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Best Signal Integrity: 
7x Less SSO Noise

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

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

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

The Programmable Logic CompanySM

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

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

frequently conducts technical workshops for digital engineers 

at Oxford University and other sites worldwide.

Visit www.sigcon.com to register.

Design Example: 1.5 volt LVCMOS 4mA, I/O, 100 aggressors shown.
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CAN YOUR BRICK DO THIS?

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

IR’s DC Bus Chipset Enables Bricks With 48Vin, 9.6Vout, 330W at 97% Efficiency

Internat ional  Rect i f ier ’s  new power
management DC Bus converter chipset
delivers 48Vin, 9.6Vout, over 330W at 97%
efficiency for networking and telecom-
munications systems.

• Single DirectFET MOSFET can replace 
two SO-8 devices

• Reduces component count by >45%
• Achieves up to 1.5% better efficiency 

compared to industry standard quarter 
brick form factors

• Reduces temperatures up to  40˚C
• Board space reduced by 29% vs. quarter

brick form factors
• Industry Best RDS(on) for IRF6644 (13mΩ),

IRF6646 (9.5mΩ), IRF6635 (1.8mΩ)

Design Services available at www.mypower.com

New DC-DC Chipset Solution from International Rectifier
DirectFET™ MOSFETs
Part # Package VDSS RDS(on) max QG QGD

@ VGS=10V Typical Typical
IRF6644 Medium can 100V 13mΩ 35nC 11.5nC
IRF6655 Small can 100V 62mΩ 8.7nC 2.8nC
IRF6646 Medium can 80V 9.5mΩ 36nC 12nC
IRF6613 Medium can 40V 3.4mΩ 42nC 12.6nC
IRF6614 Small can 40V 8.3mΩ 19nC 6.0nC
IRF6635 Medium can 30V 1.8mΩ 47nC 17nC

Control IC
Part # Package Voltage Rating Description

IR2085S SO-8 100V
Primary-side half-bridge control IC,
fixed 50% duty cycle, self-oscillating

IR2086S SO-16 100V
Primary-side full-bridge control IC,
fixed 50% duty cycle, self-oscillating

�

�

�

� – IR product featured in Full-Bridge Bus Converter reference design above

Full Bridge DC Bus Converter
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4 x (80V) IRF6646 Primary
2 x (30V) IRF6635 Secondary

97%

IR's proprietary DirectFET technology is covered by US Patent 6,624,522 and other US and foreign pending patent applications.
DirectFET is a trademark of International Rectifier.

Reference 
Designs

Available
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Check out Atmel’s Automotive products today at www.atmel.com/ad/automotive

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

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

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

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

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

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

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

…Everywhere in Automotive
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ASSPs (Chassis, Body Electronic, Security,
Safety, Car Infotainment, Safety, Power Train)

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

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

Memories Sensors Acquisition Everywhere You Are®

Our fabs are qualified:
ISO 9001:2000 
ISO TS 16949:2002 
ISO 14001:1996
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© 2005 National Instruments Corporation. All rights reserved. National Instruments, NI, ni.com, and NI TestStand are trademarks 
of National Instruments. Other product and company names are trademarks or trade names of their respective companies.  
2005-5764-803-101

NI TestStand is a ready-to-run test management environment from National Instruments for automating your test and
validation systems. With NI TestStand you can:

Mr. Symtx Man

Symtx Teststand Guru

Symtx(800) 891-8841To learn how Symtx and other electronic manufacturers are 
accelerating development and reducing costs, visit ni.com/teststand.

NI TestStand – The Industry Standard 
in Test Management Software

“At Symtx, we design, manufacture, and install hundreds of
advanced functional test systems worldwide every year.  
By using NI TestStand, we are able to meet vastly different 
customer requirements and still reduce our software
development time by more than 30 percent.”

Atanu Bhattacharya
Test Software Manager

Symtx

• Develop, manage, and automate your test sequences
• Simplify your maintenance through a modular, 

fully customizable test-system framework
• Leverage toolkits and add-ons from NI TestStand 

product and solution partners

• Execute test modules written in any programming language
• Specify sequence flow, reporting, database logging, 

and connectivity to enterprise systems
• Maximize test throughput with built-in parallel and batch

execution and synchronization
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ExpressCard eases 
power-management
woes

73Although the
ExpressCard power-
management standard

is similar to PC Card technology,
important design differences exist.
by David Arciniega and Will Harris,

Texas Instruments

Architectural-design
considerations 
for implementing
hardware acceleration

83Exploiting hybrid
software/hardware
parallelism in algorithm-

hardware accelerations can yield
significant performance gains over
a function-replacement approach.

by Ian Ferguson, QuickLogic

PCI Express and 
USB 2.0 improve
performance of PC-
based measurements

89Advances in PC and
silicon technologies
allow low-cost, PC-

based plug-in devices to accurately
and quickly perform measurements
and control. by Brian Betts,

National Instruments

contents

PROGRAMMABLE AUDIO
PART ONE
Flexible silicon: GUI-
programmable audio
processors—an EDN
BenchPress project

60A trend in signal-
processing ICs offers
simple and direct

parametric control and functional
programmability. Taking full
advantage of flexible chips,
however, may demand flexibility in
your design methods, as well.

by Joshua Israelsohn, 
Technical Editor

Testing UWB: 
Don’t try this at home!

47Ultrawideband wireless
communication may be
the wave of the future,

but engineers who lack solid RF-
test expertise will need assistance
from an experienced test lab to
establish UWB-product com-
pliance with FCC specs.

by Dan Strassberg, 
Contributing Technical Editor

9.29.05
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PCI Express: piece by piece 
won’t give you peace of mind.
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• Configurable Digital Cores for Root Port, Endpoint and Switch
with lowest latency and gate counts.

• Optimized PHY is half the size and power, with twice the sensitivity
and jitter margin.

• Design-proven Verification IP supports directed and coverage-
driven constrained random environments. 

Relax. Synopsys is your
one source for PCIe IP:

See how we bring all the pieces together:

www.synopsys.com/pcie
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Check out these online-exclusive articles
Mind-boggling math: BCD (binary-
coded decimal)
By Clive “Max” Maxfield
Most of us have an innate faith that we
understand the concepts behind BCD, 
but in reality, most of us don’t have a clue.
➔www.edn.com/article/CA6254628

Wisair unveils UWB host dongle 
reference design
UWB (ultrawideband) and wireless-USB
vendor Wisair has introduced a reference
design for a host dongle based on the
WiMedia/MBOA (Multiband OFDM
Alliance) flavor of UWB.
➔www.edn.com/article/CA6255515

IrDA approves speed-boosting 
IrSimple standard
The IrDA (Infrared Data Association) has
formally adopted IrSimple, which provides
data rates four to 10× higher than existing
infrared-transmission schemes.
➔www.edn.com/article/CA6255516

Free Web-based tool helps 
with op-amp evaluation
Analog Devices has introduced a free,
Web-based, parametric evaluation tool,
designed to simplify the selection, evalua-
tion, and troubleshooting of the company’s
voltage-feedback operational amplifiers.
➔www.edn.com/article/CA6254981

Road-worthy drives target navigation,
entertainment
Toshiba’s Storage Device Division (SDD)
has introduced two 30-Gbyte, 2.5-in. hard-
disk drives for automotive entertainment,
information, and navigation applications.
➔www.edn.com/article/CA6254984

AWR acquires RF-simulator company
Privately held RF-design-tool vendor
Applied Wave Research (AWR) announced
this week that it has added an RF simula-
tor and 18 new employees to its lineup by
acquiring RF-simulator vendor APLAC of
Espoo, Finland.
➔www.edn.com/article/CA6255198

Conexant enters VOIP market
Broadband-semiconductor vendor
Conexant Systems has unveiled a VOIP
(voice-over-Internet Protocol) IC geared
toward IP- and Web-based desktop phone
terminals for business and residential
applications.
➔www.edn.com/article/CA6255199

INSIDE DESIGN IDEAS

If you like our reader-submitted
Design Ideas, check out
Designing Ideas, a new online
section hostted by Design Ideas
editor Brad Thompson. In it, Brad
will comment on each new
issue’s Design Ideas,  provide
links to related circuit designs
from our extensive archive, and
invite your feedback.
➔www.edn.com/designideas

online contents

SEPTEMBER 29, 2005  |  EDN 11

Items from the EDN archives that relate
to this issue’s content.
Related to …
GUI-programmable audio processors
(pg 60):
Class D Gen 3
Now in their third generation, Class D
amplifiers have found compelling com-
binations of capability and application
requirements.
➔www.edn.com/article/CA408383

Ears-on project: Listening to Class D
Although Class D audio amplifiers are
not yet the be all and end all of audio
amplification that their makers would
have you believe, they are remarkably
good—certainly more listenable than 
the clamor about them.
➔www.edn.com/article/CA152804

Pour your own programmable analog
Pouring analog-circuit descriptions
through an interface sounds like a ver-
satile way to form functional blocks. But
before I hang up my soldering iron, I
wanted to know how well they work 
in practice.
➔www.edn.com/article/CA302236

Related to …
Big thermal challenges come in small
packages (pg 40):
Thermal-testing standards
JEDEC testing provides a consistent
method for thermally characterizing
components.
➔www.edn.com/article/CA505066

Take the heat: 
Cool that hot embedded design
With processor performance skyrocket-
ing and systems shrinking, designers
are scrambling to find creative ways to
live with the heat that today’s sizzling
circuits generate.
➔www.edn.com/article/CA415105

ONLINE ONLY

FROM THE VAULT

www.edn.com

EDN’s 32nd MICROPROCESSOR/
MICROCONTROLLER DIRECTORY

By Robert Cravotta, Technical Editor

Details on more than 600 devices and
cores. Find the perfect fit for your project.
➔www.edn.com/microdirectory
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is not to confirm or refute manufactur-
ers’ spec-table claims, but rather to
examine products and their underlying
technologies in a lab environment and
to ask and answer questions that a prod-
uct’s data sheet may not fully address.

The BenchPress projects provide an
opportunity for EDN technical editors
to dig deeper into a technical topic
than one can simply by relying on ven-
dor-provided information, no matter
how candid. They allow us to develop
and report insights that are directly rel-
evant to an OEM design engineer’s
information needs, concerns, and
interests. The BenchPress projects take
advantage of the fact that EDN tech-
nical editors are degreed electrical engi-
neers with many years of design expe-
rience and a working familiarity with
the wide range of products from which
OEM designers draw.

Due to the high cost of instrumenta-
tion—a cost that rises dramatically
with measurement bandwidth—
BenchPress projects will most likely ini-
tially focus on narrow-bandwidth
products, technologies, and applica-
tions in which measurement band-
widths less than 1 GHz suffice. The first

BY JOSHUA ISRAELSOHN, TECHNICAL EDITOR

ditor’s note: After much thought and effort, Joshua Israelsohn
has produced our first BenchPress, EDN’s term for a lab-based
feature that looks well beyond the data sheet. Our goal is to pro-
vide designers yet more depth and dimension to EDN’s unrivaled
technical coverage. The BenchPress is also another reason that
we proudly proclaim that EDN is the “voice of the engineer.”

Israelsohn’s thinking behind the BenchPress follows.—John Dodge
Most succinctly put, the BenchPress projects are a series of articles

based upon instrumented measurements or observations. Their purpose

E
What is a BenchPress?

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

the traits of two high-level program-
mable audio devices and their design-
support environments. This project
would not have been possible without
the support of Audio Precision Inc,
which provided the core measurement
capability in the form of the dual-
domain, computer-controlled SYS-
2722 audio analyzer. EDN would like
to thank Audio Precision co-founder
Bruce Hofer and President Alan
Miksch for their generous support of
the BenchPress projects.EDN

such project, which appears as this
issue’s cover story, is a good example. In
part one of “Flexible silicon: GUI-pro-
grammable audio processors,” which
begins on page 60, I begin to examine

MORE   AT EDN.COM

After reading this EDN.comment
and “Flexible Silicon,” please take a
moment and post a comment to the
Feedback Loop link that accompanies
the online version of the article
(www.edn.com/050929cs), and let us
know what you think about the Bench-
Press concept.

+
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Enter xx at www.edn.com/info
info@keithley.com   • 1-800-588-9238   • Fax 440-248-6168

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 one

Introducing leading-edge pulse capability for Keithley’s Model 4200-SCS, the industry’s leading
semiconductor characterization system. With the most advanced capabilities available in one, fully integrated system,

the Model 4200-SCS is the finest multi-use semiconductor lab tool in the world.

� New Pulse I-V Package enables superior measurement and faster time-to-market for 
leading-edge semiconductors.

� Renowned and well-proven performance for high precision, sub-femtoamp DC characterization, 
real-time plotting, and analysis.

� Familiar, easy-to-use, and intuitive interface speeds and simplifies measurements.

� Continuous enhancements and upgrade paths offer you unmatched investment leverage.

Visit www.keithley.com/at/239 to learn more about the only system that solves the 
DC characterization and pulse needs of today and tomorrow in one compact, user-friendly

package. Also, request your FREE Semiconductor Tutorial Handbook.

Integrated Pulse, DC, and Reliability for the 65nm Node and Beyond

One Toolbox – All the Tools

558422_013.indd   1558422_013.indd   1 9/7/2005   5:23:03 PM9/7/2005   5:23:03 PM



Enter xx at www.edn.com/info

  Any-Input  
RPE MUX Description Interface Output Logic Operating Frequency Total Jitter Price1

SY89840/1/2 2:1 MUX Yes LVPECL/LVDS/CML 1kHz to 1.5GHz <10psp-p $2.55

SY89843/4/5 2:1 MUX w/1:2 Fanout Yes LVPCEL/LVDS/CML 1kHz to 1.5GHz <10psp-p $2.81
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Accelerate
Your Data
Analysis
National Instruments DIAdem
gives you a unified environment
for data analysis and report
generation. This software offers
analysis and report generation
capabilities that directly 
increase your productivity.

Maximize your data 
investment and reduce 
your data analysis time by:

• Managing data from multiple
databases and file formats 

• Inspecting data in a 
dynamic environment

• Analyzing data using 
engineering math libraries 

• Reporting results with 
customized, reusable reports

© 2004 National Instruments Corporation. All rights reserved. NI DIAdem and ni.com
are trademarks of National Instruments. Other product and company names listed

are trademarks or trade names of their respective companies.

Read the white paper on how to reduce your
data analysis time by as much as 90 percent.
Visit ni.com/info and enter ebym29.

(800) 991-9013
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115 Northeast Cutoff, Worcester, MA 01606 • Tel 508-853-5000
Visit us at www.allegromicro.com/edn/smd

EASY (e/ze) adj. 1.Two-wire
Motor Driver family from
Allegro MicroSystems, Inc.
2.not hard or difficult; re-
quiring no great labor or

2.5 A

1.5 A

750 mA

What EASY Looks Like.

Introducing Allegro’s New EasyStepper®

Motor Driver Family.

■ Implement up to 1/16 microstepping with a
simple two-wire STEP and DIRECTION interface

■ Common interface provides flexibility to
interchange parts within the family to
custom fit the application requirements
(no changes to firmware required)

■ Small thermally efficient package
available (TSSOP)

■ Available as Automotive Grade

Don’t you wish everything was this easy?

A3977
A3979

A3982
A3983
A3984

(1/8 Step)

(1/16 Step)

(1/2 Step)

(1/8 Step)

(1/16 Step)

30 V                  35 V                   50 V

A3980
(1/16 Step)

Automotive Grade

A3967
(1/8 Step)

Microstepping with simple STEP and DIRECTION interface

Actual size

28-PIN eTSSOP

Two-Wire EasyStepper®

Step and Direction Interface
Stepper Motor Driver Family

Two-Wire EasyStepper®

Step and Direction Interface
Stepper Motor Driver Family
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2006 CATALOG
1.800.433.5700               www.alliedelec.com

© Allied Electronics, Inc 2005. ‘Allied Electronics’ and the Allied Electronics logo are trademarks of Allied Electronics, Inc. An Electrocomponents Company.

Buying products from
Allied’s new catalog will

save you money, bring you
peace of mind, but won’t

save you money on 
car insurance.

Request your free copy of the new 2006 
catalog today and gain access to 
20,000 new products from 300+ 
world class suppliers. 

WARNING!

Availa
ble

Now!
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The best combination of noise, size, 

iPolar™: A milestone in high voltage bipolar processing

Today’s high voltage industrial designs are demanding more IC performance than ever. That’s why Analog Devices has developed 
iPolar manufacturing process technology—the most significant re-engineering of high voltage bipolar technology in almost 20 years.

By utilizing a proprietary trench isolation technique to enhance NPN/PNP transistor density and functionality, iPolar enables 
dramatically improved performance of linear products with lower noise, smaller packaging, and reduced power consumption. 
The result? Our new family of 20 V to 36 V bipolar analog products that help increase performance, lower costs, and reduce design
time for industrial applications.     

And when it comes to supporting the higher voltage needs of industrial customers, that’s quite a winning combination. 

To learn more about our iPolar manufacturing process and the 
products now sampling, visit www.analog.com/iPolar.
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and power in 36 V linear ICs.
Lowest noise in the smallest footprint

Our breakthrough manufacturing process yields analog ICs with superior noise and footprint characteristics. For example, the ADA4004-4
precision quad amplifier achieves 1.8 nV/√Hz voltage noise density—the industry’s lowest wideband noise in this product category—while 
its 4 mm � 4 mm, 16-lead LFCSP occupies 70% less PCB area than the competition.

Superior speed and reduced power

iPolar technology enables a new generation of components that offer enhanced speed with markedly reduced power consumption. For 
example, at 10 MHz on 2.5 mA supply current, the AD8675 offers 20% higher bandwidth while consuming 50% less power compared
to other high voltage ICs. Likewise, our ultralow offset voltage AD8677 operational amplifier reduces power consumption up to 40%
without loss of bandwidth.

Solutions for all your high voltage needs

Our families of high voltage analog ICs are growing. Coming soon will be more iPolar devices—such as drivers, voltage references, and 
additional amplifiers, including new audio ICs. We’re also expanding our line of amplifiers, converters, and mixed-signal ICs manufactured on
our recently introduced iCMOS™ technology. Together these new processes offer state-of-the-art high voltage analog IC performance and value, 
and represent our ongoing commitment to industrial and instrumentation engineers. For more information, please visit our website.

w w w . a n a l o g . c o m / i P o l a r

AD8675
Low noise, rail-to-rail precision amplifier 

• Low voltage noise: 2.8 nV/√Hz
• Rail-to-rail output swing
• Input bias current: 2 nA max
• Offset voltage: 75 �V max
• Offset drift: 0.6 �V/°C max
• Very high gain: 120 dB
• 3 mm � 4.9 mm, 8-lead MSOP
• Pricing: $1.17/1k quantities

AD8677
Ultralow offset voltage op amp 

• Low offset voltage: 75 �V max
• Input offset drift: 1.2 �V/°C max
• Supply current: 1.2 mA
• High CMMR: 130 dB
• Dual supply operation: 

�5 V to �15 V 
• 2.9 mm � 3 mm, 5-lead TSOT-23
• Pricing: $0.75/1k, quantities

ADA4004-4
Low noise, precision quad amplifier

• Low voltage noise: 1.8 nV/√Hz
• Wide bandwidth: 12 MHz
• Low offset voltage: 100 �V max
• Supply current: 1.7 mA/amp
• Dual supply operation: �5 V to �15 V
• Extended industrial temperature range 

– 40°C to +125°C  
• 4 mm � 4 mm, 16-lead LFCSP
• Pricing: $3.02/1k quantities
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Central Semiconductor Corp.
145 Adams Avenue, Hauppauge, NY 11788 USA 
Tel: (631) 435-1110 • Fax: (631) 435-1824
www.centralsemi.com

THINK EFFICIENT
THINK CENTRAL

TM

Central's new family of Energy
Efficient Diodes are designed
to meet the growing demands of

today's portable electronic products. These devices feature a lower
forward voltage drop and a substantially reduced leakage current,
delivering more energy to the load with less battery drain. With
typical leakage currents at 3.6 volts of 25pA (Low Leakage) and
10pA (Ultra Low Leakage), battery life is extended for hand held
equipment such as MP3 Players, PDAs, Cell Phones, Digital
Cameras, Pagers, and Laptops, for all of which standby power
is essential. Hands down, the best solution for handhelds today.

For a complete list of Central's EED™ devices, go to: 
www.centralsemi.com/EED

Central’s devices are 
available Lead (Pb) Free.

0.5nA

25nA

1.0nA

T A =25˚C

Ultra Low Leakage Diode
(6001 series)

Low Leakage Diode
(3003 series)

IR

Re
ve

rs
e 

Cu
rr

en
t

Standard
Switching Diode
(914 series)

CENTRAL’S EEDs ARE MANUFACTURED IN THE FOLLOWING SMD PACKAGES:

MAXIMUM LEAKAGE CURRENT

SOT-23 SOT-26

SOT-563
SOT-363SOD-323

SOD-523

DESIGN CHALLENGE # 724

YOUR PORTABLE DEVICES REQUIRE LONGER BATTERY LIFE

553170_028.indd   1553170_028.indd   1 9/15/2005   6:03:56 PM9/15/2005   6:03:56 PM



pulse
INNOVATIONS & INNOVATORS

Protocol analyzer captures traffic between
wireless USB MAC and PHY layers

EDITED BY FRAN GRANVILLE

SEPTEMBER 29, 2005  |  EDN 29

COMMON-MODE
INDUCTORS
CHOKE OFF
CONDUCTIVE EMI
New through-hole inductors from
JW Miller Magnetics put high in-
ductance into a small footprint,
most commonly for use as part

of a line filter that suppresses
conductive EMI from switched-
mode power supplies. Devices in
the Model 7400 family measure
19�21 mm; inductance ranges
from 0.6 to 45 mH, and dc re-
sistance is 0.025 to 2.68�.
Operating temperature is �55 to
�105�C for these approximately
$1 units.—by Bill Schweber
�JW Miller Magnetics, www.
jwmiller.com.

The Model 7400 inductors pro-
vide effective common-mode in-
ductance in a small, through-hole
package and suppress power-
supply EMI.

“It is one thing to advocate—perfectly
reasonably—for free-market principles
and by extension allow a foreign com-
pany to purchase a US company. It is
quite another to allow an—often hos-
tile—foreign government to purchase
the resources of a US company.”
Mark Boyles, in EDN’s Feedback Loop at www.edn.com/article/

CA629313. Add your comments.

The UWB (ultrawideband) Tracer MPI system helps design engineers solve problems with
MAC/PHY (media-access-control/physical)-layer integration and interoperability in
WUSB (wireless-USB) systems based on the USB-IF (USB Implementers’ Forum)

Certified Wireless USB 1.0 standard. The Forum based the standard on the WiMedia Alliance’s
MB-OFDM (multiband orthogonal-frequency-division multiplexing) UWB shared-bandwidth,
short-range wireless-communication proposal. The USB-IF expects Certified WUSB to ultimately
deliver data rates of approximately 1 Gbps at distances as great as 20m.

LeCroy Corp’s Protocol Solutions Group designed the analyzer. LeCroy formed the group when
the company acquired CATC (Computer Access Technology Corp) in the fall of 2004. According
to James Wright, director of marketing for the group, CATC provided the first protocol analyzers
for both USB and Bluetooth. “This new instrument captures and decodes at both the WiMedia
and the WUSB levels,” he says. By acquiring the traffic between the MAC and the PHY layers,
it can display protocol traffic from systems during the design phase.

