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World’s Lowest Power MICU

It's easy to rev up your application in minutes with the new eZ430-F2013, the world’s smallest
complete development tool for only $20! The tool provides all hardware and
software needed to evaluate the MSP430 or complete an entire F20xx project.
The F20xx combines 16 MIPS performance, less than 1 microamp standby current,
with your choice of analog converters - from a comparator, fast 10-bit ADC to
16-bit sigma-delta with integrated PGA - all in a package as tiny as 4x4 mm.
Designing with the world’s lowest power MCU just got even easier.

4OV LAY
FREE eZ430-F2013!
Register and attend 430 Day, a

New Low Pin-Count Devices

Device Program SRAM SPI, 12C Analog Price 1K USD i -
MSP430F2001 1KB 128 B — Comparator $055 free three-hour “lunch and learn
MSP430F2011 2KB 128 B = Comparator $0.70 and receive a free eZ430-F2013.
MSP430F2002 1KB 128 B v 10-bit ADC $0.99 The session includes an overview,
MSP430F2012 2 KB 128 B v, 10-bit ADC $1.15 updates and eZ430 technical
MSP430F2003 1 KB 128 B \/ 16-bit ADC $1.50 demonstrations. Lunch will be
MSP430F2013 2KB 128 B 7 16-bit ADC $1.65

provided. Seating and tools are
limited. Register today to attend
a location near you.
www.ti.com/ez430

*

Order Today! www.ti.com/ez430 - 800.477.8924, ext. 1313

Technology for Innovators™ i3 TEXAS INSTRUMENTS

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1348A0 © 2006 TI
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Dr. Howard Johnson

The world’s foremost authority
on signal integrity
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(nearest competitor)

Design Example: 1.5 volt LVCMOS 4maA, 1/0, 100 aggressors shown.

Y 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.

consulting, inc.

=/ Highest customer satisfaction:
& Virtex & Spartan FPGAs

& ISE design tools

& Support

SOUBNAL

IRTEX" Dot 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/si today, and choose the right high-performance
FPGA before things get noisy.

S XILINX

The Programmable Logic Company™

www.xilinx.com/virtex4/si

View The
TechOnLine
Seminar Today

BREAKTHROUGH PERFORMANCE AT THE LOWEST COST

©2006 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilin, Inc. All other trademarks are the property of their respective owners.
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DESIGN WITHOUT
LIMITS

What you design is your business. Adding distributed control through-

—— 1

out your application is ours. Our LonWoRrks® platform is a worldwide
standard for networking anything you want to control—pumps,

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

networking features to your products and watch them deliver more
than you thought possible. Start today with our NodeBuilder® develop-

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

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

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

< ECHELON

©2005 Echelon. Echelon, LonWorks, and the Echelon logo are registered trademarks of Echelon Corporation
registered in the United States and other countries.



Talk about a generation gap.

The new Tektronix AFG3000 Series signal generators vs. the competition.

Period

Freauency
CHI=CH2

2 oo

Starting at $1,780* Unlike the subtle advancements offered in other arbitrary/function generators of past
decades, our powerful and broad line of arbitrary/function generators delivers serious advantages. The large
display confirms your settings at a glance. Sine waveforms reach as high as 240 MHz. And you get a front-loading
USB port, two-channel capability, and a remarkably intuitive GUI. Visit www.tek.com/generation_gap/edn

to see the next generation of signal generation.

The Next Generation.
www.tek.com/generation_gap/edn

Tektron/iX®

Enabling Innovation

© 2005 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo are registered
trademarks of Tektronix, Inc. *Tektronix MSRP subject to change without notice.



Subpar wars:
high-resolution-disc
formats fight each
other,consumers
push back

With blue-laser com-
petitors Blu-ray and HD
DVD both gearing up for
high-volume production, a clear
picture of the format winner hasn't
yet emerged. Red-laser formats
remain credible alternatives in
some applications, but both usage-
rights restrictions and display-and-
vision limitations put alltheir
futures in doubt.
by Brian Dipert,
Senior Technical Editor

Interfacing electronics
to people

Electronic embedded
systems continue
to find their way into
more medical systems.
by Robert Cravotta,
Technical Editor

IDEAS
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Op amp can source or sink current
Simple digital filter cleans up noisy data

Single switch selects one of three signals

VOICE OF THE ENGINEER

RF-interference-
design considerations
for portable-device
batteries

Today's use of ever
smaller yet more
complex batteries
in mobile-communications
applications requires designers
to use advanced design techniques
to protect batteries from RFI.
Users must consider a number
of phenomena and design issues
to ensure that their designs
conform to both RF and battery-
management-system parameters.
by Macwien Krishnamurthi and

Ahmad Kamal Shamsuri,
Motorola
Optimizing
heterogeneous
architectures

A systems approach
to multicore-DSP
architectures extracts
the high performance that today's
applications require.
by Bruce Lee, Texas Instruments

Low-cost audio filter suppresses noise and hum

Microprocessor's single-interrupt input processes multiple external interrupts
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Turbo Charge Your
Transient Response

with new T2 Power Modules & TurboTrans”

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

High Performance. Analog. Texas Instruments.

Order your sample now! * TurboTrans technology V.. without TurboTrias
www.ti.com/T2 * 1.5% output regulation e
* Up to 50% smaller footprint W = vl
* SmartSync synchronization V,,; with TurboTrans
* Wide input voltage -

(4.5V to 14V) 8AI, Trafnsient
* Auto-Track™ sequencing :
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TurboTrans, Auto-Track, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. *Patent pending. 1276A0 © 2005 TI
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What Do You Get When Industry Giants
Bob Pease and Howard Johnson Talk Shop?

Tune In Today to National Semiconductor's Analog By Design Show!

ndustry experts Bob Pease and Dr. Howard ~ ® Designing with FPGAs and high-speed ADCs
Johnson talk about how to optimize high- B Developing reliable system architecture
speed data transfer in your designs. B Testing high-speed analog and digital systems

Reality TV for Design Engineers

www.national.com/analogbydesign

Sponsored by

$ XILINX ==AVNET" National

=== olectronics marketing Sem iCO n du C tO r

© Narional Semiconductor Corporaion, 2006 National Semiconductor and ¥ are registered trademarks of National Semiconductor C:
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Check out these online-exclusive articles

Generating accurate jitter for SERDES-

receiver-tolerance testing

By Gabriel Patulea, Cisco Systems

A simple method generates accurate jitter

that is entirely sinusoidal and therefore

deterministic.
www.edn.com/article/CA6305819

Lattice announces high-end and

economy FPGAs

Apparently unafraid of going toe to toe

with Xilinx and Altera in the high-end

SRAM-based FPGA market, Lattice

Semiconductor has announced a high-per-

formance FPGA aimed squarely at the

high-speed-communications and data-stor-

age design spaces.
www.edn.com/article/CA630501 1

Preventing bug escapes:

Panel ponders verification

Having talented design and verification

engineers is the No. 1 way to reduce the

chances a fatal bug will escape detection,

but having a comprehensive verification

methodology is also important.
www.edn.com/article/CA6305660

online contents

Gigabit talk dominates DesignCon (again)
For at least the third consecutive year, 10-
Gbps talk has dominated the DesignCon
conference and exhibition.
www.edn.com/article/CA6305697

ISSCC offers divergent views

of SOC future

Keynote addresses and papers at the

2006 International Solid State Circuits

Conference showed that SOC (system-on-

chip) integration is far from the simple

march to a single chip that has often been

portrayed.
www.edn.com/article/CA6305824

ESL is promising but still needs
improvement, panelists say
ESL (electronic-system-level) tools, specifi-
cally for SystemC, still have a long way to
go before system designers, let alone soft-
ware and hardware engineers, will adopt
them.

www.edn.com/article/CA6305884

Engineers still suffering from jitter jitters

As serial data rates climb past 2 Gbps and

voltage falls in many consumer applica-

tions, more engineers are experiencing the

challenge of trying to locate sources

of timing jitter in their designs.
www.edn.com/article/CA6305400

www.edn.com

BRIAN'S BRAIN

A blog by Brian Dipert,

Senior Technical Editor

What's the deal with Brian's Brain?

It's overflowing with information and
opinions. It encompasses an extra-

ordinary range of technology topics,
from network-attached-storage ICs
to handheld games to satellite radio
to graphics processors to semicon-
ductor processes to home-network-
ing schemes.

It's an interesting place to visit
(though we're not sure we'd want
to live there). It even allows you to
make your own comments, and it
has its own RSS feed.

Get into Brian's Brain:
www.edn.com/briansbrain

Items from the EDN archives that relate to this issue’s contents.
SUBPAR WARS (pg 40):

INTERFACING ELECTRONICS
TO PEOPLE (pg 55):

INNOVATION AWARDS

Join us to honor innovation.
You voted in our annual
Innovation program, and we'll
be announcing the winners
April 3 in San Jose. Visit the
Innovation page to review
the finalists, get information
about the awards dinner, and
buy tickets.
www.edn.com/innovation

Beating the blue-laser blues
www.edn.com/article/CA629326

CES stars: tough to find in mediocre year
www.edn.com/article/CA6301620

Positive prognosis: Electronics transforms
health care
www.edn.com/article/CA402151

RF-INTERFERENCE-DESIGN
CONSIDERATIONS FOR PORTABLE-
DEVICE BATTERIES (pg 33):

New battery technologies hold promise,
peril for portable-system designers
www.edn.com/article/CA6288029

Battery-authentication ICs separate
the good guys from the bad
www.edn.com/article/CA6301616

MARCH 2, 2006

EDN 9



10 EDN |

EDN.COMMENT K

BY MICHAEL SANTARINI, SENIOR EDITOR

Stanley’s Law: IC design
follows pc-board design

ast year, on the last day of the last session of the DAC
(Design Automation Conference), | attended a panel on
[C-power management that Ron Wilson moderated. Then
with EE Times, Wilson is now EDN’s executive editor. The
power problem—in particular, leakage—reared its ugly
head about three years ago and has since become a top
concern for IC design. Three years ago, Apache jumped on the power
problem before everyone else, and being early to market has given it an
advantage over late entrants. Apache, known for its power tools, is one
of only two privately held EDA companies that TSMC’s (Taiwan
Semiconductor Manufacturing Co’s) 5.0 and 6.0 reference flows list.

On Wilson’s DAC panel, all the
power-tool vendors and users were say-
ing that thermal would be the next big
power-related issue to overcome, be-
cause heat causes leakage, and leakage
increases heat—a nasty cyclical effect.
Start-up Gradient Design is fielding a
tool targeting thermal issues in ICs.
The company anticipates that cus-
tomers will soon need tools that iden-
tify thermal issues at the chip level.

When [ was leaving Wilson’s panel,
I saw an old friend, press-relations
maven Laurel Stanley. She used to be
my point of contact when Joe Costel-
lo and Jack Harding were Cadence’s
chief executive officers. I harangued her
for everything Cadence-related: merg-
ers, criminal trials, civil trials, dis-
missals, and layoffs. I brought up the
topic of the panel, and she made an
observation: “Everything that happens
in IC design, happened in pc-board
design many years ago.” Her observa-
tion seemed brilliant—and worthy of a
“law.” Indeed, pc-board design had run
into a timing-speed crisis; signal-in-
tegrity, power, and thermal crises soon

MARCH 2, 2005

An old friend made
a brilliant observa-
tion: “Everything
that happens in IC
design, happened
in pc-board design
many years ago.’

followed—all years ahead of IC design.

According to Stanley’s Law, will the
next IC crisis after thermal be EMI?
Mentor Chief Executive Officer Wally
Rhines has a great knack for pinpoint-
ing these trends, and he may someday
be able to pinpoint the exact lag time
between pc-board and IC pains.

I remembered Stanley’s Law at a
panel I attended recently at Design-
Con. Late onto the schedule, the panel
didn’t make it into the print program.
So, it turns out, I was the only non-pub-
lic-relations/panelist-handler attendee.
The panel was on reuse in pc-board
design. At a predominantly IC-design-
methodology show, a pc-board panel

wouldn’t have attracted too many
attendees, anyway. Even so, the panel
simply turned into a roundtable ques-
tion-and-answer session in which Wil-
son, design and EDA consultant Pallab
Chatterjee, and I, fired off questions at
panelists. It ended up being an inter-
esting session, and we talked about
everything in pc-board design, except
reuse. At one point, Mentor Graphics
Vice President John Isaac brought up
ODB+ +, which I'd forgotten all about
for many years.

Why is ODB++ important? When
you apply Stanley’s Law to it, it be-
comes a well-lit runway for the semi-
conductor-design world. ODB++ s
the format that the entire design and
pe-board-manufacturing chain finally
picked over IPC’s GenCAM as the offi-
cial format for CAD-to-CAM transfer
to replace Gerber files. The format
includes features for transferring sensi-
tive manufacturing data to design tools.

Today, a similar problem is stalling
the IC-design-for-manufacturing flow:
Foundries are reluctant to share sensi-
tive process data with EDA companies,
especially start-ups, and are calling for
a secure way to do it. The EDA, semi-
conductor, and equipment industries
now have to formulate a model and
transfer method.

I hope Stanley’s Law applies here,
too, and shows that if the pc-board
guys can pull it together, albeit after a
bloody, drawn-out fight, the IC-design
and -manufacturing industry can do it,
too. Perhaps I should call IPC’s direc-
tor of technology transfer, Dieter
Bergman, and Valor’s director, Chuck
Feingold, and tell them to dust off their
boxing gloves.Ebn

Contact me at michael.santarini@
reedbusiness.com.

Go to www.edn.com/060302ed1
and click on Feedback Loop to post a
comment on this editorial.




A new standard is ope

ee it fully realized through Agilent Open

The light's gone on for even easier system integration—
and Agilent has flipped the switch. Agilent Open now includes
devices based on LAN eXtensions for Instrumentation (LXI),

Agilent
Open

'o and you can use this new standard to accelerate your system
development and deployment.

Open new possibilities with our growing line of LX1 products: The versatility of LXI utilizes Ethernet to enable local and

34980A Multifunction Switch/Measure Unit remote measurements, monitoring, and control—and

344710A & 34411A Digital Multimeters eliminates costly cardcages and proprietary interfaces.
N6700 Low-profile Modular Power System

N5700 Series System DC Power Supplies . . . .
N8201A 26.5 GHz Performance Downconverter Consortium, the growing number of LXI devices will have

N8211A 20/40 GHz Performance Analog Upconverter you well-equipped to take the next step beyond GPIB.
N8212A 20 GHz Performance Vector Upconverter

N8221A 30 MS/s IF Digitizer ] . . o
N8241A 15-bit Arbitrary Waveform Generator LXI is one more way Agilent Open continues to simplify

N8242A 10-bit Arbitrary Waveform Generator system creation. Our products are system ready, can be
integrated into your test-software environment, and provide
B, GPIB, and LAN | tions. Enligh hol
u.s. 1-800-829-4444 us : G an /0.0p ions. Enlig ten. your whole
canada 1-877-894-4414 testing process—get details about LXI and Agilent Open at
www.agilent.com/find/openlxi www.agilent.com/find/openlxi.

With more than 40 member companies supporting the LXI

© Agilent Technologies, Inc. 2006 o '::::..° o Ag i Ie nt Tec h no I Og ies



16-BIT MICROCONTROLLERS

Envision...16-bit Microcontrollers
with 32-bit Performance and 8-bit Simplicity

16-bit PIC24 MCUs and
dsPIC® Digital Signal
Controllers

Unified 16-bit Architecture
* PIC24F, low-cost entry

* PIC24H, 40 MIPS high
performance

* dsPIC30F/33F for seamless
DSP integration

s. ©2006 Microchip Technology Incorporated.

ountrie:

Low-Risk Design
e Easy step up from 8-bit MCUs

* Peripheral and Pin compatible
families

* One development tool platform
for all 8bit and 16-bit MCUs
and DSCs

registered trademarks of Microchip Technology Incorporated in the USA and in other c

Over 50 PIC24 Microcontrollers and dsPIC Digital Signal Controllers sampling today.
For data sheets, samples and pricing go to www.microchip.com/16bit

SEMINARS-16-bit MCU & DSC
EXPIOI‘e Des1gn Apply Coming to over 100 cities worldwide

www.microchip.com/seminars

The Microchip name and logo, the Microchip logo, PIC and dsPIC are

microchip
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Amplifier pricing where you want it,

1pA Bias Current, $

|

ADI amplifiers deliver performance where it matters—at market-leading prices

When it comes to high volume designs, most amplifiers force you to settle for less-than-ideal performance in order to
meet size, cost, or power constraints. Not amplifiers from Analog Devices. We continuously innovate to give designers
the best combination of performance, functionality, price, power consumption, and support.

For example: need a dual op amp that combines low supply current, low input voltage, and low current noise?
Then look at the AD8617 for just $.45. Or maybe you need a video amp that offers the industry’s lowest standby
power, in a tiny SC70? Try the ADA4853-1, also for only $.45.

Visit our website to learn why more designers choose ADI to meet their needs: smart performance, smart value, smart decision.

analog is everywhere:

performance where you need it, analog is everywhere.

Number Supply : Supply Current Price' @
Part - BW @ A v Noise
Description of Amps Voltage = CL 08 per Amp Package 100k
Number Min (MHz) | (mV Max) | (nV/vHz)
(213 [ 4 [Min] Max | " (MH2) | (mV Wax) | (nVAH2) | mp Typ) ($U.S.)
Operational Amplifiers
AD8515 1.8V, R-R1/0 1.8 6 5 6 22 0.35 SC70 0.20
AD8531/AD8532/ 250 mA, output,
AD8534 R-R 10 v v |27| 6 8 25 45 0.75 SC70 0.20
AD8541/AD8542/ Micropower,
AD8544 R-R /0 v V|27 6 1 6 42 0.038 SC70 0.20
AD8631/AD8632 B, BT v 18] 6 5 4 2 03 S0T-23 020
AD8591/AD8592/ 250 mA output 3
AD8594 with shutdown v Vo271 6 3 25 45 0.75 SOT-23 0.21
AD8691/AD8692/ Low noise
i v v
AD8694 R-R output 2.7 6 10 2 8 0.85 SC70 0.21
AD8517/AD8527 T8N o horse v 18] 6 7 35 15 09 SO0T-23 027
AD8613/AD8617/ 1.8 V, micropower,
AD8619 lowinaise! R-RL/G v v/ |18 6 0.4 2.2 25 0.038 SC70 0.29
Ultralow
0P07D offset voltage 10 | 36 0.6 0.15 11 2.7 S0IC-8 0.30
AD8565/AD8566/ Single-supply,
AD8567 R-R /0 v v/ | 45| 18 5 10 26 0.7 SC70 0.34
AD8648 20 MHz, quad, /27| 6 20 25 8 2 TSSOP 0.582
R-R 1/0
Video Amplifiers
i High speed, g
ADA4860-1 current feedback 5 12 730 13 3.8 53 SOT-23 0.39
ADA4851-1/ADA4851-2/|  Voltage feedback, g
ADAAG51-4 R-R output v | 3| 12 130 33 10 2.4 S0T-23 0.39
ADA4850-1/
ADA4850-2 Ultralow power-down v 27| 12 175 4.1 10 2.4 LFCSP 0.45
. Ultralow power, high
ADA4853-1 e [T 265 5 80 2 20 1 SC70 0.45
} High speed, .
ADA4861-3 current feedback v 5 12 730 13 3.8 5.3 S0IC-14 0.673
ADA4862-3 L0 Szt U ClE v 5| 12 300 25 10.6 5.3 S0IC 0.673
fixed G = +2
10-channel Gamma
ADD8710 buffer + Vggy driver 45| 18 5 12 — 0.8 TSSOP 0.854
Instrumentation Amplifiers
Auto-zero
AD8553 with shutdown 18| 6 1 0.02 30 11 MSOP 0.88
Audio Power Amplifiers
Low distortion,
SSM2211 15 watt 2.7 6 4 25 85 42 LFCSP 0.27
Low voltage, _
SSM2167 microphone preamp 2.7 6 1 20 2.3 MSOP 0.35
1 Single amplifier price listed unless noted.
2 Quad amplifier price listed.
3 Triple amplifier price listed.
4 AD8710 is a 10 amplifier part.
See website for additional model pricing and packages available.
www.analog.com/valueamps DEVICES
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A world of circuit protection solutions
for a greener planet.

Raychem Circuit Protection devices have always made electronic products

safer and more reliable. Now they make them more environmentally friendly

too. With the Restriction of Hazardous Substances (RoHS) initiative soon to take
effect, Raychem Circuit Protection has moved swiftly to help you comply. All of the
products across our vast portfolio of circuit protection solutions are RoHS
compliant and ready to ship. Meeting strict new environmental requirements is
critical. So it's critical to protect your circuits—and your planet—with the innovative

solutions you can only get from Raychem Circuit Protection. Get free product
samples and more information about RoHS requirements at our online resource
center: www.circuitprotection.com/rohs

\ COMMITTED TO A
N GREENER PLANET
308 Constitution Drive
Menlo Park, CA 94025-1164 t ca
Tel 1-800-227-7040 Tel 1-650-361-6900
www.circuitprotection.com
© 2005 Tyco Electronics Corporation
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New Advancements in Integrated Circuit Technology
Expand the Capabilities of Modern Medical Equipment

for Healthcare Professionals and Consumers Alike
A nalog Devices’ extensive portfolio of medical ICs are built on the foun-

dation of precision, performance, accuracy, and value. For more than

40 years, Analog Devices has been, and continues to be, committed
to delivering the best products, design services, and overall value to our
new and existing customers.

With healthcare costs on the rise, medical equipment OEMs around the

world are seeking out new and innovative technologies that can provide
healthcare professionals and consumers with the most robust, accurate,
flexible, and cost-effective diagnostic medical platforms available.

ADI delivers everything from
individual precision analog
components such as ADCs,
DACs, amplifiers, clocks,
and digital signal isolators to
complete embedded digital
solutions. These cutting-
edge signal processing
technologies enable the
latest in medical equipment
systems, ranging from highly
complex imaging systems to
portable, hand-held glucose
monitors. Analog Devices
has the products and signal
chain expertise that are cer-
tain to enable, enhance, and
energize your next design.

For a comprehensive
listing of ADI products
specifically designed for
medical equipment applica-
tions, please turn to Pages
6, 7, and 8.

ANALOG
DEVICES

www.analog.com/V6Medical



High Speed ADCs and Amplifiers for Medical Imaging

| n medical ultrasound, ADI offers a

full range of solutions for optimum

image quality and resolution. ADI is
the world leader in variable gain amplifiers,
high speed analog-to-digital and digital-to-
analog converters, and clock distribution _
ICs. These solutions provide unmatched K| : £ N
performance in the smallest area for ' i : :I‘
increased channel density, while reducing
power and cost.

)

L
\/ Rapidly develop, evaluate, ;'m:ﬁ; 1 43'"?”&:" e }
!

and optimize your design using
clocks and high speed ADCs with
ADI’s new virtual design tools—
ADIsimCLK™ and ADIsimADC™™
For your free tool downloads, go to w-g,;g,«m. ———
www.analog.com/ADIsimCLK and ‘
www.analog.com/ADIsimADC.

New Family of Low Power, Quad, High Speed ADCs, and Quad VGA Optimized
for Portable Medical Applications

nalog Devices offers a new family of low power, quad, high speed ADCs and a new quad variable gain amplifier
A (VGA) suited for low power, multichannel system designs such as ultrasound. By providing serial, low voltage

differential signaling (LVDS) data outputs, this new family of ADCs simplifies board layout and enables more data
conversion paths to be routed within a given printed circuit board (PCB) area. The VGA is optimized to drive inputs to
10-bit and 12-bit ADCs. The AD9219 and AD9228, low power extensions of the previously released AD9229 quad ADC,
offer 100 mW per channel power in quad ADCs. This is less than half of the 270 mW per channel in the AD9229. With sup-
porting sample rates as high as 65 MSPS, these low power, 1.8 V, 10-bit and 12-bit ADCs deliver the kind of performance
needed for multichannel systems. Performance features

like 70 dB SNR to Nyquist, internal data rate multipliers that

generate the serial LVDS data output rate, and a framing bit LOW POWER, QUAD VGA, AND ADC ICs REDUCE

and output data clock make these quad ADCs a compelling BOARD SPACE IN PORTABLE APPLICATIONS
solution. The AD9219 and AD9228 also offer improved flex-
AD8334 AD9228

ibility in the output data with programmable clock and data
alignment, and digital test pattern generation using a serial Lo
port interface (SPI®). The AD8334 VGA is a quad version of > 2
g r=n
LVDS

the released AD8332 dual VGA and is designed primarily for

ultrasound systems as the quad ADC driver. With its ultralow

noise preamplifier, the AD8334’s referred input noise voltage
DATA RATE
MULTIPLIER

TO

Y Y ¥V

o0

is 0.74 nVAHz. Its selectable output clamping provides over-
load protection to the ADC inputs.

o

SERIAL

View our on demand technical seminars:
“Optimizing System Performance Using Multi-
channel ADCs with Serial LVDS Outputs”
and “Designing with Differential Amplifiers”

GAIN
UP/DOWN

at www.analog.com/onlineseminars.
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iCoupler Technology Enables Precise ECG/EKG Patient Monitoring

n ECG/EKG measures the electrical activity of a patient’s heart. Treated as a vector quantity, the cardiac signal,
Atypically 1 mV, is measured differentially. The first stage provides low gain to amplify the magnitude of the cardiac

vector. Initial gain is limited by the 500 mV dc offset that develops between leads. A band-pass filter of 0.05 Hz to
150 Hz is employed. After the ADC, the signal is passed through a galvanic isolation barrier such as the iCoupler family of
digital isolation products.

