; assertions in OVL
(object-verification language),
OVA (Open Vera assertion),
and PSL (property-specifi-
cation language); and test-
benches in Verilog, VHDL, 
or C/C��.

Tharas also offers a soft-
ware add-on that allows em-
bedded-system engineers to
get a jump on software devel-
opment. The company’s Virtual
Connect add-on has three fla-
vors of software models tar-
geting popular market seg-
ments: the Virtual-PC platform
for graphics applications, the
Virtual-Net for networking ap-
plications, and Virtual-3G for
wireless applications.

Curtin says that most users
are designing ASICs with 5
million to 6 million gates. “A 16
million-gate system, such as
the S-Class, should cover
most design groups for the
next couple of design proj-
ects,” he says, arguing that
manufacturers will realize the
value of the emulator for its in-
creased speed versus simula-
tion over the life of the system.
Prices for the Hammer S-
Class start at $200,000 for a
4 million-gate configuration,
and prices for the M-Class
start at $750,000 for a 32 
million-gate configuration. Tha-
ras also rents its emulators.
Price of an S-Class rental in an
8 million-gate configuration
starts at $21,000 per month.
Price of an M-Class rental in a

32 million-gate configuration
starts at $52,000 per month.
Prices for the Virtual Connect
add-on start at $75,000.

National Instruments recently announced an embed-
ded-development module for its popular LabView soft-
ware that extends graphical programming to any 32-bit
embedded processor. With the module, designers can
describe algorithms and program their applications us-
ing LabView’s graphical data-flow language. In addition,
LabView’s graphical front-panel controls and indicators
help engineers quickly and interactively experiment and
debug their embedded code.

The LabView embedded-development module in-
cludes more than 400 analysis functions for signal pro-
cessing, linear algebra, curve fitting, statistics, and cal-
culus. The module also features a structure for integrat-

ing I/O drivers and board-
support packages to take
advantage of specific
processors. Designers can
develop their applications
using the LabView graphi-
cal environment and then
automatically generate C
code to integrate with
their chosen processor
tool chains. 

James Truchard, PhD,
chief executive officer and
co-founder of National
Instruments, says, “The
evolution of LabView be-
yond the PC will open em-
bedded-system design to

an entirely new class of developer—a more mainstream
population of scientists and engineers.” Prices for the
module start at $9995.—by Warren Webb
�National Instruments, www.ni.com/embedded.

Module enables graphical
embedded programming
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FEEDBACK LOOP
“I have this idea that I can apply
engineering design to stock prices
as though they were signals and
make a living that way. Hey, if it
works, my income won’t be limit-
ed, and I can’t be outsourced!”
Anonymous, in EDN’s Feedback Loop on www.edn.com/

article/CA529820. Add your comments.

24 EDN |  JULY 7, 2005

—by Michael Santarini
�Tharas Systems, www.
tharas.com. 

The new LabView embedded-
development module provides
designers with a graphical ap-
proach to custom embedded-
system development. 
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Don't Get Burned by 
Cheap Imposters
Protect your designs from counterfeit battery 
packs with Intersil's ISL6296. We've integrated 
our FlexiHashTM technology to deliver a simple, 
robust and inexpensive battery authentication 
solution for 1-cell Li-Ion/Li-Polymer or 3-cell 
NiMH series battery packs. 
Intersil's ISL6296 offers the same level of effectiveness as other 
significantly more expensive, high maintenance, monetary-grade hash 
algorithm and authentication schemes. This device supports a wide range 
of operating voltages and is customized for low-cost applications.

Datasheet, eval kit with USB 
interface, free samples, and 
more information available at 
www.intersil.com/edn

VSS

N/C

VDD

XSD

TIO

Oscillator

POR / 2.5V 
Regulator

1-Wire Comm 
Interface

FlexiHash
Engine

16x8 OTP 
ROM

Control
Register

ISL6296 Functional Block Diagram

32-bit Hash 
Function FlexiHash

Engine

32-bit pseudo-random 
challenge word from host

8-bit authentication code

32-bit Hash 
Seed

64-bit Secret

Device Authentication Process

XSD single-wire host bus 
interface communicates with 
all 8250-compatible UARTs or 
a single GPIO pin. Supports 
CRC on read data and 
transfer bit-rate up to 23 kbps.

16 bytes of one-time 
programmable ROM memory 
for storage of  pack 
information and ID, device 
authentication secrets, device 
default settings, and factory 
programmed trim parameters.

Patent pending FlexiHash 
engine consists of four 
separate programmable 
CRC calculators. Two sets 
of 32-bit secret codes are 
used for authentication 
code generation. 

Intersil High Performance Analog

Intersil Battery Charger ICs

Key Features:

Patent pending challenge-response
authentication scheme using 32-bit 
challenge code word and 8-bit 
authentication code.
Fast single-step authentication process
Supports 1-cell Li-Ion/Li-Polymer and 3-cell 
series NiMH battery packs (2.6V-to-4.8V 
operation)
Compatible for use with serial ports offered 
by all 8250-compatible UARTs or a single 
GPIO pin
"Zero Power" sleep mode after bus inactivity 
time-out period
64-bit user-programmable secret for security
Can also be used in a variety of accessories 
such as printer ink cartridges where 
authenticity needs to be verified.
Variety of packages available including 
SOT-23-5, chip scale or unpackaged die

Intersil – Switching Regulators for precise power delivery.
©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).
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What do you do at Cisco? 
We use simulation
tools to model the be-

havior of chips and the way
we interconnect them at the
board level. The limiting factor
is that the speed of light is too
slow. Circuits are switching so
fast that the way a signal
propagates is like a wave
front. We can no longer con-
sider circuits as lumped ele-
ments but rather as distrib-
uted structures like a wave.

Where does EDA come
into the picture? 

In the past, you’d put
these boards onto an

oscilloscope or analyzer, but
we use off-the-shelf simula-
tion tools to increase the
chance of first-pass success.
The cost of mistakes in board
design is prohibitive. The
problems we face are so
complex, you can’t fix them
simply by trial and error. We
have to use simulation tools
before we “fab” out the board.

Why do EDA tools fall
short? 

The things we are try-
ing to do, such as de-

termine how an ASIC works

with other chips, is a fantasti-
cally complex problem. It re-
quires multiple tools to pre-
dict the board’s behavior.
Even the vendors that say,
“We have a full solution” don’t
cover the myriad details asso-
ciated with modeling and
manufacturing the board. The
problem of building some-
thing and bringing it into
manufacturing has a million
angles.

Why does this problem
evoke so much emotion? 

I don’t know if I’d
[sound off strongly in

a public forum] again. But
sometimes you have to shake
people up to get them to do
things differently. I’ve been
saying [EDA companies
should use their products in
actual design] for seven or
eight years, and, obviously,
not a lot of people are listen-
ing. We spend a lot of time
and money on getting these
tools to work correctly. I don’t
know anybody who says their
relationship with the EDA in-
dustry is a walk in the park.
But we’d be a lot better off if
these tools were tested in a
real-world situation.

How did your transition
from vendor to customer
influence your thinking? 

When I got out of col-
lege, I spent 10 to 12

years as the guy marketing
analog and digital simulators.
Then I went out as a consult-
ant using EDA tools, and it
was a real eye opener. In-
stead of selling tools, I went
to make a living using the
tools. Many users never de-
velop the comprehensive un-
derstanding of the tool that
the vendors expect. User un-
derstanding of the tool is un-
even, so everybody’s percep-
tion of what needs improve-
ment is different. The tool be-
comes difficult and complex
to manage. They are big and
complicated with many op-
tions. The user is saying “I just
want to solve this problem.”
What grows out of that is you
have tools that don’t work or
solve problems.

When I got into EDA
around 1983, the paradigm
was that, if you could get a
computer to do what you
wanted, you would be thank-
ful. That [mindset] has never
gone away with [EDA].
People tend to look at the
problem from their own per-
spectives. It all changes when
you turn around and try to
use it, but if you don’t use
these things, you’re not going
to be able to perfect them.
They’re like race cars. You
have to go to the track and
beat them to death, or you’re
not going to win. It’s also kind
of like being in battle where
everything is changing and
going on around you. The last
thing you need is to be in bat-
tle with tools that are unpre-
dictable.

How do you cope? 
It’s a constant problem
and one we’ve learned

to live with. The fascinating

pulse
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Q&A
Todd Westerhoff
EDA industry should use what it sells

s a high-speed-design manager for Cisco
Systems Inc and a former product manager for
Cadence Design Systems, Todd Westerhoff feels
the pain of EDA customers he used to sell to
and advise. He has 25 years of experience in
modeling and analyzing electronics systems.

Currently, he and his team of 10 focus on signal integrity and
support other design groups at Cisco. Westerhoff earned a bach-
elor’s degree in electrical engineering from the Stevens Institute
of Technology (Hoboken, NJ). He vented his frustrations about
EDA tools in an interview after a recent vendor panel sponsored
by the EDA Consortium. 

A

A

A

A

A

A

thing is that some of the
things we thought were trivial
are big deals, and the things
we thought were simple
rough edges turn out to be
big factors.

Please give an example. 
When I was a vendor,
this schematic editor

had all these fancy functions.
Users came back and said
that to put a component
down and rotate it took seven
mouse clicks, whereas our
competitor’s product required
two. Vendors need to get
things done repetitively right—
not close, but right. You need
to nail it. If it’s something a
user is going to do several
hundred times a day, it is go-
ing to drive him crazy. And, if
you’re going to nail it, you’ve
got to use it.

We can ask [a vendor] to
add another bell or whistle to
a simulator. [They say],
“Here’s this collection of ca-
pabilities. If we change it all
around, maybe we can give
them that feature.” They might
say, “We can’t quite do this,
but we can do something like
it.” That could be in 12 to18
months, and compromises
get made along the way. In
the meantime, the technology
moves on.—by John Dodge

For an extended version of
this interview, go to www.edn.
com/050707/pq&a.

A

A
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www.fma.fujitsu.com

Bringing solutions to your business is Vu Lac, 

Technical Sales Manager for Fujitsu Microelectronics.   

Thanks to our low-voltage, low-leakage yet high-speed designs, 

Fujitsu is the preferred choice in power-conscious MCUs. 

Glucose monitors, home theatre remotes, security systems, 

and thermostat controls are just a few examples of the 

hundreds of applications where our new, expanded

8-bit MCUs have found a home. But this preference 

is no accident. We understand better than anyone 

the price, performance 

and space challenges 

faced by engineers, 

and the end result is 

a design architecture unrivaled in its power and 

flexibility. What’s more, working with Fujitsu

offers world-class manufacturing and a 

proven track record of reliability. 

For more on Fujitsu’s MCUs and 

our industry-leading solutions, 

visit www.fma.fujitsu.com/mcuad  

or call (800) 866-8608.

The real power behind Fujitsu’s 8-bit MCUs
is the fact they hardly use any.

MICROCONTROLLERS
• 8-bit, 16-bit, 32-bit MCUs

• Up to 768 KB embedded Flash memory 

• Up to 5 channel UART

• Low-power modes

• DC/AC motor, inverter control modules

• Dedicated DSC application specific controllers

• LPC bus, PS2 interface, keyboard controller 

with multi Li-ion battery management

• A/D, D/A, LCD controllers/drivers and timers

• Full-featured ICE and integrated

development environment available
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At the WiCon (Wireless
Connectivity) World
show in London in

May, Mike McCamon, execu-
tive director of the UWB
Forum (www.uwbforum.org),
described as “an utter mess”
the current situation of com-
peting personal-wireless-con-
nectivity standards. Partially
giving rise to the description
was the Bluetooth Special
Interest Group’s (www.blue-
tooth.com) May 2005 an-
nouncement that it intends to
work with developers of UWB
(ultrawideband) technology to
“combine the strengths of
both technologies.” McCamon
likens the proliferation of stan-
dards to the situation in wired
networking around 1990. He
looks toward a similar simplifi-
cation in the same way that IP
(Internet Protocol) came to
dominate networking technol-
ogy, anticipating that the wire-
less industry should be able to
“clean up” the situation. 

The UWB Forum stands on
one side of the continuing
UWB-standards wrangle, and
the MBOA (Multiband OFDM
Alliance) stands on the other.
Nevertheless, Kursat Kimaya-
cioglu, MBOA marketing-
group member and director of
wireless business develop-
ment for the connectivity-busi-

ness line at Philips (www.
philips.com), echoes the senti-
ment. He looks to a more uni-
fied wireless environment in
which the Bluetooth profile
becomes just one of a number
using the UWB-air interface.

The show provided a snap-
shot of progress toward func-
tional UWB in its native mode;
Freescale (www.freescale.
com) operated a streaming-
video demonstration with a
claimed 100-Mbps link span-
ning 15 to 20m. This demon-
stration employed the first
multichip implementation of its
direct-sequence UWB silicon,
and the company promises
further integration. Visitors
could also see file transfer
over a wireless-USB link using
first silicon of Staccato Com-
munications’ (www.staccato.
communications.com) single-
chip all-CMOS offering. Stac-
cato envisages the technolo-
gy’s reaching the market on a
time scale that would see ex-
ternal adapters for file transfer
from PC to external hard drive
early in 2006 and reaching
high-end mobile-phone plat-
forms in 2007. 

—by Graham Prophet, 
EDN Europe

�Wireless Connectivity
World, www.wiconworld.com.
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WiCon panel opines on state
of wireless standards

GLOBAL  DES IGNER

BITS & PIECES�

New FPGAs with more DSP resources and embedded-pro-
cessing capabilities have made the global image-processing
market more competitive. According to Rahul V Shah, ASIC
manager at eInfochips, an ASIC-design and -verification-serv-
ices provider, designers can offload software-implemented al-
gorithms, such as DCT, static Huffman, AES (Advanced
Encryption Standard), color-space conversion, and gamma
correction, to FPGA hardware. He claims that this approach
improves system performance. Shah also notes that the con-
ventional manner of implementing algorithms by software lim-
its performance due to serial data processing. Increasing fre-
quency beyond certain limits causes system issues. FPGAs
have flexible architectures and dedicated DSP blocks.
Coupling these benefits with parallel processing strikes a
proper balance in system performance and cost. FPGAs ex-
tend the flexibility to reprogrammability, resulting in a quick
turnaround time.

According to Shah, parallel processing in hardware is im-
possible because hardware processing can execute instruc-
tions only one at a time. “If you want to run a DCT along with
static Huffman with the same processor, one process at a
time will execute,” he says. “However, in hardware, because
everything runs in parallel, you can have DCT and SHF [su-
per-high-frequency] running in parallel at the same time with-
out any performance hit.” He adds that FPGAs provide the
flexibility to upgrade to new standards and reprogram de-
vices. For example, you can modify any system-level applica-
tion to DDR and then move to DDR-2.

Designers can also reshuffle images to create applications,
such as video cell phones, set-top boxes, LCD projectors,
keyboards, videos, mice, and digital cameras and cam-
corders, among others. “Implementing DSP algorithms for im-
age-processing blocks, such as DCT, AES, and static
Huffman, requires a huge amount of memory, multiplier, and
accumulator blocks,” says Shah. For example, a DCT at 133
MHz can take as many as 64 multiplication and addition op-
erations. Designers can map these multipliers onto the hard-
ware to perform multiplication and addition operations, rather
than do it sequentially in software. Static Huffman and AES
cores have high memory requirements for storing coefficient
values and performing mathematical operations on incoming
data. Handling these operations in software slows down sys-
tem performance and overloads the CPU. Offloading these
tasks to the hardware means that the memory stores the im-
age, and the CPU performs other control operations.

Implementing a dynamic Huffman algorithm in hardware
would be a bad idea, because the algorithm requires dynamic
calculations, which need a large amount of hardware, so
proper partitioning between hardware and software is neces-
sary. This approach is more cost-effective and provides better
performance than running the algorithm in software.

—by Pradeep Chakraborty, EDN Asia
�eInfoChips, www.einfochips.com.

FPGAs implement high-end
image-processing applications

�Yokogawa Electric Corp (www.yokogawa.com) of Japan has
released the DL9000 series digital-oscilloscope platform for
the 1-GHz band. For more, see www.edn.com/050707p1.

�Wipro Technologies (www.wipro.com), the software services
arm of India’s Wipro Ltd, has created an SOC (system-on-
chip)-based MP3 player that can operate either as a stand-
alone chip or as part of a mobile phone. For more, see
www.edn.com/050707p2.
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YOU ENVISION a new way to empower your customers. You strive to continuously

improve your designs and settle for nothing short of excellence. We think alike.

AT INFINEON, we never stop thinking about developing and perfecting innovative

semiconductors for automotive, communications, and memory markets. Our passion for

providing you the most advanced technology is evidenced by over 40 R&D centers, an

annual R&D investment of $1.5 billion, the 41,000-plus patents we now hold, and the

$8.9 billion revenues that ranks us among the world’s top five semiconductor companies.1

DO YOU THINK you can break new ground with your next design? Visit 

www.infineon.com/us to see how our Smart Chip solutions can make your design even

more innovative.

We th ink elect ronic design  can  

never  be  too  innovat ive  or  e f f ic ient .

What do  you  th ink?

1iSuppli, 2005
©2005 Infineon Technologies North America Corp. All rights reserved.
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Enabling success from the center of technology TM

1 800 332 8638
www.em.avnet.com 

Sensing Optimization
High Performance 
Analog Solutions
Power management and signal chains demand a system approach –
that’s why Avnet Electronics Marketing and National Semiconductor
together are such a powerful combination.

— Power and signal chain products that blend maximum 
performance with overall efficiency

— Collaborative engineering support from conceptual 
design through volume manufacturing

— System level expertise to assist in determining the right 
architecture and products for your application

— Factory-trained Field Application Engineers well   
versed in National’s technology and tools

— Web-based design tools like National’s WEBENCH®,
Avnet PartBuilder™ and online technical training

— Temperature sensors, operational amplifiers and A/D 
converters that can optimize system performance over 
a wide range of operating conditions

— Solutions sample kits to assist you in your designs

Whether you’re working on a portable, handheld, security, 
medical or other analog design, let Avnet EM help you solve 
your power and signal design challenges and get your 
application up and running. 

For sample kits and design tools, 
go to avnet.national.com
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Sensing Solutions: Part III 
SENSING IN MISSION-CRITICAL APPLICATIONS

Part three of this three-part series on 

sensing solutions looks at high performance

sensing systems, such as those used in 

ultrasound or MRI equipment. Susceptible 

to the slightest variations in power, noise, 

and signal latency, high performance 

sensing systems must deliver exceptional

accuracy at extreme data rates — even a 

small error may be the difference between

detecting cancer or not.

For additional application solutions, visit avnet.national.com 

To read this case study, 
go to avnet.national.com

Delivering Exceptional Accuracy 
at Extreme Data Rates 

This month, industry expert Nicholas Cravotta explores the

unforgiving nature of working with high performance sensing

systems in mission-critical applications, including:

— The importance of power supply stability 
and how to achieve it

— Managing high-speed sensor data flow through 
aggregation while minimizing signal skew

— Implementing effective signal conditioning to scale 
sampling voltage and attend to phase differences 
without compromising signal integrity

— Handling EMI and noise to maintain 
signal resolution and accuracy

Typical Application

The ADC12DL040 and ADC12DL065 A/D converters

are ideal for use in ultrasound, imaging, 

instrumentation, and sonar/radar applications.   

PRODUCT SPOTLIGHT:  
ADC12DL040
Dual 12-Bit, 40 MSPS, 3 V, 
210mW A/D Converter

ADC12DL065
Dual 12-Bit, 65 MSPS, 3.3 V,
360mW A/D Converter

LMH6722
Quad Wideband Video Op Amp

LMH6502
Wideband, Low Power, Linear-in-dB
Variable Gain Amplifier

LMH6503
Wideband, Low Power, Linear 
Variable Gain Amplifier

LMH6504
Wideband, Low Power, 
Variable Gain Amplifier

LMH6609
900 MHz Voltage Feedback Op Amp

LMH6550
Differential, High Speed Op Amp

LMV7219
7 nsec, 2.7 V to 5 V Comparator 
with Rail-to-Rail Output

CLC018
8 x 8 Digital Crosspoint Switch, 
1.485 Gbps

SCANSTA476
Eight Input IEEE 1149.1 Analog
Voltage Monitor

LM2852
2 A 500/1500 KHz SIMPLE 
SYNCHRONOUS™ Buck Regulator
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common ADC dc units are least-signif-
icant bit (LSB), full-scale range (FSR),
percentage of FSR, and number of bits
(n). Some of the ac specification units
are decibels for the signal-to-noise ratio
(SNR) or the signal-to-noise-and-dis-
tortion (SINAD) ratio. These units of
measure are standard parts of numerous
converter data sheets, but the new, less-
familiar parts-per-million (ppm) unit
also appears in converter data sheets.