The $55,000 system uses the same Tracer-software structure that Wright says has become
the industry’s de facto standard for USB-protocol analysis. “By using the CATC Trace display,”
he says, “engineers can organize and display the protocol hierarchically at the WiMedia and
WUSB levels. The software also includes pop-up tool tips, which provide information about the
specifications, including packet structure and field usage.” The instrument also displays real-time
statistics, which provide information on the performance and operation of the unit under test, in-

cluding the signal strength and number of frame
occurrences.—by Dan Strassberg

�LeCroy Corp, www.
lecroy.com.

The UWB Tracer MPI, which cap-
tures and decodes at both the
WiMedia and the wireless-USB lev-
els, acquires traffic between the
Certified Wireless USB MAC and
PHY layers.
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DILBERT By Scott Adams 

Every milligram
counts in today’s
portable-system
world; new SAW (sur-
face-acoustic wave)
duplexers from NDK
(Nihon Dempa
Kogyo) make this
point by switching
from ceramic to plas-
tic packages and cut-
ting weight by 40 to
50%. The WX807C,
for US CDMA appli-
cation, has a nominal
transmitter-band cen-
ter frequency of 836.5
MHz and a receiver-
band frequency of
881.5 MHz. The simi-
lar WX910A for
UMTS applications
has transmitter and
receiver frequencies
of 1950 and 2140
MHz, respectively.

Maximum insertion
loss for these duplex-
ers is just 2 dB in the
transmitting path and
2.8 dB in the receiv-
ing path, with attenu-
ation of 43 and 55 dB,
respectively. The 50�

duplexers measure
3.8 mm sq and 1.5
mm high. The CDMA
WX807C sells for
$1.15, and the UMTS
WX910A sells for
$1.62 (10,000).

—by Bill Schweber
�NDK America, www.
ndk.com.

SAW duplexer
cuts weight 
by shifting to
plastic package 09

.2
9.
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“Unless NASA has something better to 
offer, I would rather spend the money 
on a booster for our kids’ education
than a booster rocket to launch a space
mission of dubious importance.”
Michael Potash, in EDN’s Feedback Loop at www.edn.com/

article/CA632662. Add your comments.

Echelon, the developer of
the LON (local operat-
ing network) sold under

the LonWorks brand, now has
a new technology, Pyxos, that
the company claims will be
cheap enough to connect sen-
sors and actuators in everyday
equipment. Designers have
commonly used LonWorks
products to automate building
control in lighting, HVAC, se-
curity, and other systems. But
generally, LonWorks would
prove too expensive to use in
a control network within a
product such as an air condi-
tioner or a spa controller.
Echelon believes that Pyxos
will bring connectivity into such
systems.

The benefits include simpler
design because a low-cost,
free-topology wiring system
can connect sensors and ac-
tuators in place of traditional
wiring harnesses—a benefit
similar to what CAN (con-
troller-area-network) technol-
ogy brings to the automobile. 
A Pyxos-enabled appliance
could also allow a user to per-
haps use a cell phone to re-
motely control a device such
as a spa. And manufacturers
could enable preventive main-
tenance on Pyxos-enabled
products. Alas, Pyxos doesn’t

Control-networking
technology delivers
smaller, cheaper nodes

seem to offer much toward a
truly automated home for the
broad consumer base because
the cheapest Pyxos chips will
still sell in the $2 to $3 range
in low volumes.

From a software perspec-
tive, a Pyxos node can operate
just as a LonWorks node, and
designers can link subnet-
works of as many as 32 Pyxos
nodes to a LonWorks network
through an access point.
Alternatively, a designer could
use Pyxos chips alone in a
network without LonWorks.
The Pyxos nodes share the
transceiver technology in Lon-
Works, including RF, power-
line, and twisted-pair technolo-
gy. Twisted-pair cable can car-
ry both the data signal and the
power to Pyxos nodes. And
designers can connect Pyxos
nodes in bus, star, and loop
topologies.

In its simplest form, a Pyxos

node requires only a Pyxos
chip, a transceiver, and the
connection to a sensor or an
actuator. The baseline Pyxos
chip includes digital I/O to
connect to simple sensors and
actuators and needs no on-
board microcontroller. Instead,
vendors can preconfigure Pyx-
os chips at the factory, and the
nodes self-install themselves
into workable networks. More
complex nodes might include a
microcontroller, data convert-
ers, and LonWorks links.

Echelon claims that, to-
gether with partners, it has
deployed more than 50 mil-
lion LonWorks control de-
vices. Company Chairman
Kenneth Oshman projects
that the potential Pyxos mar-
ket is two orders of magni-
tude greater than the Lon-
Works market. The company
predicts scenarios as wild as
a smart carpet that can track
traffic patterns so that clean-
ing crews concentrate on
busy areas.

—by Maury Wright
�Echelon Corp, www.
echelon.com.
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Applications

– Software-defined radio

– Base stations:

– Wideband receiver

– High IF receiver

– PA linearization

– Instrumentation

– Test and Measurement 

Features

– 100 MHz IF: SNR = 68.7 dBc;

SFDR = 73 dBc

– 230 MHz IF: SNR = 68 dBc; 

SFDR = 75 dBc

– Fully buffered analog inputs

– 2.2 Vpp differential input

voltage

– 3.3 V LVDS compatible 

outputs

– TQFP-80 PowerPAD™

package

– Industrial temperature

range –40°C to +85°C

– Price: $95 1k

www.ti.com/ads5444 800.477.8924, ext. 2695

New!
Amplifier and Data Converter Selection Guide, 

Datasheets, Samples, Evaluation Modules

High Speed, Top Performance!
13-Bit, 250-MSPS ADC

The new ADS5444 from Texas Instruments sets a new benchmark for high-speed
ADCs, providing best-in-class performance at 250 MHz. Look to TI for a complete
portfolio of high-speed ADCs, including the recently announced ADS5440 13-bit,
250 MSPS ADC.

PowerPAD, Technology for Innovators and the red/black banner are trademarks of Texas Instruments.  1171A0 © 2005 TI

Technology for Innovators
TM

DATA CONVERTERS

Resolution Speed SNR SFDR
Device (Bits) (MSPS) (dBc) (dBc)
ADS5444 13 250 68 at 230 MHz IF 75 at 230 MHz IF
ADS5440 13 210 68 at 230 MHz IF 79 at 230 MHz IF
ADS5500 14 125 69.5 at 100 MHz IF 82 at 100 MHz IF
ADS5424 14 105 74 at 50 MHz IF 93 at 50 MHz IF
ADS5541 14 105 71 at 100 MHz IF 86 at 100 MHz IF
ADS5423 14 80 74 at 50 MHz IF 94 at 50 MHz IF
ADS5520 12 125 68.7 at 100 MHz IF 82 at 100 MHz IF
ADS5521 12 105 69 at 100 MHz IF 86 at 100 MHz IF

DS
P/

AS
IC

DU
C

CF
R

DP
D

C64x™ GC5016
GC5316

GC1115

DAC

DAC

ADC

ADS5444

PA

Diplexer

PA Linear
Feedback
Path

DAC5686/7
TRF3702

Sample Application: Wideband, High IF DPD Feedback Receiver

ADS5440 at 170 MSPS ADS5444 at 210 MSPS ADS5444 at 250 MSPS

SN
R 

(d
Bc

)

Input Frequency (MHz)
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As cellular standards evolve
toward 3G and beyond, the
range of frequency bands
and modulation schemes
continues to broaden. Hand-
set designers want to sup-
port legacy networks and
strive to integrate support
for next-generation net-
works. In the GSM (global-
system-for-mobile-commu-
nications) space, the current
state-of-the-art target is
WEDGE, which combines
WCDMA (wideband CDMA)
and EDGE (enhanced data
rate for global evolution).
The emerging WEDGE
phones, however, often use
a combination of RF front
ends that are glued together
to support the new WCDMA
standard that will extend
data rates to 2 Mbps,
whereas EDGE supports
385-kbps rates.

Start-up Sequoia Com-

munications claims to have a
SiGe (silicon-germanium)-
based transceiver design that
can support the full range of
GSM-centric standards, in-
cluding GPRS (General
Packet Radio Service),
EDGE, and WCDMA.

Sequoia is entering a
crowded field seeking a
share in the transceiver mar-
ket. Vice President of
Marketing and Business
Development Charlie
Wilcoxson points out that, al-
though the market is crowd-
ed, no player has a dominant
share. Wilcoxson shows a
pie chart in which no pro-
vider of transceivers in the
GSM market has a 20%
share. And Wilcoxson claims
that Sequoia has a technolo-
gy that the other competi-
tors lack in the new SEQ-
5400 chip.

Sequoia is demonstrating

first silicon in the lab trans-
mitting and receiving the full
slate of cellular signals in
frequency bands of 800 to
2100 MHz. The fully analog
implementation also inte-
grates a SAW (surface-
acoustic-wave)-receiver filter
that other dedicated WCD-
MA transceivers lack. The
company claims that the de-
sign will take the RF foot-
print in a WEDGE phone
from 15.2 cm2 to less than 
7 cm2. Sequoia also claims
to be the first company to
use polar modulation in a
WCDMA transceiver.
Wilcoxson believes that
most competitors realize the
benefits in power efficiency
of polar modulation but
haven’t figured out how to
apply the technique in
WCDMA designs and are
therefore using less-effi-
cient linear modulation.

Sequoia claims that its
chip will reduce the BOM
(bill-of-materials) cost of the
RF components in a
WEDGE handset by 40 to
60%. The RF BOM cost in
such a phone is now proba-
bly approximately $20.
Samples are available now
with volume slated for the
first half of 2006. You could
argue that the product is
ahead of the market, and
WCDMA hasn’t taken off in
North America. But Wilcox-
son claims shipments are
ramping in Europe and Asia.
The company will also face a
challenge with its first prod-
uct targeting such a cut-
throat market. Moreover, the
DSP-based software-de-
fined radios are waiting in
the wings to support multi-
ple cellular standards and
even WiFi (Wireless Fidelity)
technology.

—by Maury Wright
�Sequoia Communi-
cations, www.sequoia
communications.com.

Actel recently unveiled
the latest device in its
radiation-tolerant FPGA

family and also announced
that it is working on its first ful-
ly radiation-hardened FPGAs.
The new RTAX4000S radia-
tion-tolerant FPGA has twice
the gate count of the compa-
ny’s last rad-tolerant FPGA,
the RTAX-S, according to Ken
O’Neill, director of military- and
aerospace-product marketing.
The new device, which has
500,000 ASIC gates, 840
I/Os, and 540 kbits of embed-

FPGAs become 
rad-tolerant, rad-hard

ded memory, suits space appli-
cations, such as satellite-pay-
load systems and scientific
satellites.

Actel has built the device to
the same radiation-tolerance
standards as its other RTAX-S
devices, O’Neill says. The
FPGA includes embedded
RAM with EDAC (error detec-
tion and correction), flip-flops
that are practically immune to
SEUs (single-event upsets),
and memory-upset levels of
less than 1�10 errors/bit/day.

The devices are immune to

configuration upsets and have
a TID (total-ionizing-dose) re-
sistance as high as 300k rads
(functional), which exceeds
the requirement for most
space applications and is more
than ample for most space
programs, according to O’Neill.
Functional prototypes of the
device, which aren’t rad-toler-
ant, will be available in the first
quarter of 2006, and radia-
tion-tolerant versions will be-
come available at the end of
2006.

In addition to the RTAX-
4000S, Actel also announced
that it is making progress in the
development of its first radia-
tion-hardened FPGAs, which

take reliability one step beyond
the radiation tolerance of its
RTAX4000S. The upcoming
RHAX-S family increases the
reliability of the device to QML
(qualified materials list) Class
V. The projected device family
will feature a TID resistance of
1M rad and logic and memory
SEU resistance of less than
1�10 upset errors/bit/day.

The first device in the RHAX
family will be a 250,000-sys-
tem-gate (30,000-ASIC-gate)
FPGA. Actel expects to deliver
the prototype by the end of
2006 or early 2007 and pro-
duction parts in 2008.

—by Michael Santarini
�Actel Inc, www.actel.com.

Multimode RF transceiver targets 
WEDGE mobile handsets
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Yet another company
has emerged with an
approach to the prob-

lem of wirelessly moving digi-
tal audio and video around the
home. Vendors have proffered
one of the many standard or
enhanced flavors of 802.11 or
WiFi (Wireless Fidelity) WLAN
(wireless-LAN) technology as
cable replacements, but each
has so far met insurmountable
obstacles in data rate, range, or
cost. The WLAN industry
hopes to solve the problem
with the 802.11n standard that
the IEEE is now developing.
Ruckus Wireless (formerly,
Video54), meanwhile, claims
that its beam-forming-antenna
technology can now enable
video distribution and later fur-
ther extend the capabilities of
802.11n.

Ruckus is already shipping
the technology in the Netgear
RangeMax family of products.
The company refers to its
beam-forming technique as
MIMO (multiple-input multiple-
output), but it doesn’t include
the baseband-resident spatial
multiplexing technology that
first carried the MIMO label
(see “The greed for speed,”
EDN, Feb 19, 2004, pg 26, www.
edn.com/article/CA379885).
Of late, companies that want to
cash in on the popular MIMO
label are using the term on any
implementation with multiple
antennas. Pioneer Airgo Net-
works has taken to labeling
spatial-multiplexing technology
as true MIMO, which the
802.11n standard will man-
date. Still, the beam-forming
offering from Ruckus does
boost range, as well.

The latest Ruckus an-
nouncement combines the
BeamFlex beam-forming ca-

Beam-forming WLAN implementation
targets audio/visual usage

pability with the SmartCast
software stack that ensures
quality of service for video
streams. The company will li-
cense both technologies to
OEMs, as it did BeamFlex to
Netgear. And Ruckus will now
supply access points and wire-
less adapters to service pro-
viders. The initial target cus-
tomers are the major phone
companies worldwide that are
seeking to deliver IPTV (Inter-
net Protocol television), or
video over their phone lines.
According to Michelle Abra-
ham, an analyst with In-Stat,
there were 1.6 million IPTV
subscribers at the end of 2004,
although In-Stat projects that
market will grow to 32 million
subscribers by the end of
2009.

IPTV schemes typically de-
liver video packets to a broad-
band modem/router that in
turn must send packets to a
set-top box in the living room.
Most early players in IPTV are
simply rolling trucks and in-
stalling Ethernet cables be-
tween routers and set-top box-
es, but Ruckus believes it can

make that connection wireless
and user-installable. The com-
pany estimates pricing of $169
for the MF2900 access point/
router and $129 for the
MF2501 set-top adapter, al-
though service providers could
subsidize such gear.

Ruckus claims that its imple-
mentation supports greater
range and is less sensitive to
interference from nearby wire-
less networks or other noise
sources, such as a microwave
ovens. For service providers,
the company is offering a prod-
uct using six antennas in the
access point. Software that
controls the antenna operation
adopts one of 63 antenna con-

pulse

FEEDBACK LOOP
“If the moon were solid gold or if Mars
were habitable and had new animals
and plants to see, we would probably
already be there. But, so far, every-
thing we have found out there is just
dirt and rocks, so it is hard to get the
public excited.”
Jim Harrison in EDN’s Feedback Loop at www.edn.com/

article/CA632662. Add your comments.
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figurations for each wireless
client and therefore sends a
relatively narrow beam of ener-
gy that minimizes interference
to nearby networks. Moreover,
the ability to dynamically adapt
signal paths through antenna
patterns allows the receiver to
adapt for interference. Along
with announcing the Ruckus
access point and adapter, the
company also announced its
first customer, PCCW, a Hong-
Kong IPTV-service provider.

The Ruckus technology
looks promising, although it will
be more applicable once
802.11n and data rates in ex-
cess of 100 Mbps are preva-
lent. Ruckus claims it will ex-
tend range by two or three
times even on those next-gen-
eration MIMO systems. Today,
the company claims it can reli-
ably support rates of 11 to 25
Mbps using 802.11g chips. It’s
unlikely that such a system
could handle an HDTV stream,
although Ruckus claims it can.
A live, action-packed program,
such as a football game, would
need speed at the upper end of
that range. And supporting
multiple standard-definition
streams could also be an issue.
And, finally, so many WLAN-
video approaches have failed
coming to market that all new
ones have questionable credi-
bility.—by Maury Wright
�Ruckus Wireless, www.
ruckuswireless.com.

The Ruckus Wireless MF2900 video-capable 802.11g access
point and router features a six-element smart antenna in the upper
half of the clamshell and dynamic software control that forms sig-
nal beams through 63 antenna patterns.
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Rarely Asked Questions
Strange but true stories from the call logs of Analog Devices

S P O N S O R E D B Y

R A Q ’ s
S P E C I A L A D V E R T I S I N G S E C T I O N

Have a question

involving a

perplexing or

unusual analog

problem? Submit

your question to:

A. Recently, we
considered an
applications prob-
lem where the
engineer was reti-
cent, making it dif-
ficult to obtain the
facts needed to
solve it. Long ago,
just after I joined
Analog Devices, I
met a problem
where all details
but one were
almost irrelevant.

It was in Copen-
hagen. I had been
discussing an analog electronics course with a
professor from the University of Copenhagen
and we decided to walk through Kastellet to
see the Little Mermaid on her rock before
having lunch on the quayside at Nyhaven in
the oldest part of the harbor. As we walked
Lars told me that Karen, one of his graduate
students, was having accuracy troubles mak-
ing measurements on three channels with one
analog-to-digital converter (ADC).

If there are three channels there is usually
a fourth not being used—so I told him I
could probably cure the problem on that
information alone. We telephoned the stu-
dent and told her to ground all unused mul-
tiplexer (MUX) inputs and outputs, and retest
her system.

Unconnected channels on CMOS switches
and MUXes, whether on a separate chip or
part of a multi-input ADC, can pick up sig-
nals from stray electrostatic fields and inject
them into the substrate of the chip, turning
on spurious substrate devices—even if the
unconnected channel is disabled. These
devices’ leakage can degrade the perfor-
mance of the active channel or channels, or
even of an ADC which shares the chip.

In the past the effect might be so large as

to trigger a par-
asitic thyristor
across the sup-
plies and
destroy the
device, but
modern CMOS
processes are
mostly protect-
ed against such
catastrophes,
but not against
more subtle
degradations of
accuracy.
“Fault-protect-
ed” switches

and MUXes are far less vulnerable to such
effects, too, but not totally immune—and by
no means are all MUXes fault-protected as
the protection circuitry increases chip size
and, as a result, cost.

It is therefore essential that all inputs and
outputs of a CMOS switch or MUX, even one
integrated into an ADC, be connected to a
potential somewhere between its supplies.
Generally this means grounding all unused
inputs and outputs, but sometimes leakage
and/or capacitive crosstalk can better be
minimized by connecting unused pins to a
signal or a power supply.

By the time Lars and I had consumed a
Tuborg and a plate of marinated herring,
and had waved goodbye to the mermaid,
Karen had called us back to report that her
system was working perfectly.

To learn more about
behavioral problems in

ADCs & how to avoid them
Go to:

http://rbi.ims.ca/4397-502

Q. There is a fault in my CMOS multiplexer . . .?

raq@reedbusiness.com
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Where do users of prod-
ucts such as yours have
the greatest misunder-
standings? 

People get confused
on how to use remote

error sensing to compensate
for voltage drops. We always
find we are re-educating engi-
neers about it. We even pub-
lish a nomograph of how to
size the wires for the situation.
It usually starts with a call from
someone saying “Your power
supply is not working.”

What’s your impression of
the state of engineering
and science education? 

We find that US-edu-
cated engineers and

others give little attention to
analog and power design.
Engineering graduates looking
for work have never had a
hands-on components or cir-
cuits experience or ever de-
bugged a circuit. That’s a big
problem for our own talent
needs and for our customers.

The course they take has been
simulation only. The general
level of education is good, but
the courses haven’t focused
on these aspects. In Europe,
the analog-design and hands-
on-experience portion of edu-
cation is stronger.

What changes in specifica-
tions have you seen? 

Switching supplies
have become more and

more dominant, combining low
noise, a rise in PFC [power-
factor correction], and har-
monics regulation. Increas-
ingly, we have to provide
switching supplies that meet
both conducted- and radiated-
noise specifications. We saw
the first switchers with PFC
about 10 years ago. Now,
everything above 50W has
PFC and must meet the con-
ducted- and radiated-emis-
sions standards. Aerospace,
sensor testing, and sensitive
applications still need linear
supplies.

Do you find that cus-
tomers are increasingly
asking you to do more? 

Customers are asking
us to do more of their

work for them, especially in
software applications. We want
to help them, but at what point
do we cross the line and are
doing their job, as consultants?
And helping them to this ex-
tent means there are other
customers we can’t help.

Why does the power-sup-
ply industry have so many
vendors? 

About 60 to 75% of
the market is custom,

so there are always those who
do a custom unit and then
hope to sell it as a standard
product. Also, everybody
thinks they can make a power
supply, and, to some extent, it’s
true. It’s make-versus-buy:
They can make one, but can

pulse
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Q&A
Power plays
Saul Kupferberg, vice president of sales
at power-supply vendor Kepco Inc

aul Kupferberg is a second-generation member
of the founding family of Kepco, which brothers
Jack, Jesse, Max, and Ken Kupferberg founded
in 1946. The company grew out of the involve-
ment of three of the four founders in one of
World War II’s “Big Science” projects—the

Manhattan Project. Much of the work they did at Los Alamos re-
mains classified to this day. The work they were involved with re-
quired them to help invent and build electronic instruments. They
had to build their own instruments because there really were no
electronics businesses and no commercially available electronic
instruments at that time. Indeed, the word “electronic” had not yet
been coined. 

A

A

A

A

A

they make it over and over? It’s
an opportunity for companies
such as ours. It takes a lot of
time and energy to purchase
components, and then you
have to spend money to get
past UL and other approvals.
The BOM [bill-of-materials]
cost is less than buying from
us or others, but the total cost
is not. There are so many hid-
den costs and other things
that you could be doing with
your engineering time. Lots of
good engineers can build one
supply, but to build tens or
hundreds—that’s another story.

Have any incidents caused
a chuckle? 

I was at a prestigious
educational institution

where we had delivered three
0 to 20V, 0 to 20A supplies.
The postdoctoral student
couldn’t understand why he
couldn’t get 0 to 60V, 0 to 60A
from the supply trio at the
same time. I had to politely ex-
plain to him that he could con-
nect them in series for the
higher voltage or in parallel for
the higher current—but not at
the same time.

—by Bill Schweber

S
A

FEEDBACK LOOP
“The ability to see, to know, and to
say are crucial to our modern
lifestyle and sense of freedom.
However, it is our power to do that
makes for change. At least once a
season since the late 1980s, hurri-
cane victims directly benefit from
the application of convenient,
cordless power tools.”
Chris Walter, in EDN’s Feedback Loop at www.edn.com/

article/CA607116. Add your comments.
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LSI Logic recently un-
veiled a single-chip DVD-
recorder-processor plat-

form, which, it claims, reduces
system costs to support digi-
tal-broadcast reception in
Europe and other parts of the
world. The company also claims
that the device will enable con-
sumer-electronics vendors to
design set-top-box/DVD re-
corders and set-top-box/hard-
disk-drive/DVD recorders.
According to technology-re-
search company In-Stat, there
are approximately 9.5 million
digital-television subscribers in
England, Germany, France,
Italy, and Scandinavia. “This
brings the benefits of a com-
bined set-top-box/DVD-re-
corder platform to the home
and is gaining momentum in
Europe,” says Vijendra Kuroodi,
LSI senior product manager
for DVD-recorder products. 