ADDITIONAL CHANNELS
ADDITIONAL CHANNELS

THIRD-ORDER FILTER
AT 160Hz
G=20 G=15
INSTRUMENTATION IA‘7‘nF “I,I‘;
AMPLIFIER o [ m ot
REF/2 —aw—g——n——4
e
: sV ADuM240X osp
3 10k | 10k
a1uF b——e
£ V
» A
/  SWITCH V 1
e ADGEOT L
it Mo 680F — | REFERENCE
0Pz e LeAD L -l- 4,901 e
= FROM LEAD I REFR2 REF2 REFR2

+5V
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-5V

iCoupler Quad-Channel Isolators Double Isolation Rating to 5 kV
A nalog Devices’ new family of quad-channel digital isolators extends the benefits of the i:Coupler technology to

OP AMPS FROM LEAD Il | PACING ARTIFACT
66pF 127k 12,7k [RETECTON CRINTRY ADuM240X
bt { -
866k ¢ __3el

the realm of applications requiring increased isolation levels. Offering the same industry-leading performance

specifications as the existing 2.5 kV ADuM140x quad-channel family, the ADuM240x family provides a 5 kV isolation
rating, a variety of channel configurations, supporting applications such as medical equipment, power supplies, and other
high voltage equipment.

In the past, equipment designers requiring
elevated isolation ratings have had limited
options in choosing an isolation solution.
Various high isolation optocouplers were
available, but limited in data rate, timing
accuracy, power consumption, and area
efficiency. Improved performance and power
consumption were achieved using trans-
formers and other discrete components,

but at the cost of increased design effort,
complexity, and board space. Now, the
ADuM240x family eliminates all these dif-
ficulties. It combines the high performance
characteristics of all iCoupler products with
a 5 kV isolation rating in a footprint per channel 80% less than optocoupler solutions. Furthermore, as a component having
the most common isolation regulatory approvals, the ADuM240x simplifies the user’s end product certification process.

1000

- OPTOCOUPLERS HePLUTI0 @  HCPLOT23®
-------------------------------- inmmnx-"""""

® HCPL-0700 HCPL-050x @ HCPL-020x

e
=]

iCOUPLERS

POWER CONSUMPTION (mW)

0.1 1 10 100
DATA RATE (Mbps)

View our on demand technical seminar: “iCoupler
Isolation Technology: Eliminate Those Optocoupler
Headaches” at www.analog.com/onlineseminars.

wWww.analog.com/VG6Medical Sg\li\llé%csi
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Impedance-to-Digital Conversion Improves Blood Sample Analysis Accuracy

lood analysis signal chains consist of a stimulus generator, data acquisition system, and DSP. When virus strain
B enters the blood, a chemical reaction occurs, altering its impedance at certain frequencies. Characterizing across

frequency bands by injecting a stimulus via a low impedance probe, analyzing the response signal, and using a DSP
algorithm to calculate the effective impedance allows specific virus strains to be detected.

)
b

SENSOR
CENTRIFUGE/ DIGITAL SIGNAL
TEST FIXTURE PROCESSING
F'y
SENSOR » T\ Avp @

.| moror APPLICATION DISPLAY ,>_.
DRIVE d DAE PROCESSOR __[] DRIVERS
H I_J DISPLAY

v

MEMORY

PROCESSOR
INTERFACE | | KEYPAD. ETC.
POWER SIGNAL SYSTEM V,,/ THERMAL
DIGITAL POTENTIOMETER INTERFACE i oo SUPERVISORY SIER e L

Integrated Impedance Converters Simplify the Challenges of Complex Measurements

™ he problem with measuring a complex impedance using discrete components can be numerous: frequency profiles
need to be generated and subsequently digitized, error budgets calculated, and temperature effects taken into account
across multicomponent selections. In total, the multichip solution is time consuming and space inefficient.

The AD5933 and AD5934 are the world’s first integrated impedance converters, combining a precision on-board frequency
generator with 12-bit, 1 MSPS (AD5933) and 250 kSPS (AD5934) ADCs. The frequency generator allows an external
complex impedance (range 100  to 10 M(Q) to be excited with a known frequency of up to approximately 100 kHz.

The response signal from the impedance is

sampled by the on-board ADC and DFT pro- I O

cessed by an on-board DSP engine. The DFT
o cORE
BY4 (27-8I7)

algorithm returns a real (R) and imaginary
case of a sweep), allowing impedance to be T

(1) data-word at each frequency point (in the

RC OSCILLATOR

Vour

conveniently calculated based on an initial TEMPERATURE [ peeenente
SENSOR

system calibration. soik tw

DIGITAL CONTROL
12C® INTERFACE LOGIC

SDA

View our on demand technical
seminar: “Leveraging Advanced
Converter Architectures for
Impedance and Capacitance Sensors”
at www.analog.com/onlineseminars.
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FREE to First 300 Respondents—
164-Page Chapter Reprint from Best Seller!

Op Amp Hardware and Housekeeping Techniques

An Excerpt from Op Amp Applications (2002)
by Waiter G. Jung

INPUT + //"\ l OUTPUT
) T —>»

DotV

Support items outside the actual signal path of a design can be every bit as important as
choosing the correct op amp and surrounding circuit values. Learn about support items
surrounding an op amp, including passive components, printed circuit design, power supply
systems, and EMI/RFI issues, as well as simulation, breadboarding, and prototyping.

Visit www.analog.com/V6Medical to order your FREE copy today.

ANALOG Visit our website for free samples, data sheets, and additional product information.
DEVICES Www.analog.com/V6Medical
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Sample Kits Optimized for

Medical Applications Now Available

Avnet Electronics Marketing is currently
sampling an Analog Devices’ solutions Kkit,
featuring an array of components ideal for
use in medical applications.

Kit Contents:

Part Number | Description

AD8616 | Precision dual-operational amplifier
AD7685 | 16-bit PUISAR® ADC
ADUM2400  Quad channel iCoupler’
AD5445 | 12-bit multiplying DAC
AD8335 | Quad VGA

AD9248 ' 14-bit, dual, high speed ADC
ADR360 ‘ Voltage reference

AD5933 12-bit impedance converter
ADM1062 " Super Sequencer™

AD8553 Auto-zero in-amp :

Visit the Avnet website for a sample kit, data sheets, and additional product
information at www.em.avnet.com/adimedicalsamplekit.

k analog is everywhere’

copyright ©2006 Avnet Inc. All rights reserved
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Please answer the following questions:

1. Which category best describes
your job? (select one)
[ Engineering Management
(] Engineering
[ Management Other than Engineering
[ Purchasing/Procurement
() Marketing/Sales
[ Consulting
[ Professor/Instructor/Research/Scientist
[ Editor/Industry Analyst
[ Other.

N

. Which of the following best describes your
business? (select one)

[J Computer Systems and Peripherals

[ Communications Systems

[] Controls, Test, and Medical Equipment
(] Consumer Electronics

[ Automotive

] Military/Aerospace

[ Other.

Please provide your email address:

3. Is your request in support of an
active design? (select one)
O Yes
[JNo (Do you anticipate a new design
in the next 12 months?)
[JYes [JNo
[J Unknown

4. Which of the following best describes your
design stage? (select one)
[ Component Identification
[ Production
[ Prototyping
(] Redesign
(] Requirements Definition
("] Research for Future Project
[J Unknown

[C] Check this box if you do not wish to receive product

announcements/updates or other related information via email.

analog is everywhere.

5. When do you plan to make
your component decision?
[10-3 Months

13-6 Months

[16-12 Months

[]More than 12 Months

[*J Already in Production

[JUnknown

. What is your best estimate of the
number of components your company
would be using for this (design) project
on an annual basis?

J1-999

[111,000-4,999

5,000-9.999

[1110,000-49,999

[1150,000-99,999

[11100,000+

[J Unknown

For more information, call 1.800.262.5643.
Visit our website at www.analog.com/V6Medical

Medical Electronics
Solutions Bulletin

Please send me the following materials:
(Offer expires 5.31.06. Please limit sample and data sheet requests to any six.)

Part Data Part Data
Number Sheet Sample | Number Sheet Sample
1. AD5933 O O 21. AD8553 O O
2. AD7468 O O | 22. AD8607 O O
3. AD7621 O O | 23. AD8617 O O
4. AD7641 O ” 24. AD8618 O O
5. AD7665 O O | 25. AD8655 O O
6. AD7683 O O | 26. AD8656 O O
7. AD7685 O O 27. AD92282 O

8. AD8220 O O 28. AD9229 O O
9. AD8317 O 29. AD9510 O O
10. AD8318 O O 30. AD9707 O O
11. AD8319 O O 31. AD9763 O O
12. AD8333! O 32. ADL5306 O

13. AD8334 O O 33. ADL5330 O O
14. AD8342 O O 34. ADL5350 O

15. AD8352 O O 35. ADR121 O C
16. AD8361 O O | 36. ADR365 O O
17. AD8362 O O | 37. ADR391 O O
18. AD8367 O O | 38. ADuC7020 [ O
19. AD8368 O , 39. ADum2401 [ O
20. AD8370 O m) ﬁ

' For more information about AD8333 product, please email

AD8333.samples@analog.com.

?For more information about our AD9228 product, please email

Highspeed.converters@analog.com.

This is only a partial listing of the products available
for sampling from this solutions bulletin. If you are interested

in sampling a part that isn't listed here, please visit

www.analog.com/V6Medical and click the link.
Or, complete this enclosed card and mail or
fax it to Analog Devices at 508.378.8440.

ANALOG
DEVICES
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Precision ADCs that Enhance Portable Patient Monitoring Applications

lood pressure can be measured using a variety of different methods. One method is to measure overall cuff pressure
B and amplitude of oscillations. As the pressure in the cuff is reduced, small oscillations in pressure are measured due

to blood flow through the arm changing in volume. This system requires only one sensor to measure pressure. This is
accomplished using a gain block followed by active filters and precision ADCs controlled by a processor.

< DEFLATE FAST
be ! CUFF 3 DEFLATE SLOW
CONTROL < INFLATE
CUFF
N W
> AMP
PRESSURE T =
SENSOR b - 5 OCESSOR
GAIN :;@:_‘ e
FILTERS
POWER
MANAGEMENT DIGI-ISO

Improve Accuracy, Speed, and Extend Battery Life of Portable
Medical Devices with Tiny, 16-Bit SAR ADCs

nalog Devices’ recent addition of the AD7683 and AD7694 to the 16-bit PuISAR® ADC family extends the available
A solutions to meet designers’ small package, low power needs. Both parts are available in 8-lead MSOP and operate

from a single power supply, Vo, between 2.7 V and 5.5 V. The AD7683 features a throughput rate of 100 kSPS and
utilizes an advanced design technique to
achieve a low power dissipation rate

(4 mW at 5 V/100 kSPS). The performance imm mm&m/g

has not been compromised in achieving : ]

this low power consumption. Typical INL @@JLEZ/W Eﬁg‘zﬁg
is =3 LSB and 16-bits with no missing 2

codes guaranteed over temperature. It

contains a low noise, wide bandwidth, very a : '
short aperture delay track-and-hold circuit, 3 Wﬂm@

and a versatile serial interface port. The 0l
AD7694 is a 16-bit no missing code ADC m, 0.5 Operatio
with 250 kSPS throughput rate and +4 LSB =INL:+3LSB:

typical INL. The combination of precision, :

low power, and small footprint, enables Jm

developers of portable battery-powered med-
ical or data acquisition systems to achieve
greater functionality at high resolution and
longer battery life.

View our on demand technical seminar:

“Driving Precision Converters: How to Select the Best

Reference and Amplifier for Your ADC Application”
at www.analog.com/onlineseminars.

www.analog.com/V6Medical SEOI%%CS;
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Analog-to-Digital Converters

Part Resolution | Sample | ln'léﬁ‘acei R Supply Range Medical Package ice
Number | (Bits) Ratet s i< angema setan S5V _Application - Type | ($U.S.)
AD7690 18 400 kSPS SPI 5 Imaging 10-lead MSOP 19 50
AD7683 16 100 kSPS SPI 3/5 Imaging 8-lead MSOP 5.75
AD7466 12 200 kSPS SPI 1.8/2.5/3/3.3 Patient monitoring | 6-lead SOT-23 | 2.35
AD7468 8 320 kSPS SPI 1.8/2.5/3/3.3 Patient monitoring | 6-lead SOT-23 | 1.15
AD7621 16 3 MSPS SPI, parallel 2.5 Imaging 48-lead LFCSP | 29.95
AD7641 18 2 MSPS | Byte, parallel, SPI 2.5 Imaging 48-lead LFCSP | 32.95
AD7665 16 570 kSPS SPI, parallel 5 Imaging 48-lead LFCSP | 19.00
AD7671 16 1 MSPS SPI, parallel ] Imaging 48-lead LFCSP | 21.95
AD7674 18 800 kSPS | Byte, parallel, SPI 5 Imaging 48-lead LFCSP | 27.95
AD7678 18 100 kSPS | Byte, parallel, SPI 5 Imaging 48-lead LFCSP | 19.20
AD7685 16 250 kSPS SPI 27t05 Patient monitoring | 10-lead MSOP | 6.50
AD7686 16 500 kSPS SPI 27t05 Patient monitoring | 10-lead MSOP | 12.00
40 kSPS, . 23.50,
AD9228 12 X 4 65 kSPS Quad LVDS 1.8 Ultrasound 48-lead LFSCP 39 50
40 kSPS, - 15.98,
AD9219 | 10x 4 65 kSPS Quad LVDS 1.8 Ultrasound 48-lead LFSCP 19.98
50 kSPS, 24.99,
AD9229 | 12 x4 65 kSPS Quad LVDS 3 Ultrasound 48-lead LFSCP 3951
80 kSPS, 48.33,
AD9446 16 100 KSPS Quad LVDS 3.3/5 MRI 100-lead TQFP 56.77
Amplifiers
Part 7 "”‘%ﬂ"'i‘cal‘ s Silbllly SR T
Number ~ Des ] ~ Application Voltage (V) | Packge
AD8205/ High common-mode Patlent monitoring, portable 451055 8-lead SOIC, 135
AD8206 difference amps and consumer medical ’ ’ bare die ’
AD8220 R-R output, JFET input in-amp Instrumentation, EEG, ECG | +4.6t0 +36 | 8-lead MSOP 2.29
AD8333 50 MHz, dual I/Q demod and phase shifter Ultrasound +45t0 +6.0| 32-lead LFCSP | 8.95
Ultralow preamp and programmable v
AD8334 R, quad VGA Ultrasound 451055 | 64-lead LFCSP | 14.49
AD8337 280 MHz, dc-coupled VGA PET scan 451010 | LFCSP, chip scale | 2.49
AD8538 Precision, low power in-amp Portable instrumentation 2.7105.5 5-lead TSOT 0.89
AD8553 Auto-zero in-amp with shutdown Portable instrumentation 18106 10-lead MSOP 1.30
Precision, low noise, Portable instrumentation, L
ADEB07 micropower, R-R I/0 patient monitoring 18108 14-1ad MSOP  }-1.01
AD8616 24 MHz CMOS, R-R, dual Instrumentation, EEG, ECG 2.7t06 8-lead SOIC 1.15
; Gt o Patient monitoring, IR ther- .
AD8617 Micropower, low noise, R-R I/0 mometers, consumer medical 18106 8-lead MSOP 0.7
Precision, low noise AFE, low noise physiological !
AD8655 CMOS, single TGeramets 2.7105.5 8-lead MSOP 0.70
ADA4841-1 Low distortion, low noise Portable instrumentation 2.7t012 6-lead SOT-23 1.59
Unity gain stable, ultralow Ultrasound, CAT scan, MR, 1
AURAEED distortion and voltage noise instrumentation e 8-loarl LECSP 188
ADA4922-1 Differential 18-bit ADC driver Instrumentation 510 26 8-lead LFCSP 3.59
ADA4941-1 Differential 18-bit ADC driver Portable instrumentation 2.7t012 8-lead LFCSP 2.39
i——:IAVﬂFT This Solutions Bulletin Sponsored by Avnet
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Digital-to-Analog Converters

| o | S| T o e [ 55
AD5443 12 2.47 +1.0 87 Patient monitoring 10-lead MSOP 3.7
AD5445 12 20.4 +10 82 Patient monitoring | 5wy o000 | 338
AD9707 14 175 08 83 Ultrasound e | B0
AD9706 12 175 ~08 83 Ultrasound e e
RF Products

:?l:vb or Component Description Medical Application qut‘:,l;aege (;l;i_?_)
ARgS1d Iog;r:\tﬂhl-rﬁifzodlz?egtlgzr}cﬁtdr?)ller DeteCt?nndogtEgrﬁﬁ;?lrjrirrlle':lﬂtzly o B0 L FoP 288
uson Sk | G oot | s |
Sl 60 gg ;’rzutF?wzr;Z (?thz’ctor Detemionar?;té?ﬁe??ngfmﬁ:;r:tgﬂ L Vorlead TaS0F B
AD8361 2.5 GHz TruPwr detector eioglionot fihe K POWSE A MILEEL, 1 Badiameony (F 578
ADL5330 1 MHz g;i?] (Ci(i)-lr?%(la/r\a\:]vét: 60dB | Gain contro,:/lc;{flF?;EsTigana;Ir:Eeurltrasounds, 94-lead LFCSP 498
AD8352 ilg?fen‘i:;ag’g’/vlF"f;{}“pﬂﬁf:f High speed ADC driving 16-lead LFCSP |  3.49
o | S  Gamase b  ES i |
Allzeast Iinealx-;t;[/OY‘}n(? Eé rr/]ail?]r;wer Downtﬁg\]/,e ;iig l:)ttr(l)elro Z\gnlrfeirns i arleed LEGSF 446
Precision Clocks

T L T e
AD9510* 12 GHz Ptz PLL Ultrasound | 64-lead LFCSP | 11.95
AD9513 800 MHz 3 LVDS/CMOS PLL Ultrasound | 32-lead LFCSP 5.95
AD9515* 16 GHz 1 lv%/;%%bs PLL Ultrasound | 32-lead LFCSP 475
AD9540 655 MHz | go“r"nL;;"Z ﬁfL DDS Ultrasound | 48-lead LFCSP 9.95
*QOther output and package configurations are available for the 1.2 GHz and 1.6 GHz-rated clock products.
www.analog.com/V6Medical SE\%&%%
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Digital Signal Isolators (iCouplers)

Part Number of | Isolation | Maximum | & £l Package Price
Number Channels | Rating (V rms) | Data Rate Medligal; Anpligation Type ($U.8.)
ADuM140x 4 2500 90 Mbps Patient monitoring 16-lead SOIC 2.43
ADuM?240x 4 5000 90 Mbps Patient monitoring 16-lead SOIC 3.16
Temperature Sensors
Part | Maximum | Temperature Medical » Price
Number Interfage Error (°C) Range Application fackagaype ($U.S.)
Serial o -40°C to Patient 6-lead SOT-23,
ADTZ01 | opypgp b +150°C monitoring | 8-leadMsoP | 10
-40°C to Patient 5-lead SC70,
g e = +150°C monitoring | 5-lead SOT-23 | 0%
1 -40°C to Patient 8-lead SOIC,
TMPa6 AntRY =L +150°C monitoring | 5-lead SOT-23 | 040
Power Management
Part Power ‘Manual Reset | Output Medical Package Price
Number | Consumption (pA) | Capabilities Stage Application Type ($U.S.)
Portable 3-lead SC70,
AOME0D i g Push-pull | {1 trumentation | 3-lgad SOT-23 | -°
Portable
ADM6711 12 Yes Push-pull iHstrumantation 4-lead SC70 0.28
. Portable
ADM6713 12 Yes Open-drain strie G 4-lead SC70 0.28
Portable
ADM8616 3 No Push-pull Rattantion 4-lead SC70 0.85
' Portable
ADM8617 3 No Open-drain iHetriiianitation 4-lead SC70 0.85

Purchase of licensed 12C components of Analog Devices or one of its
i i ies conveys a license for the purchaser

A

under the Philips 12C Patent Rights to use these components in an 12C
system, provided that the system conforms to the 12C Standard Specification

as defined by Philips.

©2006 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.

Printed in the U.S.A.
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INNOVATIONS & INNOVATORS

Agency-approved power supply

cuts cost, leadtimes

pplications requiring nonstandard power-
Asupply voltages, especially for industrial, IT,

or medical markets, usually require a cus-
tom power supply, with the attendant added ex-
pense and delivery time. Targeting that problem,
XP Power has introduced an ac/dc switching
power supply that enables system designers to
specify any voltage level up to the maximum rat-
ing of each output and still maintain full agency ap-
provals. The RCL175 power supply is available
with one to four outputs: 3 to 60V, 5 to 60V, and
5 to 30V on the two remaining outputs. The iso-
lated b to 30V outputs allow parallel or series con-
nection for further flexibility. Users can adjust the
3 to 60V output by £ 10%, and the other outputs
track this output by *10%. The compact power
supply targets use in industrial, IT, and medical ap-
plications and suits both Class |, which includes
supplies with a ground connection, and Class |,
covering those with no ground connection.

The supply uses a silicon-carbide diode to max-
imize efficiency and minimize component count in
the power-factor-correction boost converter. The
fractional-turn transformer allows combinations of

| EDITED BY FRAN GRANVILLE

$99 development
kit supports 8051
microcontrollers

Ramtron International recently
launched the UniVersaKit, a devel-
opment and evaluation system that
supports Ramtron Versa product
families, as well as most industry-
standard 8051 microcontrollers.
The board includes 3.3 and 5V
voltage regulators; an RS-232
transceiver; DB9 connectors; reset
and interrupt switches; user LEDs;
a serial, two-wire flash RAM; a
buzzer; and prototyping space.
Ramtron ships the UniVersaKit
with the development board, an
in-circuit programmer, a serial ca-
ble, a power supply, and a CD-
ROM. The kit also provides user
guides, an integrated development
environment, a C compiler, and an
assembler. The kit costs $99.
—by Warren Webb
Ramtron International,
www.ramtron.com.

outputs, such as 3.3 and 5V, without postregula- 1 aC/C switching power Supp“s en_

tion. The product sells for $1565 (100). able designers to specify any voltage level
—by Margery Conner p to the maximum rating of each output and
XP Power, www.xppower.com. still maintain full agency approvals.

@)

A new, low-cost evaluation kit

from Ramtron offers a hardware-
and software-design environment
for 8051-microcontroller projects

John M Fluke, founder, John Fluke Mfg Co, EDN, Oct 14, 1981
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DSOs boast low noise,
automatic search
for long-waveform records

any purchasers don't
M want to pay now for

scope bandwidth that
they won't use for several years,
so Agilents new Infiniilum
80000B series brings back
upgradable bandwidth, a fea-
ture that disappeared from os-
cilloscopes in the days of analog
instruments. A couple of mouse
clicks or taps on the touch-sen-
sitive screen of most high-per-
formance digital scopes, includ-
ing Agilent’s, can invoke vari-
able-bandwidth lowpass filter-
ing that mitigates the wider-
bandwidth  scopes’ higher
noise, but filters can’t address
the higher cost of the wider
bandwidth.

In addition, the new way of
upgrading is less convenient
than the plug-in architecture of
old. With one exception—in-
creasing the —3-dB frequency
from 12 to 13 GHz, which you
do by unlocking bandwidth-en-
hancing DSP software inside
the  scope—upgrading an
80000B scope’s bandwidth re-
quires returning the unit to the
manufacturer for hardware in-
stallation and recalibration.

At a bandwidth of 1 GHz, a
12-GHz 80000B scope that
Agilent tested exhibited noise
of 163 wV rmsand 1.6 mV p-p.
At the full 12-GHz bandwidth,
the scope’s noise increased to

DILBERT By Scott Adams

406 wV rms and 4.3 mV p-p,
less than the theoretical factor
of the square root of the high
bandwidth divided by the low
bandwidth. Agilent says that the
80000B scopes have the low-
est noise in their class, an at-
tribute that makes them ideal
for jitter measurement because
a scope’s jitter-noise floor de-
pends on its internal noise.
The scopes’ new Infiniiscan
feature automates finding
anomalous waveforms. At sam-
pling rates of 4G samples/sec
and slower with half of the
channels active, the scopes of-
fer memory as deep as 64M
samples/channel. (At higher
sampling rates, maximum
memory depth is 2M sam-
ples/channel) Finding infre-
quent anomalies in long-wave-
form records is tedious at best,

and the record length makes
visually catching every anom-
aly virtually impossible. Among
Infiniiscan’s impressive capa-
bilities is finding glitches as
brief as 65 psec. Infiniiscan
can also combine hardware
triggering and software analy-
sis to find waveforms that pass
or fail combinations of criteria
that you can specify.