Note that the parts-per-million unit
of measure usually appears in the 16-
bit or higher resolution ADC data
sheets. The fundamental questions you
might ask are: What does this specifi-
cation unit of measure mean to con-
verter users, and why do the higher res-
olution converters usually have this
unit of measure? 

In data sheets for lower resolution
converters, percentage of FSR appears
as a unit of measure. Many converter
manufacturers replace percentages
with parts per million. This scenario is
usually necessary if a percentage spec-
ification has too many zeros. For in-
stance, say the gain error of a 12-bit
ADC is �2.5% of FSR. If you change
this specification to parts per million,
it becomes �25,000 ppm of FSR. You
make this change by moving the deci-
mal point four places to the left. This
example shows an impractical conver-
sion because of the high number of
zeros, which makes the specification
difficult to read. In contrast, say the
gain error of a 24-bit converter is
�0.005% of FSR. A more legible rep-
resentation of this specification is �50

ppm of FSR. When is one representa-
tion better than the other? The break-
even point seems to be at less than
0.1% or at greater than 1000 ppm.

You can also use parts-per-million
units to replace least-significant-bit
units (Figure 1). A typical dc specifi-
cation, such as integral nonlinearity for
a 12-bit SAR converter, is �1 LSB of
FSR. If the FSR of this converter is 5V,
the least-significant-bit size is 1.22 mV.
1 LSB equals the converter’s FSR divid-
ed by number of bits, or FSR/212=1
LSB. The specification number be-
comes more cumbersome with higher
resolution converters. As an example,
a typical integral-nonlinearity specifi-
cation for a 24-bit converter of �15
ppm of FSR translates to an error of
�251 LSB of FSR. If the FSR of this
converter is also 5V, the least-signifi-
cant-bit size is 298 nV. To return to the
original parts-per-million value, divide
the least-significant-bit error by the
converter’s number of bits and multiply
by 106. 

The conversion from percentage or
least-significant bit to parts per million
is akin to the conversion from meters
to inches, but the mathematics is more
forgiving. Although this concept
seems elementary, you would be sur-
prised at how many engineers shy away
from these representations on the units
of measure. The fact that the units of
measure in the right column seem to be
unrelated from manufacturer to manu-
facturer discourages many people who
compare competitive data sheets. But,
in this situation, simple mathematics
can put all of the products that you 
are evaluating onto the same playing
field.EDN

BY BONNIE BAKER

omparing devices from different manufacturers can be dif-
ficult not only at the bench, but also at the beginning of
your investigation. If you start with the product data
sheets, sometimes specification names don’t match speci-
fication units of measure. In these cases, simple transla-
tions are useful in differentiating styles of units of measure.

You can glance at the far-right column of the specifications table with-
in ADC data sheets and find the specification units of measure. The most

C
One in a million

,,
B A K E R ’ S  B E S T

Bonnie Baker is the author of A Baker’s
Dozen: Real Analog Solutions for
Digital Designers. You can reach her at
bonnie.baker@microchip.com.

Go to www.edn.com/050707bb and
click on Feedback Loop to post a com-
ment to this column.

MORE   AT EDN.COM

+

Figure 1 Converter-performance specifications can use either least-significant-bit or
parts-per-million units. The two are mathematically equivalent but require that engi-
neers pay attention to the conversion factor.

1.0
0.8
0.6
0.4
0.2

0
�0.2
�0.4
�0.6
�0.8

�1

244
195
146
98
49
0
�49
�98
�146
�195
�244

INTEGRAL
NONLINEARITY

(LSB)

INTEGRAL
NONLINEARITY

(PPM)

CODE

edn050701bonnie.qxd  6/20/2005  2:22 PM  Page 32



Enter xx at www.edn.com/info

Nat Semi_033_DE.indd 1Nat Semi_033_DE.indd   1 6/24/2005 3:37:02 PM6/24/2005   3:37:02 PM



Enter xx at www.edn.com/info

Nat Semi_034_DE.indd 1Nat Semi_034_DE.indd   1 6/24/2005 3:36:36 PM6/24/2005   3:36:36 PM



Enter xx at www.edn.com/info

Nat Semi_035_DE.indd 1Nat Semi_035_DE.indd   1 6/24/2005 3:36:10 PM6/24/2005   3:36:10 PM



Enter xx at www.edn.com/info

Nat Semi_036_DE.indd 1Nat Semi_036_DE.indd   1 6/24/2005 3:35:45 PM6/24/2005   3:35:45 PM



Enter xx at www.edn.com/info

Nat Semi_037_DE.indd 1Nat Semi_037_DE.indd   1 6/24/2005 3:35:21 PM6/24/2005   3:35:21 PM



Enter xx at www.edn.com/info

Nat Semi_038_DE.indd 1Nat Semi_038_DE.indd   1 6/24/2005 3:34:56 PM6/24/2005   3:34:56 PM



Enter xx at www.edn.com/info

Nat Semi_039_DE.indd 1Nat Semi_039_DE.indd   1 6/24/2005 3:34:30 PM6/24/2005   3:34:30 PM



Enter xx at www.edn.com/info

Nat Semi_040_DE.indd 1Nat Semi_040_DE.indd   1 6/24/2005 3:34:08 PM6/24/2005   3:34:08 PM



Enter xx at www.edn.com/info

10 Gbps native speed

69 Real differential pairs per inch

1600 Contacts available per connector

200 Amps per inch power density

+-3% Ohms impedance control
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2 Sources

Americas Headquarters
Lisle, Illinois 60532 U.S.A.
Tel: 1-800-78MOLEX
amerinfo@molex.com

Far East North Headquarters
Yamato, Japan
Tel: 81-462-65-2324
feninfo@molex.com

Far East South Headquarters
Jurong, Singapore
Tel: 65-268-6868
fesinfo@molex.com

European Headquarters
Munich, Germany
Tel: 49-89-413092-0
eurinfo@molex.com

Corporate Headquarters
2222 Wellington Court
Lisle, Illinois 60532 U.S.A.
Tel: 630-969-4550
Fax: 630-969-1352

© 2005, Molex
GbX is a registered trademark of Teradyne, Inc. www.molex.com/ads/GbX.html

6 and 10 Gbps reference 
backplanes available

GbX : There’s safety in numbers.

The Molex® GbX® backplane
connector system is more than a
robust backplane solution, it's 
also a safe investment. GbX is
capable of delivering speeds of up
to 10 Gbps, while providing 
high-density with up to 69 real
differential pairs per linear inch.
So you'll be prepared for any
future upgrades without the need
to redesign your backplane.

And as daughter cards become
larger and heavier, the GbX
connector system is rugged
enough to endure the stress. GbX
incorporates signal pins in the
backplane–instead of the
daughter card–minimizing pin
exposure and subsequent damage.

Where others promise you
nothing but air, GbX from Molex
delivers dependable reliability. 
It all adds up to a cost-effective,
high-performance backplane
solution that helps keep you safe
from equipment failures and
future redesigns. 

We also offer a wide range of
copper and optical backplane
solutions that boast some
impressive numbers of their own.
To find out how the right
backplane solution can safeguard
your application and give you
peace of mind, call Molex today
or visit our website.
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P R Y I N G  E Y E S

uch has been written over the past year
about the transition to electronic pass-
ports. Reasonably minded privacy advo-
cates attack potential security loopholes
in the technology, and the lunatic fringe
makes absurd claims about a grand gov-

ernmental scheme to invade the privacy of the citizenry.
In reality, electronic passports will ease the lives of travel-
ers passing through customs, stymie counterfeiters, and
provide governments with no more information than they
currently gather from travelers. Even before the recent
addition of Basic Access Control technology to the plan,
electronic passports could not, as some have claimed,
have allowed terrorists to wirelessly scan crowds or cafés
for targets from specific nations. Still, the additional secu-
rity measure will make a good thing better. When we
focus our Prying Eyes, it’s not about privacy; it’s about
how the electronic passport works.

An inlay based on flex-circuit technology is embedded in the
rear cover of electronic passports. Axalto is one of the compa-
nies that has manufactured initial production samples for the
US government to evaluate. Although manufacturing schemes

will vary country by country, the US government will
require a supplier to fabricate the passport cover with

the inlay, and then the government printing office will
add the pages, including the
inside of the rear cover, with
the standard printed ID
information. The inlay must
handle harsh environ-
ments, as travelers will

surely bend, and even sit on,
the books.

“Contactless chip technology” is the heart of the electronic
passport. Vendors of inlays and ICs are careful not to use the
term “RFID,” but in fact, the electronic passport does use a
secure form of RFID. An antenna coil runs around the perime-
ter of the electronic-passport inlay. An RF field stimulates the
coil and activates the chip mounted on the flex circuit. The
International Civil Aviation Organization (www.icao.org) devel-
oped the specification for the design. A reader must be within
4 in. of the specified circuit to power the chip and begin com-
munications.

The chip at the base of the electronic passport is essentially a
smart-card chip—a microcontroller that comes with encryption
capabilities and a contactless radio interface that meets the
ISO 14443 standard. Axalto has supplied the US government
with coil-on-module inlays based on Infineon and Philips
chips. North American-based Atmel targets the electronic-
passport market with its AT90SC family. The AT90SC12872-
RCFT, for instance, integrates an AVR RISC core, 72 kbytes
of EPROM, 128 kbytes of ROM, a crypto-accelerator engine,
and the radio interface.

The electronic passport requires authentication by a reader
and uses encrypted communications with the reader for maxi-
mum security. Moreover, the scheme requires that the pass-
port be open for communications to occur. Just as on existing
passports, the new electronic version will include a printed ID
page and, at the bottom of that page, some machine-readable
codes. In that code, an optical sensor in the reader will find a
seed for the two security keys needed for communication. The
reader must compute the keys and use the first as an authen-
tication key to wake the smart-card chip and use the second
as an encryption key. A mathematically generated digital sig-
nature ensures that no one has altered any of the stored data.

Memory in the smart-card chip will store all of the ID data that
appears on the printed ID page. From the biometric perspec-
tive, the United States will require that the memory store a
digital representation of the ID photo. Other regions may add
additional biometric data. The European Union, for instance,
will store fingerprints in the memory.

Additional security measures may prevent electronic pass-
ports from rolling out on schedule, and unless the government
issues a waiver delaying the process, visitors to the United
States who have never needed a visa, will.

Electronic passports embed contactless chip
technology to streamline passage through cus-
toms and significantly hinder counterfeiters.
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+ Go to www.edn.com/050707pe
for an expanded version of this
article.

M
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PFC. Simplified. 

Complete solutions. Optimized performance. One source.
Fairchild is intensely focused on power. Through our understanding 
of system power issues, we are able to reduce component count 
and overall EMI, simplifying power factor correction designs.

Stand-alone PFC controllers
• Broad portfolio of controllers for high, medium and low power 

applications, including discontinuous, continuous and ZVS modes

Combined PFC/PWM controllers
• Reduced part count increases system reliability
• Synchronized clocks lower ripple currents and EMI

SuperFET™ MOSFETs:
• Fairchild’s proprietary Super Junction FET technology offers 

state-of-the-art FOM, increasing system efficiency

Stealth® Diodes:
• Hyperfast diode technology combined with “soft” recovery 

characteristics increases system reliability and reduces EMI

For more information on our PFC solutions, innovative 
packaging, tools, demo boards, and application notes,  
visit www.fairchildsemi.com/acdc/pfc1.  

www.fairchildsemi.com

PFC/PWM
Combo

DC VOUTAC VIN

Optically
Isolated

Error Amplifier

Bridge
Rectifier

Integrated PFC/PWM controllers and MOSFETs

Stand-alone PFC controller and MOSFETs

Note: Fairchild’s products are shown in red.
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With MLC NAND, your application won’t be
stretched between cost and performance.
You know how it is. You’re being pulled in two directions when designing today’s consumer

applications. The need for more density and performance pulls you in one direction, while

the need for cost-effective solutions pulls you in the other. • That’s where MLC NAND

Flash from Toshiba comes in. Without stretching you, it has the right combination of

price and performance. • Toshiba’s MLC NAND Flash delivers plenty of read/write

bandwidth to meet the requirements of your digital video or digital still camera memory

card, USB Flash drive, MP3 player and camera phones designs. • And, our MLC NAND Flash

offers excellent reliability. In a typical USB drive, the 10,000 write/erase cycles offered by MLC

NAND enables the user to completely write and erase the entire contents once per day for 27

years. • Sure, SLC NAND Flash may be more appropriate for some specific, high performance

products. But, MLC NAND Flash answers the cost/performance challenges of many consumer

applications. • There’s no need to be stretched — learn how Toshiba’s MLC NAND Flash can

pull value into your next consumer design at mlcnand.toshiba.com. We’ll even send you a

free MLC NAND Flash Performance application note.

mlcnand.toshiba.com
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he next time you’re at a
music concert, take a
look at the cabling that
connects on-stage gear to
the mixing board in the
middle of the audience.
Odds are good that you’ll

see one or several thick “snakes” con-
taining bundles of wire, with each wire
carrying a unique analog signal to or from
the stage. Heavy? Bulky? EMI-radiating?
Sensitive to environmental noise? You
bet. All of these issues, and more, ham-
per the traditional analog-interconnect
scheme. So, why is this seemingly archa-
ic approach, mimicked in many recording
studios and other audio-equipped envi-
ronments (including churches, offices,
and school auditoriums) still in use?

The wheels of progress in the com-
mercial-, industrial-, and professional-
audio industries move at a snail’s pace.
Gear is designed for long life in spite of
rough handling, new-gear budgets are
slim to nonexistent, and replacement and
upgrade opportunities are consequently
few and far between. And when these
opportunities do occur, potential cus-
tomers face a bewildering assortment of
often-incompatible approaches, as ven-
dors attempt to lock them into sole-
sourced equipment suites. Still, the ana-
log-to-digital conversion is under way,
and de facto standardization driven by
market leadership and attrition, aided by
industry-standards bodies, is whittling
down the diversity of options (see Brian’s
blog entry “Audio over CAT5: Propri-
etary alternatives and standardization
efforts” at www.edn.com/briansbrain).

The “diversity-of-options” claim may
baffle those of you who listen to stream-
ing audio from the Internet or who route
your server-housed music libraries to var-
ious pieces of LAN-connected gear in
your homes and offices. Isn’t conven-
tional, commodity, and cheap TCP/IP-
based Ethernet over CAT5 (Category 5)
cable specified to a guaranteed 100m
drive distance or, even better yet, no-
cables-required WiFi (Wireless Fidelity)?
(See sidebar “Cabling choices.”) In some

JULY 7, 2005  |  EDN 47

DO YOU WANT TO ROUTE HIGH-BIT-RATE DIGITAL AUDIO
OVER LONG EXPANSES WITH MINIMAL LATENCY AND “FIVE-
NINES” RELIABILITY? FIND OUT WHETHER A CONVENTIONAL 
ETHERNET SCHEME WILL MEET YOUR NEEDS OR WHETHER 
YOU NEED AN AUDIO-OPTIMIZED VARIANT.

CAT5 tracks: Audio
goes the distance,
reliably and on time

T

BY BRIAN DIPERT • SENIOR TECHNICAL EDITOR

The Gibson digital guitar seems to be a
conventional musical instrument ... until
you notice the RJA5 port.
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cases—more and more as technology pro-
gresses—it is. But in demanding audio
environments, its time-insensitive, bulk-
file-transfer heritage hinders its applica-
bility.

Press “play” on your LAN- or WAN-
connected audio receiver, and there’s a
several-second delay as the local buffer
memory fills up. The buffer is there to
compensate for protocol overhead and
the inevitable packet-routing delays to
come, resulting in out-of-order packet
reception, along with the even more egre-
gious network congestion, collisions, and
other factors that result in packet loss and
force retransmission or error conceal-
ment. Most home networks are, at any
given time, lightly loaded—a situation
that’s quickly changing in the era of viceo
streaming. However, you can’t make the
same assumption of commercial, indus-
trial, and professional networks, particu-
larly those handling multiple channels’
worth of high-resolution audio, along
with control and general data traffic (see
Brian’s blog entry “Audio over CAT5:
Conventional counterparts” at www.
edn.com/briansbrain).

Detectable latency is intolerable in a
live-performance setting, and it’s also
unacceptable in most recording environ-
ments. What’s “detectable”? According to
Gibson’s chairman and chief executive
officer, Henry Juszkiewicz, whereas “uni-
versity guys” might claim that the

human eyes, ears, muscle, and brain can
combine forces and detect picosecond-
level latency, audio technologists should
shoot for a half-millisecond latency
through any network “hop.” Profession-
al musicians might be able to detect a
total latency (that also encompasses ana-
log-to-digital and digital-to-analog con-
versions, analog- and digital-audio pro-
cessing algorithms, and other delays) on
the order of 2 msec, but anything less
than 5 msec is difficult for the average lis-
tener to perceive (see Brian’s Blog entry
“Audio over CAT5: Divide and conquer”
at www.edn.com/briansbrain).

COBRANET STRIKES 
Although conventional TCP/IP-

based CAT5 cabling may not currently
address demanding audio-application
needs, the volume-driven low cost of
CAT5 hardware is attractive to hardware
and software suppliers. Cirrus Logic’s
CobraNet technology, the fruit of the
company’s mid-2001 acquisition of Peak
Audio, is one of the more mature con-
tenders for the CAT5-audio throne and
a market-share leader. CobraNet is also
notable for its ability to coexist with other
Ethernet traffic on a common set of net-
work resources (Figure 1). However, its
capabilities aren’t completely unbounded;
Michael Johas Teener—currently a net-
working architect at Broadcom and for-
merly the chief architect of FireWire at
Apple—observes that CobraNet employs
a “limited-topology” concept to ensure its
claimed capabilities are achievable.
“One extra switch, or a legal but ‘non-
CobraNet’ configuration,” his analysis
states, and quality will be poor (see side-
bar “Additional protocols,” and Refer-
ence 1).

CobraNet’s protocol combines one or
more audio channels into an Ethernet
packet, along with identifying data, such
as the sample size and rate. It also enables
you to send control information by bridg-
ing RS-232 data over Ethernet or gener-
ic Ethernet packets containing user-
defined control data. The first-generation
CobraNet transceiver modules con-
tained digital logic housed in FPGAs
alongside Motorola (now Freescale)
DSPs and analog circuitry. Second-gen-
eration modules combine analog and dig-
ital circuits within a single CS1810xx
ASIC , alongside a Cirrus Logic DSP.

(Variants with 2�2, 8�8, and 16�16
channels are available.) Cirrus also
launched DSP-inclusive CS4961xx
product variants at January’s Consumer
Electronics Show. A multidimensional
matrix of sample size, sample rate, num-
ber of audio channels to support, and
desired latency—5.33, 2.66, and 1.33
msec—defines which chip variant your
application will require. (See Brian’s blog
entry “Audio over CAT5: interesting lit
and other bits” at www.edn.com/brians-
brain for a downloadable spreadsheet
from Cirrus Logic that will allow you to
make the necessary calculations.)

CobraNet supports 48- and 96-kHz
sample rates but, oddly, not the 44.1-kHz
standard that Red Book Audio CDs and
common audio peripherals employ. It also
tackles samples as large as 32 bits. One
showcase CobraNet installation, accord-
ing to Senior Marketing Manager David
Parker, is Tokyo Disney Park, which com-
bines a gigabit Ethernet optical-fiber
backbone and 250 nodes’ worth of 100-
Mbit Ethernet transceivers. This unified
network handles data traffic related to
lighting, ride controls, and point-of-sale
cash registers, as well as distributed- and
live-audio broadcasts. “The park is open
seven days per week, 365 days per year,”
says Parker, “and any network failure
would result in a complete park evacua-
tion.”