The new offerings include
the DMN-8623 and DMN-
8673 single-chip processors,
which the company based on
its proprietary DoMiNo archi-
tecture, comprising hardware
and programmable software.
Both of these processors inte-
grate set-top-box-receiving
and DVD-recording functions
on one chip. “A single-chip ap-
proach eliminates a lot of re-
dundancies for consumers
and designers,” says Kuroodi.
Chief among these redundan-
cies are memory systems,
MPEG decoders, host proces-
sors, and graphics engines, all
of which significantly reduce
the bill-of-materials costs.

The DMN-8623 targets use
in single-drive DVD recorders

and can record and play back
a digital-TV channel or video
stream. The device has a sin-
gle optical drive with a DVD-
recorder-drive interface that
enables digital downstream
access. The DMN-8673 fo-
cuses on hard-disk-drive/
DVD-recorder systems that
can encode or decode two dig-
ital- or analog-TV streams,
which users can record onto a
hard drive or DVD in a manner
similar to using TiVo. 

“The DMN-8673 can con-
nect to a hard-disk drive and
enables you to time-shift live

content more than an optical
disk can, as well as make
backup recordings, which you
can view later,” says Kuroodi. “It
can simultaneously process
two video inputs by encoding
video on a hard disk and then

pulse
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decoding it onto the display.”
The DMN-8623 and DMN-
8673 are available for sam-
pling and cost $25 and $30,
respectively (high volumes).

—by Jeff Berman
�LSI Logic, www.lsilogic.com.
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The VSIA (Virtual Socket Interface Alliance), a SIP (semiconductor-intellectual-prop-
erty) standards group focusing on design reuse, and the CSIA (China Semiconductor
Industry Association) recently inked a deal in which the CSIA  will base its SIP stan-
dards on VSIA’s standards. This arrangement will let the CSIA develop standards in
Chinese, leveraging VSIA standards, which the CSIA will distribute throughout
China. “This is a major change for China as it pushes to have standards driven by
commercial interest [through a combination of companies and universities] and di-
rectly through the government,” says Larry Rosenberg, VSIA vice president of engi-
neering. “China wants to have standards that are compatible with the rest of the
world.”

The organizations will also charter a Chinese VSIA SIG (special-interest group),
which provides limited access of VSIA standards to a group of 35 Chinese compa-
nies, each with annual revenues of less than $10 million. The group will focus on
ways of integrating IP into SOCs (systems on chips) and on IP protection. 

A major factor in the CSIA’s decision to collaborate with the VSIA and obtain legal
rights to create a Chinese derivative of VSIA standards was that the CSIA wanted to
change how China acts in IP protection and how the rest of the world perceives the
country. Rosenberg notes that officially licensing IP is a significant step toward
those goals.

“There is a tremendous amount of sensitivity and interest in doing this,” says
Rosenberg. “If it wants to be successful in the semiconductor space, it needs access
to third-party IP in the West. Otherwise, they are not going to fill fabs. Access to
third-party IP is crucial in developing world-class consumer-electronics devices.”

—by Jeff Berman
�China Semiconductor Industry Association, www.csia.net/cn.
�Virtual Socket Interface Alliance, www.vsia.org.

CSIA employs VSIA standards

DVD-recorder processor
targets European digital-
broadcast reception

GLOBAL  DES IGNER

The DMN-8623 and 8673 chips integrate set-top-box and DVD
functions.
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have lower thermal resistance than
their larger counterparts. 

In Figure 1a, with an input voltage
of 4.2V, regulator 1 (LDO1) inside the
DFN8 package generates an output
voltage of 2.8V at 300 mA output cur-
rent (typical), and regulator 2 (LDO2)
generates an output voltage of 1.8V at
150 mA (typical). The dual-LDO
power dissipation is 780 mW. The max-
imum allowable steady-state junction
temperature for the dual LDO is 125�C. 

The data-sheet specification for the
junction-to-ambient thermal resistance
(R

�JA) of the DFN8 package is 41�C/W.
The four-layer test method in the

temperature in degrees Celsius, TA is
the ambient temperature in degrees
Celsius, R

�JC is the thermal resistance
from the chip junction to the device
case in degrees Celsius per watt, R

�CS is
the thermal resistance from the device
case to the copper ground plane (pc
board) in degrees Celsius per watt, and
R

�SA is the thermal resistance from the
device copper ground plane to ambient
(air) in degrees Celsius per watt. 

If the dual LDO dissipates 780 mV,
the rise in temperature at the junction
above ambient of the dual LDO is
TJ(RISE)�32�C, using R

�JA of 41�C/W.
The reliability requirement limits the
maximum ambient temperature to
(125�32�C), or 93�C. 

A feasible two-layer layout for the
dual LDO shows different results. For
example, consider a board with a
0.0625-in. FR4 substrate and 1-oz cop-
per traces, with the traces residing on
the top layer and the copper ground
plane on the bottom. Using this pc
board, the junction-to-ambient ther-
mal resistance (R

�JA) is 78�C/W.
Measuring thermal response with this

type of board proves that the rise in
temperature under full-load conditions
of the dual LDO increases from 32�C
(four-layer with vias) to 59�C. Under
these conditions, the maximum ambi-
ent temperature is (125�C�59�C), or
66�C. This temperature difference is
primarily due to lack of internal layers
and vias directly into the copper plane,
as the JEDEC standard defines. Thus,
although data-sheet specifications are
accurate, the physical implementation
of the product on the pc board weak-
ens the device’s thermal perform-
ance.EDN

BY BONNIE BAKER

o ensure system reliability, thermal evaluation is a requirement
with any size IC. A few simple calculations can help design-
ers estimate and evaluate the thermal behavior of ICs, and lab
testing verifies the calculated conclusions.
Consider a dual-LDO (low-dropout) regulator in a DFN8

(eight-pin, dual-flat no-lead) package. Dual LDOs convert one battery
input voltage to two lower output voltages with approximately twice the
power dissipation of one LDO. In addition, smaller-package DFN8 LDOs

T
JEDEC JESD51-5 and JESD51-7 stan-
dards defines the DFN8 thermal resist-
ance. In the JESD51 specifications,
some conditions of the test are four-
layer boards with a copper thickness of
2 oz on the outer layers and 1 oz on the
inner layers. 

The model in Figure 1b shows the
elements for a first-order thermal cal-
culation. In this model, power is the
current source, temperature is the volt-
age, and thermal resistance is a resistor.
The definitions of the variables are as
follows: ISOURCE is the power in watts, TJ
is the chip junction temperature in
degrees Celsius, TC is the device case

Big thermal challenges 
come in small packages

,,
B A K E R ’ S  B E S T

You can reach Bonnie Baker at bonnie.
baker@microchip.com.

Go to www.edn.com/050929bb for
a list of references associated with
this column or to post a comment.

MORE   AT EDN.COM

+

Figure 1 The DFN8 package measures 3�3 mm (a). TJ, TC, and TA define the pack-
age’s thermal model (b).
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BY ROBERT CRAVOTTA • TECHNICAL EDITOR

ocket engines are reaction engines, in
that they throw mass, generally in the
form of a high-temperature and high-
pressure gas, in one direction to create a
reactionary thrust in the opposite direc-
tion. The physics of this reaction is sim-
ply F�ma, or force equals mass times

acceleration. The mass comes from the fuel that the
rocket engine burns. The burning process accelerates
the mass down through the nozzle of the rocket engine,
causing force to push the rocket skyward. The kinetic
energy of the combustion products causes the thrust. At
this point, the science and art of rocket-engine design
come into play.

R Because there is no air in space, liquid-fueled rocket
engines need to carry both fuel and oxidizer in external
tanks. For some liquid-fueled engines, the fuel is hydro-
gen or kerosene, and the oxidizer is oxygen. To minimize
the required tank volume, extreme cooling liquefies
these propellants. The pumps must elevate the pressure
of the propellants when they leave the tanks to over-
come the pressure that the burning fuel creates in the
combustion chamber.

After leaving the pumps, the pro-
pellants pass through the coolant
passages. The coolant passages
are necessary because burning
propellants within the combustion
chamber and nozzle create high
temperatures that could melt
these areas. Supercooled propel-
lants passing through the coolant
passages prevent the combustion
chamber and nozzle from melting.
The process of cooling the com-
bustion chamber and nozzle also
heats the propellants in prepara-
tion for entry into the combustion
chamber.

After the propellants
travel through the
coolant passages, the
engine routes them
back into the turbo-
pump. They pass
through a turbine,
causing it to rotate,
which provides the
power to turn the
pumps.

As the gas accelerates
through the throat and
out the nozzle, it gener-
ates thrust that pushes
upward toward the
combustion chamber
and propels the rocket
skyward. This process is
similar to air escaping
from an inflated balloon.

The fuel and oxidizer enter the
combustion chamber, where
they ignite and burn to form a
superheated, high-pressure
gas. The pressure that this
process creates forces the
gas through a narrow pas-
sage called the throat and out
the nozzle.

1

2

3
4

5

How does a liquid-propulsion rocket engine convert liquid mass
into enough force for a spacecraft to attain escape velocity?

PRY FURTHER AT EDN.COM

Go to www.edn.com/050929pe
for an extended version 
of this article, including 
additional images.
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f many of the best-known electronics companies—and a large
number of smaller start-ups—get their way, UWB (ultrawide-
band), the new, short-range, ultrahigh-speed wireless-commu-
nication technology, will soon transform communication
among computers and peripherals and among consumer-elec-
tronic devices—at least in the United States. What’s more,

Japan appears close behind. Meanwhile, Europe seems to be taking
a wait-and-see position on UWB.

In the United States, the FCC (Federal Communications Com-
mission) has allocated a 7.5-GHz-wide swath of spectrum—3.1 to
10.6 GHz—to UWB. If you haven’t yet read about the technology,

I

Testing UWB:
Don’t try this 
at home!
ULTRAWIDEBAND WIRELESS COMMUNICATION MAY BE THE WAVE
OF THE FUTURE, BUT ENGINEERS WHO LACK SOLID RF-TEST EXPERTISE
WILL NEED ASSISTANCE FROM AN EXPERIENCED TEST LAB TO ESTAB-
LISH UWB-PRODUCT COMPLIANCE WITH FCC SPECS.

BY DAN STRASSBERG • CONTRIBUTING TECHNICAL EDITOR

SEPTEMBER 29, 2005  |  EDN 47

your reaction may be, “How can it do
that? Other services are already using
most of that spectrum.” The answer is that
UWB, by design, sends signals at such low
average power (�41.3 dBm/MHz) and in
such short bursts that the signals appear
as low-level noise to the receivers for the
other services. Those receivers have
enough noise immunity to be unper-
turbed by the UWB transmissions.

Two industry groups support competing
and incompatible forms of UWB. The
WiMedia Alliance, of which the MBOA
(Multiband OFDM Alliance) recently
became part, primarily supports MB-
OFDM (multiband orthogonal frequen-
cy-division multiplexing); the UWB
Forum supports DS (direct-sequence)-
UWB, which some—but not Forum
members—call impulse radio. Both
groups are rumored to also support—or at
least to be considering support of—a low-
cost, lower speed, low-power version of
impulse radio, whose key application may
be a future version of ZigBee, the wireless-
sensor standard.

Both groups’ Web sites list large num-
bers of member companies, but, of the
two, the WiMedia Alliance includes
more merchant IC manufacturers, in-
cluding the all-important Intel, and a
technology that many—albeit, not
UWB Forum members—call more ele-
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gant and more readily scalable to higher
data rates. The Forum says, however, that
its DS-UWB technology uses less power
to achieve equivalent range—a key

attribute in battery-powered-system
applications—and is both inherently sim-
pler, thus less costly, and closer to market
readiness than is the Alliance’s compu-
tationally intensive MB-OFDM. The
Alliance disagrees on several counts. As
Jason Ellis, senior manager of business
development and marketing at Alliance
member Staccato Communications, puts
it, “Real MB-OFDM devices cost sub-
stantially less and use less power.” How-
ever, a Forum spokesman insists that the
DS-UWB parts perform more required
UWB functions than do the MB-OFDM
parts that Alliance members are using for
comparison and that if comparable parts
of both types existed, the DS-UWB parts
would cost less and use less power.

DIFFICULT DECISION
Early adopters of UWB will, therefore,

need to choose between the two major
approaches, and, in choosing, they will
have to decide whether they think the
Alliance’s lead in industry popularity
trumps the Forum’s lead in developing its
technology. At one time, the UWB
Forum had proposed a CSM (common
signaling mode), which would allow MB-
OFDM and DS-UWB systems to com-
municate with each other at low data
rates. The WiMedia Alliance has
declared the CSM idea dead, but Forum
members say that CSM can’t and won’t
die unless one of the two technologies

disappears, because, without it, neither
type of system can detect the presence of
nearby systems of the other type. The
result, they insist, will be interference that
may prevent either type of system from
working satisfactorily.

For a wireless technology, UWB can be
blazingly fast. According to Alliance
members, early MB-OFDM-based prod-
ucts will permit data rates as high as 480
Mbps at a 3m distance and 110 Mbps at
10m. In a few years, these folks say, speeds
should reach 1 Gbps at perhaps as much
as 20m. Unfortunately, when quoting
these performance figures, the Alliance
members sidestepped the issue of BER
(bit-error rate) or PER (packet-error
rate). Without that information, the data
rates are not particularly meaningful.

Alliance members assert that the 10�12

error rates of which Forum members speak
represent overkill in the area of the UWB
market that many in the Alliance consid-
er the most lucrative—consumer multi-
media applications. Nevertheless, Free-
scale Semiconductor, the Forum’s princi-
pal merchant-IC-manufacturer member,
was first to announce an agreement to sup-
ply UWB devices to a major consumer-
electronics manufacturer (Haier). Free-
scale was also first to deliver fully opera-
tional UWB silicon (with a raw data rate
of 114 Mbps at 20m) and expects late this

AT A G L A N C E
UWB (ultrawideband) radio, a

shared-spectrum wireless technolo-
gy, has the potential to transmit data
at gigabit-per-second rates over dis-
tances of tens of meters without
interfering with existing services with
which it shares the spectrum.

The IEEE has not yet reached
consensus on a UWB standard, so
developers of products that use
UWB technology must choose
between fundamentally incompatible
approaches, each of which claims
advantages over the other.

MB-OFDM (multiband orthogonal
frequency-division multiplexing) has
broader support among IC makers;
DS (direct-sequence)-UWB develop-
ment is further along.

Testing products that incorporate
UWB technology requires great
familiarity with multigigahertz RF
measurements and the instruments
used to make them. 

�

�

�

�
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year or early next to announce parts
almost six times as fast. The company also
questions whether 16-QAM (16-level
quadrature-amplitude modulation), which
the Alliance recently specified for data
rates greater than 200 Mbps, can really
achieve 10m range and still meet the
FCC’s �41.3-dBm/MHz radiated-power
limit, because, says a Freescale spokes-
man, “16-QAM takes approximately 4 dB

more power per bit to go the same dis-
tance as DS-UWB’s bipolar- and quadra-
ture phase-shift keying.”

How the UWB market divides among
several segments will determine the kinds
of products chip and module manufac-
turers emphasize (see sidebar “UWB
drives to commercialize”). A key UWB
application is almost certain to be
WUSB, a wireless version of the Uni-

versal Serial Bus, whose wired embodi-
ments truly dominate connections be-
tween peripheral devices and PCs. In-
dustry watchers seem to agree, however,
that growth of USB for peripheral inter-
connection has slowed and that sales of
USB components—ICs, for example—
for home-multimedia applications now
exceed sales of such components for use
in PCs and peripherals. This trend is like-

UWB DRIVES TO COMMERCIALIZE

The stars must be in
proper alignment for any
new technology to come
to market, and, for UWB
(ultrawideband) commu-
nication, the key items
are international stan-
dards, market pull, and
the availability of com-
mercially viable products.
All these elements are
lining up, and consumer
products will feature
high-speed wireless con-
nectivity for the 2006 hol-
iday season.

For wireless communi-
cations, regulatory agen-
cies must define the first
piece, spectrum alloca-
tion, before organiza-
tions can establish stan-
dards. On Feb 14, 2002,
the FCC (Federal Com-
munications Commis-
sion) issued a Report and
Order allocating 7.5 GHz
of unlicensed spectrum
for UWB devices operat-
ing in the 3.1- to 10.6-
GHz frequency band. This
move legitimized the
technology and fueled
the urgency to under-
stand the customer
requirements and to have
the technology mature
within an open-industry-
standards forum. Outside
the United States, world-
wide regulatory agencies
are in varying stages of
developing regulations

and, in most industrial-
ized countries, should
soon issue rulings.

The standards activities
began within an IEEE
committee, and, in an
effort to accelerate and
streamline standardiza-
tion, the MultiBand
Coalition formed in
September 2002. The
coalition later became
the MultiBand OFDM
(orthogonal-frequency-
division-multiplexing)
Alliance and this year
merged with the WiMedia
Alliance to become an
open industry association
for promoting and
enabling the rapid adop-
tion, regulation, stan-
dardization, and multi-
vendor interoperability of
UWB. WiMedia-based
UWB specifications tar-
get use in wireless per-
sonal-area networks that
operate at speeds as
high as 480 Mbps and
provide low-power multi-
media capabilities for
consumer, mobile, and
automotive markets.
Emphasizing peaceful
coexistence with other
wireless services,
WiMedia’s UWB common
platform operates with
application stacks that
the Wireless-USB
Promoter Group, the
1394 Trade Association’s

Wireless Working Group,
and the Bluetooth-SIG
developed. IEEE and
Ecma-International stan-
dards committees are
currently reviewing the
platform specs. 

MARKET PULL

WiMedia UWB technol-
ogy, which will debut as
Certified Wireless USB, is
fulfilling a market need
by enabling popular,
high-performance wired
approaches to evolve into
wireless approaches.
Developers are designing
the technology, which
extends to support
Wireless IEEE 1394,
Internet protocol over
UWB, and next-genera-
tion Bluetooth, into com-
puters, peripherals,
home-entertainment
equipment, mobile
phones, and other con-
sumer-electronic devices.
Through UWB, these
products will rid them-
selves of unsightly rats’
nests of cabling.

As with any technology
en route to market, price
is a key concern; multi-
vendor interoperability,
form factor, and perform-
ance are also important.
With the history of
Bluetooth and WiFi
(Wireless Fidelity) as
benchmarks, vendors

know that, to achieve
mass-market adoption of
their products, designers
must implement them in
all-CMOS semiconduc-
tors. Besides low cost,
the all-CMOS approach
provides outstanding per-
formance in small pack-
ages, thanks to high lev-
els of integration.

Staccato Communi-
cations and other UWB-
semiconductor compa-
nies have recently
entered the final stage of
launching a technology:
compliance and interop-
erability testing. Things
are looking good: The
developers of Certified
Wireless USB built on
established compliance
programs that have
enabled more than 2.5
billion USB connections.
We are well on the way
to seeing UWB-based
products late in 2006.

A U T H O R ’ S B I O G R A P H Y

Roberto Aiello is 
co-founder and chief
technology officer of
Staccato Communi-
cations. He holds a 
doctorate in physics
from the University of
Trieste (Italy) and is the
author of more than 20
patents on UWB 
technology.

By Roberto Aiello, Staccato Communications
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ly to accelerate in WUSB; although there
is little probability of a rush to substitute
printers that use WUSB for units having
wired connections, observers expect
WUSB and a UWB version of IEEE 1394
(FireWire) to rapidly supplant wired con-
nections among components of large-
screen high-definition-TV systems (Fig-
ure 1).

DOUBTERS AND DETRACTORS
UWB, like any other technology that

is new and unproven in commercial
applications, has doubters and detractors.
In this case, many detractors fear that
UWB will interfere with the other serv-
ices whose spectrum it shares. UWB rais-
es barely a whisper of concern, however,
compared with another currently trendy
shared-spectrum communication tech-
nology, BPL (broadband over power
lines—see sidebar “BPL: the uninvited
guest”).

In a move to pre-empt problems,
UWB-system architects have removed
from the range of frequencies that UWB
occupies the area in the vicinity of 5 GHz,
which is home to several of the newer
forms of wireless networks, such as IEEE
802.11a, g, and n, whose narrowband sig-
nals might otherwise cause interference
to UWB signals. In addition, to avoid
interference with the GPS (global posi-
tioning system), the FCC not only
restricts UWB to frequencies well above
those that GPS uses, but also demands
stringent testing of UWB products and
systems for out-of-band emissions at or
near GPS frequencies.

The feeling in the UWB community is

that the FCC has gone overboard in
restricting the field strength of UWB
emissions, even though, in some other
technologies, such as BPL, the commis-
sion appears to have yielded to political
pressures and ignored—or at least down-
played—legitimate concerns about inter-
ference to established services.

Currently, however, limits that UWB
developers regard as excessively strict on

EMI (electromagnetic-interference)
emissions from UWB transmissions
make compliance measurements more
difficult, expensive, and time-consuming
than the developers feel they need to be
and can sometimes even make meaning-
ful measurements impossible. Moreover,
the limits are often far below FCC limits
on and actual emissions from portions of
the equipment under test that are unre-

MOTOR

POWER
SUPPLY

DEVICE 
UNDER

TEST

MOTOR

POWER
SUPPLY

DEVICE 
UNDER

TEST

Figure 3 The physical arrangement of test equipment can render UWB-emissions measurements meaningless. Reflections from the
device under test, its power supply, and a motor result in unstable readings (a). Rearranging these components solves the problem
(b) (courtesy Freescale).

Figure 2 Unintentional emissions from common products that have no UWB capabili-
ties exceed the FCC UWB-emissions limit of �41.3 dBm/MHz (Trace A, red). Even
though intentional UWB emissions are limited to 3.1 to 10.6 GHz, the limit also
applies to out-of-band emissions, such as those shown, from a popular notebook PC.
Trace B (black) shows the peak emissions. Trace C (blue) shows the rms emissions.
The blue-trace peaks rise well above the FCC limit—particularly in the GPS bands
denoted by the red arrows. The peaks were present even when the PC was off, albeit
still connected to ac power (courtesy Freescale).

(a) (b)

NOTES:
RBW=RESOLUTION BANDWIDTH.
VBW=VERTICAL BANDWIDTH.
SWT=SWEEP TIME.

A

B

C
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lated to UWB. These emis-
sions—for example, from PC
power supplies and processor
ICs—are present whether or not
UWB is in use and can so com-
pletely dwarf those from UWB
that, when UWB is activated, its
contribution is undetectable
(Figure 2).

BIG DIFFERENCES
DS-UWB and MB-OFDM dif-

fer profoundly. DS-UWB is
sometimes referred to as a zero-
carrier system because some
implementations do not use
conventional modulation of a
sinusoidal carrier. The band-
width can exceed 25% of the sig-
nal’s center frequency, however.
For example, signals that occupy a fre-
quency range of 3.1 to 4.9 GHz have a
center frequency of 4 GHz and a band-
width of 1.8 GHz, which is 45% of the
center frequency. In this type of UWB,
the signals can be on for a few nanosec-
onds or, in some cases, even less than 1
nsec and can be off for considerably
longer periods.