The 80000B series’ touch-
sensitive color LCDs offer im-
proved resolution of 1024X
768 pixels. In addition, the in-
tensity-grading feature distin-
guishes among 256 intensity
levels to make visual waveform
analysis more intuitive. Prices
for the four-channel, 2-, 3-, 4-,
6, 8-, 10-, 12-, and 13-GHz
units range from $30,000 to
$115,000. Prices for upgrades
to increase from any bandwidth
to the next higher one range
from $9000 to $19,500.

—by Dan Strassberg
~Agilent Technologies,
www.agilent.com.

Scopes in the 80000B series allow you to buy only the band-

width you need now and upgrade later. The Infiniiscan feature

automates and greatly simplifies finding anomalous waveforms
in records that can be as long as 64M samples.

DOGBERT'S TECH
SUPPORT

YOU HAVE A BAD
CASE OF COMPUTER
ROT.

(

www.dilbert.com scottadams@aol.com

YOUR COMPUTER IS
DESIGNED TO BECOME
SLOWER AND MORE
UNRELIABLE OVER
TIME SO YOU HAVE
TO UPGRADE.

5-28-05 ©2005Scott Adams, Inc./Dist. by UFS, Inc.

BUT IF YOUD LIKE
SOME FALSE HOPE,

I CAN TELL YOU HOW
TO DEFRAGMENT
YOUR DISK DRIVE.

K
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GPIB card
simplifies
configuration

The new PXI-3488 from
Adlink Technology pro-
vides the interface be-
tween GPIB instruments
and PXI (PCI Extensions
for Instrumentation)-
equipped test-and-meas-
urement systems, and it
simplifies the required
hardware/software con-
figuration. The module's
1-kbyte onboard FIFO and
high-speed bus, which the
onboard CPLD acceler-
ates, give the interface a
1.6-Mbyte/sec maximum
data-transfer rate to satis-
fy high-volume data-trans-
fer requirements.

The board supports
Windows 98/NT/2000/
XP, and its driver library is
compatible with industry-
standard VISA (Virtual
Instrument Software
Architecture) and instru-
mentation protocols.

The PXI-3488 interface-
controller card offers test-
and-measurement-equip-
ment designers a high-
speed option for PXI modu-
lar-instrumentation systems.

The PXI-3488 card
complies with IEEE 488.1
and 488.2 standards and
supports popular applica-
tion-development environ-
ments, such as VB, VC++,
Delphi, LabView, and
TestExec. The PXI-3488
sells for $345 (volume
discounts available).

—by Warren Webb
Adlink Technology,
www. adlinktech.com.




PC/104 Modules:
Stackable, =

Small, and ?
Rugged :

Begin your next design with
WinSystems” PC/104 and
PC/104-Plus modules. These
compact, 90mm x 96mm

(3.6” x 3.8”) modules are easy-
to-use and ideal for space-
sensitive applications.

WinSystems’ products include:
» Single Board Computers
e Intel Pentium
e AMD 520
» Input/Output (I/0)
* Analog
¢ Digital
e Serial
e GPS
e USB 2.0
» Communications
* Networking - —_— )
e GSM Cellular ‘ \ L N
e 802.11 Wireless
* 10/100/1000Mbps Ethernet Call 817-274-7553 or
* Modem Visit www.winsystems.com

> Enclosures Ask about our 30-day

» Long-life product availability .
» -40°C to +85°C operation P roduct evaluation!

» Quick Start SBC Developers kits for *x* o

Windows® XP, CE, and Linux * I WinSystems’

P
You'll find O}lI' PC/104 mOdUIeS StaCk, up_ as 715 Stadium Drive e Arlington, Texas 76011
the perfect fit for industrial, communication, Phone 817-274-7553 e FAX 817-548-1358
transportation, medical, instrumentation, E-mail: info@winsystems.com

and MIL/COTS applications.

Extended

a0
A Microsft®
B o

- Temperature
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Instruments characterize
single-lane and multilane,
multigigabit/sec bus

components

new jitter-tolerance-
compliance-test suite
for Agilent's N4903A

high-performance, 7- and
12.5-Gbps serial BERTs (bit-
error-ratio testers) provides
quick and accurate testing
with an extensive library of
standard and custom curves,
adjustable margins, automated
parameter sweeps, and a
graphical pass/fail-result dis-
play and print/save function
for easy documentation of test
results. Built-in, calibrated, au-
tomated, and compliant jitter-
tolerance testing uses sources
of periodic and random jitter,
bounded uncorrelated jitter,
and both intersymbol and si-
nusoidal interference.

AlIN4903As provide imme-
diate eye analysis with one-
screen eye diagrams, eye-con-
tour lines, and eye-mask and
pulse-parameter ~ measure-
ments. This feature eliminates
the need to use an oscillo-
scope to check for a valid sig-
nal before testing. A new pat-
tern-capture capability simpli-
fies analysis of complex de-
vices. The N4903A platform'’s
upgradability protects your in-
vestment. Prices for the 7- and
12.6-Gbps versions start at
$120,000 and $160,000, re-
spectively. The new N4903A-
J12  jitter-tolerance-compli-
ance-test software suite costs
$9975. A newly revised ver-
sion of the vendor’s Quick eye-
and pattern-capture software
is free to owners of N4903A
systems.

Both  development- and
compliance-test engineers will
benefit from using the new
Agilent NB991A PCI Express

| MARCH 2, 2006

receiver-compliance-test and
characterization  software’s
features. One-button compli-
ance-test capability greatly
simplifies the test procedure.
Compliance sweeps using the
correct stimulus signal and
carrying the proper amounts of
calibrated stress minimize
measurement time. Both print-
ed and electronic versions of
compliance-test data ensure
easy and accurate documen-
tation of results. And precise
characterization of the physi-
cal-signal performance allows
margin analysis for further im-
provement in device-specific
technology and manufacturing
processes.

The Agilent PCI Express re-
ceiver-compliance-test suite
runs on standard PCs and re-
quires the new Agilent Nb-
990A transmitter-and-receiver

The 81250 series parallel bit-error-ratio tester is an accurate,
automated tool for PCI Express-receiver tolerance-compliance

testing and characterization.

test-automation-software plat-
form for the 81250 ParBERT
(parallel BERT). The platform
provides a flexible test se-
quencer; a configurable data-
base interface; a Web inter-
face; and interfaces for the full
integration of sources of peri-
odic jitter, random jitter, and
bounded, uncorrelated jitter-
stress generation. These items
enable you to conduct compli-
ant and calibrated jitter-toler-
ance measurements.

You can further combine
the 81250 ParBERT with the
N5990A test-automation
software platform, the Nb5-
991A PCI Express compli-

ance-test software, and the
Nb393A PCI Express electri-
cal-performance validation-
and-compliance software for
the Agilent Infiniium series of
oscilloscopes to form a com-
plete PCl Express compli-
ance-test station. The price
for the 7-Gbps version of the
multilane 81250 starts at
$250,000. The N5990A test-
software  platform  costs
$49,975, and the N5991A
PCle-compliance  software
costs $15,997.

—by Dan Strassberg
~Agilent Technologies,
www.agilent.com.

AdvancedMC module boasts 2-GHz processor

Concurrent Technologies recently announced a new, lead-free AdvancedMC (Advanced
Mezzanine Card) processor module targeting wireless-base-station, security, test-and-meas-
urement-system, voice-over-Internet Protocol, and server applications. The single-width, full-
height PR AMC/33x module suits AdvancedTCA, MicroTCA, and proprietary platforms. It fea-
tures the 2-GHz Intel Pentium M processor 760 and the E7520-server chip set. The E7520
interfaces as much as 2 Gbytes of soldered DDR2-400
ECC memory, providing a peak memory bandwidth of 3.2

Gbytes/sec.

The PR AMC/33x provides full hot swap, IPMI
(Intelligent Platform Management Interface), PCI
Express, Gigabit Ethernet, and serial ATA150 ports. The
module also features two USB 2.0 ports, two RS-232
ports, and 1 Mbyte of application flash. The module sup-
ports Linux, Windows 2000, Windows Server 20083,

Windows XP, Windows XP Embedded, ONX, and

VxWorks operating systems. Prices for the PR AMC/33x

start at $1735 (OEM volumes).—by Warren Webb
Concurrent Technologies, www.gocct.com.

Concurrent Technologies’ single-
width, full-height AdvancedMC
processor module incorporates
Intel's 2-GHz Pentium M processor.
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Spend less. Do more.
Get there first. 5

©

With today’s competitive pressures, you need to
do more with less to win in your marketplace.
TIME is the driving force: time to product,
time to market, and, of course, time to profit.

Altera’s innovative products give you the edge
you need to get there first.

e Cyclone™ Il FPGAs and MAX" Il CPLDs for
low-cost volume production. ; P

e Stratix” Il FPGAs for density and performance.

e HardCopy ° Il structured ASICs for high-density
volume production.

e Quartus® Il development software for ease of
use and productivity.

e Nios” Il processor for embedded flexibility.

Get there first. Visit www.altera.com.

qu | | ,:E D;])_/AS ”

The Programmable Solutions Company ®

www.altera.com

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



22 EDN

mRESEARCH UPDATE

BY MATTHEW MILLER

Microrobot crawls
under remote control

ngineers and computer
== scientists at Dartmouth
College (Hanover, NH)
have developed what they
claim is the world’s smallest
steerable, untethered robot.
The machine, which measures
approximately 250X60X10
microns, integrates a wireless
power and control-signal re-
ceiver, two actuators, and on-
board state memory. Moving
forward with an inchwormlike
gait, the robot turns by press-
ing down its cantilevered
steering arm and then pivoting
around it. The average step
measures just 12 nm, but the
robot takes more than 10,000
steps per second and can cov-
er more than a foot of distance
in about 30 minutes, the team
reports. (Go to www.edn.com/
060302ru for a link to a site
that offers video clips of the
robot in action.)

For now, the robot operates
only on a special surface: an
electrode array that generates
the power and control signals.
However, the researchers
foresee versions that could
operate on a variety of sur-
faces. Potential uses include
exploring hazardous environ-
ments, manipulating tissues in
biotech applications, and re-
pairing ICs, according to the

| MARCH 2, 2006

researchers. For more infor-
mation, go to http://engineer
ing.dartmouth.edu/ ~microeng/
robot05.html.

~Dartmouth College, www.
dartmouth.edu.

LED there be white

Researchers at Vanderbilt University have discovered a for-
mula for a quantum-dot coating that transforms the light
emitted by a blue LED into a broad-spectrum white light with
a slightly yellow cast—similar to that of incandescent bulbs.
The dots, which are crystals of cadmium and selenium that
contain either 33 or 34 pairs of atoms, spontaneously emit
the white light. This approach stands in contrast to other
techniques, such as one developed at Sandia National
Laboratories (www.sandia.gov), which involve doping quan-
tum dots with additional compounds that interact with the
crystals to produce white light. In addition, the Vanderbilt
team says that its process takes about an hour to produce
a batch of the dots, as opposed to as much as a month

for the other processes.

The discovery of the “magic” formula happened by acci-
dent, according to the group. A researcher asked a colleague
to make a batch of small quantum dots because he wanted
to study the way they grow, but he got a surprise when laser
illumination resulted in the warm, white glow.
>Vanderbilt University, www.vanderbiltedu.

Doppler effect enables portable vein finder

Despite all the expensive technology at their disposal, doctors find that treatment often
grinds to a halt due to difficulty inserting an intravenous line—a task that can be especially
tricky when the patient is dehydrated, obese, or a young child. Researchers at the Georgia
Institute of Technology (Atlanta) are developing a portable device that will help medical per-
sonnel quickly and accurately locate veins, eliminating repeated needle sticks and speed-
ing the delivery of needed medicines.

As a medic moves the device along a patient's arm or leg, a transducer emits a pencil-
lead-thin ultrasound beam, which a reflector directs into the skin. Signal-processing circuits
then use the Doppler effect to distinguish arteries from veins based on the direction of blood
flow. The device emits an alert when it locates a vein, and a needle guide ensures accurate

insertion. Supported by a medical-
device manufacturer, the rsearchers

are concentrating on delivering a
low-cost design and expect that
miniaturization will eventually lead to
a unit the size of a large fountain
pen. For more information, go to
http://gtresearchnews.gatech.edu/
newsrelease/vein-finderhtm

Georgia Institute of
Technology, www.gatech.edu.

A Georgia Tech researcher dis-
plays a prototype of a scanner
that uses ultrasound to help
medical personnel locate veins.
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Strange but true stories from the call logs of Analog Devices

Ground Noise and Groundhogs — Folklore for EEs |

Q. Happy Groundhog Day! Why do | have an output
when my analog input is grounded?

A. The most
common rea-
son is ground
noise*. A
superstition
among EEs
says that
"ground” is
the place
where good
signals go
when they die
— asort of
zero-imped- ;
ance, zero-potential panacea wherever you
find the triangle < or the dangling worms ghy.
A real-life ground has finite impedance, so a
current flowing between two “ground”
points will cause a potential difference (PD)
between them. This PD often causes errors in
precision (and even non-precision) circuitry.
The current may be the return from the cir-
cuit’s input or output connections, or it may
be a current from some nearby system that
just happens to flow through the circuit’s
ground conductor.

The three main strategies for minimizing
the effects of ground noise are 1) minimize
ground impedance, 2) isolate the grounds of
sensitive circuitry from large or noisy cur-
rents, and 3) use differential signal transmis-
sion to isolate signals from ground noise.

1) It seems that some designers assume
room-temperature superconductors have
already been invented — and that copper is
one of them. Some PCB designs have
ground traces only a few mils wide, and the
resulting voltage drops are humongous.
Ground impedance is minimized by using
the widest possible PC traces for ground
and, preferably, having a whole uninterrupt-
ed layer of copper, known as a ground plane.

N\

RUMBLE
RUMBLE
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2) It is also
valuable to have
separate
grounds for sen-
sitive circuitry
and for circuits
drawing high
currents. These
separated cir-
cuits will need to
communicate,
so there is usual-
ly a single point,
known as a “star
point” and located near the power supplies,
where these two grounds are joined to give
a common reference potential. Most mixed-
signal systems have analog and digital
grounds separated in this way; when this is
done the AGND and DGND pins of all
ADCs and DACs should be grounded to the
analog system ground.

3) If signals are transmitted differentially
on two ungrounded “signal” and “return”
wires, then ground noise is much less likely
to affect their integrity, although common-
mode noise may still cause some ill-effects.

It is not widely known that ground noise is
what awakens Punxsutawney Phil on
Groundhog Day. Ice is a better insulator
than liquid water and when the ice around
Phil's hole starts to melt, ground currents
start to flow, ringing a little bell to alert him.

* Device noise or offset is also quite a common cause.

To learn more about
ground noise,
Go to:
http://rbi.ims.ca/4915-501

Contributing Writer

James Bryant has
been a European
Applications Manager
with Analog Devices
since 1982. He holds a
degree in Physics and
Philosophy from the
University of Leeds. He
is also C.Eng.,
Eur.Eng., MIEE, and an
FBIS. In addition to
his passion for engi-
neering, James is a
radio ham and holds
the call sign GACLF.

Have a question
involving a
perplexing or
unusual analog
problem? Submit

your question to:
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Handset-technology
advances dominate
Barcelona confab

he mobile handset con-
tinues to drive the glob-
al high-tech industry,

and the adoption and enabling
of new features, such as multi-
media, typically happen first
outside North America. The in-
dustry gathered Feb 13
through 16 atthe 3GSM World
Congress  (www.3gsmworld
congress.com) in Barcelona,
Spain, where the latest hand-
set features debuted. The
theme of the handset as an
extensible computing platform
was front and center. Com-
panies are layering on features
ranging from GPS (global po-
sitioning system), to video, to
additional wireless-communi-
cation schemes.

STMicroelectronics  (www.
st.com), for instance, made
announcements in multime-
dia, ancillary wireless, and
components. The company
launched the STwb095 stereo
codec with integrated ampli-
fiers; it targets battery-pow-
ered portable products, in-
cluding handsets and media
players. STM touts 20-bit res-
olution and 93-dB dynamic
range for quality, but its 23-
mW power consumption dur-
ing playback and 1 pW dur-
ing standby suit it for the in-
tended application.

STM also announced a pair
of digital encoders, the ST-
w8009 and STw8019, that
enable video output in
portable devices ranging
from handsets to media play-
ers and digital cameras. The
company claims that the de-
sign optimizes cost and pc-
board real estate by partition-

ing image-processing func-
tions to the host processor
and performing encoding and
data-conversion  functions
on-chip. The company also
announced at 3GSM that its
STLC4370 802.11 chip for
handsets is in production, and
several manufacturers are
now shipping handsets that
incorporate the technology.
Adding 802.11 to a cellular

handset allows enhanced
corporate-e-mail capabilities
and, eventually, seamless

roaming between cellular and
local networks.

Cambridge Silicon Radio
(www.csr.com) and Portal-
Player (www.portalplayer.com),
meanwhile, partnered at the
show to demonstrate support
for both 802.11 and Blue-
tooth in portable devices. The
demo relied on PortalPlayer's
PP5022 application proces-
sor and CSR's UniFi Wi-Fi
chip and BlueCore Bluetooth
chip. The demo illustrated the
broadening of 3GSM to focus

Targeting 3G and WiMax base
stations, Artesyn’s KosaiPM
Pentium-based module powers
the company’s microTCA
communication platform.

on other portable products,
such as media players, al-
though the  wireless-en-
hanced design could mas-
querade as a mobile phone,
as well.

CSR also partnered with
Fractus  (www.fractus.com),
which specializes in fractal-an-
tenna technology, to demon-
strate simultaneous Bluetooth
and Wi-Fi operations on a pro-
totype combo card. The card,
which is tiny enough for de-
ployment as a handset, can
support a VOIP (voice over
Internet Protocol) call over Wi-
Fi while a normal call uses the
Bluetooth radio.

The 3GSM crowd also con-
tinued the migration toward
faster, more capable cellular
technologies. On the GSM
side of cellular, the next step is
a move from EDGE to W-

Wi-Fi/Bluetooth cards from CSR employ Fractus antennas.

CDMA  (wideband CDMA)

that's already under way in
parts of Europe. Analog
Devices  (www.analog.com)
showed its first W-CDMA/
EDGE (enhanced-data-for-
GSM-evolution) chip set at
the exhibition. The company
based its SoftFone-W chip set
on the Blackfin embedded-
processor technology. The
software-centric design is
adaptable; Analog Devices re-
cently used the same building
blocks to deliver a TD-SCD-
MA  (time-division synchro-
nous-CDMA) design for the
Chinese market.

Design wins and partner-
ships are always hot themes at
3GSM, and this year was no
exception. For instance, Ceva
(www.ceva-dsp.com), a licens-
ee of DSP, GPS, and multime-
dia cores, announced handset
wins in Korea, China, and
France. EoNex (www.eonex.
com), a Korean CDMA-chip
supplier, will use the Ceva-
TeakLits DSP core in a
CDMA-2000 design. Spread-
trum Communication (www.
spreadtrum.com), a Chinese
baseband-chip supplier, will
use Ceva technology in a TD-
SCDMA design, and VMTS
(www.ymts.com), a French
company, will also use the
Ceva DSP core.

In addition, SIRF Technology
(www.sirf.com) announced the
GSCi-5000 combo GPS and
Bluetooth product. Artesyn
(www.artesyn.com)  demon-
strated its new microTCA plat-
form for 3G and WiMax base
stations, and Aeroflex (www.
aeroflex.com) announced a
software-trace capability for
wireless-network testing using
its SystemAT testers. The
company claims that it can
slash the diagnostic time for
operators rolling out new soft-
ware or performing field
trials.~by Maury Wright
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BY HOWARD JOHNSON, PhD

y friend Lloyd builds timing analyzers for high-energy
physics experiments. In these experiments, an array
comprising hundreds of detectors senses the times of
arrival for the spray of particles emanating from a cas-
cading sequence of atomic interactions.

Each detector connects through a length-matched
coaxial cable to Lloyd’s analyzer. The analyzer records the times-of-
arrival data and triangulates the location of each atomic event. When
calibrated, the accuracy of the system is truly awe-inspiring.

The detectors are mounted in a high-
radiation zone 3 ft from the analyzer. At
that distance, the RG-58A/U 500}
coaxial cable may slightly degrade the
400-psec rise time of the detector out-
puts. However, that situation does not
matter as long as the cable affects each
detector the same way and as long as
the step response of the cable itself adds
no significant jitter. (It doesn’t.)

The reflections that may occur
between the detector outputs and the
analyzer inputs do matter. If any late
reflections occur, the reflected signals
may perturb the rising edges from sub-

Vr

Ry

500

EXTERNAL

END TERMINATION

FPGA-
INPUT MODEL

RG-58A/U FROM

ECLLO-Z
400-pSEC 50Q
DRIVER 100 pSEC

The reflections
that may occur
between the detec-
tor outputs and

the analyzer inputs
do matter.

sequent events, shifting their apparent
times of arrival. You cannot postprocess
out of the system the jitter that this
mechanism induces.

REFLECTIONS

A~

HYPERLYNX 7.5

Figure 1 The FPGA-input capacitance creates massive reflections.
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If you can limit the magnitude of the
reflections to, say, X% of the signal
swing, then the worst-case time-
domain jitter that those errant reflect-
ed blips induce will amount to only X%
of the signal rise time.

At this point, you are probably think-
ing about termination at both ends.
That scenario is an excellent way to
mitigate reflection. However, just for
fun, imagine that a government con-
tractor built the detectors and that they
provide low-impedance ECL outputs.
You cannot change them. Conse-
quently, the analyzer must provide
near-perfect end terminations.

Next, stipulate that, for cost reasons,
you must use an off-the-shelf FPGA to
receive the detected signals. The
FPGA incorporates switchable internal
resistors, but they are insufficiently
accurate for this application. Your con-
tract mandates external terminating
resistors, 5001+ 1%, for each signal.

Unfortunately, even with a perfect
external termination, the 9-pF capac-
itance of the FPGA input creates mas-
sive reflections (Figure 1). The reflec-
tions return every 8 nsec, commensu-
rate with the round-trip delay of the
coaxial cables. The person who wrote
the system specification failed to con-
sider that fact.

In any system in which the time con-
stant, 'hZ C,, approaches the rise time
of your source, you can expect these
types of big reflections.

Given these specifications, can
Lloyd’s system possibly work? Stay
tuned for my next column, when we
will work on the answer together.Ebn

AT EDN.COM >

Go to www.edn.com/060302hj and
click on Feedback Loop to post a
comment on this column.

Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical
workshops for digital engineers at Oxford
University and other sites worldwide. Visit
his Web site at www.sigcon.com or e-mail
him at howie03@sigcon.com.
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Version inquiry

was supporting the system-build and -integration effort, in
the field, of an R&D flight system. The system was an iter-
ative evolution of a quick and dirty proof-of-concept
vehicle that the team had demonstrated several months
previously. Most of the boards, harnesses, and assemblies
were handcrafted one- or two-offs (prototype quantities).
The use of so many custom boards complicated the system-
integration effort because anomalous behaviors encountered
during the integration effort could reasonably be the result of

flaws in the hardware or software de-
sign, build errors introduced during the
hardware fabrication, or flaws in the
test-setup configuration. In any case, it
was critical for us to explicitly deter-
mine the cause of each anomalous
behavior because the prototype system
would be able to support only a single
shot at the final test run.

To support parallel development of
the software with the hardware build,
we built a few of each of the electron-
ics-control boards. At a minimum, we
were developing the system on partial-
ly built systems—one in the lab and
one in the field. Although this ap-
proach allowed us to perform more of
the development effort in parallel, it
increased the complexity of managing
the configurations as we discovered and

corrected flaws in the design or build-
ing of the system. In general, practic-
ing version control of the boards and
components minimized out-of-sync
problems.

On one occasion, though, the ver-
sion-control effort for the multiple
development systems failed and cost
the development team considerable
time to troubleshoot. The design team
predominantly comprised hardware
designers, and the team considered
replacing a physical PROM chip on
the controller board as sufficient to
manage the version of the software
loaded in the system. The flight-con-
trol software had no user interface; it
could control the flight vehicle and
talk to the ground-control system
through a serial link. Because the

PROM sported a handwritten label
that identified the software version
loaded in it, the design team had not
felt it necessary for the system software
to include the ability to tell the
ground-system controller what version
of the software was loaded and exe-
cuting on the flight system.