MAGIC TUNES UP 
Back when Gibson was contemplating

a move to a digital-guitar-to-amplifier-
and-mixer interface, CobraNet still re-
quired upfront and per-channel royalty
payments. And, pragmatically, the deci-
sion-makers at the company probably had
visions of incoming royalty-revenue
streams dancing in their heads, as well. So,
Gibson went its own way, and MaGIC
(media-accelerated global information
carrier) was the result. (Zipi, a token-ring-
based approach from the company, pre-
dates MaGIC.) Along with a FAQ, a full
specification, and other materials, Gib-
son’s Web site offers an approximately 10-
minute video in Windows Media format
that, among other things, outlines Gib-
son’s sweeping vision for MaGIC as a con-
trol, multimedia, and general data-trans-
fer protocol for the home. However, Gib-
son produced the video in 2001; since
then, other companies and industry-stan-

AT A G L A N C E
Audio-tuned CAT5 (Category 5)-

cable configurations travel into appli-
cations where TCP/IP fears to tread.

CobraNet touts its compatibility
with conventional Ethernet traffic,
along with the backing of a major
semiconductor supplier.

MaGIC (media-accelerated global-
information carrier) is slow out of the
starting gate; manufacturers are fold-
ing some of its ideas into industry-
standard committee activities.

EtherSound delivers tight toler-
ances and minuscule latencies at the
expense of Ethernet compatibility.

AudioRail chooses a cost-opti-
mized path that differs from its com-
petitors’ trails.

�

�

�

�

�

edn050701df.qxd  6/23/2005  1:13 PM  Page 48



Enter xx at www.edn.com/info

Fiber-optic
technologies that
enable innovation

1. Turnkey solutions to complex
optics and packaging 
challenges. Custom-designed
advanced optical modules
offer complete integration of
passive, active and electrical
components.

2. Active products include electro-
optic communications and
high-power components.
PARA-OPTIX high-speed
transceivers and cable
assemblies package up to 
72 fibers in one MPO-style
interface.

3. Connectors and adaptors in
LC, MU, SC, ST, FC, MT-RJ,
MPO and LIGHTRAY MPX
styles.  Ruggedized
Expanded Beam products.
LIGHTCRIMP connectors for
field installation.

4. Backplane assemblies plus
cable assemblies to meet 
rigorous low loss, mode 
conditioning, and high density
requirements.

5. Fiber management solutions
for OEM equipment, premises
wiring, and Telco/CATV 
applications. At Tyco Electronics, it’s more than just providing leading-

edge fiber-optic components for communications systems.
Or for premises wiring. Or for in-flight entertainment. Or for
Telco/CATV. It’s also working with customers on using proven
components in new, evolving applications. Or helping them
design brand new solutions altogether. It’s doing our best to
make sure our customers – and your customers – stay light
years ahead of the competition.

Contact us for your copy of the Tyco Electronics brochure
or for more information on our fiber-optic capabilities.

2

4

53

North America 800-522-6752 • Europe +31 73 6246 161 • Asia +81-44-844-8390 
www.tycoelectronics.com
LDI, LIGHTCRIMP, LIGHTRAY MPX, PARA-OPTIX and TYCO are trademarks. 
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dards bodies have produced alternative,
now-dominant schemes for the con-
sumer-electronics market, including
Apple’s Bonjour, UPnP (Universal Plug

and Play), and Microsoft’s PlaysForSure
and Windows Media Extenders.

Nonetheless, Gibson still believes its
approach has merit in commercial-,

industrial-, and professional-audio set-
tings. MaGIC provides as many as 32
channels of 32-bit bidirectional audio
over 100-Mbit Ethernet with sample rates
as high as 192 kHz. (As the number of
channels increases, the allowable sample
rate decreases, and visa versa.) Gibson
claims that data and control transport
occurs 30 to 30,000 times faster than
MIDI (musical-instrument digital inter-
face). Additional cable features include
phantom power, automatic clocking, and
network synchronization. And, notably,
the MaGIC specification touts 250-�sec
point-to-point latency times across
100m CAT5 spans.

These impressive performance speci-
fications, however, come at the price of
less-than-full Ethernet compatibility.
MaGIC does conform to the IEEE 802.3
PHY (physical) layer and uses standard
CAT5 cable and RJ45 connectors. (Rug-
gedized EtherCon connectors from Neu-
trik are also available.) However, it
employs unconventional packet sizes and
requires a unique MAC (media-access-
control) implementation. The FAQ on
Gibson’s Web site states, “The footprint
of our packet is the same as Ethernet UDP
[User Datagram Protocol]. We differ from
standard Ethernet because our packet size
and transmission rate do not change ...We
route on the MAC layer, which is Layer
2. We refer to data as frames on this layer
instead of packets. Some parts of the
MAC layer can be incorporated into soft-
ware” (Reference 2).

Gibson is offering 10-year royalty-free
MaGIC licenses to all interested parties,
hoping to stimulate interest in the pro-
tocol as an industry-standard intercon-
nect scheme. A $2500 software-develop-
ment kit and a $600 evaluation board are
available, as are VHDL implementations
of the CobraNet transceiver targeting
Altera and Xilinx FPGAs. Juszkiewicz
acknowledges that a modern ASIC
implementation will be necessary to hit
cost targets in high-volume applications
and is negotiating for MaGIC protocol
support in future CobraNet silicon spins
that target Gigabit Ethernet transfer rates.
(Cirrus Logic has no comment on
Juskiewicz’s claims.) And where’s the
Gibson digital guitar that was supposed to
be in production by the end of 2002? (See
Brian’s blog entry “Audio over CAT5:
Hands-on jams” at www.edn.com/brians
brain). Prototypes have existed for several

Figure 1 Cirrus Logic touts CobraNet’s interoperability with other Ethernet traffic (a),
and latest-generation ASSPs (application-specific standard products) come in conven-
tional (b) and audio-DSP-core-inclusive (c) variants.
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Reliable Communication in 
Harsh Environments

This robust family of transceivers provides fully compatible upgrades to
standard RS485 and RS422 transceivers while incorporating many
advanced features like high ESD and enhanced failsafe, making them ideal
for use in industrial, telecom and consumer applications.

To get additional product information, order a sample or view the
data sheets, visit www.sipex.com/NewRS485

Sipex Advantage
• High ESD protection: ±15kV 

(IEC1000-4-2 Air-gap test and Human
Body Model)

• 3.3V low power operation 

• Advanced receiver failsafe protection
for open, shorted or terminated lines

• Allows up to 256 transceivers on the
bus

• Thermal shutdown protects against
driver contention

• Hot swap protected inputs

• Slew-rate limited outputs

• High speed: Up to 16Mbps

• Low shutdown current: 150nW

• Pb-Free Available (RoHS Compliant)  
Robust 3V RS485 Transceivers with High ESD

Part Number # of Tx/Rx Duplex Data Rate ESD Package

SP3070E 1Tx/1Rx full 250kbps ±15kV 14 Pin NSOIC

SP3071E 1Tx/1Rx full 250kbps ±15kV 8 Pin NSOIC

SP3072E 1Tx/1Rx half 250kbps ±15kV 8 Pin NSOIC

SP3073E 1Tx/1Rx full 500kbps ±15kV 14 Pin NSOIC

SP3074E 1Tx/1Rx full 500kbps ±15kV 8 Pin NSOIC

SP3075E 1Tx/1Rx half 500kbps ±15kV 8 Pin NSOIC

SP3076E 1Tx/1Rx full 16Mbps ±15kV 14 Pin NSOIC

SP3077E 1Tx/1Rx full 16Mbps ±15kV 8 Pin NSOIC

SP3078E 1Tx/1Rx half 16Mbps ±15kV 8 Pin NSOIC

©2005 Sipex Corporation. All rights reserved. Sipex and the
Sipex logo are trademarks of Sipex Corporation. All other
trademarks are property of their respective holders.Enter 18 at www.edn.com/info
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years, but the company is waiting for a
partner-developed pickup that delivers a
standard of excellence reflecting
MaGIC’s capabilities, which include the
ability to place each string on a unique
audio channel.

A “SOUND” ALTERNATIVE
Digigram’s EtherSound is currently

CobraNet’s dominant competitor. Like
MaGIC, EtherSound is compatible with
Ethernet at the PHY layer but requires a
unique MAC. It also doesn’t support tra-
ditional bus and ring topologies; instead,
it requires a daisy-chain or star-intercon-
nect architecture (based on Layer 2
switches, higher layer switches, or
routers) or combinations of these two
approaches (Figure 2). The upside of
these restrictions, however, is low and
deterministic latencies; an audio transfer
between a master module’s serial input
and the next slave module’s serial output
is six samples—125 �sec at a 48-kHz sam-
pling rate. Each time you add another
daisy-chained EtherSound module to the
path, you incur an additional approxi-
mately 1.5-�sec delay (see sidebar
“Whither wireless?”). EtherSound is a
synchronous network: The primary mas-

ter module generates the network audio
clock from which each downstream
EtherSound device’s audio clock is
derived, synchronized whenever an
application requires phase consistency.

Version 1.0 of the EtherSound proto-
col is a two-packet-per-frame approach;
the first packet contains command infor-
mation, and the packet that follows it
contains as much as 64 channels’ worth

of audio information, with each channel
supporting 24-bit sample sizes. Ether-
Sound natively authorizes 44.1- and 48-
kHz sample rates; audio streams at high-
er sampling rates—88.2, 96, and 192 kHz,
for example—employ multiple channels
within one EtherSound frame. A 100-
Mbps EtherSound network can carry a
variety of combinations of audio
streams—64 audio streams at 48 kHz, for

Figure 2 Each EtherSound frame combines a command packet with as many as 64
channels’ worth of audio data.

NETWORK

ETHERSOUND FRAMES

ETHERSOUND FRAMES=ETHERNET FRAMES
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HEADER
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HEADER

PREAMBLE
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CRCAUDIO PACKET
AS MANY AS

64 AUDIO CHANNELS
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... ... ......

Whither wireless?
Given that many on-stage
guitar players—and, for
that matter, singers and
other musicians—have
“gone wireless” in recent
years, the idea of tether-
ing a guitar over CAT5
(Category 5) cable seems
antiquated. David Mayne,
Gibson’s vice president of
business development for
MaGIC (media-accelerat-
ed global-information car-
rier), points out that the
company’s implementa-
tion focuses on delivering
low latency and maintain-
ing 100% QOS (quality of
service). Nothing inherent
in the design prevents
wireless transport, but
wireless options fall short

of the company’s QOS
expectations. Gibson rec-
ognizes the benefits of
wireless and expects con-
tinued adoption of unteth-
ered options, but the com-
pany’s first priority is qual-
ity. Chief Executive Officer
and Chairman Henry
Juszkiewicz refers to UWB
(ultrawideband) as the
“big hope,” due to its com-
parative immunity to inter-
ference and consequent
latency predictability ver-
sus today’s 2.4- and 5.2-
GHz WiFi (Wireless
Fidelity) approaches.

Garth Wiebe, founder of
AudioRail Technologies,
also shares his thoughts
on wireless transmission

in commercial, industrial,
and professional audio:
“Wireless is full of pitfalls.
Enter RF, and you must
account for signal
dropouts and retransmis-
sions of data. This is no
problem for data, but live
sound cannot tolerate
these. To account for
them, in theory, would
require large amounts of
buffering, which would
incur large amounts of
latency, which is also
unacceptable.”

Expanding the discus-
sion to video, Michael
Johas Teener, a network-
ing-system architect at
Broadcom, points out,
“The quality of service for

wireless is not adequate
for HD-quality video.
Latency is excessive—tens
of milliseconds—in a sin-
gle-attachment-point
domain, much worse in a
mesh, and normal home
environments can result in
momentary packet loss”
(Reference A). That’s the
reason that Belkin, for
example, chose a propri-
etary wireless-transmis-
sion scheme based on a
Magis Networks chip set
for its RemoteAV transmit-
ter-and-receiver set.
REFERENCE

A. http://grouper.ieee.
org/groups/802/3/
tutorial/mar05/
tutorial_1_0305.pdf.

edn050701df.qxd  6/23/2005  1:13 PM  Page 52



Enter xx at www.edn.com/info

The longest line
of magnetics kits is

now available on-line
Pull up our web site. Pull out your

credit card. And within minutes the
kits you need will be on their way.

No one offers more
prototyping kits for your
RF and power
magnetics. And no
one makes it so easy
to order, even on
nights and weekends.

Of course you can still pick up the
phone and call us at 800-322-2645.

Either way, we’ll put the right mag-
netics right at your fingertips.

®

CHIP INDUCTOR KITS
0302CS Series

0.67 nH - 34 nH, 5% tolerance
35 values (10 each) Kit C370  $90

0402CS Series
1.0 nH - 10 nH, 2% tolerance

21 values (20 each) Kit C328A-2 $75
11 nH - 68 nH, 2% tolerance

22 values (20 each) Kit C328B-2 $75

0402PA High Current Series
0.78 nH - 8.2 nH, 5% tolerance

7 values (10 each) Kit C373  $40

0603CS Series
1.6 nH - 30 nH, 2% tolerance

26 values (10 each) Kit C324A-2 $80
33 nH - 390 nH, 2% tolerance

22 values (10 each) Kit C324B-2 $80

0603HC High Current Series
1.6 nH - 24 nH, 5% tolerance

11 values (10 each) Kit C339  $40

0604HQ High Q Series
1.15 nH - 10.4 nH, 5% tolerance

7 values (10 each) Kit C351  $40

0805CS Series
2.8 nH - 820 nH, 5% tolerance

37 values (10 each) Kit C303  $95
Kit C303-2  (2% tolerance) $115

0805LS High Current Series
78 nH - 27 µH, 5% tolerance

18 values (10 each) Kit C354  $45

AIR CORE INDUCTOR KITS
Micro SpringTM Series

Inductance: 1.65 nH - 12.55 nH
9 values (12 each) Kit C308  $40

Mini SpringTM Series
Inductance: 2.5 nH - 43 nH

10 values (12 each) Kit C302  $40

Maxi SpringTM Series
Inductance: 90 nH - 558 nH

12 values (8 each) Kit C319  $40

POWER WAFER® INDUCTOR KITS
LPO3310 Power Wafers®

0.3 µH  - 47 µH, 0.25 - 2.8 Amps
14 values (3 each) Kit C375  $40

LPO4815 Power Wafers®

1 µH  - 220 µH, 0.11 - 1.6 Amps
18 values (3 each) Kit C376 $55

LPO6610 Power Wafers®

1.2 µH  - 330 µH, 0.13 - 1.7 Amps
16 values (3 each) Kit C367 $50

POWER INDUCTOR KITS
0603PS Shielded Power Chip Series

0.78µH  - 47 µH, 0.18 - 1.3 Amps
16 values (6 each) Kit C346  $50

0805PS Shielded Power Chip Series
1µH  - 330 µH, 0.13 - 1.8 Amps

20 values (6 each) Kit C348  $60

SLC7530 High Current Series
0.05 µH - 0.4 µH, 17 - 40 Amps

8 values (3 each) Kit C379  $40

SER1590 High Current Series
0.3 µH - 1 µH, 27 - 32 Amps

7 values (4 each) Kit C366  $60

SER2000 High Current Series
0.3 µH - 2 µH, 27 - 100 Amps

9 values (2 each) Kit C3746  $60

PoE TRANSFORMERS
PoE Series Transformers

6 and 13 W versions, 1.8 - 12 V output
10 values (2 each) Kit C172  $50

Miniature PoE Transformers
6 W, 1.8 - 12 V, contin./discontinuous

10 values (2 each) Kit C182  $50

FOR DOZENS MORE KITS VISIT
HTTP://ORDER.COILCRAFT.COM

NOW

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

Cary, IL 60013 800/322-2645 www.coilcraft.com
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example, or 62 audio streams at 48 kHz
plus one audio stream at 96 kHz, all the
way up to 16 audio streams at 192 kHz.

Materials available under license to
speed your time to production include a
software-development kit, source and
object code, an evaluation board, and two
reference designs targeting Xilinx Spar-
tan-IIe FPGAs. Digigram also sells a num-
ber of EtherSound transmitters and re-
ceivers with various numbers and types of
analog inputs and outputs, along with a
the miXart 8 ES PC sound card. Planned
100-Mbit enhancements include the abil-
ity to define bidirectional daisy chains
anywhere on a network, support for 
Xilinx Spartan-3 FPGAs, ubiquity of net-

work management, ring-based network
redundancy, and the ability to generate
the network clock from any device. And,
like Cirrus Logic and Gibson, Digigram
is eyeing Gigabit Ethernet as a future
enhancement, enabling the support of
standard Ethernet components along
with additional media transports, such as
video and generic data.

FOCUS ON SIMPLICITY
Garth Wiebe founded AudioRail

Technologies based on the premise that
most people in live sound have little
money to spend.  He explains, “You have
schools, churches, small musical organi-
zations, theaters, conference centers, and

so on. There are large sound companies
and large venues, for sure, but they are
dwarfed by the majority of smaller, lower
budget organizations.” As a result, he cre-
ated the elementary M11 protocol, a 4-
bit, 25-MHz data stream based on time-
division multiplexing. AudioRail uses
Ethernet transceivers but replaces the
Ethernet MAC with a simpler FPGA-
based programmable-logic design.

The result, according to Wiebe, is a
reliable product that costs only a fraction
of what you’d pay for other real-time-net-
worked-audio approaches. Says Wiebe,
“We have yet to have one fail in the field.
Period. No customer complaints of mal-
function. Period. And we have them in
countries all over the world in addition
to here in the United States.” You can see
for yourself how AudioRail’s cost and reli-
ability claims stack up to scrutiny; the
company’s Web site details both its and
its competitors’ technologies and prod-
ucts. Each $500 ADAT (Alesis digital-
audio tape) rx32tx32 rack-mountable
unit provides eight ADAT “light-pipe”
optical connections, encompassing four
inputs and four outputs (Figure 3). Each
light-pipe port can carry eight 16- to 24-
bit, 48-kHz audio channels for a sum total
of 64 channels’ worth of 24-bit, 48-kHz
audio through each AudioRail dual-
CAT5 link (see Brian’s blog entry
“Audio over CAT5: Other approaches” at
www.edn.com/briansbrain).

AudioRail, like its competitors, deliv-
ers low latency: approximately 5 �sec in
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Additional protocols
CAT5 (Category 5) cabling’s low
cost and long-distance drive capa-
bility make it an attractive option
for audio-data formats beyond the
Ethernet-packetized variety. The
MIDI (musical-instruments digital
interface) Manufacturers
Association, for example, is pursu-
ing standardization of MIDI trans-
port over CAT5, according to
Analog Devices’ DSP Marketing
Programs Manager (and formerly
corporate marketing manager at
MIDI software provider Staccato
Systems) Denis Labrecque,
although association representa-
tives didn’t respond to requests for
information, and the association’s
Web site currently lists only MIDI-
over-IEEE-1394 specifications.

FireWire-encoded audio over
CAT5 cabling is another possibili-
ty, one that FireWire audio pio-

neer Bob Moses is pursuing with
his latest venture as vice presi-
dent and director of engineering
of Wavefront Semiconductor.
Moses comments, “As far as I
know, I’m the only guy to have
built an audio-over-CAT5-using-
Firewire box, so far. Actually, I’ve
built two. The first was a refer-
ence design called OnRamp using
TI silicon. The second reference
design is the evaluation module
for our new Dice II FireWire audio
chip...We plan to send 400 Mbps
down CAT6 (or 200 Mbps down
CAT5e or 100 Mbps down plain-
old CAT5). We believe that this
solution is much cheaper than an
Ethernet solution, and you get all
the benefits of FireWire isochro-
nous transport, which you do not
get with the other audio-over-
Ethernet solutions.”

Figure 3 AudioRail transceivers bridge ADAT and the company’s proprietary, cost-opti-
mized MII protocol.  