MB-OFDM is not a zero-carrier system;
it uses a large number of carriers. Because
attempting to continuously use the full 1.8
GHz would enormously increase the
design complexity and might increase the

power requirements beyond acceptable
limits, the WiMedia Alliance system
divides the 3.1- to 4.9-GHz spectrum into
three bands, each slightly wider than 500
MHz, and periodically switches the signal
among the bands. Each band contains 128
OFDM carriers, each of which is modu-
lated either by QPSK (quadrature-phase-
shift keying), which transmits two bits per
symbol, or at higher data rates, by 16-
QAM, which transmits four bits per sym-
bol. The OFDM carriers are not subcarri-
ers, however; there is no main carrier.

The ensemble of modulated carriers

occupies one of the 500-
MHz-wide bands for 250
nsec. Then, after a short
delay, it switches to one of
the other two 500-MHz-
wide bands for another 250
nsec. Then, after another
short delay, it switches to
the third 500-MHz-wide
band for another 250 
nsec. The process repeats
approximately every micro-
second. A key reason for
occupying three 500-MHz-
wide bands, each for less
than one-third of the time,
instead of continuously
occupying just one 500-
MHz band, is to hold down
the average energy radiated

in any one band—and, hence, across the
entire 1.8 GHz—to comply with the
FCC radiation limits. According to the
UWB Forum, however, the band-
switching approach raises by 6 dB the
ratio of peak-to-average signal, pre-
venting operation at the FCC’s maxi-
mum permitted level, thereby reducing
the range.

The reason for using only the lowest
one-fourth of the allocated 3.1- to 10.6-
GHz spectrum is to stay in a frequency
range that is compatible with current,
well-understood, cost-effective CMOS-

BPL: THE UNINVITED GUEST
Any technology that
moves into the spectrum
space that other commu-
nication services already
occupy is bound to cre-
ate consternation among
users. A case in point is
BPL (broadband over
power lines). Unlike
short-range, wireless
UWB (ultrawideband),
which users generally
consider to be a well-
mannered guest, BPL is
a medium-range wired
technology, whose critics
insist that its key short-
coming is an inability to
confine its signals to the

power lines over which
they are supposed to
travel. BPL’s appeal is its
use of ac-power wiring,
which is virtually every-
where that people are.
Unfortunately, the power
wiring is also BPL’s
potential undoing.

Power lines are meant
to convey ac at 50 or 60
Hz—not signals at the
higher frequencies that
BPL uses. When they
travel over power lines
that weren’t designed to
carry them, those fre-
quencies too readily
escape into the air,

where they can become
uninvited interlopers in
many forms of wireless
communication and can
cause myriad problems.

Power-line communi-
cation has existed in var-
ious forms for three
decades or so but has
achieved only limited
success. Every few years,
someone resurrects the
idea, promising even
higher data rates, at
which the technology
then fails anew when
facing real-world condi-
tions. Often, the problem
is unreliable data trans-

mission—a consequence
of power lines’ uncon-
trolled high-frequency
characteristics, which
change continually with
variations in the ac load.
Although major compa-
nies—most recently,
Google (www.google.
com)—have invested
heavily in BPL, cynical
critics offer the tongue-
in-cheek suggestion that
power-line communica-
tion should adopt the
slogan “the technology
of tomorrow—now and
forever.”

EMI (electromagnetic-interference) test receivers, such as this
unit from Rohde and Schwarz, are among several specialized
classes of instruments that play major roles in the testing of
products that implement UWB.
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The first line of defense 
against heat is a 
thermally-efficient HTSOP-28 
package, which utilizes an 
exposed thermal pad 
underneath the IC to spread 
heat through the PCB.

The VTJ pin is a 
formula-based, accurate 
indicator of the internal 
silicon junction temperature.

If all else fails and the 
temperature sensor indicates 
a junction temperature above 
135°C, the PWM Regulator 
will shut down.

Key Features:

4A (EL7554) and 6A (EL7566) 
continuous output current

Up to 96% efficiency

Built-in 5% voltage margining

3V-to-6V input voltage

0.58 in2 (EL7554) and 0.72 in2

(EL7566) footprint with 
components on one side 
of PCB

Adjustable switching frequency 
to 1MHz

For more information and samples, 
go to www.intersil.com/edn

Easy-to-use simulation tool also 
available. Modify switching frequency, 
voltage ripple, ambient temperature 
and view schematics waveforms, 
efficiency graphs and complete BOM 
with Gerber layout. 
www.intersil.com/iSim

What’s Black, White, 
and Cool All Over?
Maintaining IC temperatures doesn’t have to 
be a riddle. Intersil's new high current 
Integrated FET Regulators have the industry's 
only true Thermal Protection with auto shut 
down at 135°C.

Intersil's EL7554 and EL7566 DC-DC buck regulators with internal 
CMOS power FETs operate from 3V-to-6V input voltage and are 
capable of up to 96% efficiency.  But what's really cool about these 
devices is ground breaking features like built-in Thermal Protection 
and Voltage Margining for actual in-circuit performance validation.
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IC-fabrication technology. As IC manu-
facturers develop faster processes, the
Alliance expects UWB to occupy nearly
all of the allotted 7.5-GHz-wide spectrum.

WHAT TO TEST
“In testing a new-product design that

incorporates UWB, four major areas
require attention: conformance to regu-
latory requirements, performance, inter-
operability, and fairness,” says Yoram
Solomon, mobile-connectivity-solutions
director for strategic marketing and indus-
try relations at Texas Instruments (see
sidebar “Ensuring fair sharing of the
UWB channel”). At this stage of UWB’s
evolution, you must regard all of the areas
as challenging. Many of the required
measurements are inherently difficult,
and developers haven’t yet had the oppor-

tunity to learn through their own and
others’ experience most of the lessons
they need to learn about what to do and
what to avoid (Figure 3).

Only those who have access to a prop-
erly equipped compliance laboratory and
who have significant knowledge and
experience in RF measurements and the
use of sophisticated RF-measurement
instruments should attempt to make the
FCC-required compliance measure-
ments. In the absence of those prerequi-
sites, opportunities abound to spend
weeks of precious time and huge sums of
money on meaningless measurements.
Also, because you usually won’t find out
until much later that the measurements
were meaningless, you risk basing costly,
yet inappropriate decisions on them.

Mike Violette, chief executive officer

of Washington Laboratories Ltd, an FCC-
listed test lab in Gaithersburg, MD, makes
the following comments: “There are
about 170 FCC-listed labs in the United
States and half-again as many overseas.”
You can get the full list from the FCC
Directory of Test Labs. “There is no par-
ticular designation for labs that are
allowed to do UWB testing; any listed lab
that has the right equipment and know-
how can do it,” says Violette.

NOT CHEAP
“One critical aspect of doing the test-

ing is that the necessary equipment isn’t
cheap,” Violette says. “The biggest issue
is the available RBW [resolution band-
width]. One of the UWB tests requires
measuring ‘power in a 50-MHz band.’ To
properly do this test, you need a receiver

ENSURING FAIR SHARING OF THE UWB CHANNEL

The WiMedia UWB (ultra-
wideband) approach
comprises the PHY
(physical) and MAC
(media-access-control)
layers. For applications
above those layers,
including Wireless USB,
Wireless 1394, Wireless
Internet protocol, and
Bluetooth, the MAC pro-
vides access to the air
medium through the
PHY. Without a fairness
policy, the MAC could
grant an application
access to the radio chan-
nel for as long as the
application asks. Such
unlimited access could,
however, cause a serious
problem. Several
WiMedia links may be
active within the same
area, and all active links
may simultaneously seek
access to the radio chan-
nel. Because the UWB
allocation offers a wide
radio spectrum per chan-
nel, few channels are
available to the links.

Without the fairness poli-
cy, no device will likely
get the desired channel
access, and the resulting
interference among
channels will render all
channels useless.

The fairness policy is a
set of rules, typically
implemented in firmware
and running within the
MAC. Those rules use the
MAC services and ask for
fair, effective, and effi-
cient access to the medi-
um. The policy takes into
consideration the types
of devices seeking
access to the medium.
Some devices and their
links require isochronous
access with guaranteed
bandwidths and pre-
dictable service intervals
for streaming multime-
dia. Other applications
may require bulk trans-
fers with low latency.
Still others require low
power consumption and
mobility. The fairness
policy’s role is to ensure

that the applications get
the best possible aggre-
gate access to the air
channel in accordance
with their special
requirements.

The policy is also pro-
tocol-agnostic. Many pro-
tocols, such as those
mentioned, can reside on
this policy. The fairness
policy uses the MAC
services through built-in
function calls—not
according to the type of
protocol. The function
calls it uses depend on
the type of service the
application protocol
requests and the current
usage of the radio chan-
nel that the receiver
detects. The fairness pol-
icy thus optimizes the
applications’ shared use
of the radio channel.

WiMedia developed the
MAC as it was develop-
ing the fairness policy.
When developing this
policy, WiMedia’s tech-
nologists considered the

ability to test each of the
rules for compliance.
Thus, vendors can test
every WiMedia-compliant
device for fairness-policy
compliance. Such testing
simulates or emulates an
environment with multi-
ple WiMedia devices
seeking access to the
radio channel while the
device under test
receives information to
transmit. This approach
enables testing of the
behavior of the device
and its adherence to the
entire set of rules. 
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strategic marketing and
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Extra Power Supply?
Finally...a true single-supply Video Buffer.  
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just +3.3V, but we’ve integrated the required 
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output DC blocking capacitors and external 
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video onto a 75Ω double-terminated line, and 300MHz of -3dB 
bandwidth performance. Now that’s smart design.
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more information available at 
www.intersil.com/edn
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Triple single-supply buffer
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or spectrum analyzer with a 50-MHz
RBW. To my knowledge, only two units,
one from Rhode and Schwarz and one
from Agilent, provide both the required
resolution and the dynamic range. They
are costly and somewhat finicky, too.”

John McCorkle, chief technologist of
Freescale Semiconductor’s UWB Organi-
zation, says, “Even with the proper in-
struments, it is easy to take too few meas-
urements or to allow too little averaging
time for rms measurements. To keep from
missing narrowband spikes within bands
of interest, measurements need to be
spaced at 0.4 times RBW-frequency inter-
vals. To obtain accurate rms readings, the
detector should dwell at each frequency for
1 msec. If you sweep the frequency instead
of changing it in steps, you must set the
sweep speed to meet the 1-msec averag-
ing-time requirement. Taken together, the
frequency-interval and averaging-time
requirements impose a not-insignificant
minimum on the time required to perform
a UWB emissions test.”

Washington Labs’ Violette adds, “The
other critical aspect of the measurement
is that achieving the necessary sensitivi-
ty in the GPS bands requires painstaking
technique and a very-low-noise meas-
urement path. Also, to get the signal level
above the noise, you must place the meas-
urement antenna unusually close to the
unit under test. The limits are absolute-
ly too conservative in the GPS bands—
something like 30 dB below the general-
emissions limits for other FCC-regulated
devices, such as computers and other
unintentional emitters.”

ANOTHER VIEW
At press time, Peter Cain, an expert on

UWB testing at Agilent and the author
of an application note on the subject
(Reference 1), commented, “FCC test-
ing isn’t the only issue. Regulatory test-
ing is always a subset of the RF testing
that a new radio design requires. Regard-
less of the technology, antenna-based
testing always requires attention to
detail; the same principles apply to UWB
as apply to other [radio] technologies.

“I agree, though, that the levels tested
for UWB are low and that you must exer-
cise care to isolate signals not related to
the UWB transmitter itself. Building low-
noise amplifiers into spectrum analyzers
is one way instrument manufacturers can

remove the uncertainty of users trying to
improvise noise-reduction techniques.
Still, how low the emissions have to be
depends on more than the other users of
the band and the regulatory requirements.
Placing the UWB transmitter or receiv-
er near any other radio device or digital
device with ‘rich’ emissions also has an
impact. You can, however, desensitize
either radio’s receiver if the noise floor or
out-of-band rejection isn’t good enough.

“Before you go to the expense of book-
ing a test at any test house, you should use
the wide capabilities of your spectrum
analyzer to understand what the device
[under test] is doing. The FCC may have
chosen certain ways of doing things, but
that shouldn’t prevent you from working
in advance on ways to more quickly iden-
tify problems. If you expect your UWB
device to be used near any other radio, it
is very important to know how the two
will interact.

“To overcome long measurement
times, you can make the narrow-band-
width and wide-span measurements with
FFT-based techniques instead of swept-
frequency ones. Using a 1-kHz RBW
automatically guarantees a 1-msec meas-
urement time because the measurement-
time window has to be at least several mil-
liseconds. With regard to the 50-MHz
RBW requirement, I note that Wisair has
just successfully gotten a device through
FCC certification without using a 50-
MHz RBW filter.” 

A MATTER OF PROTOCOL
James Wright, director of marketing at

LeCroy’s Protocol Solutions Group (for-
merly, CATC), says, “Protocol testing is
[yet another] nontrivial area of UWB

testing. WUSB will offer more variations
and more operating modes than its wired
counterparts and will require highly
sophisticated protocol-test instruments.”
LeCroy’s initial protocol-test offerings
focus on Certified WUSB, a version of
WUSB specified by the USB-IF (USB
Implementers’ Forum). Though the
UWB Forum proposed a DS-UWB-based
version of WUSB, the USB-IF based Cer-
tified WUSB V1.0 on MB-OFDM.
Although this development didn’t please
the UWB Forum, the group still believes
that DS-UWB will play an important role
in WUSB’s future.

Another piece of the UWB-testing puz-
zle is interoperability testing. The quick-
est way for developers of UWB products
to determine whether their products
exhibit interoperability problems is
through “unplugfests”—the wireless
equivalents of the “plugfests” that organ-
izations responsible for wired protocols
have used to great advantage. The events,
which have good credibility with special-
interest groups and manufacturers alike,
bring together for hands-on trials devel-
opers of products that are supposed to
communicate and work harmoniously
with each other. When they detect prob-
lems, the developers try to find solutions,
and it is not uncommon for competitors
to assist one another. Although the
WiMedia Alliance hasn’t yet announced
any unplugfest plans, some members
expect that early in 2006 and maybe even
sooner, the organization will hold its first
such event. It almost certainly won’t be
the last.EDN
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Graham has to say at www.edn.com/
article/CA484535. 
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what you want them to be, and, unlike
with general-purpose signal processors,
with these devices, you express those
decisions in application-relevant para-
metric terms.

It comes as no surprise that such
devices depend on support hardware and
software for evaluation, configuration,
and programming. In this first BenchPress
project, EDN examines the support envi-
ronments for two devices that exemplify
this growing class of signal processor:
D2Audio’s four-channel, Class D XS-
125-4 power-amplifier module and Ana-
log Devices’ multichannel, 28-bit AD-
1940 audio processor. In this study, both
devices process audio signals in ways that
readily demonstrate these rather abstract
concepts and observations. More impor-
tant, their evaluation or design-support
environments reveal that one’s design
methods may need to vary to accommo-
date the nature of these components:
Though they may arrive with tradition-
al-looking spec sheets, those familiar doc-
uments simply don’t—and probably
can’t—tell the whole story. Flexibility has
its costs, and one of them is specificity.

THE BIRTH OF THE BENCH
To get a sense of how these devices and

their support environments work in a
design setting, I observed two evaluation
systems on the bench. The core of EDN’s
benchtop-test capability for this project is
an Audio Precision computer-controlled,
dual-domain SYS-2722 audio analyzer—

simple categorization assigns most
signal-processing blocks to one of
two groups. On the one hand are
generic functions, such as op amps
and ADCs, which perform one task
and may serve in many disparate
applications. On the other hand are
application-specific blocks, such as
GSM transceivers and 802.11 base-
bands, that have narrow definitions
at a much higher level of functional
abstraction and, therefore, perform a
more complex set of tasks for only
one application. An interesting and

growing number of signal-processing blocks lie somewhere in the mid-
dle. Further scrutiny reveals that the two categories actually lie on a con-
tinuum characterized by a dominantly bimodal distribution with a small
but decidedly nonzero population between the groups.

A
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GUI-programmable
audio processors

The way designers interact with in-
stances from the two large groups is like-
wise distinct. Tables of parametric per-
formance characterize single-function
generic parts under operating conditions
that their manufacturers specify. Part of
the design task, then, includes deriving
expected circuit-level behaviors from
topological analysis and components’
spec-table performance. On the other end
of the spectrum, conformance to indus-
try standards defines many application-
specific blocks. Individual parametric
measures may be difficult to extract and
impossible to control beyond simply
choosing one part over another. In the

sparsely populated middle, however, lie
parts not given to such easy description.
These flexible bits of silicon can take on
behavioral attributes that depend on an
OEM designer’s programming or config-
uration decisions. But, unlike general-
purpose programmable devices, these
devices operate at a higher level of
abstraction than bytes and words, instan-
taneous voltages, or individual samples.
Instead, these devices operate at a level
in which the signal is itself parametric,
defined by concepts such as, for example,
spectral shape or dynamic behavior. In
other words, the functions that these parts
offer are not fully defined until you decide

FLEXIBLE    SILICON
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itself the teacher of many good lessons
(Figure 1). Audio Precision equipped the
analyzer with an optional lowpass filter
that conforms to the AES-17-1998 spec-
ification (references 1 and 2). The AES-
17 filter provides a sharp roll-off for
THD�N (total harmonic distortion plus
noise) measurements of signal chains that
include DACs, signals from which may
include a high-level of out-of-band—and
thus most often inconsequential—noise
(Figure 2). The filter removes this ultra-
sonic noise that could otherwise interfere
with the measurement instrument by
overloading gain stages or by tripping
autoranging thresholds. We wanted to
look at a Class D amplifier, so Audio Pre-
cision also provided an AUX-0025
switching-amplifier-measurement filter,
which prevents the fast edges present on
a Class D output stage from inducing slew-
rate limiting in the analyzer’s input stages.

Additional bench equipment includes
a Wavetek-provided handheld Meterman
24XT DMM (digital multimeter) and a
Cove Arts-provided HP-3456 bench
DMM, HP-6234A power supply, pair of
Tannoy Proto-J monitors, and Technics
SL-PG480A CD player. The monitors
and CD player provided for signal-path
debugging and accompaniment.

The Analog Devices AD1940 evalua-
tion board comes complete with a wall-
wart power supply and a USB cable, so
with the addition only of common signal-
interconnect cables, it’s ready to go, right
out of the box. Power-amplifier tests,
however, require appropriate loads, and,
in the case of the D2Audio XS-125-4, the
necessary load capacity is sizable: The
amplifier can deliver 125W per channel

into 8�. Commercially available loads
that large are hard to come by but simple
enough to build (see sidebar “Light up the
iron”).

THE ORIGIN OF THE SPECIES
Evaluation boards appear in a number

of contexts. IC-design and -product engi-
neers use them to evaluate first-packaged-
silicon prototypes. Field-applications
engineers use them to help OEM design
engineers with part-specific design chal-
lenges. Sales engineers use them to
demonstrate an IC’s capabilities. OEM
designers use them as quasiformal devel-
opment environments. The further
along this list you go, the less the opera-
tor is intimately familiar with the IC’s
architecture, modes of operation, pro-
gramming, strengths, and limitations.

To be sure, the earliest versions of an
evaluation board and its software are less
polished than those that find their way to
customers’ hands. The evolutionary
track these support tools experience is
often divorced from the rigorous product-
development methods that the IC
enjoys. The evaluation tool’s documen-
tation is one area in which this distinc-
tion is evident. Though the sophistica-
tion of the evaluation tools tends to
mimic that of the IC, the sophistication
of the documentation tends to follow a
different trend—perhaps a trailing indi-
cator of the tool’s distribution.

At minimum, any evaluation board
should include a map that identifies the
location of test points, jumpers, connec-
tors, switches, headers, status LEDs, and
any other element of signal, data, power,
or human interface. The map, though
necessary, is insufficient. The documen-
tation should include a narrative that

explains each interface element: settings
for switches and jumpers, amplitudes and
signaling conventions for test points and
connectors, pinouts for headers, and the
significance of status indicators—lit,
unlit, or flashing. Insufficient documen-
tation results in customer calls to the
applications engineer—costly for both
the vendor and the customer. This proj-
ect serves as a case in point: Despite the
quality of the evaluation systems, both
required application-support calls for
questions that the manufacturers could
have anticipated and answered in the
documentation. Software documentation
is no less important. As familiar as GUIs
are to anyone in this industry, device- or
application-specific elements vary from
vendor to vendor and even from product
line to product line within a vendor.
Functions and attributes that are intu-
itively obvious to members of an IC-
development team may be significantly
less so to their customers.

These observations do not in any way
mean to beat up on either Analog Devices
or D2Audio; they are in good company:
It is rare in my experience for any evalu-
ation tool to arrive with the kind of doc-
umentation you would expect if the tool
were a full-fledged member of the suppli-
er’s product line. Good documentation is
costly and time-consuming to prepare and
maintain. Note, however, that the flip
side to the documentation issue is also
true: Superior documentation accompa-
nying sophisticated hardware and soft-
ware helps engineers quickly work their
way up a learning curve and reduces the
risk to their schedules. They can confirm
their understanding of how the IC and 
its development environment operate.
They can spend less time trying to solve

Figure 1 The Audio Precision SYS-2722 dual-domain audio analyzer drives and receives
signals on balanced and unbalanced feeds in the analog domain and through balanced,
unbalanced, and optical connections in the digital domain.
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AT A G L A N C E
The ratings:
● Flexible silicon parts—great!
● Support hardware and soft

ware—mostly terrific.
● Documentation—not ready for

prime time.

Software interfaces are convinc-
ing, if occasionally cumbersome.

Though the software tools are
mostly quite accurate, be sure to con-
firm with stimulus/response measure-
ments to prevent unwanted surprises.

�

�

�

edn050903cs.qxd  9/14/2005  3:30 PM  Page 62



Enter xx at www.edn.com/info

Ultra-Low Power 

• 0.1µA RAM retention 

• 0.8µA standby 

• 250µA/MIPS

• Zero-power BOR

• 1µs clock startup

• 50nA pin leakage

MICROCONTROLLERS

TMS320C2000, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. ARM7 is a registered trademark of ARM Holdings plc. 1187A0                             © 2005 TI

High-Performance

• 1k-128kB ISP Flash

• 16-bit RISC CPU

• 14-100 pin options

• USART, I2C, Timers

• 10-/12-/16-bit ADC

• Op Amp, DAC, LCD Driver

Do you want to learn how to maximize
the performance of the 

World’s Lowest Power MCU with
a versatile set of peripherals and 

features like no other? Join the experts
at the 2005 MSP430 Advanced

Technical Conference (ATC).

$595 conference cost includes:

• Customizable schedule including
courses and hands-on labs – 
BRAND NEW CONTENT!

• Training on the Newest Devices
• Meet MSP430 Experts and 

3rd Parties
• Experimenter’s Board
• 2 Nights Lodging, All Meals and 

Evening Events

1000 and 1 Uses
One Conference to Learn Them All

You may know the MSP430 for its ultra-low power – but thousands of engineers
are also using the MSP430’s modern 16-bit RISC architecture and advanced 
peripherals to solve a variety of design challenges. See for yourself how useful the
MSP430 can be in your next project.