In this situation, the field system was
exhibiting an intermittent anomalous
behavior. The successful operation of
the system in the lab suggested that we
had a problem in the test-setup con-
figuration. After many failed attempts
to discover the problem in the test con-
figuration, the design team tried to con-
vince the team in the lab that the prob-
lem was not the test configuration. At
some point in the troubleshooting
effort, I asked whether the software
loaded in the PROM could be an ear-
lier version than that loaded in the lab.
The label on the PROM indicated oth-
erwise, but the intermittent-failure
behavior suggested that we had a pre-
vious version of the software loaded.
After we shipped the field board to the
lab, we were able to duplicate the prob-
lem in the lab setup. It turned out that
we had loaded the PROM with an ear-
lier version of the software but had
incorrectly labeled it.

At this point, we added a query
function to the flight-system software so
that the ground system could confirm
what version of the software was loaded.
One thing that contributed to the pro-
longed effort to correct this problem
was that none of the system people who
worked on the first iteration of the sys-
tem were present in the field during the
building of the second system. The sys-
tem people on the second system were
new to the project. The people with the
experience to recognize the earlier ver-
sion of the software were too far
removed from the integration effort to
recognize that a version mis-synchro-
nization had occurred. This situation
exacerbated an otherwise-simple-to-
solve problem because of a break in the
field-integration team’s experience
with the system.EDN
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RF-interference-design
considerations for portable-
device batteries

TODAY'S USE OF EVER SMALLER YET MORE COMPLEX BATTERIES

IN MOBILE-COMMUNICATIONS APPLICATIONS REQUIRES DESIGNERS
TO USE ADVANCED DESIGN TECHNIQUES TO PROTECT BATTERIES
FROM RFI. USERS MUST CONSIDER A NUMBER OF PHENOMENA
AND DESIGN ISSUES TO ENSURE THAT THEIR DESIGNS CONFORM
TO BOTH RF AND BATTERY-MANAGEMENT-SYSTEM PARAMETERS.

esigners face increasing challenges from RFI

(radio-frequency interference) when integrating

batteries and protection circuitry into systems. At

a basic level, a battery pack is an energy-storage

device comprising cells and support-circuit

assemblies that maximize a host device’s per-
formance. Batteries serve as power sources for portable elec-
tronics, such as mobile phones, two-way radios, PDAs (personal
digital assistants), MP3 players, notebook computers, and wire-
less scanners. Currently, many portable electronics use Li-ion
(lithium-ion)-cell technology (Figure 1). Li-ion battery packs
generally have complex protection circuitry, especially if an
application requires multiple cells. Typical two-way-radio Li-ion
battery packs use two cells in series, and their protection cir-
cuitry is more complex than that for a typical single-cell Li-ion
battery pack in a mobile phone, for example (Figure 2). Appli-
cations requiring many cells in a series, such as those in note-
book computers, are even more complex (Figure 3).

Li-ion battery packs need protection circuitry to curb them
from overcharging, thereby exceeding their volatility-voltage
and -current curves. The circuitry also limits the cells from
excessive discharge beyond the undervoltage limit of the cell,
which could damage the cell. In addition to the protection cir-
cuitry, Li-ion battery packs may also require other circuitry, such
as a voltage- or charge-based fuel gauge and electronics, for reg-
ulatory-agency approval.

With the growing need for smaller and lighter mobile-com-
munication devices, battery packs usually reside close to their
hosts and play major roles in the overall communication sys-
tems’ size and weight. As a result, compliance with the many
RF and battery-management-system parameters becomes in-
creasingly challenging at the system level.

Two-way-radio battery packs normally have two cells in series.
Depending on the radio tier, the battery circuit may comprise
protection ICs for voltage monitoring and control, voltage- or
coulomb-based fuel-gauge circuitry, charge- and discharge-ter-
mination circuitry, and circuitry for agency approvals. In a typ-
ical notebook battery pack, the circuit can monitor voltage and
control multiple cell configurations, charge and discharge ter-

minations, and coulomb-fuel-gauge-based circuitry. Although
host applications that require multiple cells may be more sus-
ceptible to RFI-design issues due to the volume of electronic
circuitry they use, even single-cell-system applications require
battery designers to be conscious of the potential for RFI in
their designs.

RFI is any undesirable RF signal that interferes with the
integrity of electronics and electrical systems. Any electronic
system with an interference-signal source and a transmission
medium for that source can suffer performance degradation due
to RFI. Transmitters, such as mobile phones, two-way radios,
commercial radio transmitters, system providers, and other
devices, can generate RFI. Conducted transmission of RFI sig-
nals occurs through wires, circuit components, and pc boards,
for example, and radiated RFI generally implies transmission
through space.

RFI ISSUES IN PORTABLE WIRELESS SYSTEMS

Designers must consider a number of RFI-related issues,
including SAR (specific absorption rate), BER (bit-error rate),
SINAD (signal-noise-and-distortion) degradation, radiated
transmitter power, transmitter instability, system reset and shut-
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Figure 1 A typical mobile-phone-battery-pack circuit uses one
lithium-ion cell.
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transmitted-radiated-power level and o P
redistribute and lower the intensity of
the localized electromagnetic field. It
can be challenging to maximize the
transmitted-radiated power while
minimizing the SAR performance of mobile phones. Some
manufacturers develop their mobile-phone systems to comply
with the SAR performance of 1.6 mW/g, which is the FCC
(Federal Communications Commission)-compliance limit
(Reference 1).

BER is a measure of the phone receiver’s sensitivity. Typical
radiated receiver sensitivity of phones is approximately —102
dBm at the phone-antenna input, and BER does not exceed
2.44%, whereas higher performance phones have more strin-
gent BER goals (Reference 2). The electronics in pc-board
assemblies for batteries can demodulate the RF energy that the
phone transmits and can generate noise that could corrupt the
voltage supply and data traces to the phone. This conducted
noise can then couple or feed into the phone’s power-manage-
ment system and eventually find its way into the phone’s receiv-
er system, thereby degrading the receiver-sensitivity perform-
ance. Positive-cell batteries use aluminum material, which con-
tributes to the overall lighter weight of the battery pack, but it
can be a medium to couple RF-radiated signals to the phone
receiver, thereby bypassing the battery electronics. Metal dis-
tribution inside the battery pack is another concern that could
lead to the degradation of the receiver’s antenna efficiency.

Similar to BER, SINAD is a figure of merit of receiver sensi-
tivity for analog-receiver designs. Designers must give the high-
est consideration to the mechanical assembly and construction
of the battery and the layout of the pc board to keep radiated-
RF energy from the charging system away from the electrical
circuit of the battery, especially the supply lines. Noisy charg-
er power supplies may desensitize the analog-receiver system and
cause poor SINAD performance when the battery is charging.

Transmitter-radiated power is a measure of the radiated-RF
power of a phone or two-way-radio device. Designers measure
this factor to study the ability of a communications device to
transmit radiated power through 360°. The total radiated power
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A typical two-way-radio battery-pack circuit uses two lithium-ion cells.

should typically be 33 dBm for the GSM (global-system-for-
mobile-communication) band. PC-board layouts, along with the
internal battery assemblies and metal compositions in the enclo-
sure’s plastics and labels, can contribute to the transmitter-radi-
ated-power performances. Designers should use decoupling and
isolation techniques between the host-transmitter system and
the battery; otherwise, the communication device’s antenna
response could vary.

TRANSMITTER INSTABILITY

Transmitter instability is a measure of the spurious signals a
transmitter generates. It can be in the form of spurious signals
close to or tens or hundreds of megahertz away from the carri-
er. If the amplitude of these spurious signals is outside agency-
reference-recommendation value, they could cause undue dis-
turbances to other users by entering the receiver systems of other
RF bands (Reference 3). The generation of spurious signals from
a transmitter could be the result of imposed varying antenna
loads, noisy voltage-supply lines to the stages of the transmit-
ter, or noncontinuous battery-voltage supply to RF energy from
the host. Parts of the battery assembly may receive and demod-
ulate this energy, creating noise, and then conduct it through
the supply lines to the host transmitter.

Designers need to plan for system resets and communication-
device shutdowns early in the design process. System resets and
shutdowns cause loss of functions and data flow to the host
device, which could have an impact in a user emergency. Pro-
tection circuitry in Li-ion batteries are more prone to desensi-
tivity due to their lack of immunity to RF energy. If you over-
look battery-circuit RF immunity and susceptibility, protective
ICs and passive support circuitry may operate at undesired volt-
age references, altering dynamic and hysteresis limits. This sit-
uation could lead to noncompliance of functional voltage- and
current-protection parameters. Low-frequency noise, which gen-
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erates from demodulation of imposed RF

AT EDN.COM >

ed or radiated spectral impurities. Con-

energy on the battery’s internal electron-
ics, may couple to the reset- and supply-
voltage circuitry of the host’s micro-
processor. This situation leads to a system
reset or improper host-control and -mon-

. C this article.
itoring activities.

We encourage your comments!
Go to www.edn.com/ms4141 and click
on Feedback Loop to post a comment on

ducted and radiated spurious emissions
must meet certain regulatory require-
ments. The higher order harmonics of the
carrier cause unwanted signals to couple
into the battery assembly, such as the cell
or the pc board. Transmitted harmonics

Transmitting-frequency pull is the
instantaneous frequency drift from the nominal transmission fre-
quency. In the absence of a modulating signal, the transmitting
carrier in two-way radios should not deviate or drift from the
frequency of interest. The interaction of dangling wrist chains
near the host system, for example, is an external interference
that could induce frequency pull. Typical transmitting-frequency
pull could be tens of kilohertz. In battery packs, large copper
fills in pc boards that do not properly correspond with the host
reference points and that lack isolation from the host could lead
to the formation of electromagnetic currents, which can also
induce frequency pull.

Receiver-hum and -noise figures measure the receiver-quiet-
ing level in the presence of a strong carrier. (You can obtain the
recommended hum and noise values from the agency-reference
document.) For a portable battery, the charger circuit, which
typically attaches to the battery during charging, can affect hum
and noise. Thus, during charging, the battery must reliably pre-
vent charger-switching noise from coupling into the host.

CONDUCTED AND RADIATED EMISSIONS

Spurious emissions are critical RF-system-performance con-
siderations. Poor spurious-emission performance can disturb
nearby electronic devices. Designers must eliminate conduct-

should be within —36 dBm for frequen-
cies lower than 1 GHz and —30 dBm for frequencies of 1 to 4
GHz (Reference 4). Thus, designers must properly bypass the
spurious signals and carefully lay out the pc board to prevent
undesired signal coupling. The close proximity of the battery
to the RF circuit on mobile phones makes it even more diffi-
cult to prevent RF-signal coupling.

RF discomfort normally occurs when a high concentration of
RF energy accumulates on metallic parts. RF discomfort caus-
es a tingling, or “ant-bite,” sensation that some users feel on their
skin when in contact with the exposed metal parts and when
the host device is in transmitting mode. This sensation may be
challenging to reproduce in low-band to VHF two-way radios
in which the transmitter power is normally higher than in other
portable radio bandsplits. A typical portable battery uses metal
parts for the battery-supply contacts and thus could possibly
cause RF discomfort when a user touches the metallic parts.
Designers must carefully place common-mode-current paths and
the impedance to unwanted RF energy in battery and pc-board
layouts.

The use and management of battery data are crucial in most
portable communication devices. Designers must accurately
characterize battery life and other smart features and ensure that
the specs do not breach protection limits. Battery data can be
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A typical notebook-computer battery-pack circuit uses multiple cells.

36 EDN | MARCH 2, 2006



S0T-23 Synchronous Constant-on-Time

Switching Controller

High-Efficiency LM1770 Synchronous Controller for Low-Voltage DC-DC Conversion

Application Circuit Transient Response

2.8t0 5.5V

O VN

e

Output !
voltage: {
_||; p 100 mV/div

—f’wLo—I—o v
} o Load step:

I -
= |Down to 0.8V

Complementary
Drivers

—t—

STOPPED

Synchronous operation
enables higher efficiency

A
VWV—8—\VVV

Vin= 5V, Voyr= 3.3V

Available! W0 Shown at actual size:
. y 0.7 inches x 0.68 inches

>90% Efficiency Over Load Current

. . . . 1
The LM1770 is simple to use and provides higher vod ——
efficiency than LDOs. sl d
. 0.7 ,I
é 06
Ideal for point-of-load regulation in consumer g s
applications, set-top boxes, cable modems, g
digital video recorders, printers, servers, and 5 “
oint-of-sale terminals 027 V=5V
b 01{ Vour=33V
0 T
0 05 1 15 2 25 3 35 4 45

For FREE samples, datasheets, lour (A)
Power Designer, and more information
| on the LM1770, contact us today at

‘8l power.national.com

Or call 1-800-272-9959

National
Semiconductor

© National Semiconductor Corporation, 2005. National Se ductor and ¥ are regi trademarks of National Semiconductor. Al rights reserved.




static or dynamic, depending on the
extent and complexity of the host’s
requirements. Static battery data, such as
chemistry, charge terminations, voltage
approximation, and gauge, are less prone
to RFI, because these variables involve
hard-coded information. However, loss of
battery information may result from the
battery EPROM’s lack of immunity to
RFI. Dynamic battery data relates to real-

time fuel gauging, monitoring of charge
and discharge cycles, monitoring usage of
aftermarket chargers, more accurate bat-
tery-capacity estimation, and estimation
of battery-pack usage. These variables are
more prone to RFI and low-frequency-
noise interference.

Batteries are integral parts of the over-
all host system, but designers integrating
them into systems face increasingly
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challenging obstacles in developing ap-
proaches that minimize RFI. Maintaining
differential-mode-current cancellation,
curbing common-mode RF currents,
decoupling functional circuitry, main-
taining uniform ground references, and
minimizing the host’s RFI susceptibility
are challenging goals that designers
should focus on early in the design cycle.
A poor layout could result in a waste of
time and resources on “Band-Aid” fixes.
Because little isolation lies between the
host and the battery-pack assembly,
mobile-communication batteries must
include good RF-design techniques and
guidelines to meet the host system’s per-
formance goals. Understanding the
host’s critical radiation blocks and refer-
ence points is crucial, so that designers
can plan proper layout and bypass tech-
niques to minimize or eliminate the
effects of RFI.EDN
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HIGH-RESOLUTION-DISC FORMATS
FIGHT EACH OTHER,
CONSUMERS PUSH BACK
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BY BRIAN DIPERT « SENIOR TECHNICAL EDITOR

WITH BLUE-LASER COMPETITORS BLU-RAY AND HD DVD BOTH
GEARING UP FOR HIGH-VOLUME PRODUCTION, A CLEAR
PICTURE OF THE FORMAT WINNER HASN'T YET EMERGED.
RED-LASER FORMATS REMAIN CREDIBLE ALTERNATIVES IN SOME
APPLICATIONS, BUT BOTH USAGE-RIGHTS RESTRICTIONS AND DIS-
PLAY-AND-VISION LIMITATIONS PUT ALL THEIR FUTURES IN DOUBT.

otable progress and pending production
plans of the vigorously competing Blu-
ray Disc and HD DVD camps were, in
many observers’ eyes, the key story of
January’s CES (Consumer Electronics
Show) and therefore warranted an up-
date of a topic EDN covered less than a
year ago (references 1 and 2). By mid-
January, Toshiba and its partners were
gearing up to begin shipping HD DVD
PC drives, living-room players, and

media in March, with the earliest planned Blu-ray drives and
players at significantly higher prices following shortly thereafter.
Meanwhile, although the Blu-ray-inclusive PlayStation 3 made
no meaningful appearance at CES, a press event, rumored to be
taking place just before this article’s publication date, may clear
up at least some of the lingering format questions (Figure 1 and

Reference 3).

Prerecorded video constitutes a dom-
inant percentage of the total market
opportunity for today’s red-laser-based
DVDs. Presumably, therefore, it will
have a similar influence on next-gener-
ation blue-laser media; the Blu-ray and
HD DVD camps’ intensive courting of
movie studios’ mind share and endorse-
ment reflects this supposition. Other
applications, such as user-archived
video, game consoles, and PC-file stor-
age and backup, have a tangible role to
play, too. They will help define which,
if any, of the next-generation optical-
disc formats will break out of the low-
volume niches that perpetually plagued
their underperforming audio predeces-

sors, SACD (Super Audio Compact
Disc) and DVD-Audio (Reference 4).
But the format that wins in the home-
movie-viewing room stands a solid
chance of also winning elsewhere.
Unfortunately for next-generation-
format promoters, this battleground pits
Blu-ray and HD DVD not only against
each other, but also against more mod-
est, evolutionary, high-definition red-
laser-DVD alternatives. And, most
important, it pits them all against con-
sumers’ market-stalling potential none-
of-the-above vote, if they don’t discern
a benefit from any of the contenders. The
consumers’ backlash, if it happens, does-
n’t necessarily mean that, by 2010, they’ll

all still be buying the same MPEG-2-
based red-laser DVD movies they’re
watching now. After all, consumers’ reg-
ular upgrades of their possessions ensure
the continued viability of the tech indus-
try. However, without another com-
pelling reason for replacement, suppliers’
only motivating weapon is cutting
prices, a scenario that would be fiscally
unpalatable to all stages of the optical-
disc food chain.

THE PHANTOM MENACE?

The fundamental tenet of Blu-ray
backers’ arguments for their preferred
format is the medium’s higher per-layer
capacity of 25 Gbytes, versus 15 Gbytes
for HD DVD and 4.7 Gbytes for DVD.
At January’s Storage Visions confer-
ence, for example, Pioneer Electronics’
Sandra Benedetto positioned Blu-ray’s
five-times-greater per-layer capacity
over DVD as the logical next step in the
optical-disc progression that began
with the six-times-greater-capacity
jump from CD to single-layer DVD.
The futureproofing more-bits-is-better
pitch is perhaps most relevant for users
that are employing optical discs as
backup media for their computer hard
drives, thereby in part explaining Dell’s
strong support for the format. The
capacities of modern hard-disk drives
dwarf those of single-layer, 4.7-Gbyte
DVDs or, for that matter, even the
much more expensive, 9-Gbyte, dual-
layer variants. Dell’s Web site reveals
that even the lowest priced desktop PC
in the company’s suite of product offer-
ings contains a 40-Gbyte hard-disk
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AT A GLANCE

B Blu-ray's fortunes hinge on
capacity needs, studio enthusiasm,
and the PlayStation 3.

HD DVD needs to secure more
extensive hardware support to
sustain its momentum.

M Red-laser alternatives make blue
laser's success uncertain.

B Consumer backlash and down-
loadable-media-delivery alternatives
may doom all format options.

drive; multiple suppliers are now ship-
ping 500-Gbyte, 3.5-in. hard disks, with
even larger capacities soon to arrive,
courtesy of perpendicular-magnetic-
recording technology. However, hard-
disk-drive backup to an external hard-
disk drive or network-attached storage
is in many scenarios a compelling alter-
native to optical-disc backup for cost,
performance, and other reasons.

The more-bits-is-better pitch is also
compelling when you're considering
archiving HDTV material to optical
storage. Over-the-air HDTV’s 19.39-
Mbps peak bit rate corresponds to rough-
ly 17 Mbps of audio-plus-video infor-
mation, which translates to approxi-
mately 8 Gbytes per hour of required

How low an average bit rate can
you losslessly compress a high-
resolution video stream down to,
and with what video codec, and
still retain a high-quality result on
red-laser-DVD media? I'll spend
the next few months attempting
to answer these questions with a
suite of test clips; a plethora of
software on Macs and PCs; an I-O
Data player; and CRTs, LCDs, and
plasma displays. Watch for the
answers, both in the Brian’s Brain
blog (www.edn.com/briansbrain)
and in future print write-ups.
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storage capacity. Recently announced
high-definition PVR (personal-video-
recorder) chip sets from companies such
as LSI Logic and Magnum Semiconduc-
tor store the incoming, unaltered Dolby
Digital audio and MPEG-2 video bit
streams on the system’s hard-disk drive
(Reference 5). However, to ensure that
they can archive a consumer-acceptable
amount of content to DVD—that is,
more than a half hour’s worth per
layer—they must downscale the video to
standard-definition resolution, and
some of them also transcode the video
to a more efficient format, such as an
MPEG-4 variant. Blue-laser media
would obviate the need for downscaling
and transcoding; each layer of a Blu-ray
disc, for example, could hold roughly
three hours’ worth of MPEG-2-format-
ted HDTV.

PlayStation 3 promoters claim that a
single dual-layer DVD’s 9-Gbyte capaci-
ty is insufficient to house the ornate high-
resolution games that modern consoles
can render and that consumers expect.
Microsoft disputes that contention, and
a recently published independent analy-
sis backs the company’s stance (Refer-
ence 6). The Xbox 360 team points to
mechanisms that extend the relevance of
low-cost, “pressed,” dual-layer DVD
media (Reference 7). These mechanisms
include a robust game-development
environment, which ensures the elimi-
nation of textures and other content that
designers create during development but
don’t use in the final title. Another mech-
anism, the use of advanced techniques for
dynamic-content rendering, includes
procedural synthesis, which more effi-
ciently uses the available disc capacity. A
third mechanism relies on Xbox Live
online to deliver demos; bit-gobbling,
cut-scene cinematics; and additional
material that might otherwise need to
reside on the disc.

Despite abundant rumors to the con-
trary, no shipped or announced Xbox 360
title so far requires more than one DVD-
9 disc. Skeptics point out that, with less
than six months’ worth of titles from
which to draw data, it’s too early to come
to a definitive conclusion. However,
although second- and subsequent-gener-
ation titles will be more elaborate than

their launch-targeted predecessors, the
successors’ less intense development
cycles will combine with developers’
increased experience on the console and
its tool sets and lead to more efficient use
of disc capacity.

Will blue-laser-based media be neces-
sary for high-resolution prerecorded-
movie content on pressed discs, and, if
so, will Blu-ray’s per-layer capacity edge
over HD DVD be advantageous in this
application? The answer to both ques-
tions is “it depends on the codec.” Sony
Pictures recently announced that it will
master its Blu-ray titles using the more-
than-10-year-old MPEG-2 video codec
(Reference 8). This decision enables
Sony to employ mature encoding tools
and to avoid paying incremental royal-
ties to companies holding patents on the
more bit-efficient MPEG-4 AVC and
VC-1 codecs that Blu-ray also supports.
At least one more motivation probably
exists: If you have the extra capacity and
if you're trying to justify it, why not
employ a video codec that best fills up
that capacity?

Last fall, Warner Brothers Studios
announced its nonexclusive backing of
Blu-ray. A historically staunch DVD
Forum and Toshiba ally, Warner Broth-
ers insisted on the addition of a relaxed-
pitch variant of Blu-ray in the standard
as a condition of its endorsement. In
effect, Warner Brothers successfully lob-
bied for the inclusion of low-cost, red-
laser-compatible media in a Blu-ray
form factor. This media would employ
a more advanced video codec, such as
VC-1, reflecting the company’s long-
standing relationship with Microsoft, to
deliver a single-disc full version of a
high-resolution title. Multiple industry
insiders intimate, off the record, that
Warner Brothers is currently devoting
all of its development energy to HD
DVD and backed Blu-ray only as a
hedge. Another notable endorsement
oddity is the fact that, although Apple
is a member of the Blu-ray Disc Associ-
ation, the currently shipping version of
Apple’s DVD Studio Pro media-devel-
opment application supports HD DVD.
Finally, Fox Studios successfully lobbied
for Blu-ray to recognize additional DRM
(digital-rights-management) mecha-
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nisms beyond AACS (advanced access-
content system) as a condition of its
endorsement (Reference 9).

THE EMPIRE STRIKES BACK

Don’t prematurely conclude that Blu-
ray’s on the ropes and HD DVD is the
pending champion. Granted, Toshiba
announced at CES that it would begin
shipping its entry-level HD-A1 HD DVD
player at $499 in March (Figure 2). The
least expensive Blu-ray player, Samsung’s
BD-P1000, will enter the market in April
at $1000, according to the company.
Depending on which company’s CES
quote you prefer, Pioneer’s BDP-HD1 will
enter production in April, May, or June,
with a target price of $1800. However, it
is unclear whether Blu-ray drives’ higher
prices reflect increased bill-of-materials
costs or an attempt to extract high prof-
its from overenthusiastic early adopters of
the technology. In December, Pioneer
also announced that shipments of its first-
generation PC-targeted BDR-101A
drive would begin in the first quarter of
this year. The full-sized unit supports only
single-layer Blu-ray media and can’t read
or write CDs.

HD DVD’s hardware presence at this
year’s CES was understated compared
with that of Blu-ray. Although leading
computer and consumer-electronics sup-
plier Toshiba can carry its championed
format forward to a point, the DVD

ALTHOUGH TOSHIBA
CAN CARRY ITS
CHAMPIONED FOR-
MAT FORWARD TO

A POINT, THE DVD
FORUM NEEDS BROAD-
ER INDUSTRY BACKING
TO LEAD HD DVD TO
THE FINISH LINE.