Cabling choices
Is CAT5’s (Category 5’s) 100m
specification too short for the
distance you need to route
audio? Consider fiber-optic
cable. Cirrus Logic’s CobraNet lit-
erature, for example, claims that
it’s possible to reliably drive a 2-
km distance over multimode
fiber or 100 km over single-mode
fiber. Fiber-optic cable, unlike all
electrical-based cabling schemes
(to a greater or lesser extent),
also doesn’t emit an EMF and
isn’t susceptible to interference
from other EMF-generating
sources.
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the digital domain—more precisely, 4.5
�sec�0.25 �sec/hop�0.005 �sec/m,
end to end. Wiebe warns, “One feature ...
that provides flexibility and versatility but
can cause a nuisance is that AudioRail
digital-audio streams are all independ-
ently clocked to follow their source.
AudioRail can be simplistically modeled
as a bundle of digital-audio cables taped
together. They do not have a common
clock. The flexibility and versatility mean
that you can run clocked domains at dif-
ferent sample rates through the same
CAT5 cable. The potential nuisance part
... is that, if you have only a single digi-
tal-audio system, you must make sure that
all devices are properly slaved off of a
clock master, even though they all come
from the same AudioRail box. This can
mean a little extra strategizing and per-
haps a few extra-short-word clock BNC
cables at each end to tie the devices’
clocks together.”EDN

R E F E R E N C E S
http://grouper.ieee.org/groups/802/

3/tutorial/mar05/tutorial_1_0305.pdf.
www.gibsonmagic.com/MaGICfaq.

pdf.
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AU T H O R ’ S  B I O G R A P H Y
Technical Editor Brian Dipert longs for a
world filled with fiber-optic cable, ultrawide-
band wireless, and instant-response, blazingly

fast servers on the other end of his network
connection. Oh, and world peace. A guy can
dream, can’t he? 
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WHICH INTERFACE WILL GET

TRACTION?
FIBRE CHANNEL
RULES IN THE SAN
WORLD, AND
INFINIBAND IS
PROGRESSING IN
COMPUTER CLUS-
TERS, BUT A FASTER
FLAVOR OF THE
VENERABLE
ETHERNET LOOMS
AS A POTENTIAL
JACK-OF-ALL-
TRADES.
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A little more than a year ago, Broad-
com launched what it termed C-NIC
(converged-network-interface-con-
troller) ICs (Figure 1) and squarely tar-
geted Ethernet to replace FC, IB, and pro-
prietary technologies in storage and clus-
ter applications. The theory goes that
iSCSI (Internet Small Computer Systems
Interface), an IETF (Internet Engineer-
ing Task Force) standard, provides the
means for moving block-storage data
across a TCP/IP (Transfer Control Pro-
tocol/Internet Protocol) network and
remotely managing storage resources.
Meanwhile, RDMA (remote-direct-
memory-access) extensions to TCP/IP, an
RDMA Consortium standard, support
both iSCSI block operations and the low-
latency copy of data from one system to
another that clusters require. Ethernet
still may lack the performance these
applications require, but TOEs (TCP/IP-
offload engines) and similar technologies
can fix that problem.

This time is far from the first that any-
one has applied a flavor of Ethernet and
TCP/IP to an application in which it
seemingly doesn’t belong. Embedded sys-
tems regularly use low-cost Ethernet chips
to link relatively unsophisticated sensors
and control systems. EPON (Ethernet-

passive-optical-network) technology is
one flavor of fiber-based broadband that
carriers are deploying to support the so-
called triple play and IPTV. System
builders have even used Ethernet for
board-to-board communications over
backplanes in systems based on buses
such as CompactPCI. Another fabric,
the Advanced Switching Interconnect,
may replace Ethernet in the system-fab-
ric role (see sidebar “Understanding the
Advanced Switching Interconnect”).
All these interconnects have their own
places in the computer-architecture
puzzle (Figure 2). Rick Maule, chief
executive officer of start-up Ethernet-
chip vendor NetEffect, states, “We
believe that there is truth to the adage:
‘If Ethernet can Ethernet will.’” In the
case of storage and cluster interconnects,
Ethernet is an attractive option for sev-
eral reasons. For starters, IT departments
could potentially use one set of network-
management tools if the departments
base data, storage, and clustering all on
Ethernet—even if they actually imple-
ment them on physically separate Eth-
ernet LANs. Assuming that the ramp in
Ethernet is true to form and 10 GBE
becomes a high-volume technology, then
surely it will be cheaper than FC, IB, or

other options. And Ethernet might carry
a mix of data, cluster, and storage traffic
on a single network.

ENTERPRISE NIRVANA
Tim Golden, director of PowerEdge-

server marketing at Dell, states, “The
notion of fat pipes and a single fabric—
it’s a very promising thing.” Golden
claims that, from an IT perspective, nir-
vana might be “a cloud with all resources
that can be managed from a single remote
point.” Broadcom’s C-NIC marketing
material was the first to make that pitch.

So, Ethernet wins, right? Not so fast.
The best effort packet-delivery and col-
lision-based MAC (media-access-con-
trol) scheme of Ethernet and TCP/IP isn’t
a perfect match for storage and cluster
applications that demand low latency and
guaranteed quality of service. Moreover,
low cost—when it comes to 10 GBE—
isn’t a sure thing.

First, consider cost. Through 1 GBE (1-
Gigabit Ethernet), you could easily iden-
tify applications that would almost ensure
broad market adoption of the next-gen-
eration technology. Today, vendors ship
almost all clients with 1-GBE ports,
although enterprises haven’t performed
wholesale upgrades of their switches and
routers. Still, applications such as video
delivery will lead to ubiquitous 1 GBE.
But it’s tougher to make a case for 10 GBE
even if the chip vendors can drive down
the cost of 10 GBE using process-geom-
etry reductions.

Most of the Ethernet proponents point
to the “if-you-build-it-they-will-come”
nature of the tech industry when it comes
to data rates and memory. But for 10
GBE, it may be tough to identify any
application that requires the sheer data
rate the technology affords. Instead, the
justification may ultimately be how
quickly you can move a large data file—
say, a full-length movie—across a net-
work that drives adoption rather than just
the ability to stream live movies.

Broadcom sees the process as self-prop-

ypical enterprise IT departments now support three net-
works. Ethernet links PCs and servers. FC (Fibre Chan-
nel) connects SANs (storage-area networks) that con-
nect servers to storage arrays. And proprietary inter-
connects, Myrinet, or emerging IB (InfiniBand) tech-
nology generally link clusters of servers that focus on
evolving multithreaded tasks, such as database access. For
board and system designers, however, that landscape may
change significantly. Proponents believe that IB will first
prevail in clusters and then move into storage applica-
tions, whereas proponents of 10 GBE (10-Gigabit Eth-
ernet) believe the LAN technology will win in each seg-

ment. And you aren’t immune to this changing landscape if you don’t hap-
pen to design servers or storage products. The interconnects that win in these
applications will find use in all sorts of specialty applications driven by the
low-cost ICs that volume deployment in the enterprise invariably delivers.

T
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agating. Allen Light, senior product-line
manager for C-NIC, acknowledges that
his company is just now getting people to
move to 1 GBE. But Light claims that vir-
tually all servers that companies ship
today have dual 1-GBE ports. He claims
that IT managers will soon discover and
start using the available excess bandwidth
for storage applications. The transition of
storage traffic will lead to greater traffic
demand and ultimately to volume de-
ployment of 10 GBE. Maule of NetEffect
claims that server designers adopt each
succeeding Ethernet generation when the
price premium is two or three times 
the cost of the previous generation—
essentially “future-proofing” the design.
Maule states, “The server deployment
gets you the several-million-unit volume
that drops the premium to 30 or 40%, and
that then gets you into clients.”

UNDERCUTTING PRICES
Ironically, IB is far cheaper today despite

the fact that low cost is Ethernet’s normal
calling card. Mellanox Technologies is the
only true merchant supplier of IB chips.
Topspin Communications had developed

both IB chips and system-level products,
such as IB switches. But Cisco acquired
Topspin and uses the company’s ICs only
internally in IB switches and other prod-
ucts. PathScale also developed an IB
ASIC that it uses on board-level products.
It’s unclear whether the company will pur-
sue chip-level business. Still, Mellanox
has driven chip prices to less than $100.
The InfiniHost III Lx chip it announced
in March costs as little as $69 in high vol-
ume, and dual-port chips sell for approx-
imately $200. Ted Rado, vice president of
marketing at Mellanox, claims that his
company has shipped 500,000 IB ports
and that it shipped 300,000 of those
500,000 in the past year. Rado puts 10-
GBE shipments at less than one-tenth
that volume, pointing out that IB is enjoy-
ing the volume advantage for now.

Debbie Vogt, vice president of market-
ing at Ethernet proponent Siliquent,
doesn’t dispute the current IB cost advan-
tage. Siliquent claims to be the first com-
pany shipping 10-GBE chips that can
support storage and cluster applications.
And Vogt admits that the 10-GBE
links—the chip on both ends and the
cable that connects the two—cost three
to four times as much as an IB link today.
Still, Siliquent officials believe that Eth-
ernet is the future for clustering and stor-
age. Vogt states, “Being able to do some-
thing with IP throughout an infrastruc-
ture is very powerful.”

In reality, the cost comparison also goes
far deeper than the NIC price. Ulti-
mately, you must factor in the cost of
switches and other infrastructure. As

Broadcom’s Light states, “You do TOE,
RDMA, and iSCSI only on the ends,”
meaning that standard 10-GBE switches
will handily carry storage and cluster traf-
fic and will likely cost far less than IB
switches.

ENTRENCHED CONTENDERS
Cost is obviously only one point of

comparison. You also need to evaluate
how Ethernet and the competition stack
up from a performance perspective. In the
storage segment, FC is the entrenched
competitor. Originally a 1-Gbps inter-
connect, FC is now widely available at 2
Gbps, and the industry is doing early test-
ing of 4-Gbps products. FC’s developers
designed it with a relatively thin proto-
col layer for the block-level data-storage
and -manipulation requirements of big
databases, such as Oracle. The intercon-
nect also finds use in storage-centric
applications, such as data mirroring and
transparent backup and restoration. For
more background information, check out
the Fibre Channel Industry Association’s
Web site.

In the cluster case, the installed base is
more diverse. Some of the “big-iron” com-
puter vendors have proprietary intercon-
nects. Mellanox boasts a number of
impressive case studies of IB-based clus-
ters; you can find details on the company’s
Web site. At a signaling rate equivalent to
that of 10 GBE, IB delivers 8-Gbps data
rates due to the 8B/10B encoding that IB
uses. IB is scalable through the addition of
signaling lanes, and supporters are plan-
ning a doubling of data rates, but the 8-

Figure 1 Broadcom has evangelized the convergence of data, storage, and cluster
interconnects since the announcement last year of its C-NIC family.
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AT A G L A N C E

With volume sales driving down
Ethernet’s implementation costs,
customers are adopting it in applica-
tions in which it seemingly doesn’t
belong.

Ethernet and TCP/IP lack the per-
formance characteristics that storage
and clusters require, but extensions
such as TOE, RDMA, and iSCSI can
close the performance gap with
interfaces such as IB.

Unlike earlier generations of
Ethernet, 10 GBE (10-Gigabit
Ethernet) may not ramp quickly to
volume deployment because it’s diffi-
cult to find applications that require
the faster data rate. Then again, the
tech industry always seems to find 
a need for more memory and 
bandwidth.

Fibre Channel may well remain
the dominant choice in storage net-
works, despite the attack from both
10 GBE and IB.
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UNDERSTANDING THE ADVANCED SWITCHING INTERCONNECT

The ASI (Advanced
Switching Interconnect)
serial-interconnect technol-
ogy provides high-perform-
ance features of proprietary
fabrics and uses the stan-
dards-based economy of
scale and ecosystem of PCI
Express. 

Through enhancements in
the transaction layer, ASI
extends the capabilities of
PCI Express to support a
variety of converged com-
putation and communica-
tion applications (Figure A).
Key features of ASI include
low latency, peer-to-peer
communications, multiple
levels of QOS (quality of
service), sophisticated con-
gestion management, high
reliability and fail-over
mechanisms, multiprotocol
and multicast support, and
built-in security. ASI targets
backplane and local
onboard-interconnect appli-
cations, as well as chassis-
to-chassis communications.

ASI provides as many as
20 virtual channels, of
which eight are bypass
channels that can transport

load and store protocols,
eight are ordered only, and
four are multicast, to facili-
tate almost any application
profile. At the logical level,
it supports eight traffic
classes per virtual-channel
type for QOS and traffic dif-
ferentiation. ASI uses a
credit-based, link-level,
flow-control scheme. For
congestion management, it
supports status-based flow
control, injection-rate con-
trol, minimum bandwidth,
or vendor-defined egress
scheduling.

ASI embraces compatibil-
ity and provides the mecha-
nisms for more efficiently
supporting legacy infra-
structure. It realizes this
goal through various native
data-movement protocols,
software semantics, and
protocol-agnostic tunneling
through a universal fabric
technology. PI-2 (protocol
interface 2), generic data
transport, provides a reli-
able transport mechanism
with built-in segmentation
and reassembly for mes-
sage-passing architectures.

Users can employ it to
interoperate various end-
point devices, such as
NPUs (network-processing
units), CPUs, microproces-
sors, and DSPs. ASI
defines PI-0 to PI-95. It
leaves PI-96 to PI-127 for
vendors’ proprietary proto-
cols. It assigns the proto-
cols as follows:
● PI-0: spanning tree,
● PI-1: congestion manage-

ment,
● PI-2: generic data trans-

port,
● PI-4: device management,
● PI-5: event reporting,
● PI-8: PCI Express tunnel-

ing,
● PI-E: Ethernet tunneling,
● PI-9: socket-data transfer,
● PI-10: simple load store,

and
● PI-11: simple queue (SQ).

ASI has not yet assigned
PI-12 through -95.

Fabric-management
capabilities are also part of
the ASI protocol to support
a number of services, such
as connection setup and
teardown, event manage-
ment, performance and

health monitoring, redun-
dant routes, path invalida-
tion, resource allocation,
and load balancing.

ASI provides a scalable
architecture by using the
same PHY (physical) and
data-link layers as PCI
Express. It supports 2.5-
Gbps serial-link technology
in one-, two-, four-, eight-,
12-, 16-, and 32-lane config-
urations. Second-genera-
tion, 5-Gbps serial-link tech-
nology has also emerged.
ASI can flexibly autonegoti-
ate and interoperate to a
variety of port bandwidths
that different applications
require. It also supports
lane reversal to prevent a
failure of a single lane’s
bringing down the entire
link. ASI supports various
fabric topologies, such as
meshed, star, dual star, and
dual-dual star and can cas-
cade to larger fabric topolo-
gies by integrating sophisti-
cated congestion-manage-
ment and end-to-end flow-
control capabilities.

ASI targets enterprise,
communications, and
embedded systems requir-
ing high-performance fabric
features. Typical applica-
tions include enterprise
storage routers and arrays;
blade servers; telecom
edge, access, and metro-
politan switches and
routers; and embedded-
system computing, such as
in military and medical
imaging. ASI works with
any protocol and its broad
industry support and matur-
ing ecosystem of products
provide strong advantages
over proprietary- or niche-
fabric technologies.

AUTHOR’S BIOGRAPHY
John Chiang is product man-
ager of IDT’s Serial Switching
Division.

Figure A Through enhancements in the transaction layer, ASI extends the capabilities of PCI
Express to support a variety of converged computation and communication applications.
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For FREE samples, evaluation boards, online design
tools, datasheets, and more, visit us today at

power.national.com

Or call: 1-800-272-9959

Highly integrated LM5032/34 maximize efficiency and density of DC-DC converters

Features
• Two independent current-mode controllers
• Interleaved single or dual output operation
• Compound 2.5A main FET gate drivers
• Active clamp FET gate drivers
• Integrated 100V start-up regulator 
• Up to 1 MHz switching frequency 

programmed by a single resistor
• Programmable maximum duty cycle
• Adjustable soft-start and input under-voltage

sensing
• Adjustable deadtime between main and active

clamp gate drivers
• Available in TSSOP-16 (LM5032) and

TSSOP-20 (LM5034) packaging

Ideal for achieving high efficiency and power
density in 200W to 500W DC-DC converters

0              1 0             2 0 3 0             4 0             5 0           60

Load Current (A)

100

95

90

85

80

75

Ef
fic

ie
nc

y 
(%

)

Vin = 78V

Vin = 36V

Vin = 48V

Vout = 3.3V

LM5034 Interleaved forward active clamp converter

LM5034 Efficiency graph

543463_063.indd   1543463_063.indd   1 6/23/2005   5:10:56 PM6/23/2005   5:10:56 PM



64  EDN |  JULY 7, 2005

Gbps flavor is likely to find the broadest
near-term use. Visit the InfiniBand Trade
Association for more background.

Still, the volume of IB cluster installa-
tions is relatively small compared with
total cluster deployments. Most deployed,
nonproprietary clusters now use Myrinet
technology from small, privately held
Myricom. The company supplies Myrinet
host adapters and switches to most of the
major server vendors, including Hewlett-
Packard, Sun, and IBM. The Myrinet
technology that’s now available is a full-
duplex, 2-Gbps PHY (physical layer) and
a set of routing and link specifications
that ANSI has standardized. Myricom
adds a proprietary set of protocol and soft-
ware layers for clustering.

You can get a quick look at leading-
edge cluster deployments at the Top500
Supercomputer Sites’ Web site. The site
biannually releases a new list of the most
powerful high-performance-computing
installations in the world. If you select the
database tab, you can sort the data by
interconnect type, and you will see the
success that Myrinet enjoys. But note that
the categorization is imperfect because it
classifies at least a few systems that have
“IB” in some form as having “mixed”
interconnects, and some Myrinet systems
may suffer the same fate.

In any event, it’s clear that Myrinet, IB,
and FC all have data-rate advantages over
1 GBE. Still, Broadcom believes that a lot
of 1-GBE business exists in storage and
clustering, and the company seems in no
hurry to announce 10-GBE products. But
most believe that success for Ethernet will
require a move to the faster 10-GBE fla-
vor. And the equally challenging issue for
Ethernet is the latency and best effort
service of both Ethernet and TCP/IP.

LATENCY IS KEY 
Many ways exist for defining, specify-

ing, and benchmarking latency, and lit-
tle consistency exists when it comes to
interfaces and types of networks. Still, FC
products regularly claim latency of less
than 1 �sec. Both Myrinet and IB also
offer latencies of much less than 5 �sec
and into the 1- to 3-�sec range. Standard
Ethernet networks feature latencies
greater than 50 �sec and even up into the
hundreds of microseconds.

The latency limitation associated with
Ethernet comes from both the collision-
based MAC protocol and TCP/IP. TCP/

IP in fact affects the situation in two ways.
TCP/IP allows out-of-order packet pro-
cessing and reassembly after delivery. And
TCP/IP is so complex that data delivery
requires significant processing overhead.

IB proponents, such as Mellanox, claim
that, at 10-GBE rates, a host processor
can spend as much as 90% of its time on
TCP/IP processing. Mellanox’s Rado
claims that the company’s IB chips, run-
ning at full wire speed, require only 3 to
4% of the CPU’s cycles for overhead.
Chuck Seitz, chief executive officer of
Myricom, makes an even more astound-
ing claim. According to Seitz, two
Myrinet systems can transfer a 1-Mbyte
block of data from user memory on one
system to user memory on another system,
and the two system CPUs cumulatively
spend 0.3 �sec on the transfer.

Engineers and IT specialists have long
understood the problem of Ethernet-pro-
tocol complexity. In the days of 16-bit
CPUs, an Ethernet card dedicated a
processor to the TCP/IP tasks. Over time,
host CPUs became sufficiently powerful
that TCP/IP became a host’s insignificant
chore. Now, with the move to 1 GBE and
then 10 GBE, TCP/IP overhead has again
become an unacceptable burden on host
CPUs in many applications and an issue
that storage or cluster networks must face.

These days, chip vendors are integrat-
ing TOEs into their products to reduce the
impact of the protocol. In fact, all of the
Ethernet proponents, including Broad-

com, NetEffect, Siliquent, and Astute
Networks, list TOE as a standard feature.
But TOE alone will not make Ethernet an
effective storage or cluster fabric. Maule
of NetEffect claims that packet processing
associated with TCP/IP is responsible for
only about 35 to 40% of the total over-
head associated with Ethernet. Maule
claims that tasks such as intermediate
buffer copies are responsible for 20 to 25%
of the overhead. And he adds that oper-
ating-system overhead—moving into
and from kernel space and handling inter-
rupts—can be responsible for as much as
40% of the overhead. Maule states, “You
must reduce overhead by 90% or more.”