Register Today to Attend the MSP430 Advanced Technical 

Conference and Save $100 Visit: www.ti.com/atcdiscount

World’s Lowest Power MCU

Dallas, Texas – Nov 1-3
Taipei, Taiwan – Nov 15

Hangzhou, China – Nov 17
Landshut, Germany – Dec 6-8

$100 off 

Conference

Registration!
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unanticipated problems and conceptual
disconnects and more time driving their
projects to successful conclusions.

GETTING CONNECTED
Insufficiently documented or not,

these signal processors are bound to pro-
vide a memorable first experience. My
first exposure to a D2Audio Class D

amplifier module occurred in 2003 when
system architect and D2Audio co-
founder Skip Taylor, PhD, brought a pro-
totype unit for EDN to audition. That
first amplifier turned in an impressive
sonic performance (Reference 3), and
several subsequent auditions with various
production models have since reinforced
the initial impression. I had not appreci-

ated the sophistication of the module’s
signal-processing capabilities until I had
a chance to spend some time with the
amplifier on the bench; Canvas, D2-
Audio’s GUI-based programming envi-
ronment, reveals those capabilities.

A D2Audio Class D amplifier module
offers programmable signal-processing
blocks in a fixed module-specific topolo-

Despite the fact that audio
power amplifiers drive
complex impedances, their
manufacturers often speci-
fy their performance under
a resistive load. One rea-
son is that the reactive
components of speakers’
impedances vary from
model to model. Addition-
ally, for any given model,
the impedance varies
across the audio spectrum.
No standard impedance
exists. Though manufactur-
ers may test power ampli-
fiers with various speaker-
simulation impedance
models, the amplifier’s
data sheet must reflect
testing under readily repli-
cated conditions, and, for
those purposes, the resis-
tive load is generally
preferable.

There’s hardly anything
conceptually simpler than
a resistive load. But to ob-
serve D2Audio’s XS-125
under various conditions, I
wanted a switchable load
that could present 4, 8, or
16� to the amplifier. Also,
because use of a break-
away is always a good
idea when working with
devices that can deliver
substantial energy, I want-
ed the load switch to be
able to disconnect the
load resistors from the
amplifier if necessary and
to do so faster than I could
yank banana plugs out of
their respective jacks. I’m

unaware of an inexpen-
sive, readily available,
commercial load with
these characteristics; if
you know of one, let me
know. So, it soon came
time to light up the solder-
ing iron and build one
(Figure A).

Due to the switching
arrangement needed, I
switched the load ele-
ments with relays. The
resistors are all Dale RH-
50 8�, 50W devices ar-
ranged in quads. Because
each quad comprises a
series set of parallel pairs,
the quad’s resistance is
also 8�, but it can dissi-
pate as much as 200W,
which gives a moderate
margin over the amplifier’s
125W/channel capacity.

Relay contacts in the fig-
ure appear in their de-
energized states corre-
sponding to S1 up and S2 in
its center-off position.
Raising S2 energizes K1

and K3, which connects a
pair of quads in series,
providing a 16� load that
can dissipate 400W.
Dropping S2 to its lowest
position de-energizes K1

and K3 and energizes K2

and K4, which folds the
resistor string to form a
parallel pair of quads. This
arrangement results in a
4� load that also can dissi-
pate 400W. S2 is a an
Alcoswitch MTL-106E lock-
ing toggle switch that

requires an operator to
pull the toggle bat before
it will move to a new posi-
tion. This requirement pre-
vents an accidental change
in the load resistance that
the amplifier encounters.

Moving S2 to its lower
position energizes all four
relays, which disconnects
the load resistors from the
amplifier. Normally, I’d
design this type of circuit
so that all relays in their
de-energized state would
disconnect the load from
its source. In this case,
however, I had limited time
for procuring parts and
equipment, and I wanted to
be sure that I had a work-
ing 8� load even if the
power supply, which I used

to produce the relay-coil
voltage, arrived late.

The availability of the 8�,
50W Dale resistors from
on-shelf inventory con-
strained my choice of a
parts distributor. The
choice and on-shelf inven-
tory of the distributor, in
turn, further constrained
my choice of a relay. Small,
inexpensive PC-mount
relays that can switch the
load’s maximum 10A are
not common, so I chose a
12V, DPDT Potter &
Brumfield RFE-24012F
relay with 8A contacts, and
I wired the two poles of
each relay in parallel. This
gave an acceptable 37%
margin.
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R1J1 J2
R3 R5 R7

K2

K1

R2 R4 R6 R8

R9J3 J4
R11 R13 R15

K4

K3

K1

D3

D1 D2

S1

S2

R10 R12 R14 R16

K3

K2

D4

K4

SPDT

16�

8�

4�

SPDT
CENTER-OFF

LOCKING

12V DC

LIGHT UP THE IRON

Figure A A simple switchable amplifier load
includes a breakaway, S1, to allow an 
operator to rapidly disconnect the amplifier.
Load resistances correspond to the S2 tog-
gle position in sequence: 16, 8, and 4�.
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Introducing New LMH® Differential
Amplifiers for the High-Speed Signal Path

Improve Signal Path Dynamic Performance with National’s New Differential Drivers

LMH6550 Features
• 400 MHz -3 dB bandwidth

• 90 MHz 0.1 dB bandwidth 

• -92/-103 dBc HD2/HD3 at 5 MHz

• 3000 V/µs slew rate 

• -68 dB balance error (VOUT = 1.0 VPP, 10 MHz )  

• 10 ns shutdown/enable

• Single +5V or ±5V supply voltages

• Available in SOIC-8 and MSOP-8 packaging

For FREE samples, datasheets, and
WEBENCH® online design tools, visit

amplifiers.national.com

Or call: 1-800-272-9959

LMH6551 Features
• 370 MHz -3 dB bandwidth 

• 50 MHz 0.1 dB bandwidth

• -94/-96 dB HD2/HD3 at 5 MHz

• 2400 V/µs slew rate

• -70 dB balance error (VOUT = 0.5 VPP, 10 MHz )

• Single +3.3V, +5V or ±5V supply voltages

• Available in SOIC-8 and 
MSOP-8 packaging

Ideal for use in basestations, industrial, video,
medical equipment, and test and measurement
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LMH6550 Driving an ADC

Spurious Free Dynamic Range vs. Frequency

Ideal match to the newly released ADC12DL065
and ADC12DL040
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gy. The overall structure provides input
switching and spectral shaping; a mixer/
crossover channel-allocation section;
output spectral shaping, delay compensa-
tion, low-volume compensation, and
dynamic management; channel trims; and
a master volume control. Canvas depicts
the signal chain in block-diagram form
with clickable blocks. Clicking a block
launches its associated control panel, and,
if the block’s function includes spectral
shaping, an interactive graph displays a
simulated plot corresponding to the cur-
rent settings (Figure 3).

The mixer/crossover block to a great
extent defines the overall function of the
amplifier. When you configure it as a 4�4
continuously variable crosspoint matrix
mixer, you can route any input channel
to any combination of output channels.
When you set it as a two-output crossover,
the block provides a four-to-two channel
selector followed by a two-way active
crossover network, appropriate for bi-
amplified-speaker drives. A three-output-
crossover mode allows you to select the
signal channel—one of four—and pro-
vides triamplified-speaker drives. It also
mixes the four input channels through
independent level controls and delivers
a subwoofer output through a tunable
lowpass filter. A four-output-crossover
mode uses all of the XS125-4’s outputs as
a quadamplified-speaker drive. The
crossover configurations allow you to
choose among Bessel, Butterworth, and
Linkwitz-Riley filter sections (Reference
4). You can also select Bessel and But-
terworth roll-offs of 6, 12, 18, or 24

dB/octave or Linkwitz-Riley roll-offs of 12
or 24 dB/octave.

With signal manipulators on either side
of the mixer/crossover block, the XS125-
4 architecture appears at first glance to
contain design redundancies in both level
and spectral controls. Several strategies
make different uses of the resources, how-
ever, and the appearance of redundancy
quickly gives way to an appreciation for
having the right controls in the right
place along the signal chain. You can
invoke the first sets of controls, for exam-
ple, to correct for deficiencies in the

source device or program material and to
compensate for room resonances. Two-
band tunable tone controls—lowpass and
highpass, first-order shelving sections—
provide 14 dB of boost or cut. Five-band
parametric equalizers provide as much as
6 dB of boost, 30 dB of cut, and Qs of 0.5
to 1442.7. The five bands are identical—
each tunable over a 20-Hz to 30-kHz
range. The graph that simulates the
equalizer’s spectral response indicates the
interactions of multiple sections. A com-
parison between the settings and the
measured response indicates impressive
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Figure 2 Audio Precision’s optional AES-17 filter provides a flat passband with low ripple (a) and better than the �60-dB spec-
required stopband attenuation (b) without adding more than 4-ppm THD in the 20-kHz passband. The red lines correspond to the
AES-17-1998 spec limits.

Figure 3 D2Audio’s Canvas GUI software provides interactive plots that correspond to
spectral-control blocks’ settings. Grasping a control point on the plot allows you to rapidly
initialize a filter’s settings, which you can then fine-tune within the block’s control panel.

dB

kHz kHz

dB

(a) (b)
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Lowest Power 40 and 65 MSPS 12-Bit ADCs –
Bar None
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New ADCs Deliver Maximum Performance for High-Speed Data Conversion

© National Semiconductor Corporation, 2005. National Semiconductor,     , and LMH are registered trademarks of 
National Semiconductor Corporation. All rights reserved.

For more information on the ADC12DL040 and
ADC12DL065 contact us today at: 

www.national.com/adc

Or call: 1-800-272-9959

For our FREE online technical
journal, visit us at:
edge.national.com

Ideal match to the newly released LMH6550 
and LMH6551 differential amplifiers

Lowest Power Consumption and 
Linear Power Scaling with Sampling Frequency

Analog Signal-Path Solution
with LMH6550 and ADC12DL040

Ideal for use in ultrasound and imaging, 
instrumentation, communications receivers,
sonar/radar, xDSL, cable modems, and 
DSP front ends

ADC12DL040 and ADC12DL065 Features
• Excellent dynamic performance for input 

frequencies up to 250 MHz 
• Linear power scaling with sample frequency
• Multiplexed output option simplifies routing

Key Specifications (typical)
• 11.1 effective number of bits (ENOB)

at Nyquist
• DNL ±0.3 LSB (ADC12DL040)

±0.4 (ADC12DL065)
• SNR = 68 dB (at 10 MHz FIN)
• SFDR = 85 dB (at 10 MHz FIN)
• Crosstalk better than -90 dB
• Power consumption:

- Operating 210 mW (ADC12DL040) 
360 mW (ADC12DL065)

- Power down mode 36 mW
• Available in TQFP-64 packaging
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accuracy in center frequency, cut depth,
and Q (Figure 4).

You can apply the controls that follow
the mixer/crossover block to compensate
for output-device-specific deficiencies,
such as driver or cabinet resonances, or
placement nonidealities. These controls
include three-band parametric equalizers
with ranges similar to the five-band
blocks, 0- to 3.98-msec delays, dynamics
compressors, and level trims. The mod-
ule rounds delay settings to the nearest
multiple of the signal-sampling period. A
traditional loudness circuit compensates
for changes in human spectral sensitivi-
ty that listeners experience at low output
levels.

You can manipulate tone-control, equa-
lizer, and crossover sections in real time
by adjusting sliders within a control
panel, typing values into parameter win-
dows within the control panel, or mov-
ing control points on the graph. Equaliz-
ers feature band-select and section-bypass
switches that allow you to make A-B
comparisons between a given setting and
the system’s flat response.

The evaluation hardware platform
communicates with a host PC running
the Canvas software through a USB con-
nection. During the software launch,
Canvas automatically recognizes the
module to which it is connected and pres-
ents the block diagram appropriate to that
module’s architecture. Canvas also oper-
ates in a simulation mode without a con-
nection to a module. This feature allows
you to develop a module configuration
offline. It also allows you to familiarize
yourself with the features and capabilities
of module types other than those you are
already using. If a module connects
through the USB link, bench experi-
ments indicate that the software ignores
attempts to load files created for other
module types.

As well-designed as Canvas is, a num-
ber of improvements would enhance the
software as a development and operating
platform. The most obvious of these
improvements derives from the fact that
multichannel-audio applications virtual-
ly always benefit from the concept of
channel pairs. Whether the installation
implements simple 2.0 stereo or 7.1 sur-
round sound, the option to manipulate
channels in pairs is often an asset. One

transparent way of implementing chan-
nel pairs would allow you to associate
blocks within one channel with like
blocks in another channel, so that they
track each other through a bilateral con-
trol link. This sort of parametric tracking
is common in digital-audio consoles to
ensure, for example, that equalization set-
tings for stereo pairs always stay synchro-
nized across the pair or to allow precise
trimming of a channel pair’s gain without
disrupting the balance. Such systems also
allow for fixed delta settings to accom-
modate minor mismatches between
paired channels. Similar tracking is desir-
able for channel-level trims and cross-

over settings. In lieu of a tracking func-
tion, a quick method of copying and past-
ing the parameter set as a group from one
block to another—or, in the case of mul-
tichannel blocks such as the mixer/
crossover, from one channel to another—
would be welcome.

Dynamic-management blocks require
a somewhat more sophisticated type of
tracking, and, if D2Audio has imple-
mented this feature in its amplifier mod-
ules, it isn’t evident from either the doc-
umentation or the GUI. When a com-
pressor or limiter acts on one channel of
a stereo pair, it must communicate the
action it takes to the dynamic-manage-
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Figure 4 Measurements of the D2Audio XS-125-4’s equalizer confirm its performance rel-
ative to software settings (a) at 1 kHz with 3, 6, 12, 18, 24, and 30 dB of cut with a Q of
5. A close-up view of the same data reveals the accuracy of the filter’s implementation (b).

(a) Hz

dBr
(A)

Hz

dBr
(A)

(b)
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Want a More 
Dependable Bus? 
Try a better Transceiver. Intersil's new 
ISL8308XE 5V Fractional (1/8) Unit Load, 
RS-485/RS-422 Transceivers incorporate "Hot 
Plug" functionality to keep your bus from 
crashing during power-up and power-down. 

Intersil High Performance Analog

Intersil Interface Products

Intersil – Amplify your performance with advanced signal processing.
©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).

That's not all. These devices feature 15kV ESD Protection; "Full 
Fail-Safe" design to ensure a high Rx output if Rx inputs are floating, 
shorted, or terminated but undriven; and low bus currents to allow up to 
256 transceivers on the network without violating the RS-485 network 
specification's 32 unit load maximum without using repeaters.

Datasheet and more info available 
at www.intersil.com/edn

Key Features:

True 1/8 Unit Load allows up to 256 devices on the bus
Hot Plug circuitry to maintain three-state Tx and Rx 
outputs during power-up and power-down
Full Fail-Safe (open, short, terminated and floating) 
receivers
±15kV HBM ESD Protection on RS-485 I/O pins and 
Class 3 ESD Protection on all pins
Available in Pb-Free  and small MSOP packages

HOT PLUG PERFORMANCE (ISL83080E) vs DEVICE 
WITHOUT HOT PLUG CIRCUITRY (ISL83086E)
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5V, High ESD, Fractional (1/8) Unit Load RS-485/RS-422 Key Specifications

# of Tx/
 # of Rx

1 / 1
1 / 1

1 / 1
1 / 1

1 / 1
1 / 1

Devices
Allowed
on Bus

256
256

256
256

256
256

Half/
Full

Duplex
Full
Half

Full
Half

Full
Half

Hot
Plug?
Yes
Yes

Yes
Yes

No
No

High
ESD?
Yes
Yes

Yes
Yes

Yes
Yes

Slew
Rate

Limited?
Yes
Yes

Yes
Yes

No
No

Data
Rate

(Mbps)
0.115
0.115

0.5
0.5

10
10

Tx/Rx
Enable?

Yes
Yes

Yes
Yes

Yes
Yes

ICC
EN / DIS

(µA)
530 / 530
560 / 530

530 / 530
560 / 530

530 / 530
560 / 530

SHDN
ICC
(µA)
0.07
0.07

0.07
0.07

0.07
0.07

VCC
Range

(+V)
4.5 to 5.5
4.5 to 5.5

4.5 to 5.5
4.5 to 5.5

4.5 to 5.5
4.5 to 5.5

Pkg.
14 Ld SOIC
8 Ld MSOP
8 Ld SOIC
14 Ld SOIC
8 Ld MSOP
8 Ld SOIC
14 Ld SOIC
8 Ld MSOP
8 Ld SOIC

Device
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ment block attached to the other paired
channel. Both analog and digital com-
pressors implement this function by
means of a stereo-link, or side-chain, port.
Lacking this link, a sound source that
appears predominantly on one side of the
stereo image and that exceeds the com-
pressor’s threshold, causes that channel’s
compressor to reduce the channel gain
but leaves the opposite channel unaf-
fected. The result is that the entire stereo
image shifts toward the opposite channel
until the triggering event has passed, and
then it shifts back again. A stereo link and
identical compression settings cause
identical gain reduction in both channels
even if the program material exceeds the
threshold on only one of the channels.
This behavior maintains the stereo
image as it was originally constructed and
allows less obtrusive dynamic control.

The choice of crossover-filter type is
complex and may well include subtleties
unfamiliar to many OEM designers. The
Linkwitz-Riley crossover, though in-
creasingly popular, is less broadly under-
stood than Bessel and Butterworth char-
acteristics, which were well-established in
the literature long before then-Hewlett-
Packard engineers Siegfried Linkwitz and
Russ Riley revealed their approach in
1976. In any event, the fact that
D2Audio provides the choice of three fil-
ter types suggests that the company
understands the value of all three. Either
a section within the Canvas documenta-
tion or a separate white paper explaining
D2Audio’s view on this topic would help
guide OEM designers who use the cross-
over block.

Despite these few criticisms and sug-
gestions, the Canvas software environ-
ment, the D2Audio evaluation hardware
platform, and the amplifier modules work
together seamlessly and present a shallow
learning curve to OEM designers incor-
porating these amplifiers in their systems.

In Part Two, the Analog Devices
AD1940 evaluation board and Sigma-
Studio GUI software have a turn on the
bench. Look for it in the Oct 27, 2005,
issue of EDN.EDN
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MORE   AT EDN.COM

What do you think of the BenchPress
concept? Go to www.edn.com/050929cs
and click on Feedback Loop to let us
know your thoughts.

Flexible signal processors that oper-
ate in the analog domain also exist. For
more on these devices, go to www.edn.
com/article/CA302236.

Get more information on Class D
amplifiers at www.edn.com/article/
CA408383 and CA152804.

Read more about noise sources and
measurements at www.edn.com/article/
CA371088 and CA402133.
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Gage’s CS12400 
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• On-board Signal Averaging  
 and Finite Impulse Response  
 (FIR) fi ltering FPGA technology

• 12-bit, 400 MS/s sampling      

• 200 MHz bandwidth

• Up to 4 GB (2 GigaSamples)  
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• Programming-free operation  
 with GageScope®

• Software Development Kits 
 for LabVIEW, MATLAB, C/C#,
 LabWindows/CVI also available 
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All trademarks and tradenames held within are properties
of their respective holders.  © 2004 Toshiba America
Electronic Components, Inc. FLSH04101

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
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n ExpressCard module is an add-in card with
a serial interface based on PCI Express, the
USB (Universal Serial Bus) technologies, or
both. The host system provides power to the
ExpressCard slot as the ExpressCard standard
specifies. The PCMCIA Committee in the

early 1990s developed the PC Card standard (references 1 and
2). The committee maintained the PC Card standard’s proven
methodology for power management during the development
of the ExpressCard standard. However, some differences
between the implementations exist in both the host and the
module. It is important to note that, because the ExpressCard
technology applies to both notebook and desktop computers,
the host power management for ExpressCard modules is the
same for the two platforms.

ExpressCard modules, like PC Cards, receive power through
the connector after a user has inserted the card and the host
system has detected it. A host system that accepts PC Cards fol-
lows the sequence for applying power as the PC Card standard
stipulates. This sequence involves the PC Card controller, which
resides on the host, monitoring the card-detection and voltage-

sense pins on the connector. As their name suggests, the card-
detection pins signal the presence or absence of a PC Card in
a socket, and the voltage-sense pins inform the PC Card con-
troller of the card’s voltage requirements. Upon detecting that
a user has inserted a card into the socket, the PC Card controller
reads the logic levels on the voltage-sense pins and then sends
a command to the PC Card power switch to turn on the cor-
responding voltages to the module. This command can be either
a serial stream or a parallel interface, depending on the type of
power switch the application uses.

The PC Card power switch has two voltage-output connec-
tions, VCC and VPP, to the module. Depending on the PC Card
installed in the socket, the VCC output can be either 3.3 or 5V,
and the VPP output can be 1.8, 3.3, 5, or 12V. Figure 1 shows
a typical implementation of a PC Card application. The power
switch serves as a multiplexer, sending only the desired voltages
to the PC Card.

SIMPLE MANAGEMENT
The developers of the ExpressCard standard simplified the

power management in the host. Instead of having the power
switch act as a multiplexer, three voltage rails con-
nect to the ExpressCard module. The availability
of these voltages to the module is consistent with
a PC Card implementation in which the voltages
become available only after a user inserts a card
into the slot. The use of card-present inputs from
the module is also consistent. However, unlike the
PC Card implementation, these inputs go direct-
ly to the power switch. This approach thus elim-
inates the use of the PC Card controller, thereby
simplifying the design. The ExpressCard power
switch now has to detect whether a user has insert-
ed a card into the slot. Figure 2 shows a typical
ExpressCard implementation. Even though the
typical implementation looks simpler, the Express-
Card power switch also must decide when to send
voltages to the module or which ones to send. The
switch makes these decisions based on the state of
the host system, which the primary 3.3 and 1.5VIN
and auxiliary 3.3VAUX_IN voltage rails define.

If both the primary 3.3 and 1.5VIN power and
auxiliary 3.3VAUX_IN power at the input of the
ExpressCard power switch are off, then all output
voltages going to the ExpressCard connector are

BY DAVID ARCINIEGA AND WILL HARRIS • TEXAS INSTRUMENTS

ExpressCard eases 
power-management woes
ALTHOUGH THE EXPRESSCARD POWER-MANAGEMENT
STANDARD IS SIMILAR TO PC CARD TECHNOLOGY,
IMPORTANT DESIGN DIFFERENCES EXIST.
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Figure 1 In a typical PC Card application, the power switch serves as a multi-
plexer, sending only the desired voltages to the plug-in card. 
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also off, regardless of whether a card is present.
Also, if auxiliary power is available and no card
is present, all the voltage outputs to the Express-
Card slot must remain off. If both the primary
and the auxiliary power are present at the input
of the ExpressCard power switch, then power
goes only to the ExpressCard slot after the
ExpressCard power switch detects that a card is
present.

If either 3.3 or 1.5V primary power at the input
of the ExpressCard power switch is off and aux-
iliary power at the input is available, then the
ExpressCard power-switch outputs depend on
the state of the host system and on the state of
the card-present inputs. If no card is present,
then no power goes to the ExpressCard slot. If a
user inserts the card after the system has entered
this power state, then no power goes to the
ExpressCard slot. If a user inserts the card before
removing the 3.3V primary power, the 1.5V pri-
mary power, or both at the input of the Express-
Card power switch, then only the 3.3 and 1.5 pri-
mary power shuts off, and the auxiliary power still
goes to the ExpressCard slot. In this scenario, the
ExpressCard module can wake the system. This
approach differs for a PC Card implementation
in that, to enable a PC Card to wake the system
from a low-power state, a user must supply main
power to the PC Card, the PC Card controller,
and the associated power switch. To enable an
ExpressCard module to wake the system, the user
needs to supply only 3.3VAUX_IN to the module.
This approach reduces the total power con-
sumption of a system and eases the implemen-
tation of wake-up support from an ExpressCard
slot versus a PC Card slot.