Forum needs broader and deeper indus-
try backing to lead HD DVD to the fin-
ish line. The organization has, however,
picked up several key endorsements in
recent months. Intel and Microsoft late
last year both threw their substantial
weight behind HD DVD, citing the for-
mat’s support for MMC (Mandatory
Managed Copy), a DRM mechanism that
allows consumers to make legal copies of
discs they purchase. Microsoft followed
up its endorsement with the CES unveil-
ing of an Xbox 360 HD DVD drive, like-
ly in a slim notebook-PC-like form fac-
tor, that will enter production later this
year. The company points out that it
intends the drive only for movie play-
back, not for games.

Hewlett-Packard, formerly a staunch

Blu-ray advocate, also backpedaled late
last year and announced that it would
bless both formats. The company’s rever-
sal of position occurred after the Blu-ray
Disc Association indicated that, although
it intended to eventually support MMC,
HP’s request for inclusion of the Micro-
soft-developed iHD (interactive-high-
definition) layer was still under review.
According to Blu-ray spokesman Andy
Parsons, although the association is con-
sidering HP’s request for interactivity, the
group is still leaning toward the use of
Java. “We are taking their request seri-
ously but are not willing to delay the
launch. I'm not saying we would not
implement what they’ve requested, but
it’s not going to stop the format at this
time,” he told Reuters (Reference 10).
Pragmatically, although Microsoft didn’t
indicate a preference for iHD when it
backed HD DVD, the company’s long-
time anti-Java bias was probably also a
factor in its decision. Dependence on
Sun’s Java runs counter both to Micro-
soft’s ambitions for the PC-in-the-living-
room Windows XP Media Center Edition
and to partner Intel’s VIIV efforts.
Although the press has paid much
attention to Blu-ray’s exclusive endorse-
ment by movie studios Lions Gate, Sony
Pictures, and Fox Studios, HD DVD also
has an “exclusive” feather in its cap: Uni-
versal Studios. More generally, at CES,
HD DVD-format backers claimed that

Figure 1 The PlayStation 3 may look like a game console, and it is, but it's also a key platform by which Blu-ray supporters plan to
advance their media ambitions (a). Stand-alone players, for the moment at premium prices, will also play a key role in the format's

prospects for success (b).
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Figure 2 Toshiba and other HD DVD promoters plan to begin shipping players (a), full-sized computer drives (b), slim-sized comput-
er drives (c), and drive-inclusive computers (d) near press time (a, ¢, and d: courtesy Toshiba; b courtesy NEC).

they would release nearly 200 titles by the
year-end, with close to 50 of those avail-
able by May. The studios at the CES
event represented more than half of the
movies ever made. However, besides
Warner Brothers, two other HD DVD
advocates are also hedging their format
bets. Last November, HD DVD-promot-
er NEC merged its PC-optical-disc-drive
operations with Blu-ray developer Sony,
following in the footsteps of HD DVD-
backer Toshiba and Blu-ray-backer Sam-
sung, which had in September 2003 com-
bined their optical-disc-drive programs.

ATTACK OF THE NEAR-CLONES

The development of players that han-
dled both DVD-Audio and SACD pro-
vided the resolution to that format war.
However, only a small percentage of
DVD players today support either format,
probably at least partially because of the
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format standoff. Meanwhile, no PC opti-
cal drives can play back SACD. Could a
dual-format, high-resolution DVD play-
er effect a similar détente on the Blu-ray-
versus-HD DVD battle, and at what cost
for adoption? The recent unveiling of
dual-format-controller ICs from compa-
nies such as Atmel and Broadcom may
indicate that such a player could emerge.
But, unlike past multiformat challenges,
the situation is more complex this time
around; its closest parallel is the mid-
1990s appearance of drives supporting
both CD and DVD media.

Those drives needed to handle both
infrared, 780-nm, CD- and red, 650-nm,
DVD-laser wavelengths and to focus that
laser at both the 1.2-mm-CD and 0.6-
mm-DVD levels within the optical
media. Expand that format plethora to
comprehend HD DVD, and you need to
encompass the 405-nm, blue-violet-laser

wavelength. However, HD DVD retains
a common disc structure with DVD,
enabling the use of a single-lens optical
head for both. Further expanding the for-
mat list to include Blu-ray or substituting
Blu-ray for HD DVD, however, compli-
cates the lens arrangement, because you
now also need to focus the laser at a 0.1-
mm level.

HD DVD’s evolutionary affiliation with
DVD has long been the fundamental
tenet of its advocates’ arguments, much as
Blu-ray’s promoters have stayed “on mes-
sage” with their preferred format’s higher
per-layer capacity. The DVD/HD DVD
similarity is a plus for drive and media
manufacturers, which would prefer to
leverage investments they've already
made into the DVD infrastructure.
Media-content rights-holders, on the
other hand, don’t necessarily view this
similarity as a benefit, thereby partially
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explaining the strong studio backing of
Blu-ray. The widespread piracy of both
CDs and DVDs has stung these rights-
holders, who don’t relish the thought of
those mass-production lines quickly and
cheaply migrating to pirated HD DVDs.

With neither Blu-ray nor HD DVD an
obvious winner at this point, and with
the standoff showing no signs of a near-
term resolution, might another high-res-
olution video format seize the spotlight?
In fact, a third contender already exists.
Using a more modern video-codec alter-
native to MPEG-2, such as MPEG-4
AVC, also known as MPEG-4 Part 10
and as H.264, or VC-1, also known as
WMVO, you can shoehorn a high-qual-
ity, high-resolution, long-playing movie
onto a conventional single- or dual-layer
red-laser DVD. For example, you can buy
WMV9-encoded DVDs, such as Standing
in the Shadows of Motown, Step Into Lig-
uid, Terminator 2: Judgment Day, and a
series of films from Imax. DRM issues
currently restrict their playback to PCs,
including living-room-based units, but
manufacturers could add appropriate
DRM support to the next generation of
DVD players.

WMV9 is the codec choice of HDNet,
which has begun offering its high-resolu-
tion, DRM-free content for sale on red-
laser DVDs. Disc players based on the Tai-
wanese, red-DVD-based FVD (forward-
versatile-disc) format are now ramping
into initial production, and the porn
industry is reportedly also beginning to
ship high-resolution video content on
red-laser DVDs. Pornography (no matter
what you might think of its morality) has
had a significant effect on driving the
development and direction of technolo-
gy over the years. Examples include its
influence on the VHS-versus-Beta-for-
mat wars of the early 1980s, on DVD’s
multiangle feature, and on the streaming-
media industry. Meanwhile, the China-
based EVD (Enhanced Versatile Disc)
Consortium soldiers on with the devel-
opment of its formerly VP6-based, now
high-resolution MPEG-2-based red-laser
DVD format, with increased capacity
courtesy of VMD (versatile-multilayer-
disc) technology.

Buffalo Technology bases its Link-
Theater DVD player on Sigma Designs’
EM8620L decoder chip, and 1-O Data’s
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Figure 3 I-O Data's SRDVD-100U is a pivotal piece of my video-codec-testing suite.

AVLP2/DVDLA and SRDVD-100U
also employ this video processor (Figure
3). These players support DRM-free
high-definition WMV9 and DivX play-
back, both from red-laser DVDs and over
a network connection; DivX is a “kiss-
ing cousin” of MPEG-4 Advanced Sim-
ple Profile. Equator Technologies, now
part of Pixelworks, has also for several
years demonstrated prototype DVD
players that support high-definition
WMV and MPEG-4 content. A much
larger group of DVD players today sup-
ports standard-definition DivX, prima-
rily to serve people who download
movies from file-sharing services and
other Internet sites and people who rip
and transcode dual-layer, pressed DVDs,
in both cases burning the resultant mate-
rial onto single-layer, recordable DVDs.
And manufacturers are now shipping the
next generation of chips supporting
MPEG-4 AVC in decoding, encoding,
and decoding-plus-encoding flavors.
Ambarella, for example, claims that
MPEG-4 AVC generally has higher
quality than WMV9 at equivalent bit
rates and that MPEG-4 AVC has 2.5
times the coding efficiency of MPEG-2
at equivalent resolutions, frame rates,
and delivered quality.

A DISTURBANCE IN THE FORCE

Or maybe none of the high-resolution-
disc alternatives will achieve widespread

prominence, due to alternative delivery
mechanisms, consumer backlash, or a
combination of these two factors. Micro-
soft Chairman Bill Gates, during an inter-
view with Princeton University’s student
newspaper last October, in which he
explained Microsoft’s backing of HD
DVD over Blu-ray, said: “For us, it’s not
the physical format. Understand that this
is the last physical format there will ever
be. Everything’s going to be streamed
directly or on a hard disk. So, in this way,
it's even unclear how much this one
counts” (Reference 11). Reflecting his
forecast, you can now rent and download
high-definition Hollywood movies over
the Internet from vendors such as Cine-
maNow and Movielink. Judging from
announcements and rumors at CES, the
list of sources will markedly expand in the
near future, following in the footsteps of
the exploding digital-audio-download
market (Reference 12).

Consumer backlash could occur for any
number of reasons. Several recent studies,
among them one that the BBC (British
Broadcasting Corp) published in Sep-
tember 2004, have attempted to measure
just how much resolution an average
viewer can discern with various display
technologies, screen sizes, aspect ratios,
and viewing distances. The BBC study
concluded, for example, that a 720-line
video presentation suffices for a viewing
distance of 9 feet with a 50-in.-diagonal
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display (Reference 13). As
Sound & Vision magazine’s
Technical Editor David
Ranada said in his summary
of the BBC report, “Change
either the viewing distance
or the screen size, and the res-
olution requirement changes.

MILLIONS
Sit closer or use a bigger oOF UNITS
screen, and you need greater
screen/signal resolution. Sit-
ting at 9 feet, you start need-
ing 1080 lines to avoid seeing

the pixel structure once the
screen size reaches around 56
inches” (Reference 14).
However, consider the flip
side of Ranada’s observation.
If a consumer’s screen is small-
er than 50 in. or if he sits far-
ther than 9 feet away from it,
the added resolution poten-
tial of a 720-line, high-defi-
nition image will go to waste. It will be
indistinguishable from today’s 480-line
DVDs. How many consumers own 50-in.
or larger TVs, and how many of them
view their TVs from closer than 9 feet,
except perhaps on a consumer-electron-
ics store’s showroom floor? Not many.
Therefore, how many of them will be
willing to replace their DVD player with
a significantly more expensive, high-def-
inition version and all of their movies
with even more expensive, high-defini-
tion versions? Again, probably not many.
One of the differentiating points the
Blu-ray camp tried to make at CES, in
positioning itself versus HD DVD, was
that some of the announced Blu-ray play-
ers support 1080p single-link HDMI
(high-definition-multimedia-interface)
outputs, whereas the first crop of HD
DVD players supports single-link resolu-
tions only as high as 1080i. The term
“1080i” refers to a 1080-line, 1920X%
1080-pixel, 60-field/sec, interlaced-scan
video presentation, and “1080p” refers to
1080-line, 60-frame/sec, progressive-scan
video. This difference doesn’t reflect a
fundamental format limitation; both Blu-
ray and HD DVD can store 1080p video.
It’s also not a fundamental HDMI limi-
tation; the interconnection’s 165-MHz
peak frame rate supports 1080p.
Although the HDMI specification
supports frame rates as high as 165 MHz,
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Figure 4 This forecast shows minimal total market growth, and it
doesn’'t comprehend standard-definition DVD recorders and DVD-
playback-capable game consoles (courtesy iSuppli).

that peak rate isn’t a requirement for cer-
tification. HDMI transmitters and re-
ceivers synchronize up at a compatible
speed when you first connect them, based
on the receiver’s EDID (extended-dis-
play-identification data). If a receiver sup-
ports rates only as high as 100 MHz, for
example, the HDMI certification lab con-
firms that rate as the upper limit. TVs
from many suppliers can’t currently han-
dle 1080p HDMI inputs, so a 1080p-capa-
ble Blu-ray player would need to down-
throttle to 1080i to work with them. And,
even if a display accepts 1080p, the video
processor might immediately discard half
of the information to simplify its job,
effectively transforming the signal into
1080i. Future HD DVD players will like-
ly be 1080p-capable; the fact that they’re
not now is negligible.

Consumers will likely be able to expe-
rience high-resolution video from a Blu-
ray or HD DVD player only if it connects
to a display over a content-protected
HDMI link. The AACS standards body
publicly admitted in mid-January that its
specifications include a flag that, if con-
tent providers set it, downscales video to
540-line resolution before outputting it
over analog outputs, such as RGB or com-
ponent video (Reference 15). This “fea-
ture” means that anyone who owns a
non-HDMI-equipped display is out of
luck when it comes to viewing high-res-

olution flag-set material.

Consumer backlash may
also come from the new
AACS content-protection
scheme that both Blu-ray and
HD DVD have embraced. A
small but tangible percentage
of the DVD-viewing public
currently employs CSS (con-
tent-scrambling-system)-cir-
cumventing software, to
back up DVDs they've legal-
ly acquired, to copy them to
a laptop-computer hard-disk
drive, or to illegally duplicate
DVD:s from friends, family, or
rental services. The develop-
ers of AACS claim that the
technology will put a stop to
such shenanigans. Consider,
though, the following quote
from Jon Johansen (also
known as “DVD Jon”), who
developed the initial De-CSS (decryp-
tion-of-CSS) algorithm (Reference 16).
“AACS, like CSS, will be a success—not
at preventing piracy. That’s not the pri-
mary objective of any DRM system. Any-
one who has read the CSS license agree-
ment knows that the primary objective is
to control the market for players. Don’t
you just love when your DVD player tells
you ‘this operation is prohibited’” when
you try to skip the intro?”

Fox successfully lobbied the Blu-ray
group for additional content-protection
mechanisms, whose details are not yet
public, beyond AACS. Also, HD DVD
supporters complained off the record at
CES about the fact that Blu-ray advocates
on the AACS board had, by repeatedly
postponing the finalization of the speci-
fication, consumed much of the produc-
tion-schedule lead that HD DVD other-
wise would have had over Blu-ray. Turn-
about is fair play, however: The Blu-ray
content-protection enhancements that
Fox demanded are reportedly among the
key reasons that the PlayStation 3 is late
to market.

AACS, unlike its CSS predecessor,
implements three key aspects necessary
for any robust DRM scheme: authentica-
tion, revocation, and renewal/upgrade
(Reference 17). But under what moni-
toring and delivery scheme will manu-
facturers implement this content protec-
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tion? AACS promoters repeatedly have
stated that it will be unnecessary, either
occasionally or constantly, to connect a
Blu-ray or HD DVD player to the Inter-
net. An executive of a major semicon-
ductor supplier, however, paints a differ-
ent picture. Players will need to regularly
“dial in” to confirm their conformance
and to adjust their features, he says off the
record. Additionally, movie studios are
reportedly, for example, considering
releasing a single pressing of a high-reso-
lution DVD worldwide as a cost-savings
move. In this scenario, language-specific
soundtracks, titles, and other viewer-tai-
lored content would dynamically stream
down to the player over the Internet,
rather than reside on disc. Reflecting this
vision, Toshiba’s ad for its first-generation
HD DVD players touts their “Internet
connectivity for downloading sound-
tracks and bonus content.”
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Blu-ray- and HD DVD-specific media
could end up being dead on arrival, as was
their D-VHS high-resolution video
predecessor. Eventually, in this worst-case
scenario, studios will release double-sided
discs with high-resolution video on one
side and standard-definition DVD con-
tent on the other, much as music labels
are migrating from CDs to DualDisc at lit-
tle to no price premium over CDs; this
strategy is probably a far less lucrative one
than the music labels originally envi-
sioned. And consumers will most likely
underwhelmingly embrace Blu-ray and
HD DVD players. Consumers will prob-
ably buy them only when their DVD
players break down, and then only when
the price difference between them and
a less-than-$100 replacement DVD
player is minimal to nonexistent. This
forecast is admittedly gloomy, and, for
the continued vibrancy of the semicon-
ductor industry, [ hope it’s too skeptical
(Figure 4). But I find it difficult to con-
clude otherwise, particularly without
detailed information on PlayStation 3
and Xbox 360 HD DVD drive costs,
prices, production schedules, and vol-
ume ramps.EDN
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ELECTRONIC EMBEDDED SYSTEMS CONTINUE TO FIND
THEIR WAY INTO MORE MEDICAL SYSTEMS.

s electronic embedded systems are finding their
way into and replacing more mechanical-control
systems, it might reasonable to expect to see them
finding their way into organic systems, such as the
human body. Indeed, electronic embedded systems
are interfacing with the human body in more ways
each day to perform a variety of functions ranging from health
monitoring, managing and maintaining the function of systems
such as the heart, replacing failed organs by controlling the inser-
tion of drugs or enzymes into the body, and even restoring the use
of limbs and senses. In some cases, these capabilities have been

Figure 1 The artificial eye performs digital
processing on data that a digital camera
captures and passes the processed
results to the patient through an elec-
trode implanted directly on the patient’s
retina (courtesy Biomimetic Micro-
Electronic Systems at the University of
Southern California).

around for decades, and the evolution of
the electronics is reducing the cost of
these systems as well as improving the
reliability and life-cycle replacement
of these systems. In other cases, these
capabilities are emerging as possibilities
in the lab but requiring more refinement
to become practical in the real world.

In each of these cases, the electronic
systems more intimately interface with
the patient’s body than they did previ-
ously. Some of the ways to interface
with the body are intrusive, such as
implantable devices, which spend their
entire operational life within the body
of the patient. The heart pacemaker is a
common example of an implantable
device. Devices that patients can swal-
low are emerging platforms for diagnos-
tics and therapeutic procedures.
Insulin- and drug-delivery pumps are
intrusive systems that often comprise
components that reside internally and
externally to the patient; these systems
can deliver precise amounts of insulin
or drugs. A growing market is emerging
for implantable neurostimulation, or
spinal-cord-stimulation, devices with
control units outside the patient’s body
for the treatment of chronic pain or for
managing epileptic seizures.

In addition to intrusive systems with
implantable components, electronics
subsystems are also enabling medical
practitioners and some devices to perform
their functions less intrusively than pre-
viously. Laparoscopic surgery is an area in
which electronics are enabling surgeons
to perform procedures in a minimally
invasive fashion that results in less stress
on a patient’s body (Reference 1). A
number of companies are working on
noninvasive glucometers that would
enable continuous monitoring of blood-
glucose levels; this emerging type of
device allows patients to measure their
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AT A GLANCE
Medical-equipment designs are
incorporating electronic subsystems
into more devices.

M Interfacing electronics with the
human body presents higher techni-
cal hurdles for designers to over-
come.

B Advances in medical equipment
are enabling more autonomous or
semiautonomous systems.

The human body may represent
the next focus and challenge of net-
work standards.

blood-glucose levels without pricking
their fingers to extract blood for testing.
The noninvasive glucometers in devel-
opment are attempting to use a variety of
approaches to measure blood-glucose lev-
els, such as by shining light on the skin
and detecting the infrared absorption,
using radio-wave impedance to measure
the absorption of electromagnetic waves
through the skin and blood, or using
reverse iontophoresis to draw interstitial
fluid through virtually intact skin.

A HIGHER HURDLE

Embedded systems for use in
medical and health-care appli-
cations are subject to a set of
regulatory oversights that in-
dustrial and commercial appli-
cations need not contend
with. The extent that these
systems must satisfy regulatory
requirements correlates with
the roles these systems take on.
Life-sustaining systems face
more rigorous control, where-
as diagnostic and monitoring
systems undergo less stringent
requirements to reach the
market. According to Mir
Imran, chairman of several
companies, including InCube
Laboratories and Guidant,
“Many electronic medical sys-
tems are under development
that the public is not aware of

Figure 2 The Boston Digital Arm prosthe
Technologies acts as a platform and central controller for various
add-on peripherals, such as a wrist, a hand, a gripper, and shoul-
der actuators (courtesy Rehabilitation Institute of Chicago).

because they still need to complete the
regulatory process.”

The regulatory requirements for elec-
tronic medical systems do not currently
directly flow down to the semiconductor
providers; rather, the burden falls square-
ly on the shoulders of the end-product
integrator. According to a number of
semiconductor providers, teams develop-
ing medical systems, especially im-
plantable ones, often ask about smaller
packages, higher device and memory reli-
ability, high-resolution analog-to-digital-
conversion capability, battery monitoring,
and lower power consumption.

Low-power-consumption concerns also
often require the system to support mul-
tiple low-power or sleep modes because
the systems may not always be fully
active. Another concern of end-system
integrators is the shelf life of the device
before implanting it in a patient, because
the power supply must reside in a sealed
casing and physicians cannot place it into
the casing at the time of implantation. A
significant time lapse may occur between
when a vendor manufactures a system and
a physician implants it in a patient.

Other concerns of design teams to meet
and maintain regulatory certification
include how long a semiconductor man-
ufacturer will provide and support a com-
ponent and the company’s commitment

tic arm from Liberating

to maintaining pin-compatible devices.
If the team needs to recertify the system,
the cost of the recertification process may
become unjustifiable. A design team may
do an end-of-life purchase if the supplier
places a component on end-of-life status;
in some cases, the volume of these pur-
chases are thousands rather than millions
of units. Changes in the device’s pins
would require a recertification effort, so
pin-compatible devices are essential.

Implantable systems generally represent
market volumes much smaller than the
market volumes for consumer multimedia
applications. Whereas the consumer mar-
kets account for millions of units, im-
plantable medical systems may account
for hundreds or thousands of units. Gene
Frantz, technical fellow at Texas Instru-
ments, points out, “Some of these devel-
opers are doing the early work on three
important challenges facing implantable
electronics in the human body: how to
operate the system on body heat, how to
not boil the water surrounding the device,
and how to survive the corrosion from
existing in a salt-water environment.”
Although the electronics can reside in a
hermetically sealed casing, the sensors
must directly interface with the tissue and
the salt-water environment within the
patient’s body.

Processors that can operate on the
power they harvest from
deltas in body heat may
emerge not too far in the
future, according to several
semiconductor companies.
A 1° temperature difference
can supply a system with 2
W of power. The impact of
crossing this power thresh-
old is that an electronic
embedded system would
have virtually unlimited
battery power because it
could always acquire the
power it required from its
environment—in this case,
a human body. This feature
could enable implantable
control systems to remain in
a patient’s body for longer
than the few to 10 years of
current implantable sys-
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Figure 3 The advanced prosthetic device acting as Jesse Sullivan’s left arm receives
inputs rerouted from the nerves in his chest and the muscle activity that myoelectrode
sensors detect (courtesy Rehabilitation Institute of Chicago).

tems. Body movement is another possi-
ble source of power for these future low-
power systems. A contemporary ap-
proach to extending the battery life of
implanted systems is to use rechargeable
batteries or to place the power supply
outside the body. In the case of im-
plantable power systems, this approach
often means the patient must periodi-
cally remain with a charging station for
some time. The benefit the system pro-
vides for the patient offsets the incon-
venience of being periodically tethered
to a charging station. Another method
researchers are exploring for recharging
implanted batteries involves trickle-
charge methods.

Heat dissipation is a significant con-
cern for high-density computing sys-
tems, such as central-office communi-
cation equipment or server farms. It is
also a concern for systems that are
implanted in parts of the body in which
the circulation of fluid is insufficient to
remove the heat that the implanted sys-
tem generates, especially if the system is
usually operating, versus dormant. An
example of this type of system is a per-
manent, microelectronic, retinal im-
plant. The implant is the work of Mark
S Humayun, MD, PhD, and his research
team at the Biomimetic MicroElectron-

ic Systems Engineering Research Cen-
ter at the University of Southern Cali-
fornia (Los Angeles).

The retinal-implant system attempts to
restore partial sight to patients who have
lost vision due to age-related macular
degeneration or retinitis pigmentosa. The
research has focused on patients that
could once see rather than patients who
were born blind. The Model 1 system
combines a small camera and a DSP to
transmit images to an implanted 4X5-
mm retina chip with 16 electrodes in a
4X4 configuration. The Model 2 version
of the system is 20% of the original
model’s size and supports 60 electrodes.
The Model 3 version under development
will have 1000 electrodes and a special
chip coating that will allow the chip to
conform to the shape and movement of
the eye (Figure 1).

CLOSED-LOOP CONTROL

Closed-loop control is an essential
capability for many systems performing
continuous sampling and control. Nar-
rowly defined, life-sustaining systems,
such as implanted heart defibrillators and
pacemakers, autonomously sense the
environment and act on the data they
receive to perform their function. For
many systems today, the loop is not
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autonomously closed; rather, the patient
closes the loop. In devices such as insulin
pumps, the patient must be aware of and
explicitly control how the insulin pump
operates. Factors such as the patient’s
intake of carbohydrates; amount of
stress; amount of physical exertion, such
as engaging in sports; and amount of rest
affect the timing and dosing of insulin.
Companies such as Medtronic MiniMed
are investigating how to produce an arti-
ficial pancreas by incorporating the
insulin pump into an autonomous,
closed-loop system that could continu-
ously monitor blood-glucose levels.