Maule points to the new iWarp, or
high-speed-Internet, standard as the
answer. The standard builds on RDMA
and TOE, and a consortium at the Inter-
Operability Laboratory at the University
of New Hampsire Research Computing
Center is nurturing it. The iWarp stan-
dard enables an “operating-system-by-
pass” technique that allows applications
running on two computers to exchange
data blocks with no intervention from the
operating system. Maule claims that TOE
handles the protocol overhead; RDMA,
the buffer-copy problem; and iWarp, the
operating-system issues.

CAN YOU BUY IT?
The 10-GBE story sounds promising,

but can you buy it, and will it work?
Siliquent was the first to announce chips

Figure 2 Various computer-interconnect technologies fit into various niches, although
users have shoehorned Ethernet into may places other than LANs (courtesy PLX
Technology).
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a full year ago. The $500 SLQ1010 and
the 4-Gbps SLQ1004 are available, but
Siliquent can’t yet claim that equipment
vendors are shipping products based on
the chips. But the company’s Vogt expects
customer shipments to begin shortly. She
claims that the chips fully support iWarp
and that latency with iWarp is now less
than 10 �sec. Moreover, she believes that
they will get to 5-�sec latencies.

Meanwhile, NetEffect last November
announced an iWarp product, but Maule
admits that the chips have yet to ship but
promises them this year. You can now buy
10-GBE board-level products with TOE
capabilities. Both Neterion (formerly,
S2io Inc) and Chelsio have such prod-
ucts, although neither now claims iWarp
support. Hewlett-Packard has begun to
ship products based on the 1-GBE Broad-
com BCM5706 and to espouse the con-
verged-network philosophy. Broadcom
also has a 2.5-Gbps version of the C-NIC
family available.

Astute Networks may have been fur-
ther along the 10-GBE chip-development
path when a year ago it demonstrated the
Pericles chip based on 10 Tensilica RISC
cores. But that first chip included SPI-4
(System Packet Interface, Level 4) inter-
faces and targeted the system side of the
10-GBE link. The company has since
refocused on the storage-appliance side of
the SAN application and is working on
its next-generation offering. Jon Siann,
Astute’s vice president of marketing,
claims that the company learned the hard
way that TOE and RDMA support is
insufficient to win customers. The com-
pany’s experience yielded the decision to
focus on SANs in which Astute will
deliver complete sets of storage software,
such as mirroring and data-migration
applications. Siann does not believe that
one IC design can succeed in both the
cluster and the storage segments. “You are
not going to win both,” he says.

In the short term, designers may have
no choice but Myrinet and IB for clusters
and IB and FC for storage. Despite many
pro-Ethernet statements, Dell’s Golden
states, “For the next few years, IB may be
the best thing going.” IB does seem to be
on a roll. Mellanox’s Rado goes so far as
to say, “I challenge the theory that
Moore’s Law can eliminate the TCP/IP-
overhead problem of Ethernet.” Mellanox
officials believe that, at the very least, the

silicon needed to offset the disadvantages
of Ethernet will keep IB prices in an
advantageous position. Moreover, Rado
points out that IB will double rates before
10 GBE can come down the cost curve.

An announcement that should occur
just before press time, slated for the Inter-
national Supercomputer Conference in
Heidelberg, Germany, might change
things, however. Myricom is planning the
next generation of Myrinet: Myrinet-
10G. The 10-Gbps technology will
migrate to the 10-GBE PHY and main-
tain Myricom’s clustering-protocol and
software layers. Essentially, the most com-
mon clustering technology in the market
will be faster than IB.

Myricom plans to launch the technol-
ogy at aggressive prices. NICs will sell for
$795, and switches will sell for $400 per
port. Moreover, the new ICs that the
company developed for the launch can
run either the Myrinet protocols or TCP/
IP, so the new products can carry Ether-
net traffic. Myricom has always assigned
Ethernet MAC addresses to its products
and uses what appear to be standard 
Ethernet drivers to support the products.
The Myrinet-10G launch will also make
Myricom a full-fledged chip supplier.

Chief Executive Officer Seitz claims
that Myrinet has a huge advantage over
IB. He states, “For InfiniBand, RDMA is
not only not the answer; it’s part of the
problem.” He claims that the IB standard
is flawed when it comes to how RDMA
is implemented and that the flaw both
drives up memory requirements and hurts
performance because an application can-

not move blocks of data from user space
in one machine to user space in another.
NetEffect’s Maule essentially concurs.
NetEffect began life as Banderacom, an
IB  player, and company officials believe
the lessons it learned in IB serve it well
in pursuing iWarp. Maule claims that IB
has a user-level direct-access problem.

On the storage side, meanwhile, it’s a
fair question to ask why FC needs a
replacement. One theory holds that TCP/
IP-connected Network Attached Storage
(NAS) appliances are far cheaper than
SAN systems, and iSCIS enables remote
management of and access to NAS appli-
ances. Still, even in the SAN environ-
ment, SAS (Serial Attached SCSI) or
SATA (Serial ATA) will shortly replace
the native FC-based drives vendors are
deploying in SAN boxes today. The FC
fabric of a SAN differs from the FC loop
in a drive array at the PHY level, but the
two share the storage protocols. As the
drives move to SAS, momentum will
likely emerge to migrate away from FC
because it will become yet another bridge
interface in enterprises. Still, it’s tough 
to find anyone other than Mellanox 
that believes IB will take over the SAN,
and FC may be a healthy market for
years.EDN
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Companies market structured ASICs
as the midvolume, midprice missing link
between fast-turnaround, reprogramma-
ble but low-volume FPGAs and high-
cost, high-volume, hard-to-design cell-
based ASICs.

A structured device resembles a gate
array on steroids. Like gate arrays, struc-
tured ASICs have a limited number of
designable layers (usually one to six), a
low tool and NRE cost, and a turnaround
time ranging from days to months. As
with gate arrays, silicon vendors have
taken care of most of the nasty physical-
design effects with prerouted and pre-
tested layers. In most devices, they’ve also
predesigned the clock tree. But struc-
tured-ASIC devices offer much larger
designable gate counts and much more
on-chip memory than gate arrays. 

A VIABLE MARKET?
The structured-ASIC market has not

yet seen widespread adoption among
users and has not yet become the $300
million market many proponents had pre-
dicted. FPGA proponent Tom Hart, CEO
of Quicklogic, goes so far as to say, “Struc-
tured ASIC is the last dying gasp of the
ASIC business,” and John East, president
and CEO of Actel, says that structured
ASIC “suffers from the same drawbacks
that have caused ASICs to lose market
share to programmable devices over the
past two decades.”

Many analysts, however, disagree with
Hart’s and East’s assessments of the struc-
tured-ASIC market, saying that FPGAs,
structured ASICs, and cell-based ASICs
all have unique functions and their own
place in the logic-device market.

“This is not about who is going to
win,” says Semico Research Corp’s sen-
ior ASIC and SOC (system-on-chip) an-
alyst Richard Wawrzyniak. “It is about
what combinations of features and func-
tions, power, time to market, and cost
best suit your needs.”

Although the structured-ASIC mar-
ket posted 2004 revenue ranging from
only $86 million (iSuppli) to $209 mil-
lion (In-Stat), not $300 million as pre-
viously expected, the market, say analysts,
shows signs of picking up (Figure 1).

Research company IBS Inc predicts

our years after ASIC vendors introduced their first structured-ASIC
devices in response to FPGA vendors eating up their market share,
the structured-ASIC market has yet to become a popular choice for
logic designs.

But analysts say that the structured-ASIC market is a viable busi-
ness today and may exceed $1 billion by 2008, as designers add up
the cost of 90-nm ASIC design and run up against the hard limita-

tions of FPGAs. 
Analysts and structured-ASIC vendors put up good arguments about why you

should at least consider structured fabric for your next IC-design project. But you should
consider a number of variables—both technical and business—when evaluating 
FPGAs, structured ASICs, and cell-based ASICs.
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Figure 1 Semiconductor analysts say that the structured-ASIC market isn’t going away.
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that by 2007, one-third of all ASICs will
employ structured-ASIC fabric. Bryan
Lewis, research vice president and chief
semiconductor analyst at Gartner, more
or less concurs. 

“By 2008, structured ASIC will be
about a third of the designs out there, but
the revenue is less than 10% of the over-
all ASIC market,” he says. “For a struc-
tured ASIC, the typical revenue per de-
sign is running around $3 million or $4
million, and in a traditional ASIC, it is
running at $5 million or $6 million.”

Lewis believes that the structured-ar-
ray market, which in 2004 was worth
$104 million, will become a $1.45 billion
market by 2008, with design starts mov-
ing from 181 in 2004 to 1230 by 2008. He
believes Altera and LSI Logic are cur-
rently the structured-ASIC market lead-
ers. He says most structured-ASIC ven-
dors, with the exception of Altera, have
been tightlipped when asked about rev-
enue. He notes that Altera reported $19
million in revenue from its HardCopy
structured family in 2004. Altera was the
only company to provide tapeout and cus-
tomer data for Table 1.

Alain Bismuth, vice president of the
HardCopy product group at Altera, says
that the company’s customer base for
HardCopy has increased from 20 to 30
customers over the last year and that
there were 12 design starts in 2003 and
20 in 2004. In 2005, the company has
doubled capacity to accommodate grow-
ing demand for structured ASIC.

“We exited 2004 with one tapeout a
week, and so as we entered 2005, we de-
cided to double our capacity,” says Bis-
muth. “This means we can now accom-
modate 100 tapeouts per year. We did this
to support growth across all market seg-
ments.” 

Simone Shaghafi, ASIC-marketing
manager at Fujitsu Microelectronics, says
that Fujitsu customers are also showing
increased interest in the company’s struc-
tured-ASIC lineup. 

“For the past six months, over 70% of
the RFQs [requests for quotes] we have re-
ceived are for structured ASICs,” says
Shaghafi, noting as does Bismuth that the
main reason for customer interest in
structured fabric is the rising cost of ASIC
and hard limitations of FPGA fabric.

“At 90 nm is when this industry will
really kick in,” says Lewis.

AFFORDABLE DESIGN?
At 90 nm, an ASIC mask costs more

than $1 million, and, as the process ma-
tures, the industry expects that cost to
drop to approximately $750,000. That’s
still roughly twice the cost of a 0.13-mi-
cron mask when vendors introduced that
process. When TSMC announced its 65-
nm process earlier this year, its officials
said that the normalized cost of a TSMC
mask would cost approximately $1.5 mil-
lion. Meanwhile, IBM and Chartered
Semiconductor say that the initial cost of
a 65-nm mask will likely be well over $2
million.

It’s especially disconcerting consider-
ing that a given design group’s next de-
sign will likely require more than one
mask set and maybe a few mask sets sim-
ply because design complexity continues
to increase at the 90-nm node. 

Designs at 90 nm, say vendors, require
more functional verification than 130-nm
designs. They also require extra steps in
physical design, such as optical proximity
correction for all layers, resulting in high-
er engineering cost. The tools to handle
these advanced process effects and verifi-
cation also are becoming more expensive. 

Thus, analysts estimate the total de-
velopment cost for a 90-nm ASIC will
run anywhere from $30 million to $50
million, with the bulk of that cost com-
ing from engineers designing and verify-
ing the functions of the design.

That lofty price, say analysts, will lim-
it the number of designs targeting that
node to high-volume applications, such
as cell phones, game consoles, graphics
ICs, and automotive products.

HARD LIMITATIONS OF FPGAs
FPGAs’ instant reprogrammability

and in-circuit verification have made
them invaluable in any designer’s tool-
box. Over the last two decades, FPGA
vendors have made leaps and bounds in
reducing the volume cost of their devices.
At the same time, they have increased
gate counts and device performance and
in turn annually taken over more of the
ASIC business. Designers no longer use
FPGAs just for ASIC prototyping. Each
year, FPGA vendors offer more gates at
prices that make devices reasonable for
high-volume use.

Semico’s Wawrzyniak says that FPGA
has grown into a $3 billion market, which
is one-third smaller than the ASIC mar-
ket, at $9 billion, he estimates. 

But although FPGAs have improved
on all fronts, even the highest end FPGAs
don’t have the density, performance, and
especially the midvolume and high-vol-
ume unit costs of ASICs, which are 10
times less expensive than high-end 
FPGAs at volume, analysts estimate. 

FPGAs also have hard limitations and
are unsuitable for use in wireless designs,
especially cell phones, which require very
low power, small die/package size, ex-
tremely large gate counts, and top per-
formance.

AT A G L A N C E
The structured-ASIC market has

yet to produce big revenue, but ana-
lysts say that it may be the best bet
for complex and midvolume designs.

The cost of 90-nm silicon and the
hard limitations of FPGAs will boost
the structured-ASIC market past the
$1 billion mark by 2008, analysts say.

A 90-nm ASIC costs anywhere
from $30 million to $50 million to 
produce.

Structured ASICs have NREs of
$0 to $250,000, low to no tool cost,
and turnaround times of days to
weeks, giving them lower engineering
and overall costs than traditional
ASICs.

When it comes to volume, FPGAs
are the right choice to 20,000 units,
and structured ASICs are the right
choice for 100,000 to 3 million units.
Traditional ASICs still have the
strongest play at greater than 3 
million units.

�

�

�

�

�

AT 90 NM, AN ASIC MASK
COSTS MORE THAN $1 
MILLION, AND, AS THE

PROCESS MATURES, THE
INDUSTRY EXPECTS THAT

COST TO DROP TO
APPROXIMATELY $750,000.
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FPGAs use more transistors than do
structured or cell-based designs for func-
tions other than logic, says Ronnie Va-
sishta, executive vice president of mar-
keting at eASIC. “Transistors in FPGAs
are used for buffering, look-up tables, and

switching, not just logic. That means that
static-power leakage is immense,” says Va-
sishta. “FPGAs leak like sieves, and a
function in FPGA consumes 400 times
more power than an equivalent function
in standard cell.”

“If you are pad-limited or need IP that
is not available in FPGA, you might have
to jump into a platform or cell-based
ASIC regardless of volumes or complex-
ity,” says Yousef Khalilollahi, director of
RapidChip marketing at LSI Logic. 

Structured- Total Designable Process Top
ASIC Designable No. gates (ASIC geometry Memory speed

Company family layers of layers equivalent) and fab (bits) (MHz)

Altera HardCopy II Two layers of NA 3.6 million TSMC 90 8.8M 350
metal, three vias and 130 nm

AMI Semi- XPressArray Hybrid, five 20 to 24 49,000 to TSMC 0.18 micron through 38k to 1.4M 200 system,
conductor XPA-1 to seven 1.7 million metal 2; metal 3 to 7 DPRAM 350 local

with AMIS 0.35 micron
XPA-HD Hybrid, five 20 to 24 64,000 to TSMC 0.18 micron through 38k to 1.4M 200 system,

to seven 2.7 million metal 2; metal 3 to 7 with DPRAM 350 local
AMIS 0.25 micron

XPA-II Hybrid, seven 25 511,000 to TSMC 0.15 micron through 332k to 4.2M 210 system,
4.9 million metal 2, metal 3 to 7 with DPRAM 500 local

AMIS 0.25 micron (18-kbit blocks)
ChipX CX3000 Two Three 20,000 to Charter 350 nm 352k 100

200,000

CX4000 Two Five 20,000 to UMC 250 nm 448k 125
550,000

CX5000 Two Six 25,000 to UMC 180 nm 2.5M 200
1.1 million

CX6000 Four Eight 100,000 to UMC 130 nm 3.5M 300
1.5 million

eASIC Corp FlexASIC One via layer, Eight (eight 3 million STMicro, CMOS 130 nm 3M 250
configured with metal/one
one mask or by poly)
direct-write 
eBeam (zero 
masks)

Faraday Netcomposer Four metal layers One poly, 4 million raw 0.13-micron UMC HS process 1M Maximum CPU, 
Technology (NC-1) family eight metal, gates, 2 million 450; block,
Corp (September 42 layers usable 300

2005)
Peripheral Three metal layers One poly, 1 million raw 0.18-micron UMC G2 process 0.5M Maximum CPU,
Composer six metal, gates, 500,000 190; block,
(PC-1) family 32 layers usable 100
(August 2005)
PowerSaver Four metal layers One poly, 4 million raw 0.13-micron UMC HS process 1.5M Maximum
Template eight metal, gates, 2 million structured
(PST-1) family 43 layers usable ASIC, 150
(December
2005)

Fujitsu AccelArray Three to five metal Six metal 4 million Fujitsu 0.11-micron technology, 4.5M 311
and via layers maximum 0.08-micron physical gate length

LSI Logic RapidChip Four metal layers NA As many as 5.6 TSMC 110 nm and LSI 8M More than 400,
Platform million usable Logic Gresham 110 nm 20 levels of
ASIC ASIC gates logic at 312

NEC ISSP1 Two Seven 1.7 million 150 nm NEC 3.6M 200
Electronics

ISSP1-HSI Two Seven 1.7 million 150 nm NEC 3.6M 200

ISSP-90 Two Seven 6.5 million 90 nm NEC 5.6M 333

CMOS12M Five Five to six 2.4 million 150 nm NEC 2.7M 200
(in July)

TABLE 1 STRUCTURED-ASIC ALTERNATIVES TO FPGAs AND CELL-BASED ASICs
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No. of Total Total Total
No. of structured- structured- structured- structured-
structured- ASIC ASIC ASIC ASIC

Time from Minimum ASIC customers design design design
Power Type of Average hand-off unit customers as of May 5, starts starts starts
(V) programming NRE to silicon volume in 2004 2005 in 2003 in 2004 in 2005

1.2 None $150,000 Eight to 1500 More than 20 More than 30 12 20 50
10 weeks

1.8 Metal mask $50,000 to 12 to 5000 to NA NA NA NA NA
$100,000 14 weeks 10,000

1.8 Metal mask $50,000 to 12 to 5000 to NA NA NA NA NA
$100,000 14 weeks 10,000

1.5 Metal mask $125,000 to 12 to 5000 to NA NA NA NA NA
$225,000 14 weeks 10,000

5/3.3 Metal mask Less than Five to 100 Claims 1600 NA NA NA NA
(I/O) $40,000 six weeks designs since

inception
2.5/3.3 Metal mask Less than Four to 100 NA NA NA NA
(I/O) $50,000 six weeks
1.8/2.5/3.3 Metal mask Less than Six to eight 100 NA NA NA NA
(I/O) $100,000 weeks
1.2/1.8/2.5/ Metal mask Less than Eight to 100 NA NA NA NA
3.3 (I/O) $225,000 10 weeks
1.2 Bit stream for $0 Three weeks No NA NA NA NA NA

logic plus direct- minimum
write eBeam or 
single photolitho-
graphic mask 
for routing

1.2 (core), Metal mask $250,000 35 to 40 2000 NA NA NA NA NA
3.3/5 (I/O) days

1.8 (core), Metal mask $144,000 25 to 30 2000 NA NA NA NA NA
3.3 (I/O) days

1.2 (core), Metal mask $200,000 35 to 40 2000 NA NA NA NA NA
3.3/5 (I/O) days

1.2 Metal mask $150,000 Four to eight 1000 NA NA NA NA NA
weeks, depend-
ing on design

1.5, 1.8 Metal mask $125,000 Eight to 10 1300 NA NA NA NA NA
weeks

1.5 Metal mask $60,000 to 10 days 400 NA NA NA NA NA
$90,000

1.5 Metal mask $80,000 to 10 days 400 NA NA NA NA NA
$100,000

1 Metal mask $150,000 to Four to 400 NA NA NA NA NA
$190,000 six weeks

1.5 Metal mask $65,000 to 14 days 10,000 NA NA NA NA NA
$100,000

Steven Kawamoto, senior marketing
manager at NEC Electronics America
Inc, says that design constraints offering
high performance and low power some-
times force users to go directly to ASIC
fabric and can’t be adequately prototyped,

even in FPGAs. “In these cases, struc-
tured ASIC allows users to prototype,”
says Kawamoto. “If you need low volume
but the speed of an ASIC, you can move
right away with structured ASICs.”

FPGA vendors also offer volume

breaks. Xilinx, for example, offers its
EasyPath option to allow its users to mass
produce FPGAs for 30% less in volume,
starting at 3000 units by locking down a
large portion of the design and cutting
out test costs. “We don’t create a new sil-
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icon product. We apply a new test
methodology to the same product,” says
Patrick Dorsey, director of EasyPath and
Configuration Solutions Division at Xil-
inx. “It is exactly the same silicon and the
same product.”