For ExpressCard implementations, the Ex-
pressCard power switch should use the
3.3VAUX_IN voltage rail for biasing. The Express-
Card power switch cannot operate if 3.3VAUX_IN
is unavailable, and, as a result, the ExpressCard
power switch still does not provide power on its
output, even if the primary-power voltage rails
are present.

The card-present signals CPPE and CPUSB are inputs to the
host and to the ExpressCard power switch from the ExpressCard
module. They signal the host when a user has inserted a card.
The ExpressCard standard requires the host to pull up both of
these inputs. The PERST signal is an output from the host; PCI
Express-based modules use PERST as a reset signal. It is a power-
good indicator such that during power-up and -down and when-
ever power to the ExpressCard module is unstable or outside
voltage-tolerance limits, PERST asserts as the ExpressCard stan-
dard requires.

The host can use the SYSRST input to the ExpressCard power
switch to place the ExpressCard module in a reset state. Assert-

ing SYSRST automatically generates a PERST. Generating a
PERST by asserting SYSRST does not disrupt the voltage rails
such that it causes the ExpressCard module to perform a “warm”
reset. In a “cold”-start situation, SYSRST can also extend the
length of time that PERST asserts.

POWER-SWITCH IMPLEMENTATIONS
During the development of the ExpressCard standard, the

PCMCIA committee wrote the power-sequencing requirements
to allow the designer of the host to implement the approach
using discrete components. However, in an effort to save space,
major power-switch manufacturers, such as Ricoh, Rohm, and
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Figure 2 The ExpressCard implementation eliminates the separate card controller
by routing card-present signals directly to the power switch.
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Figure 3 The Ricoh R5535V is an ExpressCard power switch.
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Texas Instruments (www.ricoh.com, www.rohm.
com, www.ti.com), provide integrated ap-
proaches. Figures 3, 4, and 5, respectively, show
high-level implementations of each of these
approaches. Each of the ExpressCard power-
switch implementations differs only in the addi-
tional features that each company provides (ref-
erences 3, 4, and 5). For example, Ricoh and
Texas Instruments both provide a discrete out-
put to enable a clock driver. Rohm and Texas
Instruments both provide an overcurrent-status
output. All three companies provide a means of
using discrete inputs to place the ExpressCard
power-switch outputs in a standby state, in which
only the 3.3VAUX output goes to the ExpressCard.
Consult the respective data sheets for a more
detailed description of each of these ExpressCard
power switches.

LINK AND DEVICE STATES
Power management of ExpressCard modules

differs depending on whether the module uses a
USB or a PCI Express interface. For USB-based
ExpressCard modules, the power management
is the same as that for a standard USB device
that plugs into a USB port. PCI Express-based
ExpressCard modules base the power manage-
ment on the link and device states that the PCI
Express base specification defines (Reference 6).
PCI Express uses the L0, L0s, L1, L2/L3 Ready,
L2, and L3 link states to reduce the power con-
sumption of the PCI Express link and, therefore,
the PCI Express device on the ExpressCard
module. These link states correspond to device
states, which derive from PCI power manage-
ment; CardBus power management also used
these link states. PCI Express-based Express
Card modules use the same link states for power
management. The only difference is that
ExpressCard modules require the L1 active 
state, which is optional in the PCI Express base 
specification.

One way for PCI Express-based ExpressCard
modules to maximize power management is to
monitor how quickly the module enters the L0s
and L1 active states. The faster a module enters
these low-power states, the more power savings
designers can realize. However, they must con-
sider a performance trade-off: If the modules too quickly enter
these low-power states, then the data-transfer rates decrease due
to the latency necessary to exit the low-power states. The res-
olution to this trade-off differs based on the application and
desired performance of the ExpressCard module. For example,
a PCI bridge allows an ExpressCard module to use legacy PCI-
based devices. In such a device, a designer could program the
PCI Express-to-PCI bridge to enter the L0s active state almost
immediately following a PCI Express transaction. Due to the
relatively small amount of time to move from the L0s to the L0

state, the performance of the module would remain the same.
Using the same device, a designer could adjust the L1 active-
state entry time to be slightly longer than the time between
back-to-back PCI transactions. This approach allows for max-
imum performance from the ExpressCard module when data is
transferring but allows for quick entry into the L1 active state
and maximum power savings when no data is transferring.

Like CardBus cards, PCI Express-based ExpressCard modules
also use device states for power savings. These device states, D0,
D1, D2, D3hot, and D3cold, allow for software to direct the
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Figure 4 The Rohm BD4153FV switch implements ExpressCard power manage-
ment.
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module to enter a low-power state. The PCI Bus Power Man-
agement Interface Specification describes these device states.
When in a low-power state, ExpressCard modules can use tech-
niques such as clock gating to turn off inactive portions of the
module, thus reducing power consumption.

Another aspect of power management for ExpressCard mod-
ules is the presence of a 3.3V auxiliary supply in addition to the
3.3 and 1.5V main supplies. An ExpressCard module can lever-
age the auxiliary supply to segment the power management and
wake-up logic from the rest of the logic in the module. Then,
when someone removes main power and the ExpressCard mod-
ule enters a low-power state, only the power management and
wake-up logic remain on. The core logic in the module remains
off, greatly reducing power consumption, yet the module retains
the ability to wake the system. The PC Card standard includes
no auxiliary power supply. As a result, the same supply in a PC
Card powers all of the logic, preventing a significant power
reduction when the PC Card is in a low-power state.

Though based upon the proven power scheme in the PC Card
standard, the ExpressCard standard provides a more robust
power-management methodology. On the host side, designers
can implement ExpressCard power control without the dedi-
cated controller that PC Cards need. On the module side, link
states allow modules to enter low-power states, and a separate
3.3V auxiliary supply eases the implementation of wake-up sup-
port. These features enable an ExpressCard system to not only

meet, but also improve upon the power savings designers can
realize with a PC Card system.

AU T H O R S ’  B I O G R A P H I E S
David Arciniega is a systems/applications engineer at Texas Instru-
ments in the power-management group. He earned a bachelor’s degree
in electrical engineering from the University of Texas—El Paso and
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he I2C bus was originally
developed to provide a
communication link between

integrated circuits within a given
system. Over time, the bus became
generally accepted in the industry as
the de facto standard for chip-to chip
communications, and soon thereafter
stretched across multiple boards
inside a closed system. Modern
network servers, telecom switches,
computing systems and embedded
controllers for industrial applications
all employ the I2C bus to link multi-
ple internal devices together.

The growth in number and
complexity of plug-in boards and
input/output (I/O) cards imposes
extensive remote system manage-
ment and control needs for servers
via I2C. The expansion of systems

and hence the communication bus
has naturally opened the door to
unanticipated new problems and
issues. Recognizing the need to
solve these common problems and
simplify systems design utilizing the
I2C bus, Linear Technology devel-
oped solutions that overcome the
basic problems. 

The LTC4300 family allows the
user to plug I/O cards into a live back-
plane without corrupting the data
transaction on the backplane. The
device provides bidirectional capaci-
tance buffering for I2C busses
connected across the backplane. As
a result, the backplane bus sees only
the capacitance of the buffer ICs  (less
than 10pF each) instead of entire
cards’ bus capacitance. This dramat-
ically increases the number of nodes

that can be supported in a given
system and improves signal integrity.
It also makes the family ideal for any
I2C-based system, allowing for the
addition of many more devices to a
single bus than previously possible. 

Expanding on the existing family
of I2C buffers, Linear Technology intro-
duces bus buffers that provide stuck
bus recovery and bus multiplexers that
feature capacitive isolation. 

I2C Bus Buffers with Stuck 
Bus Recovery
Occasionally, a fault will occur and
cause the I2C bus to be stuck low, and
the entire system must wait indefi-
nitely. That is a common issue for
systems with I2C busses and people
have attempted numerous techniques
to address this problem.

I2C Bus Buffers
High Performance Analog Solutions from Linear Technology

TT

LTC4300 Family Solution 

Capacitive Isolation 

Rise Time Accelerator

Performs Hot Swap Function

Voltage Level Translation 

Stuck Bus Detection and Recovery
Multiplexers with Capacitive Isolation
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Maximum 400pF Capacitive Loading

Strong Pull-Ups, Slow Rise Time 
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Different Voltage Levels 

Stuck Bus
Bus Switching and Address Expansion

NEW
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The LTC4303 and LTC4304 are
2-wire bus buffers with stuck bus
recovery. These new chips solve the
problem by isolating the upstream

side, while restoring the downstream
one. If the serial data output (SDA) or
serial clock output (SCL) are low for
more than 30ms, the LTC4304 will

automatically break the data and
clock bus connections and issue a
Fault signal. Sequentially, the parts
will automatically generate up to

I2C Bus Buffers 

Figure 2. I2C Multiplexers

SDAOUT
5V/DIV

200µs/DIV

STUCK LOW >30ms

AUTOMATIC CLOCKING

SDAIN
5V/DIV

SCLOUT
5V/DIV

RECOVERS

DISCONNECT AT TIMEOUT

Figure 1. LTC4303/LTC4304 I2C Bus Buffers with 
Stuck Bus Recovery
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sixteen clock pulses on the SCL in an
attempt to free the bus. When the bus
becomes free, a connection will be
immediately enabled and proper
operation will resume. With stuck bus
recovery, the LTC4303 and LTC4304
eliminate the need for a general
system reset and unburden the
microcontroller, providing the appro-
priate signals to free the bus.

The LTC4303 and LTC4304 also
provide capacitive isolation between
the backplane and the card’s I2C
busses, even if their respective
supplies are at different levels. The
ICs perform this level translation
without the need for a second supply
pin or a second pair of input pull-up
resistors, eliminating the need to
dedicate a connector pin for the back-
plane supply voltage. 

The LTC4303 is offered in
MSOP-8 and 3mm x 3mm DFN
packages and is pin-compatible with
the LTC4300A-1. The LTC4304 is
available in MSOP-10 and 3mm x
3mm DFN packages. 

I2C Multiplexers with Capacitive
Bus Buffering 
I2C multiplexing allows for reliable
switching of multiple system man-
agement buses and multiple I2C
devices, while also solving common
addressing problems.

The LTC4305 and LTC4306 are
2-wire bus multiplexers that also
provide vital capacitive isolation while
connecting an upstream bus to a
desired combination of downstream
busses. Software controlled, the
LTC4305 multiplexes two channels,

whereas the LTC4306 splits the I2C
bus into four sub-branches. 

I2C multiplexing also allows for
address expansions as well as for
addressing one of multiple identical
devices, thus resolving address
conflict issues. Some devices, such as
certain temperature sensors and
Small Form Factor Pluggable (SFP)
modules, have only one I2C address
and in many cases several of these
identical devices are needed within
the system. In Figure 3 below, the
LTC4305 connects to two SFP
modules with identical device
addresses. If both modules were
plugged directly into the backplane,
they would require two unique
addresses. However, if the master
uses the LTC4305 in multiplexer
mode, where only one downstream
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Figure 3. Level Shifting and Nested Addressing Circuitry
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channel is connected at a time, then
each module can have a device with
the same address and no problem
will occur. The LTC4305 and
LTC4306 are also useful in systems
that have multiple identical I/O cards,
having addresses that are hardware
programmed upon insertion into a
backplane by fixed pins. Both ICs
allow for 27 distinct bus addresses
that are configurable by using the
three 3-state address pins.

Many I2C devices operate at
different voltage levels, yet they
must share the common bus. The
LTC4305 and LTC4306 are supply
independent. Therefore, each chan-

nel can be pulled to a supply voltage
ranging from 2.2V to 5.5V regardless
of the ICs’ supply voltage. Again,
this level translation is performed
without the need of a second supply
pin or a second pair of input pull-up
resistors. 

The LTC4305 and LTC4036
offer additional key features.
Downstream channels are provided
with two (LTC4305) and four
(LTC4306) alert inputs for fault
reporting. Should a stuck bus be
detected, a programmable timeout
circuit will automatically break the
data and clock bus connections,
issuing an alert. The ICs, however,

do not attempt to generate clock
pulses to recover the stuck bus. 

When activated, the rise time
accelerator circuit sources currents
into the 2-wire bus pins, which
reduces the time needed to reach
proper bus levels and overcome
heavy capacitive loads. The LTC4306
also features two general purpose
input/output (GPIO) pins that can be
configured as inputs, open-drain
outputs, or push-pull outputs.

The LTC4305 is available in 16-
lead SSOP and 4mm x 5mm DFN
packages. The LTC4306 is available
in 24-lead SSOP and 4mm x 5mm
QFN packages.
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I2C Bus Buffers

Note:    ,  LTC and LT are  reg istered t rade-
marks of Linear Technology Corporation. Hot
Swap is a trademark of Linear Technology
Corporation. All other trademarks are the prop-
erty of their respective owners.

Table 2. Linear Technology’s Bus Buffer Products

I2C Products LTC Part Number Enable Input Ready Output Level Shifting Comments
Bus Buffers LTC4300A-1 ✔ ✔ MSOP

LTC4300A-2 ✔ VCC Pins MSOP
LTC4300A-3 ✔ VCC Pins DFN 3mm x 3mm, MSOP

Supply Independent LTC4301 ✔ ✔ Auto DFN 3mm x 3mm, MSOP
Bus Buffers

LTC4301L ✔ ✔ Auto
Accepts Voltages 

as low as 1V
Addressable 

LTC4302-1 ✔ ✔
32 Possible Addresses, 

Bus Buffers 2 GPIOs

LTC4302-2 ✔ ✔ VCC Pins
32 Possible 

Addresses, GPIO
Bus Buffers with 

LTC4303 ✔ ✔ Auto
Pin-Compatible with

Stuck Bus Recovery LTC4300A-1
LTC4304 ✔ ✔ Auto Fault, Accelerator Disable

Bus Multiplexers 
LTC4305 ✔ ✔ Auto

2-Channel Mux,
with Capacitive 27 Distinct Addresses

Buffering
LTC4306 ✔ ✔ Auto

4-Channel Mux,
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cross a range of embedded-system applications,
the combination of data-processing and system-
throughput requirements is increasing to the
point at which implementing algorithms pure-
ly in software on a single high-powered CPU is
exposing two challenges. First, system power and

cost are forced upward. Besides the obvious battery-life issues
that exist for mobile platforms, rising power dissipation increas-
es the requirement for heat sinks and supplemental cooling. Sec-
ond is the issue of implementing value-added functions to a sys-
tem when handling the baseline system functions fully occu-
pies the CPU’s processing capacity—especially when a design-

er cannot implement the new functions without including addi-
tional components. 

What options are available? For the purposes of this article,
the choices break down into three areas. Customizing the CPU’s
instruction set for the application can markedly improve algo-
rithm-processing efficiency. The usability of development tools
for harnessing such cores continues to significantly improve over
that of a few years ago. This strategy could potentially bind a
designer to a specific implementation that can over time cause
legacy-software issues. 

If a designer can segment an application into well-defined,
somewhat-independent tasks, then using multiple CPU cores
can improve the algorithm-processing efficiency. Unless the
application design has the volumes to justify an ASIC devel-
opment, the only viable options for this approach are using pro-
prietary CPU cores in FPGAs or finding an ASSP (application-
specific standard processor) that exactly meets the desired sys-
tem requirements.

Another option, which is the focus of this article, is for the
designer to migrate performance-hungry elements of the algo-
rithm into hardware; the implementation could be as an ASIC,
a structured ASIC, an ASSP, or an FPGA. To illustrate the
process and the challenges associated with this approach, this
article draws from a QuickLogic (www.quicklogic.com) project
that involved constructing an MPEG-2 decoder as a hybrid com-
bination of hardware and software modules on a programma-
ble SOC (system on chip). Although the results are specific to
the MPEG-2 decoder, the process and the system-design con-
siderations apply to a broad set of embedded-system applications. 

The first step is to identify elements of the algorithm that are
suitable for accelerating. To accomplish this task, it is necessary
to understand the areas of the code base in which the micro-
processor is spending most of its time. You achieve this step by
profiling the code. Although the insertion of profiling code can
slow and intrusively affect the application performance, it will,
as a first approximation, locate the main hot spots in the code.
Indeed, newer Linux kernels are starting to build in profiling sup-
port that will significantly reduce this problem.

BY IAN FERGUSON • QUICKLOGIC

Architectural-design
considerations 
for implementing
hardware acceleration
EXPLOITING HYBRID SOFTWARE/HARDWARE PARALLELISM IN ALGORITHM-
HARDWARE ACCELERATIONS CAN YIELD SIGNIFICANT PERFORMANCE
GAINS OVER A FUNCTION-REPLACEMENT APPROACH.
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A

Figure 1 Grouping the individual functions for MPEG-2 decoding
according to high-level function produces a histogram that sum-
marizes the percentage of execution time by function and shows
their aggregated percentage of the complete algorithm. 
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The project team used a GNU-C compiler to build special
statistics-measuring code into the binary executables. A program
built with profiling support generates a gmon.out file that con-
tains statistics it gathers while the program is running. The gprof
utility, which interprets the gmon.out file, generates text files
that indicate how many times a function executed and the over-
all time spent in a function. 

Grouping the individual functions for MPEG-2 decoding
according to high-level function produces a histogram that sum-
marizes the percentage of execution time by function and shows
their aggregated percentage of the complete algorithm (Figure
1). For the MPEG-2-decoding algorithm, the top four elements
comprise more than 99% of execution time.

HARDWARE IMPLEMENTATION
On its own, a hardware-accelerator block simply takes data

in, processes it, and then outputs the result. A particular sys-
tem environment requires interfaces for the data to feed the
accelerator. This module therefore needs to include an inter-
face to the on-chip or external bus where the CPU is located
and a DMA engine to feed data into and out from the acceler-
ator block. 

Replacing a software function (such as iDCT shown in Fig-
ure 1) that takes 61% of a microprocessor’s time with hardware
does not translate into a 2.5-times performance improvement.
This scenario is primarily because of the communication over-
head between the CPU core and the hardware-accelerator block
as well as the efficiency of the storing/retrieval process of data
from memory and the location of data in the system. 

Systems employing only software for algorithm implementa-
tions typically spend most of their time executing mathemati-
cal operations within the core algorithm. When you express
those core algorithms in hardware,
the CPU acts as more of a con-
troller, coordinating and scheduling
the operations of the hardware
accelerator. Typically, you accom-
plish this task by setting up DMA
operations, configuring register
bits, and placing instructions into
command queues. 

As an example, assume there are
three transforms: T1, T2, and T3.
Suppose that T1 and T3 each con-
sume 30% of the CPU time and
that T2 consumes only 1%. When
T1, T2, and T3 pass significant
amounts of data between them,
excluding T2 from the acceleration
may significantly impact the per-
formance beyond what the 1% pro-
filing may indicate. 

Suppose that each transform
function reads 1 kbyte of data and
then writes back 1 kbyte of data. If
T1 and T3 are hardware imple-
mentations, and T2 is a software

implementation, the data flow will result in 6 kbytes of data traf-
fic (Figure 2a). You cannot base your prediction of the result-
ing performance on the profile data because the exclusion of
T2 creates additional system-data movement. As an alternative,
you can implement all three transforms in hardware and local-
ize the data transfer between T1/T2 and T2/T3 within the hard-
ware accelerator (Figure 2b); the result is that only 2 kbytes of
data traverses the system bus.

In the case of the histogram for the MPEG-2 decoder, after
the iDCT and motion-compensation functions, the parse func-
tion is the next logical candidate for hardware acceleration.
However, due to the data flow of the algorithm, accelerating
parse without the acceleration VLD/iQ/iZZ (variable-length
decode/inverse quantization/inverse zigzag) is likely to create the
problem of data localization. Therefore, VLD/iQ/iZZ proves to
be a better candidate for acceleration. 

ACHIEVING CONCURRENCY
The most straightforward method of partitioning software into

a hardware/software hybrid is the creation of a hardware block
that exactly mimics the operation of a software function call.
This process, function replacement, minimizes the impact on
the software because there is no need to redesign the software’s
upper layers. Additionally, the designer implementing the hard-
ware implementation needs no substantial or intimate knowl-
edge of the algorithm.

This approach does not, however, deliver the highest level
of system performance and power improvement, because the
CPU core remains idle while the hardware accelerator is pro-
cessing, and only one hardware block is active at a time. Addi-
tionally, the data flow is less than optimal, because each func-
tion block must communicate back to the system memory rather
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Figure 2 In a data flow with T1 and T3 implemented in hardware, T2 creates additional sys-
tem-data movement (a). Implementing all three transforms in hardware and localizing the data
transfer between T1/T2 and T2/T3 within the hardware accelerator results in only 2 kbytes of
data traversing the system bus (b).
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than follow a direct block-to-block communication.
This approach therefore is most effective when you
apply it to self-contained functions that perform a lot
of processing on a small amount of data. 

Designers can achieve higher system performance by
executing elements of the algorithm concurrently in
parallel. For this project, the team identified and con-
sidered three device architectures for concurrency. CPU
and hardware-accelerator concurrency consists of both
systems operating simultaneously. It can occur when the
CPU core initiates hardware operations as soon as
dependent data is in place and can perform tasks when
the hardware accelerator is computing. Concurrency
can also occur through the use of multiple hardware-
accelerator blocks; this form requires the designer to use
acceleration blocks that can execute independently of
each other. 

Finally, the design can use concurrency within a hard-
ware-accelerator block. Partitioning algorithms as a
pipeline of operations can be beneficial to building the
hardware as a pipeline of operations that perform con-
currently. This approach may require intermediate
buffering of data to account for different pipeline stages
requiring a different amount of time to complete and
ensuring the synchronization of data for use by subse-
quent execution units. 

A challenge to implementing concurrency is the addi-
tional engineering effort and knowledge of the algo-
rithm that the designer must have. A number of indus-
try-standard tools offer various levels of automation for func-
tion replacement, including Mentor’s (www.mentor.com) Seam-
less profiling tool and ASAP hardware-conversion products, as
well as offerings from Coware (www.coware.com), Celoxica

(www.celoxica.com), and Critical
Blue (www.criticalblue.com). If the
function-replacement strategy deliv-
ers the necessary performance and
power, these tools significantly
reduce the effort required to deliver a
hybrid implementation. Mentor’s
tools, for example, assist in the devel-
opment of the hardware wrapper

required for the accelerator and rewrite the software driver to
use the hardware accelerator. However, these tools struggle with
the development of concurrent implementations. 

In these cases, developing an optimized implementation
requires significant investment from individuals that understand
the device architecture and the intricacies of the algorithm. This
additional effort is justifiable only if the function-replacement
approach cannot meet the required performance or power
improvement. 

The QuickLogic MPEG-algorithm project experienced a
100% system-performance improvement over the function-
replacement approach by performing the extra effort to create
an application-specific hardware module (Figure 3). Overall,
the hardware/software implementation provided more than 10

times the performance of a software-only implementation. Addi-
tionally, when considering an implementation with no net
increase in power dissipation, the system performance experi-
enced a fivefold increase. Clearly, though, the additional per-
formance improvement possible depends on the algorithm.