The prosthetics market, though rela-
tively small, will likely garner much atten-
tion when researchers make advances.
The recent stories about Jesse Sullivan,
“the world’s first bionic man,” are one
example of this technology. In May 2001,
working as a high-power lineman, the 54-
year-old Sullivan had a life-changing
event: He was electrocuted so severely
that doctors had to amputate both of his
arms (Reference 2). Todd Kuiken, MD,

THE MAGIC OF THE
BIONIC-MAN SETUP IS
THE MYOELECTRODE
INTERFACE THAT SITS
DIRECTLY ON THE SKIN
AND MEASURES MUS-
CLE CONTRACTIONS.

PhD, and other researchers at the Reha-
bilitation Institute of Chicago developed
a prosthetic-arm and -hand assembly for
Sullivan. (You can watch a video of Sul-
livan demonstrating the use of his arm at
the Web version of this article at www.
edn.com/060302df1.) The technology re-
presents the effort of one group of peo-
ple, and the interface to Sullivan’s nerv-
ous system represents another team’s
efforts to provide a glimpse of where pros-
thetics could be heading. However, even
though the prosthetic arm is under Sul-
livan’s control, he currently must use his
eyes to conscientiously and explicitly
close the system’s control loop; no other
feedback mechanism to the controller yet
exists.

AT EDN.COM >

Go to www.edn.com/060302df1
for a video of “bionic man” Jesse
Sullivan demonstrating the use of his
prosthetic arm.

For more on electronics in health
care, go to www.edn.com/article/
CA402151.

The prosthetic arm is the Boston Dig-
ital Arm from Liberating Technologies
(Figure 2). It is a platform that provides
an elbow to the patient, but it can also act
as the controller for additional prosthet-
ic devices, such as wrists, hands, grippers,
and shoulder-lock actuators. Its software
enables it to operate with a variety of
input devices, including touchpads, servo
controls, switches, and myoelectrodes.
Myoelectrodes pick up the signals from
muscle contractions, whereas movement
of a residual limb can actuate the touch-
pads, servo transducers, and switches. The
software can pass through the inputs from
these devices to the peripherals, or it can
directly control the peripherals based on
these inputs through attached PWM
interfaces. As part of the evolution toward
a closed-loop system, researchers are
developing an analogue of spinal loops.

The magic of the bionic-man setup is
the myoelectrode interface that sits
directly on the skin and measures mus-
cle contractions. Sullivan basically uses
the same nerve signals he used to control
his arm and hand before his accident. In
general, the muscle contractions that
control the arm are those that would nor-
mally occur when he tries to move a set
of muscles in the arm or the hand. After
Sullivan’s accident, he no longer had
muscles to contract, so researchers
moved the nerves to muscles on its chest
(Figure 3). By inferring his intent from
the muscle contractions, the prosthetic
arm, wrist, and hand systems can respond
appropriately.

COMMUNICATION

Our world is an increasingly connect-
ed one, and personal medical devices are
not exempt from this trend. The human
body is possibly the next great challenge
for networking standards. As more med-
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ical devices enter the home, the need
increases to reduce the cost of medical
care by transmitting relevant data to the
doctor’s office without a physical visit.
The medical standards for network con-
nectivity differ from those commercially
available to homes. To support connec-
tivity in home monitoring systems,
design teams are exploring commercial-
ly available interfaces, including USB
connections. Medical devices that sup-
port USB connection may also help push
and increase the robustness of the wire-
less-USB standard.

Wireless communication with im-
planted devices is a growing capability,
especially because it avoids the need for
a physical interface implanted in the
patient’s skin. Home-based RF commu-
nication within the MICS (Medical
Implant Communication Service) med-
ical-communications band of 402 to 405
MHz: for implanted medical devices is
replacing inductive communication
because it can help a patient avoid an
office visit to communicate with the
implanted device. The Bluetooth tech-
nology is emerging as a future method for
wireless connection to implanted devices,
especially to create a connection to a cell
phone to contact the doctor’s office or
communicate with the patient.

The data-communication require-
ments for implanted devices typically
could support data rates of approximate-
ly 100 kHz. The low data rates help these
systems minimize both the patient’s
body’s absorption of the data signals and
data-communication events to conserve
power. Typically, the systems run at low
data rates with higher data rates for burst
communications. The communication
may involve dumping collected data for
analysis by a physician and for patches or
parameter updates for the implanted-
device controller.

Other concerns for designers of elec-
tronic medical systems are how to deal
with technological obsolescence and how
to upgrade or change the systems. The rate
of improvement for many of these systems
is so significant that the devices every cou-
ple of years become smaller and more
effective than the earlier versions. One
way of handling the upgrade issue is to use
software-programmable control systems.
Another way is to place the controller out-
side the patient and have it wirelessly com-

municate with the sensors, pumps, and
motors that reside within the patient.

The cell phone presents an interesting
opportunity for convergence with future
medical devices. For example, it could act
as the gateway between the medical
device and the doctor’s office. It could
also act as a user terminal to directly col-
lect or deliver feedback to or from the
patient. However, the most profound
convergence opportunity of the cell
phone stems from the fact that it is cur-
rently the closest thing to a universal per-
sonal controller that everyone carries
with or keeps near themselves, virtually
all the time. This feature makes the cell
phone a possible candidate as a form fac-
tor for external controllers for semiau-
tonomous implanted systems. As im-
planted systems become more common
and less costly, it is not inconceivable to
consider multiple such systems in pa-
tients. The cell-phone form factor could
act as the master controller for such
patients to avoid interference or anom-
alous interactions between multiple im-
planted devices.EDN

REFERENCES

M Cravotta, Robert, “Positive progno-
sis,” EDN, March 18, 2004, pg 34,
www.edn.com/article/CA402151.

A “Introducing Jesse Sullivan, the
world'’s first ‘bionic man,” Rehabilitation
Institute of Chicago, www.ric.org/bionic.

FOR MORE INFORMATION

AMI Semiconductor
www.amis.com

InCube Laboratories
www.in-cube.com
Biomimetic
MicroElectronic
Systems (USC)
http://bmes-erc.usc.edu
Fairchild
Semiconductor
www.fairchildsemi.com

Liberating
Technologies
www.liberatingtech.com
Medtronic MiniMed
www.minimed.com
Microchip
www.microchip.com

Freescale Rehabilitation
www.freescale.com Institute of Chicago
Guidant www.ric.org

www.guidant.com Texas Instruments

www.ti.com

You can reach
Technical Editor

at 1-661-296-5096

and rcravotta@edn.com.




You've

GOl

EDN has increased its GLOBAL coverage, improved ifs
ONLINE presence with a new Web site, beefed up ifs deep
TECHNICAL contfent, and given ifs readers a louder VOICE

N the pages of the magazine,

VOICE OF THE ENGINEER

G
pulse

™ GLOBAL DESIGNER

Reference design T
supports multiple vi e Channels
audio formats

BANGLAGORE, INDIAttiam | plays MPEG2]
s PMPR | 11264, DivX,
vvvvv

Greater coverage of global More robust content and EDN's continued commitment More quotes and perspec-
trends and technologies vibrant community online to providing deep, technical tives directly from designers,
by EDN's worldwide articles from its staff of as well as a greater platform
correspondents electronics engineers for sharing your ideas and
opinions with peers



N Playmg a major part in the next generation
of communications.

Through advancing a diverse range of technologies for the fast-paced
communications and broadcasting fields,
ALPS is helping turn the dream of a comprehensive multimedia society into a reality.

Components for Components for broadcasting Components for
telecommunications

optical communications

o2

Built-in demodulator tuner for . o
™ e 5 q
Bluetooth™ module digital terrestrial broadcasting Optical communication lenses

Bluetooth™ is a trademark owned by Telefonaktiebolaget L M Ericsson, Sweden and licensed to ALPS ELECTRIC CO., LTD.

Visit our Web site for more details: http://WWW.alpS.Com

ALPS ELECTRIC (USA), INC. http://www.alpsusa.com
910 E. Hamilton Avenue Suite #500 Campbell, CA 95008, U.S.A. Phone +1(408)361-6400 Fax +1(408)226-7301

http://www.alps.co.j
ALPS ELECTRIC CO., LTD. 17 vogayasikocia, Onio Tons

1-7, Yukigaya-otsuka-cho, Ota-ku, Tokyo, Japan, 145-8501 Phone. +81(3)3726-1211 Fax. +81(3)3728-1741




BY BRUCE LEE - TEXAS INSTRUMENTS

Optimizing heterogeneous

architectures

A SYSTEMS APPROACH TO MULTICORE-DSP ARCHI-

TECTURES EXTRACTS THE HIGH PERFORMANCE
THAT TODAY'S APPLICATIONS REQUIRE.

he myriad DSP (digital-signal-processing) appli-

cations requiring the performance and integra-

tion of SOCs (systems on chips)—from con-

sumer communications to multimedia prod-

ucts—have created new challenges for develop-

ers. Many of these challenges stem from the
inherent complexity of the integration, development, testing,
and verification of heterogeneous architectures comprising
multiple processors, coprocessors, accelerators, and peripher-
als. A typical heterogeneous SOC comprises many subsystems
and processors. For example, a multimedia processor may have
a GPP (general-purpose processor); multiple DSPs; audio/
video interfaces; codecs; multiple accelerators; wireless inter-
faces, such as WiFi; flash memory; high-speed communication
links; sensors; and display controllers. With a comprehensive
set of multicore-aware tools that address shared-resource con-
tention, performance optimization based on actual usage sce-
narios, and power management across multiple cores, devel-
opers can confidently unlock the power of SOC devices and
achieve fast market response. Additionally, proper adjustment
of these subsystems enables optimization across features, power
usage, and performance without requiring developers to com-
pletely redesign the product, as they might have to with a less
integrated architecture.

Traditionally, a design team working with a heterogeneous
architecture, such as a GPP and a DSP, usually divides itself into
at least three groups. One group writes code for the GPP and
primarily handles control processing. A second group writes
code for the DSP and on-chip coprocessors, taking care of most
of the data processing. A third group is responsible for system
integration, bringing together both designs from the other two
teams as well as dynamically repartitioning the system as new
constraints and limitations manifest themselves (Figure 1).
Most programmers worry about code density, memory usage,
power consumption, and cache efficiency in a block of code.
But you cannot accurately and individually measure these char-
acteristics apart from the complete system. Contention for pro-
cessing cycles, memory, and peripherals among multiple blocks
of code determines the efficiency with which code runs.

The system-level-design group can see trade-offs that the
programming teams cannot. For example, the complexity of
programming the function on a processor usually determines
the decision to program a function to the GPP or the DSP.

The group usually partitions control and user-interface func-
tions to the GPP, which is better suited to them, and data-pro-
cessing functions to the DSP. Sometimes, however, the obvi-
ous partitioning is less efficient.

Consider the autofocus function of a digital camera, an ideal
task for the DSP to handle. It is easier for programmers to write
the autofocus function for the DSP rather than for the GPP, and
the code is more compact and runs faster. Given that the DSP
also consumes less power than the GPP, this decision appears
sound.

However, when taking into account typical camera-usage pat-
terns, the choice is more complex. Often, a user turns on and
focuses a camera but either is not looking at the screen or is wait-
ing for the perfect moment to shoot a picture, meaning that the
DSP is not in use. If the designer implements the autofocus func-
tion on the DSP, then, during this time, both the GPP and the
DSP must be fully powered. If the designer implements the auto-
focus function on the GPP, assuming that enough overhead is
available, the DSP could be in a powered-down state. When
the user takes the picture, the DSP quickly returns to an active
state and captures the image with minimal latency.

The trade-off is that the autofocus function may be less effi-
cient to implement on the GPP, requiring more CPU cycles and
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Figure 1 Traditional fixed partitioning yields design teams that usu-
ally divide into system- and processor-level development groups.
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slower response; however, the significant power conservation
that results from being able to power down the DSP, increas-
ing overall battery life, more than offsets this inefficiency (see
sidebar “Slave to efficiency”).

DYNAMIC PARTITIONING

When weighing partitioning advantages at a system level, pro-
grammers have to consider multiple usage scenarios. For exam-
ple, the user is sometimes shooting numerous pictures in suc-
cession. If the GPP is in full use, the bottleneck in the system
may be writing to the flash or the hard-disk drive, which lim-
its both the maximum number of pictures that the camera can
queue and the speed at which a user can take successive pic-
tures. By offloading processing tasks from the GPP, the system
can more quickly save images, increasing the performance of
the camera. In this scenario, the system achieves optimal per-
formance if the designer implements the autofocus function on
the DSP.

Dynamic partitioning allows the programmer to implement
a function on both processors, enabling optimized performance
under both of these scenarios. When the picture queue is empty,
the GPP handles autofocus, and the DSP powers down. When
the user takes the first picture, the GPP wakes the DSP to cap-
ture the image. At the same time, it passes execution of the aut-
ofocus function to the DSP. While the DSP is active, it han-
dles autofocus. When the DSP is no longer required—that is,
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With tools and techniques such as dynamic partitioning,
developers can optimize the performance of complex multicore
architectures.

when the user is waiting to take another picture—the DSP alerts
the GPP that it is ready to power down again. The GPP resumes
executing the autofocus function and tells the DSP to power
down. The programmer can seamlessly create an autofocus task
for the GPP, the DSP, or both if the function can execute on
either processor.

The chief concern when implementing dynamic partition-

SLAVE TO EFFICIENCY

One technique for conserv- ! ter, then any event would

ing power in a heteroge-
neous system is to run the
multiple processors in a
master-slave configura-
tion. The master processor
manages system events

the slave processor pow-
ers down the system; both
processors need not con-
sume power during low-
usage or idle periods. In
general, the GPP (general-
purpose processor) or con-
trol processor acts as the
master, because designers
usually implement system-
management and user-
interface functions on this
processor. The system can
handle simple events, such
as updating a clock or
responding to the key-
board, without waking the
DSP. If the DSP were mas-
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i trigger waking the GPP to
i handle it. For this primary
i reason, the GPP is the
master, even though it typi
i cally consumes more

{ power than the DSP.

and the user interface, and |
i occurs, the master wakes
the slave with the function
i it has to perform. For a

{ multifunction device, over-
i lays can complicate wakin
i the DSP. To increase pro-
cessing efficiency and

i power usage, you must
load the proper algorithms
i into the DSP’s fast pro-

i gram memory-which may

| be too small to hold all of

i the algorithms a device

{ might need to support-

i before you awaken it. In

i most cases, you can store
the program overlays in

i the extended memory of

When a processing even

i the master processor. In

this way, the master
processor can overlay the
appropriate code in the
slave processor’s fast pro-
gram memory.

Although the system-
level team manages over-
lays, overlays complicate
code writing for the other
two groups on the design

team. They must write code |

without fixed address
dependencies; the code
must execute from any-
where in program memory
and access variables from
relative pointers. Given a
limited amount of fast pro-
gram memory, program-
mers shouldn’t place infre-
quently used code in it.
Programmers may also
need to limit the use of
global variables. Although

i simplify programming, they
i consume scarce memory
resources whether or not

i those variables are in use

i at the time. If you are using
an RTOS, you can config-

i ure the operating system
or kernel to manage these

i concerns for you.

Note that you need not

entirely power down the

slave. In some cases, you

{ may just want to slow

i down the slave to maintain
i a proper function and per-
formance. For example,

i you can reduce the slave

| clock rate to a level just

i low enough to perform

i real-time autofocusing.
Programming the slave is

i like pressing the gas pedal
{ on your car: You maintain

i full control of speed and

i power usage, and no

i using global variables may ,

power goes to waste.




AFFORDABLE
POWER OPTION!

TALK TO US

800-496-5570

VICOR offers a new, affordable power option TALK TO US, and receive your FREE Multimeter.
for power designers who may not need extended  You'll find out how you can reap the benefits of

temperature ranges. Introducing Vicor’s new designing with Vicor high-density DC-DC converters.
E-grade. Vicor's high-performance line of high- Faster time to market, greater power density and
density DC-DC converter and system modules are  performance, and higher reliability are ==
now available in four different input ranges, always affordable. Call 800-496-5570 =%
seven different output voltages, and three or go to vicorpower.com/edn

package sizes (quarter, half, and full brick). for more information.

# /él/d%f #ff 0/"6/&5/6/
vicorpower com




ing is that the programmer must write the same code twice for
different processors. In most cases, they write such code in C;
therefore, porting this code between the processors requires
minor adjustments to the optimized code that the appropriate
compiler produces. Note that, when you have both sets of code
at hand, you gain other advantages. For example, the autofo-
cus function runs faster and consumes less power on the DSP
than on the GPP. Today’s development environments have
advanced tools for profiling memory usage, including cache
visualization; power-consumption monitoring; and bus-traffic
analysis, enabling you to determine whether this information
is true once you can profile execution on both the GPP and
the DSP.

With both sets of code, you can also begin to test more com-
plex partitioning schemes that you would otherwise be unable
to evaluate. The performance of the system is not equal to the
sum of its parts. It depends highly on the usage scenario and
other active code. For algorithms such as video that put a heavy
load on the DSP, you could shift the autofocus function back
to the GPP. You could test partitioning scenarios among sev-
eral functions, determining which offers the best power con-
sumption and performance. You could automate such testing
within the development environment, running through vari-
ous combinations to find the optimal configuration based on
performance, power consumption, or both. Having two sets of
code allows system integrators to experiment with new config-
urations without forcing unexpected changes back onto the pro-

CUTTING CORE COUNT

With the increasing capa- | would be uncommon to

i itive, even if the device

gramming groups. However, you can’t achieve any of these goals
if you are locked into running the code on only one processor
(see sidebar “Cutting core count”).

DANCING THE DEBUGGER TWO-STEP

An important system element of heterogeneous architectures
is debugging of emulation circuitry. Such internal circuitry in the
processors reduces the amount of debugging instrumentation in
your code, giving you a more accurate runtime profile of your
system. You also have a better idea of how you’re using memo-
ry and can better optimize the use of fast memory. For example,
high-performance DSPs include advanced circuitry to support
nonintrusive ICE (in-circuit emulation), manage JTAG scan-
ning, monitor and control power, enhance trace capabilities,
monitor bus activity, perform high-speed data exchange, enable
system triggering, and support other functions critical to pro-
viding high system visibility during debugging sessions.

Another critical component is multiple-core awareness in the
debugger and development environment. You need to be able
to synchronously stop multiple processors to solve some debug-
ging problems. Such tools speed development by keeping you
aware of overlays updating variable addresses and watch points
when code moves within an overlay or between processors. You
might also need to occasionally disable the debugger. Perhaps
you want to test the responsiveness of a core coming out of sleep
mode; it can’t be asleep if it’s supplying trace information. Alter-
natively, you may need a communications stack to continue

! model for product develop-

bilities of processors,
designers can scale back
some multicore designs to
a more traditional, single-
core design. For example,
a typical DSP can also
handle user and peripheral
controls. On the other
side, a powerful GPP (gen-
eral-purpose processor)
can handle a single chan-
nel of MP3 decoding with-
out the help of a DSP.
Designers can now imple-
ment multicore systems in
a single-core chip: a single
DSP, GPP, or FPGA.

It is equally important to
understand that a multi-
core SOC (system on chip)
may be a poor fit for a sin-
gle-function device, such
as a radio-controlled
watch or a hearing aid.
With these devices, it
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i need user-interaction and
i -reprogramming capabili-
ties. Programmers can typ-
i ically dedicate the core in

i these applications to do

{ the job in predetermined

i conditions and use much

i less power. The flexibility

i and scalability of a multi-
core device add little value
for these applications.

Additionally, in some

{ products, power consump-
i tion is less of a concern.

i For these products, the
designer typically increas-

i es the clock rate to get the
| processing power to do the
i various jobs a single core

i usually handles. A device
operating at approximately |
i 1 GHz is a typical choice.
For infrastructure applica-
i tions, the power consump-
i tion per channel is compet- |

i power is 1 to 2W. You can
i scale its needed perform-
ance and power consump-
i tion by selecting clock

! rates of 600 MHz to 1 GHz
and still maintain code
compatibility.

Design engineers may

i also ask, “When do |
decide how many cores |
i want to use for my

i design?” The answer to

{ this typical question is to
i wait as long as necessary,
but don’t compromise the
i software or features. This |
approach provides the flex- :

ility of a design that can

i evolve throughout the
process. Product require-
ments change frequently in
i tion is how flexible and

i capable the design team is
when responding to rapidly
i changing market situations.

i response to market situa-
i tions during the develop-
i ment cycle. So many com-

panies adopt a spiral

i ment. Each spiral involves
i feedback, refining and

i redesigning, optimization,
cost analysis, and other

i factors. More design flexi-
bility means more spirals.
i An original multicore SOC
design may end up as a
simple single-core system,
i or it could go the other

{ way. In most cases, it is

i easier to scale down a

i multicore SOC to a sim-
pler, single-core design.

i Many companies have

! developed in-house or

commercial-level tools to

! facilitate high-level design
i by mixing software and
i hardware modules. So, a

more important determina-
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processing, even though the system has

AT EDN.COM >

readily available; for example, Texas

encountered a breakpoint, so that you don’t
lose information.

Remember that you can use communication
stacks such as USB or IEEE 1394 to transfer
useful debugging information when the appli-
cation is not using them. With a stack on both

this article.

We encourage your comments!
Go to www.edn.com/ms4162 and click
on Feedback Loop to post a comment on

Instruments provides the TMS320
DSP  Algorithm Standard, also
known as Xdais. You probably also
need to create a transparent transfer
function that passes all relevant state,
global, and system variables between

cores, you can more easily debug multiple cores

synchronously. You also gain control over how you can pass and
format debugging data without needlessly impacting the over-
all system. For example, if you use printf only in debugging code,
you could cause the linker to bring in large library elements that
would otherwise not be part of your system.

Developers familiar with only one side of the process—either
GPP or DSP—have difficulty evaluating trade-off decisions early
in the design process. Additionally, they can’t repartition a func-
tion to optimize performance or enable dynamic partitioning,
and the team that ends up porting the code cannot use many
of the lessons they learned writing the code. With the right com-

bination of code and tools, however, they can start to view their
application at a system level, instead of as separate processing
units. They can work at a higher level of abstraction rather than
think of programming the GPP or the DSP.

KNOW THY USER

[t’s important to spend time evaluating usage scenarios before
you begin partitioning. It is a waste of resources to write code
for both processors for a function that achieves no gains through
dynamic partitioning. Begin by defining typical and worst-case
usage scenarios. Then evaluate the scope of each function in
the context of each scenario and its dependencies upon other
functions.

Next, prioritize functions. You cannot compromise the pro-
cessing of an image for storage, and it has the potential to become
a system bottleneck. On the other hand, you can scale back the
preview function, showing the picture a user is about to take,
either in quality or in resolution if the system is overloaded. Users
would rather have high-quality captured images than high-qual-
ity temporary images that they may never look at.

Developers need to package functions that they can dynam-
ically partition so that the system integrator can easily use either
version. Consider implementing a standardized set of coding
conventions and APIs that abstract where a function runs and
“wraps” the algorithm for system-ready use. Such guidelines are
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processors to ensure a smooth transi-
tion when you dynamically repartition a function; no glitches
should be on the screen when handing off autofocusing. An
embedded kernel or operating system, such as BIOS/Link, pro-
vides straightforward mechanisms for efficiently bridging mas-
ter and slave cores without requiring developers to reinvent such
mechanisms.

Consider which peripherals and computational units a func-
tion needs to access. Some processors enable you to turn off por-
tions of a chip that you aren’t using. For example, you can use
DMA to increase performance of a function. However, if the
system is not in full use, you might increase power efficiency by
dynamically not using DMA and turning off the DMA circuitry.

You can scale down functions. For example, if you have a dual
processing core, you can choose to simultaneously process two
images or two halves of the same image. In the first case, you
need two full image buffers; in the second case, you can get away
with a single image buffer by working on the same image in two
parts and halving memory needs. Alternatively, some devices
have multiple accelerators and coprocessors that allow for a long
processing pipe. As a result, you can achieve high-performance
processing through optimized parallel computing; imagine 10
engines running in parallel to process a block of data. Again,
you have full control on how to use the available engines.

SOC programming used to be a difficult undertaking. How-
ever, as SOC designs become hardware/software hybrids and
developers further abstract designs, designers can evaluate trade-
offs at the system level. With the advanced high-level tools avail-
able today, a developer can seamlessly design a heterogeneous
GPP, DSP, or another subsystem, bringing a system perspective
across the entire design team. In this way, the traditional three-
group development team can evolve to a more efficient single
team with common expertise. This team, working in a single
unified design environment, can develop a base hardware and
software design for different products; for example, they can use
the same heterogeneous SOC design for DSC (digital-still-cam-
era) and DV (digital-video) camcorder products.