Because they are on the same silicon,
the devices still have power and die-size
limitations. Analysts say that until 
FPGAs vendors address those hard limi-
tations, a market opportunity exists for
structured devices.

WHY STRUCTURED?
“Structured ASIC is a product to solve

a bunch of problems, and in this case, the
problems are structural and not likely to
go away,” says Wawrzyniak. “Structured
ASIC will only go away if someone fig-
ures a way to cut design time in half, cut
NRE in half, and market windows widen
greatly.”

Wawrzyniak says that the structured-
ASIC market was $200 million last year
and predicts that it will grow to $1.5 bil-
lion by 2008.

Structured ASICs have a much low-
er NRE and volume requirement than
traditional ASICs and a much faster turn-
around time—anywhere from 10 days to
14 weeks (Table 1).

“The whole idea of platform ASIC is
not just the savings in mask charges;
three-fourths of the design is reused, and
that can save you $5 million to $7 mil-
lion in engineering effort,” says Lewis.
“You save on mask, but the bigger savings
is on engineering.”  

Structured-ASIC customers typically
need buy only one or two commercial-
EDA tools—typically a synthesis tool
from Synplicity, Magma, or Synopsys—
spending $25,000 to $50,000. Some ven-
dors follow the FPGA-vendor-tool mod-

el and offer customers OEM versions of
design software for free.

Jordan Selburn, ASIC and FPGA an-
alyst with research firm iSuppli, says users
are employing structured ASICs in a
range of applications, so vendors are keep-
ing busy creating slices, which are appli-
cation-specific platform layers, to speed
customers through tapeout and products
to market.

“I don’t know the exact number of
slices LSI Logic has, but they are proba-
bly averaging one new slice per design,”
says Selburn, who predicts that the struc-
tured-ASIC market will reach $471 mil-
lion by 2008, after posting what he esti-
mates was revenue of $86 million in 2004.

GUIDELINES FOR CHOOSING
For high-complexity designs, analysts

say, structured ASICs cost five to 10 times
less in volume than equivalent-gate-
count FPGAs. 

Judging solely on volume, a consensus
of semiconductor-industry analysts and
vendors say that FPGA is likely the most
viable fabric for high-complexity designs
to 20,000 units, and structured ASIC is
the most viable option from 100,000 to
3 million units. Above that number, tra-
ditional ASIC becomes more reasonable
in volume.

“If you are looking to develop a chip
that is high-complexity but low-volume,
FPGA is the way to go,” says Jerry Wor-
chel, principal analyst, ASIC/ASSP and
intellectual-property service at market-re-
search company In-Stat. “If you need
1000 and 20,000 and the cost is within
your budget constraints for the system,

then an FPGA is a good way to go. You
sure don’t want to buy 100,000 FPGAs if
they are $5 apiece, hence the structured-
ASIC market.”

“From 2000 units to around 250,000
units is where platform ASIC makes
sense,” says LSI’s Khalilollahi. “Beyond
that, cell-based ASIC makes more sense.
As we move to finer process geometries,
platform will make sense at higher vol-
umes.” 

At what gate count structured makes
more sense than FPGA and ASIC de-
pends largely on who you ask. 

Altera’s Bismuth says that FPGA is
the right option for low- to medium-den-
sity designs to 1 million gates, unless vol-
umes are really high. Structured ASIC, he
says, is ideal for designs of greater than a
million gates. “For density above 5 mil-
lion gates, there is nothing else available;
you have to go to an ASIC,” says Bis-
muth. 

ASIC vendors, of course, believe the
gate-count inflection point at which de-
signers should consider structured ASIC
over FPGA is much lower.

“If you have a small design around
50,000 FPGA gates, FPGAs are a good
choice, because FPGA vendors have re-
ally come down in pricing,” says Khal-
ilollahi. “But when you really get to
250,000 to 500,000 ASIC gates, that’s
when the platform-ASIC proposition be-
comes valid.” 

Bismuth notes that security is anoth-
er consideration. Structured devices, he
contends, typically have better security
and encryption features than do SRAM-
based FPGAs. Of course, FPGA vendors,
most notably Actel, have FPGAs with
high-security features.

Manpower and skills are other con-
siderations. Analysts point out that many
design groups lack the employees or the
experience to design a full-blown ASIC,
but, they say, a designer with the skills to
perform FPGA synthesis likely has
enough knowledge to synthesize a struc-
tured device.EDN

You can reach 
Senior Editor 
Michael Santarini
at 1-408-345-4424
and michaelsantarini@
reedbusiness.com.
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“IF YOU ARE LOOKING
TO DEVELOP A CHIP
THAT IS HIGH-COM-
PLEXITY BUT LOW-

VOLUME, FPGA IS THE
WAY TO GO.”

R E F E R E N C E
Dipert, Brian, “Silicon segmentation,”

EDN, Sept 18, 2003, pg 57,
www.edn.com/article/CA321801.

+

1

edn050701tt.qxd  6/21/2005  4:25 PM  Page 74



ADVERTISEMENT

JULY 7, 2005  |  EDN 75

Power Supply Control Solutions ...
at the Touch of a Button
High Performance Analog Solutions from Linear Technology

ortable devices need to draw
minimal current when off –
ideally zero – to maximize

battery life.  Implementing push-
button on/off control disconnects
everything from the battery except the
push-button control circuitry.  Provid-
ing graceful power-up and power-
down with minimal board space and
minimal current draw is challenging,
particularly when higher voltage
battery packs are used.  Linear Tech-
nology addresses the push-button
interface challenge with a pair of tiny
controllers.

The LTC®2950 integrates a push
button controller that provides enable
control for DC/DC converters with
processor interrupt logic and
adjustable debounce timers. The part
solves the inherent bounce problem
associated with all mechanical
contacts and operates over a 2.7V to
26V input voltage range to accommo-

date a wide variety of input power
supplies. When powering off, the
LTC2950 interrupts the system
processor, alerting it to perform the
necessary power down and house-
keeping tasks. Once the system
completes the power-down opera-
tions, it can command the LTC2950 to

immediately disable power.  The
LTC2951 offers additional time for
system power down, configured by an
external capacitor.  Offered in tiny 8-
pin 2mm x 3mm DFN and TSOT-8
packages, the LTC2950 and LTC2951
save design time, as well as precious
board space for portable instruments
and handheld products. 

High Voltage Operation 
at Low Current
Operating from 2.7V to 26V, the high-
voltage design provides a unique
advantage as a push-button de-
bounce circuit.  It connects directly to
multi-battery stacks without the need
for power-robbing resistors or level-
shifting circuits.  The input pin is
rugged, too, providing 10kV ESD
protection.  But unlike most circuits in
portable systems, the push-button
interface must be active continuously

PP

Figure 1.  Push-Button Control of DC/DC Buck Converter 

LTC2950 LTC2951

Push-Button Control ✔ ✔

Push-Button ESD Protection 10kV 10kV
ON debounce delay (Default) 32ms 128ms
Programmable ON time delay ✔

OFF debounce delay (Default) 32ms 32ms
Programmable OFF time delay ✔ ✔

System Shutdown delay (Default) 1024ms 128ms
Programmable KILL time delay ✔

Supply Current 6µA 6µA
Packages 2mm x 3mm DFN 2mm x 3mm DFN

TSOT-8 TSOT-8

Table 1. LTC2950/LTC2951 Feature Comparison
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– there is no sleep mode or off state.
The LTC2950 continuously monitors
the push-button input for the next
event, remembering whether the
system is on or off.  The supply
current is low while monitoring, mini-
mizing the drain on the battery.

System Interface
In addition to the debounce function,
there is also a handshake function
that works with the processor or
system logic.  There is an interrupt
output and a kill input.  During a
“turn-on” event, the
LTC2950 will disable power
if the processor does not
come back and release the
kill input within a
prescribed time.  This
ensures that the power-up
occurs successfully.  During
the “turn-off” event, the
LTC2950 interrupts the
processor and warns that
power will be turned off.  It
then waits for the processor
to shut down and return a
kill command before it
disables the power, assur-
ing complete and successful

power-down.  If no kill command
comes back, perhaps due to the
processor hanging up, power is turned
off after 512ms.

Referring to the timing diagram
in Figure 2, a transition on PB# initi-
ates the power on sequence. The
default delay is 32ms and the exter-
nal ONT capacitor allows the user to
configure longer delays.  Once EN
goes high, an internal 512ms blank-
ing timer is started. This blanking
timer is designed to give sufficient
time for the DC/DC converter to reach

its final voltage, and to allow the µP
enough time to perform power on
tasks.  The KILL pin must be pulled
high within 512ms of the EN pin
going high.  If not, the DC/DC
converter will be disabled.  The next
transition on PB initiates the power
off sequence. Similarly, the default
delay is 32ms and the external OFFT
capacitor allows the user to configure
longer delays.  At that point an inter-
rupt is set, signifying that the DC/DC
converter will be disabled in 1024ms.
Once a system has finished perform-
ing its power down operations, it can
set KILL low (and thus immediately
shut off power), terminating the inter-
nal 1024ms timer. 

Figure 1 shows EN controlling a
DC/DC converter for the main supply
to the system.  The EN output is open
drain; the LTC2950-1 is positive logic
and the LTC2950-2 is negative logic.
The INT and KILL signals communi-
cate with the microprocessor.

The EN open drain output of the
LTC2950-2 is designed for 10V so it
can switch on/off an external P-chan-
nel power MOSFET. Figure 3 shows
the LTC2950-2 (EN) switching an
external MOSFET for power path
control in a two cell Li-Ion battery
application.  This allows a user to

Power Supply Control Solutions ... at the Touch of a Button

Figure 2. LTC2950 Timing Sequence

Figure 3. Push-Button Control of P-Channel MOSFET for Power Path Control
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connect/disconnect a power supply or
back-up battery to its load by toggling
the PB pin.  The INT and KILL pins are
connected to the output of the
MOSFET through a resistive divider.
Therefore, KILL will be pulled low
when INT goes low, killing power
immediately.  The KILL pin also serves
as a voltage monitor. When VOUT

drops below 6V, the EN pin is brought
high 30µs later.

As in the previous circuit, the
circuit in Figure 4 takes advantage of
the precision analog comparator used
for the KILL input so it can be used
as a voltage monitor.  It is driven by a
low leakage open drain output of the
µP. It is also connected to a resistive
divider that monitors the battery volt-
age (VIN). When the battery voltage
falls below 5.4V, the voltage at the
KILL pin falls below 0.6V and the EN
pin is quickly pulled low.  The DC/DC
converter shown has an internal
pull-up current on its SHDN pin;
thus a pull-up resistor on EN is not
needed.

The LTC2951 is identical to the
LTC2950 except that it trades the
adjustable ON timer for an adjustable
KILL timer.  Figure 5 shows the same

circuit as in Figure 1 except that the
ON debounce time is fixed at 128ms
internally and the external capacitor
connected to the KILLT pin extends
the time allowed for the processor to
complete its shutdown sequence
and release the KILL pin from the
default 128ms to 339ms, as shown
in Figure 5.

Power path control between a
battery and a wall adaptor is shown in
Figure 6.  The LTC4413 is a two-chan-
nel ideal diode designed to reduce
heat, voltage drop and board space as

well as preserve battery life. The
device is ideal for applications requir-
ing an ideal diode OR function for
load sharing or automatic switchover
between two input power sources.
The LTC4413 has control access to
each ideal diode but in this circuit the
EN output from the LTC2950 is tied
to each of the inputs, activating both
channels at the same time.  INT and
KILL are tied together, simplifying
the power-up/down sequence when
a processor handshake is not
required.

Push-button control is not just
for battery-powered systems.  Large
systems with multiple supplies and
demanding sequencing requirements
can benefit from simplified on/off
control.  Figure 7 shows the LTC2950
controlling a P-channel MOSFET in
series with four supplies that are
sequenced by the LTC2924.  When
power is enabled, the ON pin of the
LTC2924 is pulled high to begin the
power-up sequence.  Each output is
monitored and the DONE output
signals that the power-up sequence
is  successfully completed.  This
releases the KILL input of the
LTC2950.  When the push-button
commands the system to power
down, the INT pin pulls the ON pin of
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Figure 5. Push-Button Control with Extended Processor Shutdown Time

VIN

SHDN

VIN

VOUT

EN

INT

KILL

LTC2951-1

KILLT OFFT

DC/DC
BUCK

µP

3V – 26V

10k

0.033µF 0.033µF

PB

VIN

Figure 4. Push-Button Control of LDO with Low Battery Monitor
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the LTC2924 low to begin the power-
down sequence.  The DONE pin drives
KILL low when all supplies have
successfully powered down and the
LTC2950 disconnects power using the
P-channel MOSFET.

Portable and non-portable
devices utilize push-button control to
enable and disable power.  Often this
requires a tiny, low current solution
that is capable of operating from high
input voltages.  The LTC2950 and
LTC2951 provide this solution and
also interface with the processor to
assure proper execution of power-up
and power-down routines.  In the tiny
2mm x 3mm DFN package with just
a few optional external components,
these devices offer simple and secure
push-button control.
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Power Supply Control Solutions ... at the Touch of a Button

Note:       ,  LTC and LT are  reg istered t rade-
marks of Linear Technology Corporation. All
other trademarks are the property of their
respective owners.

Figure 6. Push-Button Control of a Dual Ideal-Diode for Power Path Control

Figure 7. Push-Button Control of On/Off Power Supply Sequencing
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s microprocessor-controlled systems begin to
carry out more and more functions involving
human safety, the importance of close perform-
ance monitoring is increasing. The low cost and
range of features for many of today’s micro-
processor functions allow their use in many appli-

cations that were previously the domain of dedicated hardware.
Although microprocessors are highly flexible tools, the proba-
bility of code errors in their programs lowers their functional
reliability. Defensive programming techniques, such as filling
unused ROM with halt or illegal instructions to trap illegal
jumps in code space, will aid in program debugging. They can
also provide a small but useful mechanism for gracious recov-
ery when deployed. But even with the most careful and com-
plete testing, you won’t find every error; no method can ensure
100% coverage.

Systems that could cause bodily injury if they malfunction

require high reliability. Examples of such systems include auto-
motive antilock-braking or steering systems; medical instru-
ments, such as insulin pumps; robots; industrial-control systems;
automatic doors; nuclear-power-plant controls; and avionics.
These systems must be able to recover from a crash without
human assistance, such as someone pressing a reset button,
because such intervention would probably occur too late to pre-
vent injury.

A watchdog timer is a subsystem that can cause a program
reset or NMI (nonmaskable interrupt) if a microprocessor does
not react within a certain amount of time. In many cases, the
timer can catch a misbehaving microprocessor system. For high-
ly sensitive applications, designers should use windowed-watch-
dog timers, which activate when system code clears them either
too slowly or too quickly. Their use adds another class of rec-
ognizable program errors or faulty hardware behavior. Ideally,
a watchdog-monitored system can restart itself back into a work-

ing state without the user even know-
ing that an error occurred. To achieve
this level of comfort, the system and
software design must be able to accept
a reset at any time and resume normal
operation without operator interven-
tion.

Many microcontrollers offer an in-
ternal programmable watchdog with
similar functions. Software can disable
these internal watchdog timers, so they
do not provide the same protection for
safety-critical applications as do inde-
pendent external watchdog circuits.
Critical applications should employ an
external watchdog-reset circuit. 

BASIC OPERATION
Standard watchdogs are increment-

ing counters that set their output when
the counters reach their maximum
value. The microcontroller must reset
the counter by creating a falling edge on
the timer’s clear input. If the program
execution is faulty because of a program
error, or if an external disturbance slows
the program execution, the counter will
reach its maximum value, and the

BY DONALD W CORSON • EM MICROELECTRONIC

Windowed-watchdog
timers enhance
system security
A SUPERVISORY FUNCTION ENABLES SYSTEM RECOVERY
TO PREVENT EXECUTION ERRORS. 

JULY 7, 2005  |  EDN 79

A

 
 
 
 
 
 
 
 
 
 
 
 
 
 

WATCHDOG-RESET 
SIGNAL, TCL 

STANDARD 
WATCHDOG, RES 

WINDOWED 
WATCHDOG, RES 

T WD  FORBIDDEN WINDOW ALLOWED WINDOW 

WINDOWED-WATCHDOG
INCREASED-CONFIDENCE
ENABLE, EN  

TIME

TIME

 
(b)

(a)

 
 

WATCHDOG TIME-OUTWATCHDOG-TIMER RESET

WATCHDOG TIME, TWD

FORBIDDEN WINDOW ALLOWED WINDOW 

�20% 20%

MICROPROCESSOR MALFUNCTIONING, NOT RECOGNIZED
BY STANDARD WATCHDOG

1

2 3 4

5

Figure 1 Two distinct periods exist in the timing of a windowed-watchdog timer (a).
Comparing windowed-watchdog timers and standard-watchdog timers reveals the effect
of the windowing period (b). 
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watchdog-timer output will activate. This approach catches
problems such as code executing (“hanging”) in endless loops.
It does not, however, trigger for errors such as routines that
return before their normal-completion cycle, causing the pro-
gram execution to be faster than expected.

For highest security, a windowed watchdog demands that the
timer’s clear-input edge be within a certain window. If the sig-
nal arrives before or after this timing window, it triggers the out-
put signal to either reset the processor or activate other error
handling. This type of watchdog effectively covers programs that
execute both too slowly and too quickly.

Not all errors are due to software bugs or conventional proces-
sor or circuitry problems. Another cause of error is when the
crystals in clock and resonance circuits jump to spurious modes
because of external shocks. Although in this situation, the crys-
tal will probably return to its proper frequency after a short time,
the processor may be in danger of improper program execution.
The windowed watchdog can catch this behavior.  

In Figure 1a, the watchdog timing of a windowed-watchdog
timer divides into two periods. The time when the falling edge
of the TCL input signal or WDI (watchdog-input) signals an
error is called the forbidden window. The allowed window is the
time when the TCL input’s falling edge resets the timer and is
accepted. (Some documentation refers to the allowed window
as the open window and the forbidden window as the closed
window.) The time after the allowed window is a timeout. In
general, windowed-watchdog products allow programming the
watchdog time, TWD, using an external resistor or capacitor. 

As an example, for the EM6150/51, the allowed window is
�20% of the TWD. The forbidden window is the time up to 80%
of TWD.  The watchdog timeout is at TWD�20%.  If no TCL has

been received until the end of the allowed window, the watch-
dog immediately produces a reset pulse. Both a falling flank 
on TCL during the forbidden window and a timeout after
TWD�20% asserts reset and removes the enable. Note that the
timing for the next period starts immediately after the falling
edge of TCL.

To understand the benefits of using a windowed-watchdog
timer over a standard watchdog timer for high-reliability oper-
ations, consider the five following events (Figure 1b):

1. reset after watchdog timeout;
2. reset caused by TCL arriving too soon, during forbidden

window;
3. timing OK;
4. reset caused by TCL arriving too soon, during forbidden

window; and
5. enable asserted after three good TCL inputs.
The events represent the following activities: At Event 1, both

the standard-watchdog timer and the windowed-watchdog timer
generate a reset, because the TWD period passes without a sig-
nal on the TCL input. Next, three correct watchdog cycles cause
assertion of the increased-confidence enable output. At Event
2, the TCL signal arrives too early, during the forbidden win-
dow in the windowed-watchdog timer. Therefore, the system
immediately asserts the RES output and revokes the EN out-
put. At Event 3, the timing is OK, but at Event 4, the TCL sig-
nal again falls within the forbidden window of windowed-watch-
dog timer, causing another reset. In each case, the watchdog tim-
ing begins at the falling edge of the last TCL input. Note that
in events 2 and 4, a standard-watchdog timer does not detect
that the processor is malfunctioning and working too fast,
whereas a windowed-watchdog timer does. Note also that the

EN output has not yet been asserted. At Event 5, the
system again stabilizes itself and asserts the
increased-confidence enable EN after three good
watchdog cycles.

Windowed-watchdog circuits generally also in-
clude all of the features of a standard voltage-reset
circuit, such as a timeout-reset period or threshold
voltage. You can either factory-preprogram these ele-
ments or set them using external components, allow-
ing for increased flexibility. 