From this work, our key conclusion is that the magnitude of
the performance gain that a designer can achieve using a hybrid
implementation depends on two primary elements. The design-
er needs to understand the nature of the algorithm’s charac-
teristics to enable a migration of software to hardware without
introducing time-consuming data transfers between modules.
Also, for those willing to devote the time to exploit or intro-
duce parallelism inside an algorithm, significant performance
gains are possible over a function-replacement approach. The
limitation of the off-the-shelf tools to help with this more
involved task means that this method requires a significant
investment in resources to invoke concurrent processing in the
CPU core and the hardware-acceleration logic.EDN
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Figure 3 The QuickLogic MPEG-algorithm project experienced a 100%
system-performance improvement over the function-replacement approach
by performing the extra effort to create an application-specific hardware
module.
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s PC technology has evolved, the ability to use
standard desktop and portable computers for
sophisticated test, control, and design applica-
tions has improved dramatically. Economies of
scale have made it more cost-effective to use the
gigahertz-speed processing and gigabytes of

memory on standard computers than for vendors to install
processors and memory in measurement instruments. Mean-
while, test-and-control vendors have repurposed commercial-
ly available silicon technologies. For example, ADCs and DACs
for electronic devices, such as cellular phones and DVD play-
ers, now also provide speed and accuracy for PC-based data-
acquisition devices. These high-production commercial com-
ponents are available at fractions of the cost and in much faster
design cycles than it would take for instrumentation vendors to
design their own components. With these advances in PC and
silicon technologies, low-cost, PC-based plug-in devices can now
perform measurements and control with accura-
cy and processing speed that traditional instru-
ments lack.

As acquisition rates increase, a common bot-
tleneck for these virtual instruments has been the
ability to quickly and easily transfer data from the
measurement device into PC memory. Tradi-
tional bus technologies, such as GPIB and
RS232, often require instrumentation vendors to
install local memory on the instrument to tem-
porarily store data that cannot move to the PC
fast enough because of bus-bandwidth limita-
tions. As the PC industry over the past decade
standardized the PCI bus, plug-in devices for this
bus realized a 77-times increase in data band-
width versus GPIB, and, in many cases, this
increase reduced the requirement for deep
onboard memory. Meanwhile, cabled-bus tech-
nologies, such as USB, became popular for test-
and-measurement applications because of their
portability and ease of use. As virtual instruments
acquire more data at faster rates by using the lat-

est ADC and DAC technologies, systems using PCI and USB
have again encountered the bus itself as the limiting factor in
efficiently transferring data to PC memory. To address this
increasing hunger for bandwidth, new technologies, including
PCI Express and high-speed USB 2.0, are enabling designers to
stream huge amounts of data from devices to the PC, ensuring
backward compatibility, and improving ease of use.

PCI EXPRESS HAS ARRIVED
PC and peripheral vendors, including Intel, jointly developed

PCI Express and last year began shipping it in standard desktop
PCs. Most desktop machines from the leading suppliers include
at least one PCI Express slot. PCI Express maintains software
compatibility with traditional PCI but replaces the physical bus
with a 2.5-Gbps serial bus. Data travels in packets through
“lanes,” pairs of transmitting and receiving signals that enable
250-Mbyte/sec bandwidth per direction per lane. Designers can

BY BRIAN BETTS • NATIONAL INSTRUMENTS

PCI Express and USB 2.0
improve performance 
of PC-based measurements
ADVANCES IN PC AND SILICON TECHNOLOGIES ALLOW LOW-COST, PC-BASED PLUG-IN
DEVICES TO ACCURATELY AND QUICKLY PERFORM MEASUREMENTS AND CONTROL.
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Figure 1 Each PCI Express slot has dedicated bandwidth to memory, unlike PCI,
which shares bandwidth.
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group multiple lanes of two, four, eight, 12,
16, and 32 to increase bandwidth to the
slot. And, unlike PCI, which divides band-
width between all devices on the bus, PCI
Express provides dedicated bandwidth to
each slot in the system.

BANDWIDTH AND LATENCY
Applications such as data acquisition and waveform generation

require guaranteed bandwidth and deterministic latency—the
time for a system to send and another system to receive a signal,
such as a configure or start command. Sufficient bandwidth ensures
that data can transfer to memory fast enough without becoming
lost or overwritten. Long latency is characteristic of buses such as
Ethernet and is a primary reason that PC-based test-system ven-
dors have not widely adopted this bus. The original PCI specifi-
cation did not address these issues because high-speed-data-stream-
ing applications on the PC were not prevalent at the time. As a
result, data-acquisition devices that adopted the bus required
onboard memory for data buffering to handle the varying band-
widths available during data transfers (see sidebar “Data-acqui-
sition devices emerge”). Today, isochronous data transfers such
as uncompressed streaming audio and video require the I/O sub-
system of the PC to provide guaranteed bandwidth and deter-
ministic latency to prevent data glitches. To address these needs,

PCI Express incorporates an isochronous
data-transfer mode, allowing a device to
reserve a defined amount of bandwidth with
deterministic latency. Data-acquisition
applications also benefit from this feature,
because PCI Express devices require less
memory than traditional PCI for data-
buffering purposes (Figure 1).

PCI Express dramatically improves data bandwidth. The ini-
tial signaling frequency of 2.5 Gbps with a 16-lane slot provides
as much as 30 times (60 times in two directions) the usable
bandwidth of 32-bit, 33-MHz PCI, and, with advances in sili-
con technology, this signaling frequency should increase toward
10 Gbps—the practical limit for signals in copper. Because of
the lane topology of PCI Express, data-acquisition-system ven-
dors can implement a PCI Express connector with the num-
ber of lanes suitable to the requirements of the device. They
can plug devices with smaller connectors into larger host con-
nectors on the motherboard, improving hardware compatibil-
ity and flexibility (Figure 2).

SOFTWARE COMPATIBILITY IS PARAMOUNT
The PCI Express specification also ensures software compat-

ibility. The configuration space and programmability of PCI
Express devices remain unchanged from the traditional PCI

90  EDN |  SEPTEMBER 29, 2005

DATA-ACQUISITION DEVICES EMERGE
National Instruments re-
cently released the indus-
try’s first PCI Express data-
acquisition devices (Figure
A). The new NI PCIe-6251
and 6259 devices combine
the high-performance PCI
Express bus with the tech-
nological advancements of
National Instruments M
Series devices to offer
engineers and scientists
fast analog and digital I/O
with the dedicated per-slot
bandwidth of PCI Express.
The new devices feature as
many as 32 analog chan-
nels with 16-bit, 1.25M-
sample/sec speed, and 10-
MHz digital I/O on as many
as 32 lines. They use a one-
lane PCI Express connec-
tor; one lane is the most
common PCI Express lane
width on currently shipping
desktop PCs. These two

new data-acquisition de-
vices complement the PCI
Express image-acquisition
and GPIB devices that the
company released in 2004.

As with other NI M Series
DAQ devices, the new NI
PCIe-6251 and NI PCIe-
6259 feature the NI-STC 2
system controller, the NI-
PGIA 2 amplifier, and NI-
MCal calibration technolo-
gy for increased perform-
ance, accuracy, and I/O. The
devices are part of the
high-speed M Series family,
offering as many as four
analog-output channels at
16 bits at 2.8 MHz and 32
high-speed digital lines at
10 MHz. The devices also
include 48 digital-I/O lines
and two 32-bit counter/
timers. The devices come
with measurement soft-
ware, including NI-DAQmx

driver software and VI
Logger Lite data-logging
software. Because of the
software compatibility that
the PCI Express standard

provides, all examples and
applications for PCI-based
M Series devices are com-
patible with their new PCI
Express counterparts.

MORE   AT EDN.COM

We encourage your comments! 
Go to www.edn.com/ms4153 and click
on Feedback Loop to post a comment on
this article.

�

Figure A The NI PCIe devices offer fast analog and digital I/O with
the dedicated per-slot bandwidth of PCI Express.
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methodology. All operating systems can boot with-
out modification on a PCI Express architecture. At
boot time, the operating system can discover all of
the PCI Express devices present and then allocate
system resources, such as memory, I/O space, and
interrupts to create an optimal system environ-
ment. And, because the PCI Express physical layer
is transparent to application software, programs
written for PCI devices can run unchanged on PCI
Express devices that have the same functions. This
backward compatibility of PCI Express software
with traditional PCI is critical in preserving the
software investments of both vendors and users.

Similar to the improvements PCI Express offers
plug-in devices, high-speed USB 2.0 has improve-
ments in bandwidth and signal latency for externally
cabled data-acquisition devices. USB has become
the de facto standard for cabling peripheral devices
to the PC, and data-acquisition devices are no
exception. The plug-and-play and hot-pluggable features of the
bus make it easy to use, enabling a host PC to automatically detect
and configure a connected device. Users can dynamically load and
unload drivers without powering down the device or PC during
installation. USB 2.0 also provides power on the same cable that
carries the data signal, often simplifying connectivity and porta-
bility by eliminating dedicated ac power cables.

The USB 2.0 specification made significant improvements in
both bandwidth and latency versus USB 1.1. The 1.5-Mbyte/sec
rate that USB 1.1 provided quickly became a limiting factor for
large data transfers, such as those for high-speed data acquisi-
tion. High-speed USB 2.0 improved that rate by 40 times,
enabling bandwidths as large as 60 Mbytes/sec. Like PCI Express,
USB 2.0 provides isochronous transfers but also adds three data-

transfer modes that the manufacturer can enable. For example,
the bulk-transfer mode provides data-reception confirmations
to ensure error-free transfer for applications such as data acqui-
sition in which data integrity is paramount.

The release of the USB 2.0 standard created low-speed, 1.5-
Mbps; full-speed, 12-Mbps; and high-speed, 480-Mbps classes
of USB devices. USB 2.0 is both forward- and backward-com-
patible with USB 1.1, and low-speed, full-speed, and high-speed
devices can all coexist on a single USB port. In addition to band-
width improvements, USB 2.0 also introduced ways to improve
the efficiency of data transfers. Data frames—the time segments
for packet transfers—decreased from 1 msec to eight 125-�sec
frames, and the number of data bytes transferred per frame sig-

nificantly increased. Because large data packets can consume
large amounts of bandwidth, new handshaking commands
ensure that the host is ready and able to receive the entire
queued data packet. USB 2.0 also introduced split transactions,
which prevent full- and low-speed devices from slowing the bus.
With split transactions, the host can communicate with high-
speed devices on the bus without waiting for slower devices to
return communication. 

WHAT’S AHEAD?
As PC-bus technologies, such as PCI Express and USB 2.0,

continue to improve data bandwidth, performance, and ease of
use, the benefits of using PC-based devices for measurements and
control become even more dramatic. By virtue of being based

on computer technology, virtual instruments will
always improve as new communication, processing,
and memory technologies come to market. As PCI
Express and USB 2.0 continue in their adoption cycles,
hybrid systems for several years will use these new tech-
nologies in addition to traditional PCI and USB 1.1
buses and devices. The software compatibilities of the
new technologies as well as the physical compatibili-
ty between USB 1.1 and USB 2.0 will bridge these
devices with their predecessors. But the benefits of
these two new technologies are clear, and, as PC-based

test-and-control systems continue to push bandwidth require-
ments, PCI Express and USB 2.0 will enable faster data trans-
fers to PCs, which can fully use the ever-increasing processor
speeds and memory depths. USB 2.0 has spurred a whirlwind of
new, easy-to-use data-acquisition devices, and, with the release
of PCI Express, the next generation of plug-in data-acquisition
devices adopting the new bus standard is sure to follow.EDN

AU T H O R ’ S  B I O G R A P H Y
Brian Betts is data-acquisition-systems group manager at National
Instruments. He has a bachelor’s degree in mechanical engineering
from Texas A&M University (College Station, TX). You can reach
him at brian.betts@ni.com.
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Figure 2 PCI Express dramatically improves data bandwidth.

AS PC-BUS TECHNOLOGIES, SUCH AS
PCI EXPRESS AND USB 2.0, CONTINUE
TO IMPROVE DATA BANDWIDTH, PER-
FORMANCE, AND EASE OF USE, THE
BENEFITS OF USING PC-BASED DEVICES
FOR MEASUREMENTS AND CONTROL
BECOME EVEN MORE DRAMATIC. 
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A previous Design Idea described
a single-wire-plus-ground-return,

keypad-to-microcontroller interface in
which a single pulse represents each
keystroke (Reference 1). The pulse’s
width is proportional to the key’s
numerical value, and the microcon-
troller identifies the pressed key by
measuring the pulse width. Component
tolerances and the accuracy of the
microcontroller’s internal oscillator
limit the original design to keypads
with 16 or fewer keys—that is, four
rows by four columns or smaller cross-
point-key matrix. This Design Idea
illustrates how a relatively simple mod-

ification applies the method to much
larger keypads. (The following descrip-
tion omits a few details from the orig-
inal Design Idea, which you can 
find online at www.edn.com/article/
CA512131.)

You can divide a large keypad or key-
board into sections of 12 keys each
(Figure 1). Each section connects to a
separate comparator circuit, which
detects a keystroke and generates a trig-
ger pulse using the monostable circuit
of IC4, and you can add more sections
in the same manner. Diodes D1, D2, and
D3 couple and isolate the comparators’
outputs to Pin 2 of IC4. Each keypad

section connects the same selection of
timing-resistor values to the mono-
stable. Therefore, each keypad section’s
output pulse widths occupy the same
range: 110 to 1320 �sec.

For the microcontroller to identify an
active keypad section, the circuit gen-
erates a single, double, or triple pulse,
depending on whether the pressed key

READERS SOLVE DESIGN PROBLEMS

DIs Inside
96 Added components improve
switching-regulator stability

100 Electromechanical damping
stabilizes analog-meter readings

� What are your design problems
and solutions? Publish them here
and receive $150! Send your
Design Ideas to edndesign
ideas@reedbusiness.com.

Keyboard links to microcomputer
through one-wire interface 

EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE

�

designideas

Figure 1 A keyboard encoder uses multiple variable-width pulses to communicate keys’ addresses to a microcontroller using a single-wire interface.

Israel Schleicher, Prescott Valley, AZ
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This Design Idea shows how
adding one or two passive parts

can reduce a hysteretic constant-on-
time switched-mode voltage regulator’s
output voltage ripple and reduce its sus-
ceptibility to variations in external load
capacitance and ESR (equivalent
series resistance). The regulator oper-
ates much like a pure hysteretic
switcher. The device’s internal one-shot
sets its pass transistor’s on-time, making
it less prone to frequency runaway but
still susceptible to noise injected at the
regulator’s FB (feedback) pin. To
switch cleanly with predictable fre-
quency and duty cycle, the switcher
requires application of approximately
50 to 100 mV of ripple voltage to the
feedback pin. This Design Idea shows
how four circuit implementations
using National’s LM5007 and LM5008
regulators satisfy the important feed-
back-ripple requirements by adjusting
on-resistance and maintaining a near-
ly constant switching frequency as
input voltage varies.

Figure 1 shows a basic buck regula-
tor whose output capacitor, C5, presents

a high internal ESR, R5. Note that the
designer cannot access R5 and VOUT2.
Inductor L1’s ripple current flows
through R5 and C5 and produces a cer-
tain amount of ripple voltage at VOUT1.
Although common, this simple design
presents two problems: First, feedback
resistors R4 and R3 form a voltage
divider that reduces the output ripple

presented to IC5’s FB pin. Thus, 50 mV
of ripple at the pin may correspond to
excessive ripple voltage at VOUT1. Add-
ing a compensation capacitor, C4,
forces the output-ripple voltage to
appear at the feedback pin. Second, a
typical pc board may include many low-
ESR ceramic bypass capacitors that
attenuate ripple voltage to a level that
destabilizes the circuit.

Suppose that you replace C5 in Fig-
ure 1 with a low-ESR capacitor and
add R5 as a discrete resistor. You can
connect the external load to VOUT2 to
reduce output-ripple voltage at the load

resides in section 1, 2, or 3, respective-
ly. The microcontroller identifies the
pressed key by measuring the width of
the first pulse and identifies the keypad
section by counting the number of
pulses. Implementing the multiple-
pulse-encoding scheme requires no
additional active components. Pressing
a key in Section 1 generates a single
pulse. Pressing a key in Section 2 caus-
es comparator IC2’s output to go low
and triggers IC4 to generate the first
pulse. At the same time, R15 and C8
apply IC2’s output transition to com-
parator IC1’s input. As IC2’s output, Pin
6, goes low, C3 starts to charge, and,
after a delay of about 2 msec, IC1 trig-
gers IC4 to generate the required second
pulse. Because the time-constant prod-

uct of R15�C8 is much longer than 2
msec, C8 does not charge significantly
during the 2-msec interval. However,
C8 does charge to a full 5V during the
interval in which the key is pressed,
which allows comparator IC1 to recov-
er to its steady state.

In a three-section keypad, pressing a
key in the third section activates com-
parator IC3 which in turn triggers IC4
to produce the first pulse. After feed-
back through R17 and C10 produces a 2-
msec delay, IC2 triggers IC4 to produce
a second pulse. After yet another 2-
msec delay, IC1 triggers IC4 to produce
the third and final pulse. Although
somewhat arbitrary, a 2-msec delay
provides sufficient margin over the
maximum key-pressed pulse width of

1.32 msec. The interrupt routine pro-
vides additional timing margin by
allowing as much as 3 msec between
pulses.

Listing 1, available in the online ver-
sion of this Design Idea at www.edn.
com/050929di1, represents a modified
version of the interrupt routine in Ref-
erence 1 and supports the circuit in
Figure 1 for any number of keypad sec-
tions. For a three-section-keyboard im-
plementation, the routine returns a key
number from 1 to 36.EDN

R E F E R E N C E
Schleicher, Israel, “Single-wire key-

pad interface frees microcontroller-I/O
pins,” EDN, March 31, 2005, pg 75,
www.edn.com/article/CA512131.

Added components improve
switching-regulator stability

designideas

�

Wayne Rewinkel, National Semiconductor, Schaumburg, IL

Figure 1 This basic switched-mode voltage regulator reduces its input volt-
age to a lower value.
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and increase the circuit’s immunity to
added load capacitance. The regulator’s
feedback voltage derives from VOUT1,
and C4 reduces output-ripple losses in
the feedback divider, R4 and R3. Unfor-
tunately, this frequently used design
introduces new problems: As output
current increases, VOUT2 falls below
VOUT1 and degrades load-voltage regu-
lation. Second, R5 carries full load cur-
rent and dissipates power, reducing
overall efficiency. Using a large, high-
wattage fractional-ohm resistor at R5
increases product cost and regulator-
package dimensions.

Figure 2 shows a rearranged buck-
mode-switching regulator with two
additional components. Assume that
C5’s ESR is negligible and that R6 is
open. Now, R5 remains inside the feed-
back loop, and C4 couples voltage rip-
ple from the inductor side of R5 to feed-
back. This action stabilizes the regula-
tor’s operation and requires almost no
output-ripple voltage, and R5 introduces
only a small reduction in efficiency.
Taking dc feedback at the load preserves
the circuit’s excellent load regulation.

In another scenario, suppose that you
replace R5 with a short circuit and
select values for R6 and C4 that provide
the desired amount of ripple voltage at
the feedback pin. This configuration
produces almost no output-voltage rip-
ple and eliminates R5’s power losses.
Load regulation suffers because, as load
current increases, inductor L1’s ESR
introduces voltage droop at VOUT1 and
forces the voltage at switching node
SW slightly higher. However, designers
can select L1 for a low ESR that mini-
mizes its effects on load regulation and
can make R6’s resistance larger than
that of R4.

The following examples compare
output ripple, circuit losses, and com-
ponent count for the design scenarios.
Assume that input voltage is 50V, out-

put voltage is 5V, output current is 400
mA, switching frequency is 480 kHz,
and desired minimum feedback ripple
is 50 mV p-p. Select L1 to operate at a
ripple current of 200 mA. Solving for
L1, you obtain:

Substituting on-time into the above
equation yields

Select a Coilcraft DO1813P-473HC
with ESR of 0.47� based on its small pc-
board footprint. For C5, choose a ceram-
ic capacitor that’s large enough to limit
the ripple voltage on VOUT to less than
10 mV p-p. Given the maximum ripple
voltage and a known triangle-wave cur-
rent drive, calculate a value for C5: 

For C5, you can use TDK’s 10-�F
C3216X7R0J106 ceramic capacitor
that presents an ESR of 3 m� or less.
Because the internal reference voltage
for the LM5007 or LM5008 is 2.5V, set
feedback resistors R3 and R4 to 1 k� to
divide the regulator’s 5V output to
2.5V. Next, select values for R5, C4, and
R6 to compare results for each design.
In the first scenario, to provide 100 mV
of ripple at VOUT1 and 50-mV ripple at
the feedback pin in the circuit of Fig-
ure 1, the design requires a value of
0.25� for R5. Adding C4 changes the
value of R5 to 0.125� to provide 50-
mV ripple at VOUT1 and the feedback
pin. You calculate a value for C4 that
passes the ripple current:

designideas

Figure 2 Adding two components, R6 and C4, helps reduce output-ripple volt-
age and improve output-voltage regulation.
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TABLE 1 CIRCUIT OPTIONS
VOUT, Voltage Power

R5 R6 C4 R6 droop dissipation
Scenario Figure (�) (�) (nF) (mV) (mV) (mW) Issues
1 1 0.25 0 0 100 0 0 Load capacitance and stability
1 1 0.125 0 6.6 50 0 0 Load capacitance and stability
2 1 0.25 0 0 6 100 40 Voltage droop and power dissipation
2 1 0.125 0 6.6 6 50 20 Power dissipation
3 2 0.125 0 6.6 6 0 20 Power dissipation
4 2 0 30k 6.6 6 7 0 Voltage droop

,

edn050903di.qxd  9/12/2005  3:14 PM  Page 98



Enter xx at www.edn.com/info

WORLD’S HIGHEST PERFORMANCE,
SWITCHABLE, HD/SD VIDEO
RECONSTRUCTION FILTERS

Excellent Passband Response and Stopband Rejection for Interlaced, 
Progressive-Scan, and High-Definition Bandwidths 

♦ Filter Characteristics Ideal for
480i, 480p, 720p, and 1080i Standards

♦ HD Passband: ±2dB at 30MHz
♦ HD Stopband: -55dB at 74MHz 

♦ +6dB or +12dB Output Buffer Gain
♦ Drives 2VP-P Signal into 150Ω Video Load

♦ Output Blanking Level <1V on Cable
♦ Single +5V Supply

†1000-up recommended resale. Prices provided are for design guidance and are 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

MAX7454

MAX7455

Output
Buffer Gain (V/V)

+2

+4

Package

20-TSSOP

20-TSSOP

2.75

2.75

HD GAME CONSOLE

HDTV

CH 137CH 137CH 137

MenuMenu

EnterEnter

HD SET-TOP BOX

10

-80
10.1 10 100

AMPLITUDE vs. FREQUENCY (SD and HD)

-60

-70

FREQUENCY (MHz)

RE
SP

ON
SE

 (d
B)

-40

-50

-20

-10

-30

0
SD

HD

Price†
($)

+5V

vcc

D/A

ENCODER

Y/R

Pb/G

Pr/B

FSEL SD/HD GND

D/A

D/A

D/A

LOWPASS FILTER
PASSBAND:

10MHz OR 30MHz

+6dB OR
+12dB

+6dB OR
+12dB

+6dB OR
+12dB

DC-COUPLED INPUT—

NO AC-COUPLING 

CAPS

OUTPUT BLANKING
LEVEL <1V ON CABLE

LOWPASS FILTER
PASSBAND:

10MHz OR 30MHz

LOWPASS FILTER
PASSBAND:

10MHz OR 30MHz

No. of
Channels

3

3

HD/SD Mode

Yes

Yes

6 .5m m x 6.5m
m

20-
TSSOP

www.maxim-ic.com

1-800-777-2776

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

1-888-MAXIM-IC 1-800-332-8638

R

FREE Video 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.