As developers tear down the walls between subsystems, they
can unlock the advanced capabilities of even the most complex
SOC architectures as simply as they do with single-core archi-
tectures (Figure 2). With the right tools and techniques, such
as dynamic partitioning, they can squeeze more performance and
longer battery life from their designs and more quickly bring
products to market.EDN
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Unprecedented performance at an unbeatable price! The LT®181X family of high speed amplifiers offers bandwidth up to
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High Voltage Current Mode Step-Down Converter with Low
Power Standby Capability — Design Note 383

Jay Celani

Introduction

Low power standby requirements are typically associ-
ated with battery-powered systems. Automotive sys-
tems, for example, commonly require power supplies to
maintain output voltage regulation even under no-load
conditions—while drawing minimal quiescent current to
preserve battery life. Rising energy costs, however, have
extended the need for low current standby operation to
line-powered systems, such as small plugged-in appli-
ances for home and business.

Designing a power supply that is very efficient at light
loads is particularly difficult in systems where high input
voltages and substantial load currents are required. A
common approach in such high power systems is to add
a secondary power path for low current operation—a
potentially significant increase in the cost, board space
and complexity of the power supply.

A better solution is to use the LT®3800 as the core of a
single-supply synchronous DG/DC converter. The result-
ing power supply is simpleand efficient. An LT3800-based

converter requires few external components, maintains
high conversion efficiencies over a wide load range and
supports low power standby operation for compliance
with system power-management requirements.

High Efficiency at Standby

The LT3800 is a 4V to 60V}, 200kHz fixed-frequency
controllerthat uses synchronous operationand N-channel
MOSFETs to maximize high current efficiency. Current
mode operation with continuous high-side inductor cur-
rent sensing yields fast transient response and excellent
line regulation. Low current standby requirements are met
using Burst Mode® operation. A reverse inductor current
inhibit feature also increases efficiency during light-load
conditions. The LT3800 runs directly from the converter
input supply, so there are no local supplies required to
power the IC. The IC is also designed for easy use of
output-derived power which furtherincreases conversion
efficiency. Cycle-by-cycle current limiting maintains the

AT, LTC, LT and Burst Mode are registered trademarks of Linear Technology
Corporation. All other trademarks are the property of their respective owners.
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Figure 1. LT3800 12V, 75W Buck DC/DC Converter with High Efficiency at Light Loads
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programmed current limit, even during instantaneous
short circuit fault conditions.

12V/75W Synchronous Buck DC/DC Converter

Figure 1 shows a 12V, 75W DC/DC converter that can
operate with input voltages from 20V to 55V. The 20V
minimuminputis set byaprogrammable UVLO function
implemented using the precision hysteretic threshold of
the LT3800 SHDN pin. The 55V upper bound is limited
by switch FET margin. This converter provides full-load
efficiencies above 95%, as shown in Figure 2, and can
maintain a no-load output voltage with only 0.1mA of
input supply quiescent current.
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Figure 2. The DCG/DC Converter in Figure 1 Exhibits High
Efficiency Across a Wide Load Range and Produces Peak
Efficiencies Above 95%
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Figure 3. Current Limit is Maintained During Instantaneous
Short-Circuit and Auto-Reset Soft-Start Yields a Graceful
Recovery from the Fault Event
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This DC/DC converter incorporates a controlled dV/dt
soft-start function which servos the converter output
voltage to a programmed rising rate during start-up—in
this case 1.3V/ms, yielding a start-up rise time of just
under 10ms. The LT3800 automatically resets the soft-
start function if the output drops out of regulation, so
recovery fromashortcircuitor brownouteventis graceful
and controlled.

The light load efficiency enhancement features of the
LT3800 produce a supply that maintains high conversion
efficiency across a4-decade range. This DC/DC converter
also features excellent heavy-load efficiency, producing
peak conversion efficiencies as high as 96%.
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Figure 5. LT3800 12V, 75W DC/DC Converter Layout
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Op amp can source or sink current

Alfredo H Saab and Steve Logan,

Maxim Integrated Products Inc, Sunnyvale, CA

When you design for electronics

applications, such as sensor or
amplifier bias supplies or special wave-
form generators, a controlled constant-
current source or sink circuit can serve
as a useful building block. These cir-
cuits exhibit high dynamic-output
impedance and deliver relatively large
currents within an allowed range of
compliance voltage. You can imple-
ment a constant-current circuit with an
op amp and a discrete external transis-
tor, but you can also design a bipolar
version of a current source or sink
around a single op amp and a few resis-

OUTPUT
CURRENT

INPUT
VOLTAGE
O

tors (Figure 1). The constant-current
sink circuits in Figure 1a through Fig-
ure lc offer various compromises
between precision, dynamic imped-
ance, and compliance range.

The circuit in Figure 1d describes a
bipolar current source with a simpler
feedback configuration than that of the
usual Howland-current pump, which
requires positive feedback and presents
variable input impedance. Figure le
shows a constant-current source. All of
these circuits exhibit excellent linear-
ity of output current with respect to
input voltage.
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Figure 1 This compendium of constant-current circuits includes current sinks
(a, b, and ¢), a bipolar sink or source (d), and a current source (e).
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READERS SOLVE DESIGN PROBLEMS

DlIs Inside

76 Simple digital filter
cleans up noisy data

78 Single switch selects
one of three signals

80 Low-cost audio filter
suppresses noise and hum

82 Microprocessor's single-
interrupt input processes
multiple external interrupts

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

The output from the circuit in Fig-
ure la includes an uncertainty due to
the op amp’s quiescent current, which
adds to the calculated output current.
For example, in most applications, you
can neglect the MAX4162 op amp’s
quiescent current of approximately 25
rA. The circuit in Figure 1b behaves
similarly, but its quiescent current sub-
tracts from the ideal output-current
value. The circuit in Figure 1¢ provides
a current sink with no quiescent-cur-
rent error, and the circuit in Figure 1d
presents a bipolar output—that is, it
sinks or sources current—depending on
the polarity of the input voltage. Its per-
formance depends on close matching
for the resistor pairs R and R, and R,
and R, and good tracking of the posi-
tive- and negative-power-supply volt-
ages. Any difference between the
absolute values of the supply voltages
appears as an offset current at OV input
voltage. To achieve insensitivity to
power-supply-voltage variations, the
current-source circuit in Figure 1le
requires close matching of resistor pairs
R,and R and R, and R..

You can use the following equations
to calculate output currents for the cir-
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cuits in Figure 1. Note that R, =
100€) in these examples. In Figure 1a,
Iour=—V/R oapt25 wA; in Figure
1b, 1 ;7= =V /R 525 wA; in Fig-
ure 1c, I ==V /R, in Figure
1d, I, ,;=—2XV,_ /R, and, in Fig-
ure le, I, =V /R, ., The equation
for circuit 1d assumes perfect match-

es—thatis, R;=R,R =R, and V+=
V—. It also assumes that R, is much
greater than R .

For a fixed value of output current in
each of the five circuits in Figure 1, the
graphs of Figure 2 show the circuits’
dynamic impedance and range of use-
ful output voltage (current compli-

5.002

ance). The graphs show a high nomi-
nal output current of 5 mA to better
display the higher end of the current-
amplitude range. Depending on your
application, you can optimize each cir-
cuit’s dynamic impedance and current
range through a judicious choice of op
amps and resistor values.EDN

5.002
5.001 o
\éIN = 500:'“1‘/6/’\\/"\;10 Vi =500 mV, V+ = 10V, AND
c%l:zTrep:JT ore : OUTPUT Rpynamic = 80 MQ.
P 5 | CURRENT 5|\

K————"‘ (mA) ;
4.999 4000

4.998 ’
4.998

1 3 4 5 6 7 8 9 10 : 5 YR —— 6
OUTPUT VOLTAGE (V)
(@ ® OUTPUT VOLTAGE (V)
5.002 5.1
5.001 5.05
Vjy =500 mV Vi = 250 mV, V+ = 5V, AND
OUTPUT Roynamic = 72 M. OUTPUT Tt Royaic = 170 k.
CURRENT 5 CURRENT 5
(mA) (mA) |
—
4.999 4.95
4, 4.9
2% 2 3 4 5 & 7 8 9 10 5 -4 2 -1 0o 1 2 3 4 5

OUTPUT VOLTAGE (V)
(©)

OUTPUT
CURRENT 5
. (mA)
Figure 2 These graphs show output current versus output-
voltage characteristics for the circuits in Figure 1. Note 495
that for b and ¢, the dynamic-output-impedance character-
istic closely resembles that of an ideal current source: )

AV, /AV, =2

Simple digital filter

)

OUTPUT VOLTAGE (V)

5.1

5.05

Vjyy =500 mV, V4 = 10V, AND
Royavic = 278 k.

—_—
—_—

(e)

cleans up noisy data

Richard Rice, Oconomowoc, WI

Many systems use an ADC to
sample analog data that tem-
perature and pressure sensors produce.
Sometimes, system noise or other fac-

MARCH 2, 2006

tors cause the otherwise slowly fluctu-
ating data to “jump around.” To reduce
higher frequency noise, designers often
install an analog RC (resistor-capaci-

2 3 4 5 6
OUTPUT VOLTAGE (V)

tor) lowpass filter between the sensor
and the analog-to-digital-conversion
stage. However, this approach is not
always ideal or practical. For example,
a long time constant of minutes would
require very large values for R and C.
Figure 1 shows an analog RC lowpass
filter and its design equations. As an
alternative, you can clean up noisy sig-
nals that remain within the ADC’s lin-
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ear range by using the digital equivalent
of an analog RC lowpass filter. The fil-
ter’s software comprises only two lines
of Ccode: LP ,;=LP, . /K, where the
output value of the filter is LP, . divid-
ed by a constant, and LP, .=
LP, . +tLP—LP_,, where you add
the difference between input and out-
put to update LP, .. You specify all
variables as integers.

Each time the analog-to-digital con-
version acquires a new input sample,
LP,, the software produces an output
value, LP ., which comprises a low-
pass-filtered version of the input sam-
ples. Calculate the value of the con-
stant, K, based on the sampling rate of
the system and the desired time con-
stant for the filter as follows: K=
TXSPS, where K>1, and SPS is the
system’s sampling rate. For example, for
a system-sampling rate of 200 sam-

ples/sec and a desired time constant of
30 sec, the constant K would equal
6000 samples. Applying a step change
to the routine’s input requires 6000
samples to reach approximately 63% of
its final value at the output.

The lowpass accumulator, LP,
can grow large for large time constants
and large input values. It can grow as
large as K times the largest possible
LP,, value. Under these conditions,
you need to make sure that LP, . does
not overflow, and you may need to
specify a larger data type to contain
LP, .. To avoid a long settling time
during start-up, before the start of the
sampling loop, you can initialize
LP, - toavalue of K times the current
input value.

You can extend the basic filter con-
cept presented to accommodate high-
er order filters with greater high-fre-

Single switch selects

one of three signals

Felix Matro, JL Audio Corp, Phoenix, AZ

This Design Idea shows how you
can use a single-pole momentary-
contact switch to select one of three sig-

nal sources by scrolling through three
output states. The circuit in Figure 1
comprises commonly available compo-

R
INPUTO—N\/‘TO OUTPUT
I c

T=RXxC, AND F=1/(2XwXT),
WHERE T IS THE TIME CONSTANT
IN SECONDS, AND F IS THE
CUTOFF —3-dB FREQUENCY.

Figure 1 In some circumstances,
a classic RC lowpass filter does
an adequate job of removing
noise from signals.

quency rejection by executing multiple
filter code segments in sequence. Also,
you can use an array of variables for
LP, .. and an array of values of the con-
stant K to filter signals that multiple
data channels acquire.EDN

nents from the CD4000 CMOS-logic
series, along with a general-purpose
NPN transistor. The total cost of the
components doesn’t exceed $1. Only
one of circuit’s three outputs, CH,, CH,,
or CH,, goes low at any given time, and
you can use these outputs to control ana-
log switches, relays, or the gates of JEET
switches. As long as you apply power, the

13
Vee IC. 11
15V 12| ™20 8
~ 6 10
CD4011BCM IC
4 ICZB 5 2C |9
CD40TTBCM CD4011BCM
RQ
4.75k
1% J:_ 7[CD4011BCM[7
R ol 16 B 7
ICg 5 3 ICqa SET V, SET
DD 6
CD4093B 110(;*5» CD4093B|; 4 "11—(:1 ICs o> ||#]0 1Ci af-
5 ° 1N\ _s 13l< CP40278 |, %K co40278 | ff o
B b [o] % D> CLK Q > CLK (o] mng 5 11C:0 Yoto o
. @TTIGND RESET Vss RESET !
7 CD4011BCM
4 S 4 c 12 8| 4
2N3904 47.5k 0.1 AF L4 8 o
= 1% T > 9|'Cic CH,
T - = " CD4011BCM
= 5.0 13
- 1 11
Q 12| Ceo CH,
CD4011BCM

NOTE: S, IS AN SPST NORMALLY OPEN PUSHBUTTON SWITCH.

Figure 1 A handful of active and passive components form a one-of-three selector switch. Press switch S, once to
advance to the next channel and twice more to revert to Channel 1.

MARCH 2, 2006



WORLD'S FASTEST, SMALLEST AND LOWEST
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selected output does not change, mak-
ing the circuit a good choice for appli-
cations requiring nonvolatile operation.
Quiescent-current consumption aver-
ages only about 15 WA at room temper-
ature, 25°C, a low value even for battery-
powered applications.

The heart of the circuit comprises a
dual JK flip-flop, IC,, that’s configured
as a 2-bit ripple counter. Without addi-
tional circuitry, the counter would allow
selection of four signal sources. Upon
initial application of power, a reset cir-
cuit comprisingR , C , and IC ; always
sets the CH, output to a logic-low level.

When the Q outputs of IC;, pins 2 and
14, both go to logic zeros, the feedback
chain comprising IC, ,, IC,, IC, ., and

280 2B’

R., C, IC,,, AND
NORMALLY OPEN
MOMENTARY-CONTACT
SWITCH S, CONSTITUTE
A DEBOUNCED SWITCH
THAT PROVIDES CLOCK
PULSES FOR BOTH SEC-
TIONS OF THE COUNTER.

IC,  pulls Qs base to a logic-high level,
which in turn pulls one input of IC, ; to
alogic low. This action causes the count-
er to skip the 00 state and advances the

Low-cost audio filter

suppresses noise and hum
Richard M Kurzrok, RMK Consultants, Queens Village, NY

The low-cost composite passive

filter in this Design Idea requires
no dc power and can enhance the per-
formance of audio equipment and
instrumentation by rejecting power-
supply hum and spurious pickup from
AM, FM, and low-band VHF trans-
missions (Figure 1). The composite fil-
ter comprises a cascade of three simple
filters: a T-section highpass filter to
reject power-source hum and two -
section lowpass filters to reject spurious
RF signals. As a starting point, the

the prototype, wire all components to
asection of perforated breadboard stock
supported by metal spacers that mount
inside a die-cast aluminum enclosure.
This method of shielded construction
has proved its worth in other laborato-
ry-accessory applications (Reference
1). Table 2 lists the filter’s measured
insertion loss over a range of 40 Hz to
200 MHz.

Low-cost polarized electrolytic ca-
pacitors C, through C; provide rea-

count to the 01 state. Components R,
C,, IC,,, and normally open momen-
tary-contact switch S, constitute a
debounced switch that provides clock
pulses for both sections of the counter,
IC,. When a user pushes S, the count-
er advances to the 10 state, and a sub-
sequent push advances the counter to
the 11 state. A third push restarts the
cycle. To summarize, IC 45 decodes the
counter’s 01 state and pulls CH, low,
IC, . decodes the counter’s 10 state and
pulls CH, low, and IC,; decodes the
counter’s 11 state and pulls CH, low.
The layout of the circuit should be non-
critical, but use a low-leakage capacitor
for C,. Connect unused logic inputs to
ground or V. as appropriate.EDN

sonable performance, but observe
input polarity for signals with a dc com-
ponent. For a modest increase in cost
and assembly time, you can enhance fil-
ter performance and reproducibility by
selecting the values of these capacitors
to meet a 10% or better tolerance. For
best results, use nonpolarized film-
dielectric capacitors for C, through C,.
For noncritical applications, you can
relax the tolerances for the remaining
capacitors and use off-the-shelf induc-
torsfor 22-mHL , 0.68-mHL,, and 3.9-
nHL,.

Redesigning the filter to match the
6002 impedance that you find in clas-
sic audio circuits would increase the

TAEBLE 1 COMPONENTS IN THE PROTOTYPE FILTER

three filter sections present a lossless

0.01-dB Chebyshev response at a 502 | Reference
impedance level, but you can scale the designators Values Description
components’ values to meet other C,C,C,Cs 10pF 50V electrolytic capacitor, £20% tolerance
impedance requirements. C,; Cq 4.7 pF 50V electrolytic capa.citor, +20% tolerance

Table 1 lists the components the pro- C, Cy 0.15 pF Polypropylene capac!tor, +29% tolerance

. . . Cs Cio 0.033 nF Polypropylene capacitor, =2% tolerance

totype filter uses. With the exception c o 0.001 uF Il P —

i mer b n olypropylene capacitor, =2% tolerance
of inductor L, all the components are L, 29 mH [ EEGEe Erre
standard values that are available off L, 0.68 mH Inductor, =109% tolerance
the shelf. Switch S, provides a bypass [ 3.85 uH Inductor, 27 turns of AWG #28 magnet wire hand-wound
mode that permits rapid frequency- on T37-2 mixture (Carbonyl E) toroidal core
response measurements without con- S NA DPDT panel-mounted toggle switch
nection and disconnection of the pro- Jis d, NA 50() BNC panel jack
totype’s BNC connectors. To construct NA NA Hammond 1590H-BK die-cast aluminum enclosure
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SIMPLE, LOW-GOST, FOUR-OUTPUT
MAIN-POWER CONTROLLER
FOR NOTEBOOKS

Optimal Interleaving Minimizes Input-Capacitance Requirements

The MAX8744 integrates two switch-mode regulators, one bootstrapped linear regulator, and one external switch linear-
regulator controller to allow simple, compact designs. Optimal (40/60) interleaving in the MAX8744'’s two fixed-frequency
controllers minimizes input ripple current and input capacitor requirements. Integrated boost diodes, Dual Mode™ mode
feedback, and simplified logic controls result in a low-cost application circuit with very few external components.
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¢ Integrated Boost Diodes Minimize External Components ¢ Auxiliary 12V or Adjustable 150mA External Switch

¢ Internal Bootstrapped, 5V Linear Regulator with Linear Regulator with Scalable Current
100mA Load Capability ¢ Dual Mode Feedhack—5V/3.3V Fixed or
¢ 40/60 Interleaving Reduces Number of Input Capacitors Adjustable Output Voltages
¢ Accurate Differential Current-Sense Inputs ¢ 200kHz/300kHz/500kHz Switching Frequency
Part No. of Fixed LDO | AuxLDO Package Price’
Outputs (100mA) (150mA) (mm x mm) (%)

MAX8744 4 5V 12Vorad] | 32-TQFN (5x5) | 455

MAX1537 5 33V/V | 12Vorad] | 36-TOFN(6x6)| 520

MAX1533 5 3.3V/5V na | 32-T0RN(x5) | 5.10

Dual Mode is a trademark of Maxim Integrated Products, Inc.

12.5k piece price provided is for design guidance and is FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are offered in 1k
increments, and some may require minimum order quantities.
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500 500
INPUT . OUTPUT
IMPEDANCE _ ! IMPEDANCE
h 5 c ¢ c C, L, Ls %
: 1 3 4 0 3.85 pH
10 wF 4.7 pF 10 wF 4.7 uF 0.68 mH >
+ + + +
— — N
C2 Cs fli I
10 wF 10 wF C, Cg Co Cio Cii == Cj
0.15 uF 0.033 wF [0.15 wF [0.033 uF —[0.001 WwF —[o.om wF
. . ° . ®
= | | | | =
HIGHPASS FILTER 20-kHz LOWPASS FILTER 4-MHz LOWPASS FILTER
NOTES:

BOTH GROUNDS CONNECT TO CHASSIS.
WHEN S; IS IN THE UP POSITION, IT BYPASSES THE FILTER; WHEN IT IS IN THE DOWN POSITION, IT INSERTS THE FILTER.

Figure 1 A highpass filter and two lowpass filters help reduce or eliminate low-frequency hum and high-frequency noise
from audio signals.

TABLE 2 FILTER INSERTION LOSS

inductors’ values by an order of mag-

nitude, which would increase the Frequency Insertion loss Frequency Insertion loss
inductors’ dimensions and costs. An (kHi) idB2) (MI-:Z) id23)
alternative design approach could use 887 32' 4 8'3 663
cascaded active-RC filters, which 6.1 29: 4 0:5 60
would pave the way for their inclusion 0.9 173 1 55.5
into completely integrated composite- 0.3 10.9 2 52.9
audio filters.Epn 0.5 515 3 51.1
1 2.7 4 56.2
REFERENCE 2 2 5 60
M Kurzrok, Richard M, “Simple Lab- 5 1.9 10 46.5
Built Test Accessories for RF, IF, 10 2.1 25 44
Baseband, and Audio," High Frequen- ;g i; 15000 ;gg
cy Electronics, May 2003, pg 60. 30 1.7 150 45
50 24.5 200 44

Nitron family of flash-memory micro-
controllers, such as the MC68HC-
908QT and QY, offer only one IRQ
input pin. You can use one-time-pro-
grammable versions of the family,
such as the MC68HCT705K] 1 or MC-
68HC705]J1A, that offer five exter-

nal-interrupt inputs but omit some of

Microprocessor’s single-interrupt input
processes multiple external interrupts

Abel Raynus, Armatron International Inc, Malden, MA

project occasionally requires that sev-
eral interrupt-service programs must
process multiple external interrupts
from various sources. Cost and inven-

On the lower end of the per-
formance spectrum, many
widely available and inexpensive

microcontrollers pay for their small
pc-board footprints by omitting func-
tions. For example, most low-end
processors provide only one external-
interrupt input pin and only one
address vector in memory for the serv-
ice routine that processes external
IRQs (interrupt requests). However, a

82 EDN | MARCH 2, 2006

tory constraints may make it undesir-
able to choose another microcon-
troller whose only advantage is the
availability of a few more interrupt
pins.

For example, Freescale Semicon-
ductor’s (www.freescale.com) popular

the family’s valuable functions, such
as flash memory, built-in analog-to-
digital conversion, and an advanced
instruction set. You could also select
a larger microcontroller, such as the
MC68HC908]JL3, from the same
product family to gain eight external-
interrupt inputs at the expense of sig-
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nificant increases in cost and pc-board
area.

This Design Idea offers an alternative
that retains the small processor and
adds extra interrupt inputs. The tech-
nique involves applying the interrupt
signals to an AND gate to generate an
IRQ signal and using the microcon-
troller’s inputs to recognize the inter-
rupt’s source. For example, consider the

resistors that eliminate the need for
external resistors, and you can use an
inexpensive and readily available
74LS21 tor IC,. For demonstration pur-
poses, this circuit displays the address
of an incoming interrupt by lighting
one of four corresponding LED indica-
tors for 3 sec. The software routine in

Listing 1 that assigns a priority to each
interrupt uses the standard set of assem-
bler instructions and can apply to any
microcontroller. You can download
Listing 1, as well as the sample’s assem-
bler code and its accompanying table of
equations (Listing 2), from www.edn.

com/060302dil.Epn

5V
four external-interrupt sources in Fig- Q
ure 1. If you apply no interrupt signals —|_ 14 ; PRRLLLLLLLD
. . 1 H :
and if all of the AND gate’s inputs rest INT1 O P PEOF- 2 AP LED,
. INT2 O IC,p T : :
at logic ones, the IRQ level also INT3 O 4| 1/, 741521 IRQ Lerrrrnnnr: :
remains at logic one. Applying an inter- INT4 O > . PB1f A p-¢LED,
rupt signal (a logic-zero level) to any MC68HCO08QY2 | & meeeen
one of four inputs, INTI through = 131pa0 11
3 , 1] PB2——WW P9 LED,
INT4, drives the gate’s output to a low 5pas o :
level and triggers the interrupt. The 41ons5 - ot :
interrupt-service routine recognizes o[ : ' LED,
the interrupt’s source by testing the lev- - Tttt L

els of input pins PAQ, PA1, PA4, and
PA5 and executing the corresponding
interrupt-service routine.

The MC68HC908QY2 microcon-
troller, 1C, includes built-in pullup

NOTE: LED, TO LED, ARE KINGBRIGHT CORP'S
W934GD-5V WITH BUILT-IN RESISORS FOR OPERATION AT 5V.