Distributed systems are other applications in
which windowed watchdogs help maintain total sys-
tem confidence. In systems in which a master pro-
vides timing or synchronization messages to the slave
processors, a standard watchdog can detect a miss-
ing master unit, or a master unit that is failing in a
slow direction (“failing slow”). A windowed watch-
dog increases the error coverage to include multiple
conflicting masters on the bus, or masters that are
failing in the fast direction (“failing fast”).

For applications that could cause human injury,
such as automatic car windows or doors, it is a good
idea to use a windowed watchdog, which is today’s
state of the art in design. To increase security in
applications driving motors or actuators, designers
can use an increased-confidence enable-output func-
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Figure 2 Some watchdog timers, whether windowed or standard, also incor-
porate an LDO, which makes for an especially useful component in highly
decentralized systems.
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tion for gating motor signals. For instance,
this function can immediately stop the
motor movement when a system cannot
trust the processor behavior and allow it
again only when it is confident that the
processor is running properly. The watch-
dog timer reasserts this signal only after it
sees three good TCL edges and removes the signal simultane-
ously with the RES output assertion when it detects a proces-
sor malfunction. 

SOFTWARE CONSIDERATIONS HAVE A ROLE
Adding a windowed watchdog to a system is an important step

in increasing system confidence, but if the watchdog timer’s serv-
ice routine is a timer-triggered interrupt routine just for this
watchdog, it is useless. It is very possible that the entire system
could crash, yet the timer-triggered interrupt continues to serv-
ice the watchdog at the appropriate intervals, indicating that
all is well.

Always keep in mind the basic rules of embedded program-
ming. Always fill unused program memory with defined patterns
and be sure that this pattern is defined for every possible address
in memory where a misguided jump could land. The strategy
depends on the processor. You can use multibyte or word instruc-
tions where a wayward jump could land in the middle of an
address boundary. 

In general, use halt instructions or known illegal instructions

if the processor core traps them, as either instruction traps ille-
gal jumps regardless of the cause. The halt causes a watchdog
to trigger, whereas the trapping and processing action that occurs
after an illegal instruction depends on the system architecture.
Both techniques are useful in a debugging environment to help
trace the cause of the illegal jump. In production units, you can
use them to set a reset or to trigger a routine that puts the equip-
ment in a known or safe mode. 

Never service a watchdog timer using a routine solely for that
purpose. The only exception to this rule could be in multitasking
systems. Because such systems are often nondeterministic, one
option for periodically servicing the watchdog timer is to have
a monitor task that services the watchdog, depending on clues
that other tasks leave. By incrementing counters when they
have finished certain processing functions, for example, the sys-
tem tasks can leave enough information for a monitoring task
to decide whether the system is well. Because this approach uses
software to take over a hardware-safety function, designers
should make sure the system is sufficiently deterministic so that
the watchdog-timer service function uses a working routine.

Also include reset-time processor validation in the embed-
ded-system design. Although processor failures are rare and most

often catastrophic, partial failures do
occur. Processor validation, which you
must do in assembly-language code,
should begin with a simple uncondition-
al jump command and then continue to
all of the commands that the application
uses, where the tested commands can find

use later in the tests for other commands. Although program-
mers may not like creating such test code, it can provide con-
siderable system security and even cost savings, because it allows
the system to demonstrate that the processor is thoroughly test-
ed, both in production test (possibly eliminating the need for
a dedicated testing station) and in application use.

DON’T FORGET THERMAL CONSIDERATIONS
Windowed-watchdog-timer circuits are also available with

one built-in LDO (low-dropout regulator) or more on chip. Such
circuits are especially useful in decentralized systems, such as
automotive and industrial-automation applications, as they can
monitor the security and provide the power-supply regulation
in one component (Figure 2).

As with any voltage regulator, the pc-board layout is impor-
tant to the success of the design. The routing of the decoupling
capacitors to the supply and ground traces or planes must be
clean and short. Circuitous paths increase the circuit inductance
and possibly the cross-coupling between inputs and outputs.
Clean separation between the logic supply and the power por-
tion of the circuitry is especially important in circuits control-
ling electrical motors, due to the large spikes that they produce
on the power-supply lines.

Also, designers should take into account thermal issues when
planning the layout. The housing of many ICs containing LDOs
has a heat-sink contact called a “thermal slug” that you must
solder to the pc board. The pc board should provide adequate
surface area so it can function as a radiator around the chip. It
is best on both board sides to have circuit planes that connect
to the slug using thermal vias, to transfer the heat from the chip
as efficiently as possible. The actual thermal resistance in any
application depends greatly on the physical configuration of the
complete module, pc-board cooling surfaces, thickness, airflow,
convection, horizontal or vertical orientation, and other factors.

Watchdog components that can recognize that they are being
placed in sleep mode, and so adapt their behavior to reduce sys-
tem power consumption without decreasing security, are also avail-
able. These components suit ultralow-power applications using
sleep mode, such as those for CAN-bus communication, in which
you can disable functional units under software control.EDN
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Among other interface prob-
lems, contact bounce compli-

cates the connection of mechanical
contacts or any noisy digital input sig-
nal to a microcontroller. Although
designers have proposed a variety of
hardware and software approaches
that address the problems that contact
bounce poses, no one has yet claimed
a definitive and predictably stable
approach. (For a sampling of ap-
proaches, see references 1 through 10.)
The usual hardware approach to elim-
inating contact bounce comprises an
RC filter followed by a Schmitt trigger
(Figure 1). You can extend the filter’s
effectiveness simply by increasing the
RC time constant at the expense of
increased response time.

Software-debouncing methods usu-
ally include 1-bit processing, which
involves twice reading the contact’s
input state with a fixed delay between
the two readings. You can also imple-
ment a state machine or launch an
input signal through a shift register and
wait for three or four register-output
states that haven’t changed. The low
efficacy of 1-bit processing approaches

stems from designers’ erroneous as-
sumptions that seemingly simple
debouncing tasks can tolerate equally
simple software. However, a detailed
study of many types of contacts reveals
a range of complex and sometimes
unexpected behaviors. This Design
Idea documents a more comprehensive
method that can easily handle all
mechanical contact interfacing to
microcomputers.

The debouncing method applies full
8-bit-processing and digital-filtering
techniques to digital inputs. Using as
few as 20 assembly-language instruc-
tions that execute in 19 machine cycles
on an ATmega8 microcontroller, the
method produces a robust debouncing
action (see Listing 1 at the Web ver-
sion of this Design Idea at www.
edn.com/edn050707di1).

The software closely simulates the
hardware circuit in Figure 1 by using a
first-order, recursive, digital lowpass fil-
ter followed by a software Schmitt trig-
ger. In contrast to 1-bit software de-
bouncers that generally do not apply
processing to inputs, this debounc-
ing algorithm is effective because it

“remembers” past input transitions and
assigns a “weight” to each transition
depending on how long ago it
occurred. Furthermore, you can alter
the filter’s settings on the fly to meet
changing conditions by modifying its
thresholds and hence its execution
time, or time constant, from the main
program. The basic recursion algorithm
comprises present output value�
(1/4)�input value�(3/4)�previous out-
put value, or, YNEW�(1/4)�XNEW�(3/4)
�YOLD.

To avoid register overflow and insta-
bility, the value of YOLD and XNEW must
be less than 1, which for an 8-bit micro-
processor translates to values of less
than 256 for XNEW and YOLD. Conse-
quently, the input (1/4�XNEW) to the fil-
ter is either 0 or 63. You then apply the
output value, YNEW, to the software
Schmitt trigger. The trigger uses the fol-
lowing algorithm: If YNEW�hi, and
flag�0, then flag�1, and out�1. If
(YNEW�lo, and flag�1, then flag�0,
and out�0.

Hardware Schmitt triggers typically
have fixed thresholds of one-third and
two-thirds of the power-supply voltage.
However, the software allows widening
these thresholds and thus increasing
the filter’s time constant. In operation,
a timer-interrupt routine should exe-
cute the debouncing program every 4
to 5 msec. Becausee one time constant
equals the period of one interrupt, using
thresholds of 15 and 240 causes the rou-
tine’s output to “trigger” after 11 inter-
rupts, or 44 to 55 msec, which ade-

READERS SOLVE DESIGN PROBLEMS

Contact-debouncing algorithm
emulates Schmitt trigger
Elio Mazzocca, Technical Consultant, Adelaide, South Australia

EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE
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Figure 1 A basic switch-contact debouncer consists of an RC network fol-
lowed by a Schmitt-trigger circuit.
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quately processes most switches’ con-
tact bounce.

You can easily modify the main filter
coefficient to provide different filtering-
time constants. For particularly trou-
blesome contact bounce, you can use
the following recursion formula, which
requires 16 time constants to trigger the
software Schmitt routine. YNEW�(1/16)
�XNEW�(15/16)�YOLD. You can imple-
ment this algorithm with only eight
assembly-language instructions, where-
as the Schmitt-trigger routine requires
12 instructions. When you combine
both of these routines, the software
Schmitt trigger updates bit 0 of a reg-
ister, which the main program loop
should continuously check to ascertain
the contact’s status. As an alternative,
you can activate a software interrupt to
signal a contact’s status change. To do
so in the AVR architecture, you write
to that port bit that functions as an
external interrupt input.

Always avoid connection of mech-
anical contacts to interrupt inputs
unless the contacts undergo hardware
debouncing. Otherwise, the contacts
may bounce dozens of times, unneces-
sarily consuming processor-machine
cycles. The software routine reads the
inputs only every 4 msec and thus
imposes additional filtering on the
inputs. Simulation and practical testing
have confirmed that the debouncing
algorithm behaves as expected, pro-
ducing clean output transitions when
enduring noisy contacts. When you
program the assembly-language source
code accompanying this Design Idea
into an Atmel Atmega8, the code turns
on an output LED connected to Port_B
bit 0 when Port_D bit 0 of the micro-
controller goes to ground.

A simulated input waveform
(pind0) and its corresponding output
log file (portb0.log, both available at
the Web version of this Design Idea at
www.edn.com/050707di1,) illustrate
the filter’s excellent debouncing capa-
bilities. Beginning with a key closure at
10 msec, the stimulus loads into the
AVR Studio integrated development
environment. After multiple input
transitions, the output-log file shows a
single output transition occurring at

55.333 msec. The software effectively
filters out the three input pulses start-
ing at 56.1 msec (figures 2 and 3).EDN
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Figure 3 The debouncing-software routine signals that the contacts have closed
only after bouncing ceases.
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Requiring no rectifier diodes,
the positive peak-detector cir-

cuits in figures 1 and 2 exploit the
open-drain output of a Texas Instru-
ments TLC372 fast comparator, IC1.
Both versions of the detector are sim-
ple and inexpensive and provide a
buffered, low-impedance output at
VOUT. In addition, the TLC372’s high
typical input impedance of 1012� elim-
inates any need for an input buffer
stage. As Figure 1 shows, the detector’s
output voltage at the output of op amp
IC2A applies a feedback signal for the
comparator and acts as a reference level
for comparison with the input signal’s
amplitude. Upon first application of
input signal VIN, the voltage on the
hold capacitor, C1, is 0V, and VOUT is
also 0V. 

When the input signal goes more
positive than the output voltage, the
comparator’s internal output MOSFET
turns on and sinks current through R1.
Provided that R2 is relatively large,
charging current flows into C1 from
IC2A’s output. Over several cycles of the
input signal, the charge on C1 builds up,
and VOUT rises to the point at which it
slightly exceeds the peak level of VIN.
For as long as VOUT is slightly greater
than VIN, IC1’s output MOSFET
remains off, and C1 receives no addi-
tional packets of charge.

As a consequence, the charge stored
on C1 starts to dissipate as the capaci-
tor discharges through R2 and through
the bias-current path into IC2A’s
inverting input. VOUT gradually falls
until it is just below the peak level of
VIN. The next positive peak of VIN trips
comparator IC1, which pulls current
through R1, “topping up” the charge on
C1. This process produces a dc level at
VOUT that closely approximates the pos-
itive peak level of the input waveform.
The values of R1, R2, and C1 determine

the ripple voltage present on VOUT.
IC2A’s inverting input is held at vir-

tual ground potential, so whenever
IC1’s output MOSFET turns on, the
voltage across R1 approximately equals
the negative-supply-rail voltage, �VS.
Therefore, using a small value of R1
injects a relatively large pulse of current
into C1, thus allowing the circuit to
respond quickly to a sudden increase in
input-signal amplitude—that is, a
“fast-attack” response. However, if the
value of R1 is too small, the positive-
going ripple on VOUT becomes excessive
and can lead to bursts of oscillation
around peak values of VIN.

For a given value of R2, the value of
C1 determines the circuit’s “delay time.”

ware debouncers,” Embedded Systems
Programming, June 16, 2004, www.
embedded.com/showArticle.jhtml?
articleID=22100235.

Ganssle, Jack, “The secret life of
switches,” Embedded Systems Program-
ming, March 18, 2004, http://embed
ded.com/showArticle.jhtml?article
ID=18400810.

Smewing, Alan, “Icc-avr keypad-
debounce code,” http://dragonsgate.
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003376.html, March 4, 2004.

“Switch debouncing,” www.mite
du.freeserve.co.uk/Design/debounce.
htm.

Matic, Nebojsa, The PIC Microcon-
troller, www.mikroelektronika.co.yu/
english/product/books/PICbook/
7_03chapter.htm. 

Ganssle, Jack, “Smoothing digital
inputs,” Embedded Systems Program-

ming, October 1992, www.ganssle.
com/articles/adbounce.htm.

Ganssle, Jack, “My favorite software
debouncers,” Embedded Systems Pro-
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embedded.com/shared/printable
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“Switch bounce and other dirty lit-
tle secrets,” Maxim, www.maxim-ic.
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Inexpensive peak detector requires
few components
Anthony H Smith, Scitech, Bedfordshire, England

designideas

�

Figure 1 The dual-power-supply-voltage version of this positive peak detector
requires only two active devices: a comparator and a dual operational amplifier.
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TABLE 1 SINE-WAVE-FREQUENCY RESPONSE
Frequency Error VIN=2.5V Error VIN=250 Error VIN=25

(Hz) peak (%) mV peak (%) mV peak (%)
200 �0.4 0.8 10

2000 �0.4 1.2 10
20,000 0 0.4 6.4

200,000 0 �2.4 �7.6
400,000 0 �4 �22
500,000 �2.4 �4.8 �28.4
600,000 �12 �6 �34

A relatively large value of capacitance
minimizes the negative-going ripple on
VOUT, which can be useful when deal-
ing with low frequencies, low-duty-
cycle pulse trains, or both. However,
making C1 too large renders the detec-
tor sluggish when responding to a sud-
den decrease in input-signal amplitude.
Note that C1 also affects the attack
time; for example, doubling the capac-
itance doubles the time  the circuit
takes to acquire the peak level of VIN.

Because the comparator’s feedback
path includes op amp IC2A, offsets and
errors that IC2A presents have no effect
on the circuit’s accuracy. At low to
moderate frequencies, only the com-
parator’s input offset errors contribute
to the detector’s overall accuracy. At
high frequencies, the comparator’s
response time becomes a significant fac-
tor, leading to a reduction in VOUT that
worsens as the frequency increases.
Despite these limitations, the circuit
performs well over several decades of
frequency from approximately 50 Hz to
500 kHz. Figure 2 and Table 1 show
the test circuit’s sine-wave-frequency
response by plotting the error in VOUT
for three peak levels of VIN.

The oscilloscope photo shows the cir-
cuit’s response to a 500-mV peak sine
wave at 400 kHz, in which the output
voltage, at 488 mV, lies just below the
positive peaks (Figure 3). In addition
to exhibiting good sine-wave response,
the test circuit produces good results
with rectangular signals of duty cycles
as low as 5%. Note that the virtual
ground at IC2A’s inverting input
restricts VOUT to positive voltages only.
Therefore, the circuit can respond only
to true positive peaks—that is, peaks
that go above 0V. If the input signal
goes entirely below 0V, VOUT simply
levels off at 0V.

Although not essential to the cir-
cuit’s operation, the lowpass filter and
buffer formed by R3, C2, and IC2B can
minimize any switching noise that
appears on VOUT. However, offset errors
inherent to op amp IC2B affect the fil-
ter’s output voltage.

Figure 4 shows a single-supply ver-
sion of the circuit, in which RA and RB
set a reference voltage, VREF, at IC2A’s

designideas
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Figure 2 Plotting the difference between peak signal levels and output voltage
for three peak levels illustrates the detector’s frequency response.

Figure 3 An oscilloscope photo displays input versus output voltages for a
400-kHz, 500-mV sine wave. 
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12-/8-/6-CHANNEL DS3/E3
ATM/PACKET PHYs

SAVE SPACE
The DS31612 Is 15% Smaller than Competitive Solutions

The DS316x family of fully integrated DS3/E3 PHYs maps ATM cells and/or HDLC packets into
DS3, E3, or 52Mbps clear-channel data streams. The DS31612 (12-channel), DS3168 
(8-channel), and DS3166 (6-channel) devices are pin and software compatible for easy port-
density migration on a single PCB design. To ease design upgrades, these devices are
packaged with the same footprint as the earlier DS3164/3/2/1 (4-/3-/2-/1-port) ATM/packet
PHYs.

♦ Small 27mm (1mm Pitch), 676-Lead 
TE-CSBGA Package

♦ Pin-Compatible 6-, 8-, and 12-Channel Devices

♦ System Interface Options Include UTOPIA/POS-
PHY 2/3, or SPITM-3 Interface with 8-/16-/32-Bit
Bus Width Up to 104 MHz

♦ Independently Configurable Ports for Cell or
Packet Traffic in POS-PHY Bus Modes

♦ Direct, PLCP, and Clear-Channel Cell Mapping
Supported

♦ Direct and Clear-Channel Packet Mapping
Supported

♦ Integrated Clock-Rate Adapter Generates the
Required 44.736MHz (DS3), 34.368MHz (E3),
and/or 52MHz from a Single Reference
Frequency

♦ Per-Port Programmable (Externally Controlled or
Internally Hardware-Based Engine) Subrate
DS3/E3 Circuitry

♦ Each Port Can Be Disabled to Reduce Power 

www.maxim-ic.com/telecom

1-888-MAXIM-IC 1-800-332-86381-800-777-2776

D I S T R I B U T I O N

/

FREE Communications Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (6:00 a.m.–6:00 p.m. PT)

For a Design Guide or Free Sample

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.

© 2005 Maxim Integrated Products, Inc. All rights reserved.

Part Temp Range
(°C)

No. of
Ports Package

DS31612 0 to +70 12 27mm2 CSBGA
DS31612N -40 to +85 12 27mm2 CSBGA
DS3168 0 to +70 8 27mm2 CSBGA
DS3168N -40 to +85 8 27mm2 CSBGA
DS3166 0 to +70 6 27mm2 CSBGA
DS3166N -40 to +85 6 27mm2 CSBGA

010110 010110011 010

011 011 011 011 001

010110 010110011 010

011 011 011 011 001

PACKETS

ATM CELLS

PACKETS

ATM CELLS

DS318x

CSBGA

27mm x 27mm

DS3/E3

AVAILABLE WITH
6, 8, OR 12 PORTS

DS31612

SPI is a trademark of Motorola, Inc. 
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noninverting input, such that IC2A
maintains a virtual potential equal to
VREF at the inverting input. Thus, when
VIN goes more positive than VOUT, the
comparator’s output MOSFET turns
on, pulling the output down to 0V and
impressing a potential equal to VREF
across R1. This action, in turn, injects
a current pulse equal to VREF/R1 into C1.
In most respects, the circuit behaves in
the same manner as the circuit in Fig-
ure 1. As in the dual-rail version, VOUT
cannot go below the potential at the op
amp’s noninverting input. Therefore,
even though VIN need not center on a
potential equal to VREF, VIN’s positive
peaks must exceed VREF for the circuit
to work properly.