558438_099.indd   1558438_099.indd   1 9/14/2005   3:51:02 PM9/14/2005   3:51:02 PM



Before shipping moving-coil
meters, manufacturers may

short-circuit the meters’ terminals with
a length of wire, which provides effec-
tive electromagnetic damping and
results in better immunity to external
mechanical vibration and shocks that
can occur during transportation. This
Design Idea applies essentially the
same principle to analog meters under
normal operating conditions. Con-
necting a meter to a voltage source
with low internal resistance applies
electromagnetic damping and makes
the meter’s readings more stable.
Increased immunity to external vibra-
tion and shock takes on importance in
mobile- or portable-system applica-
tions and especially in automotive
devices.

For example, suppose that your appli-
cation requires measurement of a 0 to
10V power supply (Figure 1). You have
available a typical electromechanical

meter that presents a full-scale voltage
rating, VFS, of 50 mV and a full-scale
current rating of 1 mA. To obtain the
10V full-scale voltage range, you add a
series resistance, RS. First, calculate the
meter’s internal resistance, RCOIL:

Next, calculate the multiplier resis-
tor, RS, as follows:

The resistance of RS typically great-

where R4||R3 represents the value of
the parallel combination of R4 and R3.

In the second scenario, VOUT2 droops
to 100 mV at full load but exhibits only
6 mV of ripple without C4 in the cir-
cuit. Losses in R5 amount to 40 mW.
Adding C4 delivers 50 mV of ripple to
the feedback pin and VOUT1; setting R5
to 0.125� reduces R5’s power loss to 20
mW. In the third scenario, R6 is an
open circuit, and the design in Figure
2 requires an R5 value of 0.125� to pro-
vide 50-mV ripple at FB. VOUT1 exhibits
no voltage droop at full load current
and has only 6 mV of ripple voltage.
R5’s power loss is 20 mW.

In the fourth case, a short circuit
replaces R5, and the design in Figure 2
requires a value for R6 that increases the
voltage across C4 to provide 50 mV of
ripple voltage at FB. Use the following
equations to calculate the value:

With R6 in the circuit, VOUT drops
slightly because R6 and R4 effectively
connect in parallel. To compensate,
you can slightly increase R4 so that the
new value of R4 in parallel with R6
equals R4’s original value. Thus,

In this instance, you may decide not
to use the new value of R4 because
adding R6 raises VOUT by only 85 mV.

Adding R6 produces 6 mV of ripple at
VOUT and little or no loss in R5, but load
regulation will not be perfect.

Inductor L1’s ESR of 0.47� intro-
duces a voltage drop of about 200 mV
at full load, which increases the volt-
age at the junction of L1 and R6 and also
reduces VOUT to maintain 2.5V at FB.
You can calculate the magnitude of the
change by multiplying L1’s voltage drop
of 200 mV by the ratio of R4 to R6:

Note that output-voltage droop and
power dissipation become more signif-
icant in designs that deliver higher out-
put current or lower output voltage
(Table 1).EDN

Electromechanical damping stabilizes
analog-meter readings

designideas

�

Alexander Bell, Infosoft International Inc, Rego Park, NY

Figure 1 A typical analog moving-coil voltmeter employs a high-value series
resistor, RS, to establish the full-scale range but doesn’t contribute to electro-
magnetic damping of the meter movement.
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FIRST COMPLETE VGA INTERFACE
SIMPLIFIES EMI ADJUSTMENT AND

REDUCES COMPONENT COUNT BY 90%
Integrated Output Buffers Eliminate the Need for Analog Switches—
Simultaneously Drive Two External Loads Without Stub Reflections

www.maxim-ic.com

1-800-777-2776

D I S T R I B U T I O N
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ly exceeds that of RCOIL and therefore
significantly reduces the electromag-
netic damping action on the meter
movement. Although you can improve
damping by shunting the meter with a
capacitor, this approach also increases
the meter’s settling time.

Figure 2 illustrates a better approach,
in which a moving-coil meter connects
to the output of an operational ampli-
fier, IC1, embedded in a deep negative-
voltage-feedback loop. Because the op
amp presents an extremely low equiv-
alent output resistance, the meter’s ter-
minals are “virtually shorted,” provid-
ing effective electromechanical damp-
ing that results in more stable readings
and increased shock and vibration
resistance. In Figure 2, the resistive
voltage divider comprising R1 and R2
connected to the op amp’s noninvert-
ing input determines the meter’s full-
scale reading. You can add RF and CF to
form an optional highpass filter to fur-
ther improve the meter’s settling time.
Transistors Q1 and Q2 are also option-
al and added as overvoltage protection.
Note that, for normal operation, the
transistors’ forward base-emitter volt-
age, VBE, should be several times larg-
er than the meter’s full-scale voltage,
VFS, which is typically 50 to 100 mV.

A rail-to-rail-capable, single-supply
micropower op amp makes a good
choice for this application. If the input
voltage, VIN, exceeds the op amp’s min-
imum power-supply-voltage require-
ment, you can connect the op amp’s
VCC pin directly to the input terminal,
as the dashed line in Figure 2 shows.
In effect, the circuit combines the
advantages of meter buffering and
improved shock and vibration resist-
ance with a traditional moving-coil
meter’s advantage of requiring no
external power supply. You can choose
from among many commercially 
available off-the-shelf, rail-to-rail out-
put-micropower op amps that draw 
supply currents well below the full-
scale current drain, IFS, of typical 
moving-coil meters. For example,
Maxim’s MAX4289 requires as little as
1V and 9 �A of power, and the
MAX4470 requires a minimum of 

1.8V but only 750 nA of supply current.
Although this Design Idea has so far

related only to dc-voltage measure-
ments, you can expand the circuit to
include ac- and dc-voltage measure-
ments (Figure 3). In this approach, you
add a precision diodeless, full-wave-rec-
tifier stage based on a single rail-to-rail
operational amplifier and resistors R3,
R4, and R5 (Reference 1). Resistors R1

and R2 determine the full-scale reading.
This circuit requires an external dc
power supply to drive op amps IC1 and
IC2; voltage-limiting transistors Q1 and
Q2 are optional.EDN

R E F E R E N C E
Bell, Alexander, “Simple Full-Wave

Rectifier,” Electronic Design, April 4,
1994, pg 78.

designideas
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Figure 2 An operational amplifier’s low output resistance provides electro-
mechanical damping for a moving-coil meter for stable readings and
enhanced resistance to mechanical shock and vibration. Connect VCC to
either an external power supply or the circuit’s input terminal if VIN exceeds
IC1’s minimum power-supply-voltage rating.
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Figure 3 Based on rail-to-rail operational amplifier IC1, this circuit’s input stage
forms a diodeless, precision full-wave rectifier and enables the circuit of Figure
2 to display ac- or dc-voltage measurements on a dc meter.
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WORLD’S FIRST TWO-CHIP, 
ZERO-IF, TD-SCDMA RADIO SOLUTION
Includes First-Ever, SiGe Single-Chip Transmitter with Integrated Power Amplifier

Maxim’s two-chip radio solution features the MAX2392 receiver and the MAX2507* transmitter.
The MAX2392 is the first-ever direct conversion reciever for TD-SCDMA. The MAX2507 is the
world’s first production-ready, fully spec-compliant transmitter that includes a SiGe power
amplifier and meets the tough performance requirements for any cellular phone standard. Both
ICs are referenced in most TD-SCDMA designs today. The MAX19700* family of baseband data
converters completes the chipset for customers who do not have baseband data conversion
integrated onto their chosen baseband processor.
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WIRELESS WIRELINE OPTICAL MICROCONTROLLERS

©2004 Silicon Laboratories Inc. Silicon Laboratories and the Silicon Laboratories logo are trademarks of Silicon Laboratories. www.silabs.com

High-performance analog. Supercharged 8051.

Small. Fast. Flexible.

Complete Family of Mixed-Signal MCUs

Silicon Laboratories’ MCUs combine high-performance analog with the

fastest 8-bit CPU (up to 100 MIPS) packaged as small as 3 x 3 mm.

Programmable Flash and on-chip JTAG-based debug in each device

provide complete design flexibility and superior system performance.

Comprehensive

Development Kits

• Software CD

• Serial Adapter

• Target Board

• All Cables

• Power Supply

Buy Online

www.silabs.com

Precision 

Mixed-Signal

Small Form Factor

General Purpose

Precision performance for high resolution analog systems

Low power and small footprint with superior performance

Ideal for a broad range of embedded control applications

USB

CAN

Interface Products

Integrated USB 2.0 function controller and on-chip transceiver

Connectivity with integrated CAN 2.0 B controller

Single-chip USB-to-UART bridge for RS-232 to USB

For more information, visit www.silabs.com/MCU
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FREE sample kit and S-Cap

Maximize thermal performance with Gap Pad S-Class.
S-Class materials provide high thermal conductivity for exceptionally
low thermal resistance at ultra-low mounting pressures – our best
thermal performance material yet.The elastic nature of the material
also provides excellent interfacing and wet-out performance. And
because of its natural inherent tack, S-Class eliminates the need for

additional adhesive layers that can
increase interfacial resistance and
inhibit thermal performance.

FREE sample kit and S-Cap.
Visit our web site or call today
to qualify for your FREE S-Class
sample kit and S-Cap.

Unlike Imitations,Bergquist’s Gap Pad® S-Class Stays Soft
While Providing Superior Thermal Performance.

AN ORIGINAL
NEVER

CRUMBLES.

Gap Pad S-Class stays soft.
It doesn’t flake, tear or crumble
for easy application.
Say good-bye to crumbling, oily gap fillers
for good. Bergquist’s super-soft Gap Pad
S-Class thermally conductive gap filling
materials conform to
demanding contours while
maintaining structural

integrity and applying little or no stress to fragile
components. In addition, S-Class’ natural inherent tack
provides more stable release characteristics, making
it cleaner and easier to handle in the application
assembly process.

Thermal Products • Membrane Switches • Touch Screens • Electronics • Labels and Graphic Overlays

18930 West 78th Street • Chanhassen, MN 55317 • A ISO9001:2000 registered facil ity
(800) 347-4572 • Phone (952) 835-2322 • Fax (952) 835-0430 • www.bergquistcompany.com

Three Gap Pad S-Class solutions providing exceptional
softness, thermal performance and ease of handling.

Call 1.800.347.4572 or visit www.bergquistcompany.com/ease
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Linear-power op amp has low quiescent current
The high-voltage, high-speed PA78 precision IC linear-power op amp has a
quiescent current of less than 1 mA. A wide supply voltage provides 10 to 350V

and split supplies of �10 to �175V. The device also features a slew rate of 350V/�sec,
an output current of 150 mA continuous and 200 mA peak, a 23W dissipation capa-
bility, and a power bandwidth of more than 200 kHz. The PA78 costs $18 (10,000).
Apex Microtechnology, www.apexmicrotech.com

Ultraminiature crystals
suit real-time-clock 
applications

Targeting use in battery-powered
and handheld real-time-clock

equipment, the EQ157 series of ultra-
miniature crystals provides a 32.768-kHz
output with a �20-ppm calibration tol-
erance at 25�C. Specifications include a
1-�W maximum drive level, a 12.5- or 7-
pF load capacitance, a 65-k� equivalent
series resistance, a �0.035�C2 parabolic-
temperature coefficient, and a 1.7-pF
shunt capacitance. Aging is �5 ppm at
25�C in the first year in an operating tem-
perature of �40 to �85�C and a storage
temperature of �55 to �125�C. The
EQ157 comes in a 3.2�1.2�0.95-mm

package and costs $1.55 (100).
Saelig Co Inc, www.saelig.com

Spread-spectrum 
oscillators have 
HC-MOS output levels

The ISM72 series spread-spectrum
oscillators operate at 10 to 80

MHz. The oscillators have an HC-MOS
output level, a 50�10% duty cycle, 7-
nsec maximum rise and fall times, and 25-
ppm stabilities over a temperature range
of 0 to 70�C. Additional specifications
include a tristate function with a 100-
msec maximum enable/disable time, a
2.2V-dc supply voltage, and a 3.2�5�

�

1.1-mm ROHS (reduction-of-hazardous-
substances) ceramic package. The ISM-
72 costs $2.39 (1000).
ILSI America, www.ilsiamerica.com

Crystal resonators meet
TPMS application
requirements

Providing frequency control for
transmitters or receivers in TPMS

(tire-pressure-monitor-system) applica-
tions, the NX5032SD and NX8045GB
crystal resonators meet tough shock,
vibration drop, and acceleration require-
ments. The NX5032SD measures 5�
3.2�1 mm and has a 9.84- to 40-MHz fre-
quency range. The NX8045GB measures
8�4.5�1.8 mm and has a 5- to 40-MHz
range and �50-ppm frequency stability at
25�C. The NX5032SD and NX8045GB
cost 55 and 43 cents (10,000), respec-
tively.
NDK Co Ltd, www.paimarcom.com

Ceramic surface-mount
crystal has extremely 
low profile

A new addition to the FX252B
ceramic-surface-mount-crystal

lines provides a 16- to 54-MHz frequen-
cy range, a �50-ppm frequency tolerance,
and a �50-ppm frequency stability. With

long-term gain of
�5 parts per bil-
lion per year, the
device features a
�10 to �60�C
temperature range.
The device is
fully ROHS (re-

duction-of-hazardous-substances)-com-
pliant and suits use in portable and space-
constrained systems. The FX252B meas-
ures 2.5�2�0.6 mm and costs $2.86
(1000).
Fox Electronics, www.foxonline.com
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All-quartz packaging 
has extremely low profile

Packaged completely in quartz
crystal, the FQ5032 measures 5�

3.2�0.8 mm. Available frequencies
range from 12 to 50 MHz with a �30-
ppm tolerance at 25�C and standard sta-
bility of �30 ppm at a 0 to 70�C tem-
perature range. Suited for PDAs, MP3
players, scanners, and GPS equipment,
the FQ5032 costs 25 cents (50,000).
Fox Electronics, www.foxonline.com

High-stability SAW 
oscillators have military-
temperature range

The series I1050 SAW stabilized
oscillators come in 1030- or 1090-

MHz speeds. Operating at 12 dBm, �2
dB with a stability of �300 kHz, the oscil-
lators have a temperature range of 55 to
105�C. Available as Jan- or Jantx-com-
pliant, the product comes in an eight-pin
hermetic DIP measuring 0.97�0.5�0.2
in. The I1050 series costs $85 (1000).
ILSI America, www.ilsiamerica.com

Operational amplifiers 
have extremely low 
noise and distortion

Low noise and distortion and a
1.1-mA supply-current draw

highlight the ADA4841 family of single
and dual devices for power-sensitive
applications. The devices support 111
dBc and a 100-kHz SFDR (spurious-free
dynamic range). Additional features
include rail-to-rail outputs allowing a sig-
nal swing within 100 mV of either sup-
ply rail, 2.7 to 12V linear range for power
supplies, a common-mode-voltage range
extending to the negative supply for
input, and a 500-�V offset voltage.
Available in a six-pin SOT-23 and an
eight-pin SOIC package, the ADA4841
costs $1.59 (1000), and the ADA4841-
2 is available for sampling in eight-pin
SOIC and MSOP packages for $2.29
(1000).
Analog Devices, www.analog.com

Wide-range amplifier has
wide operating frequency

The LT5537 high-performance
logarithmic detector features an

operating-frequency range of near dc to 1
GHz and a measurement dynamic range of
90 dB. The device incorporates cascading
chains of limiting amplifiers, providing a

constant, linear 20-mV/dB logarithmic-
detection function. The product also in-
cludes on-chip compensation circuitry to
yield an accurate and stable output under
varying temperature environments. It can
measure signals within an error of �1 dB.
The LT5537 comes in a 3�2-mm DFN
package and costs $2.95 (1000).
Linear Technology, www.linear.com

�
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Part number Resolution Conversion rate MUX/DMUX Package
(bits) (Msps) ratio

ADC AT84AS008GL 10 2200 N/A CBGA152
ADC AT84AS003TP 10 1500 1:2/1:4 EBGA317
ADC AT84AD004TD 2 x 8 500 1:2 LQFP144
ADC AT84AD001TD 2 x 8 1000 1:2 LQFP144
DMUX AT84CS001TP 10 Input 2200 1:2/1:4 EBGA240
DAC TS86101G2BGL 10 1200 4:1 CBGA255

Check out Atmel’s Data Converters today at www.atmel.com/products/Broadband/

Reduce your fear of speed
with Atmel broadband data

converters.
Introducing the latest high speed data

converters from Atmel. Our 10-bit family of
A/D converters has grown to include converters
with sampling rates from 1.5Gsps to 2.2Gsps,
providing higher ENOB performance for analog
input bandwidths from DC to over 3GHz. To speed-up
your development cycle, Atmel now provides
A/D converters that offer flexible, LVDS compatible
demultiplexed outputs, either as a stand-alone 
1:4 DMUX or built-in to our latest family
of 10- bit A/D converters.

Our low power 8-bit family of Dual A/D converters
continues to offer new possibilities in design by
providing 1Gsps of sampling speed per
channel while featuring built-in demultiplexed
outputs, Atmel’s Smart ADC serial programming
interface with a modest 1.4W total power
consumption.

We’ve not forgotten designers needing high speed
DAC performance either. Our 10-bit 1.2Gsps
MUXDAC operates in 2nd and 3rd Nyquist zones
and incorporates a 4:1 MUX, allowing for easy
interface with standard FPGAs, eliminating costly
intermediate multiplexing stages.

Speed without problems

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

R

Everywhere You Are®
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Single card 
has four functions

The FCAccess 4000 card oper-
ates as a Fibre Channel analyzer,

a generator, an error injector, or a bit-
error-rate tester. The multifunction card
supports Fibre Channel transmission
speeds of 1.062, 2.125, or 4.25 Gbps and
all topologies or port types. As a Fibre
Channel analyzer, the device captures
and displays Fibre Channel  traffic in an
easy-to-read format and provides a true
client/server, network-attached envi-
ronment, allowing single or multiple
users to employ it locally or remotely.
Maximum trace memory is 4 Gbytes;
cascading several analyzers can extend
to larger recording space. As a Fibre
Channel  generator, the card operates in
a host (initiator) or a target mode, al-
lowing testing at the 8 or 10B level and
providing low-level control of complex
procedures, such as arbitrated loop ini-
tialization. As a Fibre Channel error
injector, it introduces controlled error
conditions into active Fibre Channel

links without affecting traffic or data-
link integrity. The FCAccess 4000 costs
$14,200.
Ancot Corp, www.ancot.com

Embedded development
environment supports
MIPS architecture

Targeting MIPS32 and MIPS64
architectures, the Eclipse-based

Nucleus Edge software-development en-
vironment includes a GUI providing
demos and tutorials, allowing GUI
interaction while the product is running.
The software features an advanced proj-
ect manager with an editor and a builder,
allowing an automated building process
after a designer specifies compilers and
building options. It comes with the MIPS
software-development-environment
compiler. It costs $3000 per seat.
Accelerated Technology, www.
acceleratedtechnology.com
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• Learn how to transition from 

8-bit MCUs to 32-bit ARM designs 

• Learn the latest product information 

directly from ST, ARM and IAR

• Learn how to design with IAR’s NEW 

low-cost ARM development kit 

• Learn power management techniques to 

reduce costs on your next MCU design

Attend this free seminar and you will not only walk away with 

in-depth technical knowledge about ST’s ARM and 8-bit solutions—you 

may be the winner of a free iPod Mini or ARM development kit!

FREE! Don’t miss out. Register today on-line at www.st.com/seminars

Co-sponsored by:

MINNEAPOLIS - SEPT. 27    BOSTON - SEPT. 29    ORLANDO/TAMPA - OCT. 11    
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Popular
Electronic Test 
Accessories
Broad line of high qual-
ity test and measure-
ment products for the 
electrical, electronic, 
industrial, automotive, 
telecom, and medical 
fi elds. Product line 
includes test leads, adapters, connectors, 
hooks, DMM kits, probes, nail clips, cable 
assemblies, and coaxial accessories. Cus-
tom manufacturing is available. Selling direct 
since 1956. 

For free catalog contact: 

E-Z-Hook
1-(800)-995-HOOK

Fax: (626)-446-0972
Email: info@e-z-hook.com
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www.sael ig.com

SSaelig Company Inc.
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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

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

Cost-Effective SMUs for
Multi-Channel Applications

Series 2600
System
SourceMeter®

Instruments are
scalable

solutions for building cost-effective systems to
perform precision DC, pulse, and low frequency AC
source-measure tests. An embedded Test Script
Processor (TSP™) allows programming and
executing high speed test sequences independently.
When combined with the TSP-Link™ bus, TSP
allows a single program to control multiple SMU
channels seamlessly. For more information:

Visit http://www.keithley.com/at/241
or call 1-800-688-9951 in the U.S. 

Quick Turnaround.

Calibration Available.

International Shipping.
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Until September 2004, when the Food and Drug Administration approved direct, online,
and over-the-counter sales of defibrillators for home use, you could get a unit only with

a doctor’s prescription. Then, the HeartStart unit from the Philips Home Medical (www.heart-
starthome.com) division of Koninlijke Philips Electronics NV received the requisite approval; thus
far, this unit is the only one approved for such nonprescription home sales. Since that date, the
company has sold more than 6000 of the $1500 units (see “Home defibrillator lets virtually
anyone save a life,” EDN, May 13, 2004, pg 27, www.edn.com/article/CA415111). 

Although this number is small compared with the more than 100,000 prescription units sold
in 2004 (with estimated revenue of about $300 million) to businesses, emergency medical
technicians, and municipalities, it’s a major wedge for selling sophisticated but easy-to-use med-
ical electronics directly into the home. Other established medical-technology companies, such
as Medtronic Inc (www.medtronic.com) are hoping to receive similar approval for home-market
sales.—by Bill Schweber

Home defibrillators give the market a new kind of shock
�

YESTERDAY’S HYPE MEETS TODAY’S REALITY

realitycheck

STATS More than 6000 sold since September 2004 / $1500 price tag
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Scalable, cost-effective
solution for complex
PCB designs
Quickly creating the fanout for dense,
high-pin-count devices is just one of
the many tasks made easy with
OrCAD® PCB Designer. Here are
some others:

• Quickly placing critical components
to optimize logical connections

• Producing customized reports
• Adding or customizing drill

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

power planes

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

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

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

(based on Cadence Allegro technology)

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

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

OrCAD PCB Designer has
a growing number of fans 

Get your free solutions guide
Visit us at 

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

©2005 EMA Design Automation, Inc. All rights reserved in the U.S. and other countries.
Allegro, Cadence, OrCAD, the OrCAD logo, OrCAD Capture, PSpice, and SPECCTRA are registered trademarks of Cadence Design Systems, Inc.
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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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