Figure 1 An external AND gate plus a software routine expand a microcon-
troller’s single interrupt input into four inputs.

12/10-Bit, Fully-Differential,

Multi-Channel A/D Converters

AS1531

100101000110
001010010101
110010101001
» 010001111000
100101000110
001010010101
110010101001
010001111000
100101000110
001010010101
110010101001
010001111000

The AS1520-23/AS1530-33 family offers a low-power solution
for battery-powered and portable data acquisition devices
such as remote sensors or pen digitizers.

Get more technical info on austriamicrosystems’ complete portfolio of
High Performance Analog solutions at www.austriamicrosystems.com

Request samples at www.futureelectronics.com

g

12/10-bit ADC resolution
400/300ksps conversion speed

Fully differential or single ended mode
8 or 4 channel input

Internal 2.5V reference

= Advanced power save modes

Part No. Resolution Channels Sampling Rate Supply Current Supply Voltage Package
bit # ksps mA v

AS1530 12 8 400 238 45t055 |TSSOP-20
AS1531 12 8 300 22 271036 |TSSOP-20
AS1532 12 4 400 28 45t055 |TSSOP-16
AS1533 12 4 300 22 271036 [TSSOP-16
AS1520 10 8 400 28 45t05.5 |TSSOP-20
AS1521 10 8 300 22 271036 |TSSOP-20
AS1522 10 4 400 238 45t055 |TSSOP-16
AS1523 10 4 300 22 271036 |TSSOP-16

austriamicrosystems

1 W[ o=
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POWER SOURCES

Point-of-load converters minimize
need for external components

The surface-mount LSM2 and through-hole LSN2 nonisolated, point-of-load
dc/dc converters require no heat sinks or external filter components. These
devices feature 0.75 to 5V user-selectable outputs and 2.5 to 5.5V or 9 to 14V input-
voltage-range options, suiting distributed-power and intermediate-bus architectures.
The range comprises six modules with 6, 10, and 16A output-current options for each
input voltage and can deliver as much as 52W of output power. The 16A LSM2 and

LSN2 converters cost $13 (1000).
C&D Technologies, www.cd4power.com

Converters target wire-
less power amplifiers

Delivering a 250W output power,

the JHW250 series of dc/dc con-
verters comes in a half-brick format for RF
power-amplifier applications. Targeting
wireless base stations and similar telecom
equipment, these isolated converters
operate over a 36 to 75V-dc range and
provide a single 30.2V regulated output.
Measuring 2.28X2.4X0.5 in., each mod-
ule in the JHW250 series costs $86.10
(1000).
Tyco Electronics Power Systems,
www.power.tycoelectronics.com
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Switcher integrates FET
device, supports 5.5 to
36V input

The high-efficiency, 500-kHz, non-

synchronous TPS5430 Swift con-
verter provides 90% efficiency and 2%
output-voltage accuracy as low as 1.23V.
This step-down dc/dc IC integrates an
FET delivering a continuous 3A output
current and supports 5.5 to 36V input
voltages. Operating at —40 to +125°C,
the device suits environments requiring
good thermal performance. Targeting
point-of-load-system applications, such as

industrial systems, digital televisions,
DVDs, battery chargers, and 12 to 24V
distributed-power systems, the TPS5430
comes in an HSOIC package and costs
$1.85.

Texas Instruments, www.ti.com

400-mA dc/dc converter
delivers 0.5 to 5V outputs

From a single-cell lithium-ion

input, the synchronous LTC3444
dc/dc converter delivers as much as 400
mA of continuous output current to 0.5
to 5V outputs. A buck-boosting design
enables operation from input voltages
above, below, and equal to the output
voltages. The IC provides a continuous
high-efficiency transfer function through
all operating modes, suiting it for single-
cell lithium-ion 3G WCDMA applica-
tions. A 1.5-MHz switching frequency
allows for the use of small ceramic capac-
itors and inductors. The LTC3444 comes
in a 3X3-mm DFN package and costs
$2.40 (1000).
Linear Technology, www.linear.com

Lithium-ion-battery

charger includes a

cold-temperature offset
The linear, single-cell SC804 lithi-

um-ion-battery charger integrates a
cold-temperature-offset pin that allows an
external resistor divider to adjust the
charging-temperature range. The device
allows a board design to function in mul-
tiple applications requiring different tem-
perature ranges. A 3 to 14V input-voltage
range provides protection for portable
devices from 12V adapter overshoots and
third-party adapters. A 3V undervoltage
lockout suits the battery charger for cur-
rent-limited adapters. Additional features
include a 1.5A continuous-charge current;
a 4.2 or 4.35V output voltage; program-
mable precharge, fast-charge, and termi-
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nation current; and a battery pack with
1% voltage accuracy and adapter flexi-
bility. The SC804 battery charger costs
$1.43 (1000).

Semtech Corp, www.semtech.com

Power-conversion-1IC
family uses an on/off-
control scheme

Using a 700V MOSFET with

low-voltage control circuitry on
a monolithic IC, the TinySwitch-III
also features an integrated autorestart,
input-undervoltage and output-over-
voltage protection, hysteretic thermal
shutdown, and frequency jittering to
minimize EMI. Selectable current lim-
its provide the
choice of three
current-limit val-
ues without the
need for addi-
tional IC pins or
external compo-
nents, allowing
for maximum ef-
ficiency or great-
est power-output
optimization. An
on/off-control
scheme delivers
virtually constant efficiency regardless
of load, as opposed to PWM and self-
oscillating designs that exhibit dimin-
ishing efficiency as load decreases.
Available in DIP-8 and SMD-8 pack-
ages, the 6W TNY274PN costs 79
cents (1000), and the 28W TNY-
280PN costs $1.45 (1000).
Power Integrations, www.powerint.
com

Power supply targets
PC modification

Measuring 31X45X20 mm, the
picoPSU-120 is 10 to 20 times
smaller than standard PC power sup-
plies. Using HyperWarr technologies,

the device provides 120W of power for
small PCs using a 12V power source.
Suiting PC modification, embedded-sys-
tem applications, robotics, and indus-
trial applications, the ATX-compliant
power supply plugs directly into the
ATX connector. The picoPSU-120
costs $49.95.

Mini-box, www.mini-box.com

Compact ac/dc power
supplies use regulated
triple outputs

Providing 20W output power in a

compact, fan-cooled case, the
HF20W-TL series ac/dc switchers have
an 85 to 264V-ac input and robust fil-
tering. Three models provide 5/%+12,
5/%15, or 5/12/—5V-dc regulated triple-
output combinations. Standard features
include a 1% maximum line/load regu-
lation, a 3-kV-ac I/O isolation, a 0.5-mA
input-leakage current, and a 20-msec
holdup time. The series has a 100,000-
hour MTBF in accordance with military
standard HDBK 217F and meets CE and
EN60950 requirements. Available in a
4.4%3%1.42-in. case, the HF20W-TL
series costs $19.75 (100).
MicroPower Direct, www.micro
powerdirect.com

4W single-output
switching power supply
provides 5.5V dc

With a 90 to 264V-ac universal

input and regulated output volt-
ages, the single-output DA4 series
switching power supply delivers 5.5V dc
with 4W total power and 15-msec typi-
cal holdup time. For 0 to 0.75A loads,
the device features overload and short-
circuit protection and built-in EMI fil-
tering. Measuring 60X28X45.8 mm, the
DA4 wall-mount series costs $5.
Emerson Network Power,
www.astecpower.com

PADS® PCB Design Solutions

What Michelangelo did for the
Sistine Chapel you can do for
your layout when you use PADS
complete PCB design solution.
If you are striving for
excellence for an easy to use,
intuitive solution, PADS gives
you the freedom and power to
create, at an affordable price.
To find out more, download the
latest technical paper at
www.mentor.com/rd/padspaper
or call us at 800.547.3000.
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VR11 PWM controllers
integrate a load line

The ISL6306/07 family combines

with the vendor’s FET drivers to
provide control and switching functions
for VR11 CPU-core, multiphase, buck
dc/dc converters on desktop, workstation,
server, and industrial-PC motherboards.
These devices feature two-, three-, four-,
five-, and six-phase operation for flexible

voltage-regulation design. An integrated
load line and overcurrent-protection tem-
perature compensation allow the same cur-
rent-limit threshold over temperature
without the need for external components.
The family controls the microprocessor’s
core voltage by driving as many as six syn-
chronous-rectified buck channels in par-
allel. The ISL6306 targets desktop and
embedded systems, and the ISL6307 fam-
ily suits servers and voltage-regulator mod-

INTEGRATED CIRCUITS

ICs feature
ITMDS technology

Enabling manufacturers to build

high-resolution HDTVs support-
ing 30- and 36-bit RGB deep color, the
Sil 7170 transmitter and Sil 7171
receiver use iITMDS (internal-transi-
tion-minimized-differential-signaling)
technology. HDTV internal links allow
color depths of 36 bits at 1920 1080-
pixel progressive (1080p) resolution.
The products also feature a scalable
bandwidth of 25 to 225 MHz and DVI
1.0 environment compliance. The Sil
7170 comes in a thermally enhanced
MQEFP-128 housing, and the Sil 7071
comes in a thermally enhanced TQFP-
128 package. Both products cost $6
(10,000).
Silicon Image Inc, www.siliconimage.
com

Two advanced
DVD-codec series
incorporate DEPF
These advanced DVD codecs
incorporate a 108-MHz video
DAC and DEPF (diagonally enhanced
picture formatting). The MS9300 chip

series suits optical-DVD recorders, and

the MS9400 chip series targets DVD
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recorders and includes a hard-disk drive
with a capacity as high as 400 Gbytes.
Magnum Semiconductor, www.
magnumsemi.com

Image processor
uses VXP technology

As the latest addition to the ven-

dor’s family of image processors, the
GF9351 image processor uses VXP tech-
nology, providing enhanced features in
fourth-generation broadcast-quality algo-
rithms. The product includes TruMotion-
HD, providing 1080i-to-1080p adaptive
deinterlacing; FineEdge, with dynamic
directional interpolation; FidelityEngine,
featuring image enhancements for re-
moval of unwanted noise; and RealityEx-
pansion, including 10-bit image process-
ing for natural color.
Gennum Corp, www.gennum.com

Dual-channel video
decoder features video-
compression technologies
Video-compression technologies
in the BCM7400 dual-channel
video decoder include AVC (advanced

video coding), VC-1, and MPEG-2, pro-
viding support for HD (high-definition-)

ules. In addition to the ISL6306/07 fami-
ly, the vendor also features the ISL6326/
27 VRI11 controller family with a dual-
edge PWM scheme that is pin-to-pin-
compatible with the ISL6306/07 and
requires no capacitors. The ISL6306 comes
in a QFN-40 package and costs $2.47. The
ISL6307,ISL6307A, and ISL6307B come
in QFN-48 packages and cost $3.15, $3.41,
and $3.52 (1000), respectively.

Intersil Corp, www.intersil.com/power

and standard-definition-television pro-
gramming. Additional features include
dual audio and video HD channels,
delivering HD programs to multiple tel-
evisions; a 128-kbyte, second-level
cache providing 875 Dhrystone MIPS;
integrated PVR capability; an advanced
2- and 3-D-graphics engine; an inte-
grated content-security processor; and
10/100 fast Ethernet and USB 2 inte-
grated-peripheral interfaces. The BMC-
7400 comes in a QFP-1521 packaging
and costs $49.50 (10,000).

Broadcom Corp, www.broadcom.com

Stereo-codec card
suits digital video

Targeting sound cards, digital tel-

evisions, and portable video re-
corders, the 103-dB-SNR, 24-bit sigma-
delta-DACWMS8569 stereo codec in-
cludes oversampling and digital-inter-
polation filters. The device also features
a 100-dB-SNR sigma-delta ADC and
programmable audio-data interface
modes supporting I’S, DSP, and left- and
right-justified digital-audio formats.
Analog supply voltages range from 2.7 to
5.5V, and digital supplies range from 2.7
to 3.6V. Available in an SSOP-28 pack-
age, the WM8569 costs $1.33 (10,000).
Wolfson Microelectronics, www.
wolfsonmicro.com
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SATA RAID
storage systems
run at 3 Gbytes/sec

N Comprising hardware-acceler-
ated iSCSI, Fibre Channel, and

U320 SCSI host systems, the vendor’s
Vtrak M-Class SATA RAID (redun-
dant-array-of-inexpensive-disks) sys-
tem now includes the M200p, M300p,
and M500p U320 SCSI host systems.
These 3-Gbyte/sec SATA RAID stor-
age systems feature NCQ (native-com-
mand queuing), staggered spin-up, and
drive-hot-swap support, as well as an
I/O processor based on Intel Xscale
technology, and ECC cache memory
with battery-backup cached data pro-
tection. An M200p comprises an
eight-bay, 2U, dual-host U320 SCSI;
an M300p has a 12-bay, 2U, dual-host
U320 SCSI; and an M500p has a 15-
bay, 3U, dual-host U320 SCSI. The
eight-bay model, without drives, costs
$3699.

Promise Technology, www.promise.
com

LCD monitors
target professional,
corporate markets

This family of high-end LCD

monitors includes the 60-in.
SyncMaster 460pn, the 40-in. Sync-
Master 400pn, the 60-in. SyncMaster
460p, and the 40-in. SyncMaster 400p.
The 400pn and 460pn provide an
Ethernet connection and the vendor’s
MagicNet technology and digital sig-
nage without a dedicated PC for each
display. The 400p and 460p feature the
same high-end display technologies
without the MagicNet enhance-
ments. Each monitor has an 8-msec
response time, with a 1366X768-pixel
resolution, a 170° horizontal and ver-
tical viewing angle, a 500-cd/m’
brightness, and an 800-to-1 contrast
ratio. Additionally, the monitors fea-

ture interfaces for composite video; S-
video; component video for DVD and
HDTV at 480 i/p, 720 p, and 1080i;
and RGB analog and digital interfaces
for PCs. Targeting the professional and
corporate markets, the SyncMaster
460pn, 400pn, 460p, and 460p cost
$6999, $5299, $6749, and $4999,
respectively.

Samsung, www.samsung.com

Four- and eight-port
RAID controllers use
NCQ technology

The four-port 2420SA and

eight-port  2820SA  SATA-II
controllers build on the vendor’s SATA
product line with NCQ (native-com-
mand-queuing) technology. The vendor
also offers a data-protection suite, which
includes support for RAID (redundant-
array-of-independent-disks) 5EE hot
space, a RAID 1E striped mirror, Copy-
back Hot Spare, and RAID 6 technol-
ogy for the 2820SA. Targeting work-
stations and servers, the eight-port con-
troller has a 64-bit, 133-MHz PCI-X
host interface, and the four-port con-
troller targets high-density servers. Both
cards come standard with 128 Mbytes
of ECC-protected DDR DRAM; 256
Mbytes of DRAM and a battery unit are
optional. The 2420SA and 2820SA
cost $375 and $575, respectively.
Adaptec Inc, www.adaptec.com

Barracuda drives
have 0.5-Tbyte capacity

The Barracuda 7200.9 family

combines an 80-Gbyte to 0.5-
Thbyte capacity with 3-Gbyte/sec Seri-
al ATA 2.5 throughput and NCQ (na-
tive-command-queuing) technology.
Ultra ATA 100 interface drives are also
available.
Seagate Technology, www.seagate.
com

Hyperlynx®

Compatible with PADS®
and all major PCB flows

If faster edge rates and new bus
technologies are part of your
next design, you need the right
tools and they need to be easy
to use. HyperLynx is the
industry leading high-speed
solution that allows you to make
pre-route design tradeoffs,
including trace topologies, buffer
technologies, termination tradeoffs,
as well as crosstalk, EMC, power,
and cost tradeoffs — all before
routing a single net. To find out
more, download the latest
hands-on high-speed tutorial from
www.mentor.com/rd/hxdemo

or call us at 800.547.3000.
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B = Emulation Technology, Inc.

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

BN ¥

» Development & Production Applications

« Surface Mount, Thru-hole, Compression Style

* BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more!
» Bandwidth - up to 30 GHz

« 7 different socketing systems

* Ask about our "ASAP Service"
» Adapters and Receptacles too!

ASAP

SERVICE

DESIGNING SOLUTIONS. CONNECTING TECHNOLOGY. DELIVERING RESULTS. SINCE 1983
Learn more, visit us online:www.emulation.com/049
408-982-0660 - www.emulation.com

Instant LCD

[livelbatalkeedy
SMICEL oy Onlei

Up  Faster
1=

* Versatile Programmable Module

« Serial/PC/USB/Parallel Interface
« AVR/BASIC Stamp/VB Compatible
« Onboard Flash Bitmap Memory
* Downloadable TTF Fonts

*2.7” or 5.6” TOUCH Color TFT LCD
* 240x160 or 320x240 resolutions
* Transflective w/ LED Frontlight (2.7”)
« Transmissive w/ 350 nit backlight (5.6”)
512 colors or 65,535 colors

EARTH

.COM \We Make [L&¥B)s \Work.™

\ '

D-sub

Solutions

o
Positronic offers the widest variety
of D-sub connectors and accessories
o Standard density
* High density 1
* Multiple performance options
® Stacked dual-port versions

® Power, signal, high voltage, coax
thermocouple contacts

® Solder, crimp, and press-fit terminations

® Excellent value Q

www.connectpositronic.com
Power, D-swhmininture, Clrowlar and, Rectangular Contectors

Complete Ultrasonic: ;... .|/,
JJJ wer!!

Ranging Sensor -

R
SensComp

Need to build
a C compiler
or assembler?

You can create efficient program-
ming tools quickly using Archelon's
User Retargetable Development
Tools. Or we can help you with the

work to get the job done faster.

Want to know more?

See http://www.archelon.com
or call us at (800)387-5670

| —ARCHELONE
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See Our Other
Embedded

only 5499.00" /G
Call: 972-272-9392 sales @tech-tools.com {/"
www.tech-tools.com

- Standalone
Vision S

apein piepuels.

640x480 Image Sensor, Color/BW, 4x3", C/C++
Programmable x86, CompactFlash FAT, Ethernet TCP/IP,
RS232/485, RTC, TTL

Machine vision; ID mark check; Pattern recognition;
Industrial process control; Motion position detection;
Security ing; image acquisition and recording.
50+ Low Cost Controllers with ADC, DAC, solenoid drivers,
relays, file system with CompactFlash, LCD, DSP motion control,

18 UARTSs, 300 I/0s. Custom hoard design. Save time and money.

1724 Picasso Ave., Suite A
Davis, CA 95616 USA

TERN Tel: 530-758-0180 © Fax: 530-758-0181

www.tern.com — )
INC. soles@tern.com [c— =

l Chiva (onnection...

PCB Production,
Assembly,
Turnkey

Prototype ~ Production

D/S PCB ~ 12¢ per in?
4-L PCB ~ 20¢ per in?

10 days Delivery w/solder Mask
NRE not included
UL Approved

MYLYDIA INC.

1-800-Mylydia

sales@mylydia.com

www.mylydia.com
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PADS
IT'S EVERYWHERE

PADS® and Hyperlynx
Available through Value Added Resellers

PADS resellers are full-service
companies that provide sales,
tech support and customized
services in your region. These
resellers are our partners; they
understand your needs and

can help you grow your

business. PADS resellers provide
solutions that will improve the
quality of your designs on time
and within budget. Visit
www.mentor.com/rd/buypads
or call us at 800.547.3000
to find your local reseller.
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STATS

S-100: the first “industry-standard” bus

The PC era exploded when the January 1975 cover of Popular Electronics magazine announced

the Altair 8800, a $397 computer kit that included the Intel 8080 microprocessor, 256 bytes of
memory, and an open expansion bus. The bus, originally called the Altair bus and later renamed the S-
100 bus, allowed users to add memory and peripherals and became the common architecture for many
early PC systems. By the early 1980s, there were 200,000 S-100 systems in operation, with nearly 100
manufacturers offering hundreds of compatible plug-in boards.

MITS (Micro Instrumentation and Telemetry Systems) founder Ed Roberts based the bus design on
many of the 8080 microprocessor signals and a supply of low-cost, 100-pin edge connectors. The origi-
nal specifications included two unidirectional, 8-bit data buses; a single bidirectional, 16-bit address bus;
and plenty of status, control, and clock signals. Individual boards required voltage regulators to translate
the 8V and =16V backplane power into 5V dc for TTL ICs and =12V dc for RS-232 drivers. To deal with
the differences among some board vendors, the IEEE finally standardized the S-100 bus in June 1981
as IEEE-696. The S-100 bus slowly slid into obscurity over the next five years as the world turned its
attention to the IBM PC.—by Warren Webb
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ZILOG EZ80F915050MOD
DEVELOPMENT MODULE

The eZ80F91 operates at 50MHz with 256Kb on-chip
Flash memory and 16Kb of internal SRAM, 512Kb of
off-chip SRAM, 1Mb of Flash, and a 10/100BaseT
Ethernet PHY with an RJ-45 connector. Oper.temp.0°C
to 70°C, 3.3V at 125mA, 2 x 60-pin system; MPU
bus/control signals, IrDA transceiver.

”

y A .
zitos Mouser.com/zilog/a

, LANTRONIX XPORT® EMBEDDED DEVICE
Z SERVER

Reduce design time and build Ethernet/IP connectivity
into your products, quickly and simply, with the XPort
embedded module. XPort is the most compact,
integrated solution available to web-enable any device with a serial interface.
XPort is powered by Lantronix’s own DSTni™ networking chip, which includes a
10/100 MAC/PHY and 256 KB of SRAM.

L/\NTQON I X mouser.com/lantronix/a

/

EMBEDDED PRODUCTS FOR
THE LATEST TECHNOLOGIES

Reduced time to market is critical for new
product designs -- lost time means lost revenue.
That's why engineers depend on Mouser to

DLP DESIGN DLP-
2232M DUAL
CHANNEL USB
MODULE

Uses FTDI's FT2232C 3rd
generation dual channel USB-
FIFO/UART; simple solution for interfacing
ASIC/MCU/FPGA/DSP-based designs to host
computer via USB; up to 8Mb per second, USB 1.1
compliant; no in-depth knowledge of USB required.

61: P .com/dIpd

Design

/a

9

NETBURNER MOD5272 32-BIT
PROCESSOR MODULE

The MOD5272 module
features a Web-based
control interface, a full
32-bit architecture
providing 60+ MIPS, full
suite of TCP/IP
protocols, and
10/100baseT RJ45
network interface. Add network capabilities to new
or existing applications without taking up valuable
design time with this high performance module.
)
/l/e tBurner

L/ Neworkngin 102 IMOUSEr.com/netburner/a

RABBIT SEMICONDUCTOR RCM3700
RABBITCORE MODULE

deliver a broad selection of embedded products
fast!

solution designed in, engineers can utilize these
plug-and-play modules from test through
production - saving time and money.

Experience Mouser's time-to-market NEW Products
advantage! Our vast selection of the NEWEST NEW Technologies
products, no minimums, and same-day shipping NEW Suppliers

on most orders, gets you to market faster. We
make it easy to do business with Mouser!

mouser.com (800) 346-6873

<

And because these components have a M O U S E CRS 4 serial ports, +5

E L ECTR O NI

Features up to 512
Flash/ 512K SRAM,

VDC tolerant I/0,
a tti company quadrature
encoder inputs,
PWM outputs, and
a low-profile
footprint (2.95”x 1.20" x .88"). Mounts directly on
motherboard with single. 1" 2x20 dual-row IDC
header; 33 digital I/O, power, and other signals
routed to motherboard.

RABBIT o
The NEWEST Semiconductors | Passives | Interconnects | Power | Electromechanical | Test, Tools & Supplies mouser.com/rabbitsemi/a

4
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STPMO1 - Programmable single-phase metering IC

The new standard for effective energy measurement in power line
systems using Rogowski coil, current transformer, or shunt sensor.

Innovative products for multi-segment application systems

!
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Monolithic Solution
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ST complements its vast range of standard devices with world-beating innovative
segment specific products like the STPMO1. Designed for effective energy measurement
in power line systems utilizing Rogowski coil, current transformer and/or shunt sensor,
it can measure active, reactive or apparent energy, RMS and instantaneous voltage
and current consumption or line frequency via an SPI communication bus.

4 } )

STPMO1 Main Features

e Active, reactive, apparent energies and
RMS values

e Shunt, current transformer, Rogowski
coil sensors

 Ripple free active energy pulsed output

e Live and neutral monitoring for tamper
detection

e Easy and fast digital calibration in only i
one point over the whole current range

e OTP for calibration and configuration

» Integrated linear VREGS for digital and
analog supply

e Selectable RC or crystal oscillator

e Support 50+60Hz, IEC 62052-11 and
IEC 62053-2x specifications

e Less than 0.1% error

« Precision voltage reference: 1.23V and STPMO1 for progra

30 ppm/°C max
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For further information, datasheets and application
notes visit WWW.st.com/STPMO01 Solutions @ K’I
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