To select a value for VREF, examine
the input and output common-mode-
voltage ranges of both op amp IC2A and
comparator IC1 and the maximum
peak-to-peak swing of the input signal.
For example, setting the positive

power-supply voltage, VS, to 10V and
setting RA�RB sets VREF�5V. The
detector accommodates an input signal
that swings from 0V to approximately

8V and thus detects positive peak volt-
ages of 5 to 8V. Remember to select R1
according to the value chosen for
VREF.EDN
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At one time or another, most
electrical engineers encounter a

requirement to design or analyze an
analog filter. Despite an abundance of
graphical-user-interface-based digital-
filter-design tools, such as The Math-
Works (www.mathworks.com) Matlab
Signals toolbox, which includes the
FDATool filter-analysis package, few
general-purpose, intuitive, and free
GUI tools exist for synthesis of arbitrary
active analog filters. To fill the need for
a powerful and intuitive filter-design
tool, this Design Idea describes an
active-filter-design tool that bioengi-
neering students at the Massachusetts
Institute of Technology and at least four
other universities use. Although origi-
nally implemented to run under Mat-
lab, you can download a free copy of the
program’s stand-alone version at www.
jamessquire.net. Select the “Research”

menu and scroll to the software section
at the bottom of the page. From the
program list, select “Active Filter
Design for Matlab” to download a copy
of Filter Free 4.0.

Filter Free’s functions include third-
order analog and IIR (infinite-impulse-
response) filters and 10-tap FIR
(finite-impulse-response) filters. The
program synthesizes filter designs and
analyzes the frequency, time, and reflec-
tion responses of the ideal, unmodified
filters. You can also view transfer func-
tions in standard formats and pole-zero
patterns. Using Filter Free, you can
select any of 11 filter topologies rang-
ing from gaussian to delay in bandstop,
bandpass, highpass, and lowpass
responses in five passive, transmission-
line, active, switched-capacitor, and
digital implementations.

As a design tool, Filter Free simulates

a filter’s frequency and time-domain
responses as assembled using idealized
component values. For component-
approximation purposes, a round-off
option reduces the number of signifi-
cant figures in components’ values.
Data-display options include time or
frequency response, pole-zero plots,
transfer function, and reflection coef-
ficient. You can select graphical plots’
axis format, scale factors, and units of
measurement.

As a teaching tool, Filter Free can
load a user-supplied data file contain-
ing a stimulus waveform and simulate
a filter’s time- and frequency-domain
responses. You can download 2000-
point data files containing sample
waveforms from www.nuhertz.com/
filter/sampledata.html. Although the
program’s user interface is self-explana-
tory and includes built-in help menus,
you can obtain a copy of the program’s
user’s manual in Adobe’s pdf format
from the download site.EDN

Free program designs and analyzes
passive and active filters
James Squire, Virginia Military Institute, Lexington, VA

�

Figure 4 For operation from a single power supply, this version of the peak
detector sets a reference voltage via resistors RA and RB.
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WORLD’S FIRST SURFACE-
MOUNTABLE RTC MODULE

Contains RTC, Battery, and Crystal in a 11.8mm x 15.3mm Footprint
The DS12R887 is a complete timekeeping solution containing a real-time clock, rechargeable battery, and crystal
in a single surface-mountable module. The DS12R887 replaces the old encapsulated DIP RTC modules that
required either a wave-solder process or a socket to handle the through-hole construction. Additionally, the new
module uses only 30% of the older module’s footprint.

The DS12R887 handles all the requirements of the on-board rechargeable battery, including UL-approved isolation,
charging, and power switching when system power is removed. As no battery management is required, the
DS12R887 is functionally identical to the DS12887. No firmware changes are required to migrate DS12887 systems
to the DS12R887. In addition, the minimum cycle time on the DS12R887 has been reduced to 180ns for the +5V
version. The DS12R887 comes in a +3.3V version and operates over the -40°C to +85°C temperature range.

♦ Functionally Compatible with DS12887

♦ Capable of IR Reflow

♦ +5.0V or +3.3V Versions

♦ Automatic Power Switching

♦ -40°C to +85°C Temperature Range

†1000-up recommended resale. 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.

Part Pin-Package

DS12R887-33 48-Ball BGA

DS12R887-5 48-Ball BGA 4.33

Price† ($)

4.33

Voltage
(V)

+3.3

+5.0

IR Reflow

Yes

Yes

Temperature Range
(°C)

-40 to +85

-40 to +85

24-PIN EDIP
17.78mm x 33.9mm

BGA MODULE
11.8mm x 15.3mm

www.maxim-ic.com/DS12R887

1-888-MAXIM-IC 1-800-332-86381-800-777-2776

D I S T R I B U T I O N

/

FREE Real-Time Clocks Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (6:00 a.m.–6:00 p.m. PT)

For a Design Guide or Free Sample

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.

© 2005 Maxim Integrated Products, Inc. All rights reserved.
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VMR maintains precision and stability 
under electrical-transient abuse

With a noninductive design, the transient-tolerant VMR (voltage-monitoring
resistor) has an operating-voltage rating from 250 to 2000V ac rms. The VMRs

feature a transient-peak-voltage capability of 15 kV and a �25 or �50-ppm/�C tem-
perature coefficient; a �5-ppm/�C temperature coefficient is also available. They also
feature 0.1 to 1% absolute tolerance and resistances of 500 k� to 10 m�.
�Caddock Electronics Inc, www.caddock.com

�
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productroundup
2W at 25�C with resistance values of
0.2� to 2.2 M�; both devices have tol-
erances of 61, 62, and 65%, which allow
a closer thermal match to pc boards,
improved airflow by slightly raising the
device, and temperature coefficients of
resistance as low as 625 ppm/�C. All
devices are ROHS (restriction-of-haz-
ardous-substances)-compliant and suit
high-temperature soldering processes
with operating-temperature ranges of
�55 to �150�C. SMC series resistors cost
15 cents (5000).
�IRC Inc, www.irctt.com

Variable-linearity coils suit
CRT applications

The 8255 and 8256 pc-board-
mounted, variable-linearity coils

target applications with yoke-current
requirements of 6 and 9A, respectively.
Additional features include extended
operation as fast as 90 kHz and a foot-
print of 20.32 mm in diameter and 33.02
mm in height, resulting in minimal pc-
board real-estate use. The products’ price
ranges from $4.37 to $4.63 based on
quantities.
�Prem Magnetics Inc, www.
premmagnetics.com

Small transformers 
target DSL equipment

S u i t e d
for DSL

e q u i p m e n t ,
Series B78416
interface trans-
formers with
an EP5XL core
are 25% small-
er, 31% lower,
and 48% lower in volume than the EP7-
based transformer. The devices have the
same longitudinal balance and total-har-
monic-distortion values as the EP7, with
higher ohmic resistance, and they satisfy

PASSIVES

SMT drum-core power
inductors meet UL94
standards

Five series of unshielded and
shielded SMT drum-core power

inductors comply with the guidelines of
ROHS (restriction of hazardous sub-
stances) and UL94 V0 standards. Un-
shielded inductors are the 0.73�0.6�
0.45-in. PF0504 series with 15 values
from 0.68 �H/20A to 150 �H/2A, the
0.185�0.165�0.137-in. PF0580 series
with 22 values from 1 �H/3.1A to 65
�H/0.41A, and the 0.406�0.367�
0.174-in. PF0581 with 22 values from 10
�H/2.5A to 560 �H/0.32A. Shielded
power inductors include the 0.272�
0.256�0.118-in. PF0601 series with 22
values from 2.9 �H/2A to 330 �H/

0.19A, and the 0.409�0.406�0.157-in.
PF0560 series with 15 values from 1.5
�H/6.5A to 330 �H/0.52A. The drum-
core series costs 10 to 20 cents.
�Pulse, www.pulseeng.com

Capped resistors 
deliver lower overall
board temperature

Delivering thermal compliance
and isolation from pc boards, the

SMC series “capped” resistors come in
ratings as high as 2W. Capped ends pro-
vide an overall lower board temperature.
SMC1 series resistors are rated for 1W at
70�C with resistance values of 0.1� to 1
M�; SMC2 series resistors are rated for

�

�

�

�
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leakage-inductance requirements. The
transformers also satisfy requirements for
surge-voltage strength.
�Epcos Inc, www.epcos.com

High-current inductors
have self-shielding design

Part of the Toroid Terminator fam-
ily, the HM55A Series has a self-

shielding molded-inductor design, deliv-
ering as much as 40A rated current, and

has an operating-temperature range as
high as 155�C. Designed as a replacement
for conventional bulky toroids, the
series is available in 16�10�9- and
16�10�11.5-mm cases. Inductance val-
ues range from 0.28 to 2 �H, and the
devices have a dc resistance of 0.72
m��5%. The devices cost 28 cents
each.
�BI Technologies, www.
bitechnologies.com

Passivated film resistor
targets moisture-sensitive
applications

A proprietary passivation layer
between the Nichrome resistive

element and the epoxy overcoat allows
the RNCS series of anticorrosive preci-
sion chip resistors to operate in harsh
and wet environments. The line comes
in 0402 to 2512 sizes, has a resistance
range of 4.7� to 1 M� with tolerances
of �0.01%, has temperature coefficients
of resistance of 5 ppm/�C, and has an
operating-temperature range of �55 to
�150�C. The resistors cost 20 cents
(1000).
�Stackpole Electronics, www.seielect.
com

Microminiature chip
inductors have 
high Q value

PM0402T and PM0603T micro-
miniature-chip-inductor series

measure 1�0.5�0.35 mm and 1.6�
0.8�0.45 mm, respectively. Features in-
clude an inductance range of 1 to 68 �H

at 100 MHz, a Q value of 17 at 300 MHz,
a minimum self-resonating frequency as
high as 6 GHz, and a dc-current range of
70 to 800 mA. The PM0402T series costs
11.3 cents each, and the PM0603T series
costs 18.3 cents each.
�JW Miller Magnetics, www.jwmiller.
com

PASSIVES

�

�
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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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Dual-channel video-
format converter 
renders side-by-side
high-quality images

The AVC5000 dual-channel vi-
deo-format converter features two

high-quality video-conversion channels
and dual 3-D architecture. It enables pic-
ture-in-picture rendering of two images
on a wide-screen HDTV with a 1080-
pixel line-progression display resolution.

The universal front end accepts standard-
and high-definition video, PC-graphics
formats, and DVI signals and decodes
them into component video or RGB. The
converter includes seven ADCs, a
TMDS receiver, and two NTSC/PAL/
SECAM decoders with 3-D Y/C separa-
tion. The dual-channel display processor
features two 3-D noise reducers, two 3-D
deinterlacers, and two high-order scalers
for size and aspect-ratio scaling. Ad-
ditional features include luma and chro-
ma enhancement, frame-rate conversion,

adaptive contrast enhancement, intelli-
gent color remapping, and generation and
overlay of bit-mapped OSD. Packaged in
a BGA-544, the AVC5000 costs $125
each (1000).
�National Semiconductor, www.
national.com

Storage-chip portfolio
has hard-coded TMA

The NASn01 (network-attached-
storage, in which n stands for the

number of SATA 1 hard-disk drives the
chips can support) series includes the
NAS8xx, NAS4xx, NAS2xx, and NAS-
1xx. Featuring content protection
through RAID 0, 1, 4, and 5; multiple
hard-disk-drive  configurations of one,
two, four, and eight; and optional data
security, the chips also have gigabit
Ethernet and USB 2.0 interfaces. Hard-
coded in the chips is a TMA (traffic-man-
agement-arbitrator) block that schedules,
controls, and delivers stream-aware qual-
ity-of-service management, allowing non-
blocking, bidirectional 1-Gbyte through-
put. The chips cost $36 (1000).
�Agere Systems, www.agere.com

Codec simultaneously
runs ADC and DAC

As a single-ended-input, two-wire
control version of the WM8590, the

WM8591 stereo-audio codec can simulta-
neously operate the ADC and DAC at dif-
ferent sample rates. Available now for sam-
pling, the codec costs $1.45 (10,000).
�Wolfson Microelectronics, www.
wolfsonmicro.com

98  EDN |  JULY 7, 2005

EMI filter has 
UL94 VO enclosure

These compact EMI filters come in
an UL94 VO plastic enclosure and

are available for 100 to 120 or 200 to
240V line voltages. Standard models fea-
ture 5-mH common-mode inductors suit-
able for as much as 6A service. The
devices cost $3 (1000).

�Foster Transformers, www.foster-
transformer.com

Ceramic capacitors
reduce short-circuit risk

Targeting automotive electronic
circuits, series B37941X capacitors

suit applications with capacitors perma-
nently connecting to the positive pole
without extra safety measures. Rated at
100 and 50V, they feature a capacitance
range from 1 to 100 nF and 33 to 100 nF,
respectively. The capacitors conform to
AECQ200 standards and come in size
0805 and ceramic material X7R.
�Epcos Inc, www.epcos.com�

�

PASSIVES

INTEGRATED CIRCUITS

�

�

�
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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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www.keithley.com

A  G R E A T E R  M E A S U R E  O F  C O N F I D E N C E

FREE 
Troubleshooting CD
Keithley Instruments has
published an Interactive
Test & Measurement
Troubleshooting Guide:
How to Avoid Common
Measurement Errors.
The CD lets users explore
the symptoms and causes
of errors associated with low
voltage, low current, low resistance, high
resistance, and voltage measurements from
high resistance sources. Request a free copy at: 

www.keithley.com/at/200info.html
or call 1-888-KEITHLEY (588-9238) in the U.S.

today to receive your copy.

15 W 8TH  Street ste B.
Tracy, Ca 95376
ph.209-839-0200
fax.209-839-0235 
WWW ADAPT PLUS COM

BGA/LGA Sockets,
Adapters & Probe Accessories

Adapters & Probe Accessories 
For engineering development:

· BGA Probe Adapters-Plus
· Programming Adapters-Plus
· QFP socket converters
· Surface Mount Package Emulators
· Test Clips for QFP,TSOP,TSOPII 

For Production:

· Custom Daughter 
Board Modules

· Obsolete Parts
· Footprint Conversion 

BGA/LGA Sockets

· For Prototype and 
Development and Test

· Footprint compatible
· No tooling holes
· Pitch: 0.8mm and above
· Production solutions
· Other IC packages 

supported

��������	
��
15 W. 8th Street, Ste B Tracy, CA 95376  
ph.(209) 839-0200 fax (209) 839-0235
w w w. a d a p t - p l u s . c o m
sales@adapt-p lus .com

ENTER 232

408-982-0660 •  www.emulat ion.com 

DESIGNING SOLUTIONS.  CONNECTING TECHNOLOGY.  DELIVERING RESULTS.   SINCE 1983

Learn more, visit us online:www.emulation.com/049

One size does not fit all. 
And one solution don’t fit all!
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• Development & Production Applications

• Surface Mount, Thru-hole, Compression Style

• BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more!

• Bandwidth - up to 30 GHz

• 7 different  socketing systems

• Ask about our "ASAP Service"

• Adapters and Receptacles too!

ENTER 231

To advertise in Product Mart, call Dara Juknavorian at 781-734-8343

ENTER 234                 ENTER 233

ENTER 230            
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Maxim Integrated Products 93 27

95 28

Micrel Semiconductor 14 8

Molex Inc 41 14

Monolithic Power Systems 81 25
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National Instruments 6 4

56 21

National Semiconductor 63
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This index is provided as an additional service.
The publisher does not assume any liability for
errors or omissions. For immediate information on
products and services, go to Reader Service
under Tools & Services at www.edn.com.

MICROPROCESSORS
Simulation testbench
simulates transmissions
and channel noise

The WiMax simulation test-
bench simulates subscriber trans-

missions; developers can use it along-
side Aspex’s 802.16d/e PHY (physical-
layer) baseband architecture. The soft-
ware is written in Matlab and meets
Aspex’s reference code for implement-
ing multiantenna base stations.
�Cambridge Consultants, www.
cambridgeconsultants.com

Mixed-signal-IC family
suits LCD-TV applications

The single-chip VCT 69xyP fami-
ly of pin- and software-compatible

ICs features a 3-D comb filter, a compo-

nent input for HDTV signals, LVDS out-
puts, European HD-Ready label for
WXGA FPD-TVs through a 24-bit RGB
interface, and an I2S audio input con-
nected to an external DVI- or HDMI-
receiver IC. The devices include a sepa-
rate headphone channel and a five-band
equalizer, and Virtual Dolby Surround,
BBE, and SRS TruSurround XT are
optional. The Eco Version suits smaller
LCD-TV requirements with a 2-D-color
decoder, line-based deinterlacer, and 10
pages of teletext; the basic version suits
midsized LCD panels with a motion-
adaptive frame-based deinterlacer and
500 pages of teletext; and the premium
version features a 3-D-color decoder, a
motion-adaptive frame-based deinterlac-
er, and 1000 pages of teletext. The VCT
69xyP comes in an LQFP-208 package
and requires no additional external RAM
or flash.
�Micronas, www.micronas.com

�

�
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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

ENTER 235

USB  CANbus  I2C  RS232/485  GPS

www.sael ig.com/ad/edn705.htm

Saelig Company Inc.
p: 585.385.1750 •  f :  585.385.1768

info@sael ig.com
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USB to I2C

for PC’s

NEW! UCA93LV - bus-powered

USB I2C interface - great for laptops!

400kHz bus monitoring / addr. filtering!

Also: PCI93LV - PCIbus version I2C

master/slave/bus-monitor.      $499.00

EASILY turn legacy RS232 devices into

USB with just one ic! Simply replace

RS232 level-shifting ic with FT232BM

-  including all Windows/Linux/Mac drivers! 

USB to RS232
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Labor-saving home appliances are the stuff of fact (think clothes washers and dryers)
and fiction (think “The Jetsons”), but sophisticated home robots have had a difficult time

in the market, due to their cost, performance, and maintenance issues, when compared with the
benefits they actually yield. That frustrating situation changed in 2003, when iRobot Corp (www.
irobot.com) introduced the one-function Roomba robot vacuum. Although primarily a designer
and manufacturer of military and industrial-exploration robots, the company has through various
mass-distribution channels sold more than 1.2 million units of the $199 Roomba, which has
spawned several competitors and imitators.

The Roomba is made possible by a clever design that combines low-cost sensors, a 16-bit
microcontroller, flash memory, a multithreaded operating system, an efficient motor and drive,
and advances in battery technology, all of which pack into the disk-shaped unit. The next step?
On May 25, 2005, the company announced the Scooba, a robotic floor-mopping unit that it
plans for retail sale early in 2006. It vacuums loose debris, squirts down a special cleaning fluid
from Clorox, and squeegees up the dirty water.—by Bill Schweber, Executive Editor

Robot vacuum cleaner cleans up in many ways
�

YESTERDAY’S HYPE MEETS TODAY’S REALITY

realitycheck

STATS Introduced in 2003 / More than 1.2 million sold / Cost: $199 
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Go from concept to embedded ASIC 
in one hour or less with PSoC Express.™

Start with our Programmable-System-on-Chip™ (PSoC™)

mixed-signal array: Powerful programmable analog 

and digital blocks with MCU and flash for less than $2,

replacing thousands of fixed-function ICs. Pair it with

free PSoC Express software, our revolutionary, code-free

visual design tool. The result is hassle-free system-level 

embedded design with unprecedented time to market.

The PSoC Express tool suite provides:

Development time reduction of 90% + vs.
competitive toolsets 

■ Freedom from C and assembly coding, automatic 
code generation with no registers to define, no code 
optimization, and no debug required

■ Drag-and-drop access to our library of temperature 
sensors, switches, potentiometers, relays, FETs and fans 

■ Automatic generation of a datasheet, schematic and
bill of materials 

■ Portability to our full-featured PSoC Designer™ tool

Your Black Box
approach to visual
embedded design.

50 10 15 20 3025 35 4540 50 6055 65 70 75

Visually input external sensors, logic functions, output devices, and I2C 
communications while PSoC Express codes, simulates, and automatically 
programs your application into the PSoC IC.

PSoC Express can reduce your development time from weeks to less than an hour.

FAST CODE-FREE VISUAL DESIGN

DEVELOPMENT TIME COMPARISON

PSoC, Programmable System-on-Chip, PSoC Designer and PSoC Express are trademarks of Cypress Semiconductor Corporation. © Cypress Semiconductor Corporation. All rights reserved.

I  WANT  MY  BLACK  BOX DES IGN K I T
For a PSoC Express Development Kit, 

free PSoC Express Software, or to attend 
a free NetSeminar; visit

www.cypress.com/ad/psocexpress
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