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Total Noise Immunity

High Speed, Reliable Capacitive Isolation

Tl's capacitive digital isolation technology conveys data across an oxide barrier at significantly
higher rates than optocouplers, has substantially improved common mode transient immunity
and greatly reduced power requirements. The ISO721 — a highly reliable, single component, EMI
resistant solution ideal for your data transmission needs.

Magnetic Flux Density vs. Frequency High Performance. Analog. Texas Instruments.

| 150721 - inductive 4 IEC61000-4-9 © IEC61000-4-8 |

For a datasheet, sample and
+=,. , evaluation module, visit
. \ T I1gy Awvaiv.ti.com/is0721
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The Spartan-3E family — the world’s lowest-cost FPGAs

Priced to go.
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The industry’s first 100K gate FPGA for under $2.00*
Spartan-3E Platform FPGAs offer an amazing feature set for just $2.00! You get 100K gates, embedded
multipliers for high-performance/low-cost DSP, plenty of RAM, digital clock managers,

and all the I/O support you need. All this in production now with a density range up @
to 1.6 million gates. !;f

Perfect for digital consumer apps and much more! ﬂ//rf“
With the Spartan-3E series, we’ve reduced the previous unit cost benchmark by over ~ Easiest to use

30%. Optimized for gate-centric designs, and offering the lowest cost per logic cell Fiware

in the industry, Spartan-3E FPGAs make it easy to replace your ASIC with a more flexible, faster-to-market

solution. Compare the value for yourself . . . and get going on your latest design!

> MAKE IT YOUR ASIC

O XILINX
Over The Programmable Logic Company™
L]
mlm@n For more information visit
www.xilinx.com/spartan3e

Spartan-3 devices

1 1
S ppe ) * Pricing for 500K units, second half of 2006

©2006 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other
trademarks are the property of their respective owners
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POWER MANAGEMENT

RF LDOs in 1.5mm x Tmm
Chip-Scale Package

Single TPS730xx,

TPS793xx and TPS799xx
» Applications
! L oS — Smartphones
VN Vout
e - Mobile phones
: 2.2pF I
1 EN NRE - - | Ceramic - Digital cameras
—_— — GND — ' — —Wireless LANs
T — -
—y - Portable media players
V - :
El &8 TPS799xx = F
1.5mm x Tmm x 0.6mm » Features
- 1.5mm x Tmm CSP
TPS799xx Power-Supply Ripple Rejection (TPS730xx, TPS799xx and
vs Vin - VouT, lout = 200mA TPS793xx)
) k - Low noise and high PSRR
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Is your design tight on space? The TPS730xx and TPS793xx ultra-small, single CSP
LDOs deliver 200mA per channel. Low noise and high PSRR make these devices
ideal for noise-sensitive applications.

For samples and evaluation
modules, as well as information
onTl's complete line of RF LDOs,
visit www.ti.com/rfldo

www.ti.com/rfldo o 800.477.8924, ext. rfldo
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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 T0 A
N GREENER PLANET
308 Constitution Drive
Menlo Park, CA 94025-1164 t ca
Tel 1-800-227-7040 Tel 1-650-361-6900
vvww‘cwrcuitprotect\on‘com
© 2005 Tyco Electronics Corporation

a vital part of your world Electronics




Co-design

EDA vendors are

helping IC and packag’\ -
designers more =
effectively work together. ¥

by Michael Santarini; Senior Editor

Friend or foe:
Battery-authentication
ICs separate the good
guys from the bad

All battery packs are not

created equal: Unauth-

orized after-market
packs may contain cells that can
self-destruct when you charge them
at the higher voltages that new
lithium-ion technologies demand.
Battery-authentication ICs use
advanced security methods to weed
out counterfeits.
by Margery Conner, Technical Editor

IDEAS

Hardened Ethernet cable goes underground

VOICE OF THE ENGINEER

contents
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EDN

Decision time: nne t|0
EDN’s 2005 Y {iem annuac awros | <
Innovator/Innovation
Finalists

You pick the winners

in our 16th annual

program honoring
engineering excellence. Review
the finalists and vote at www.edn.
com/innovation.

Dual threshold
voltages and power-
gating design flows
offer good results
Dual threshold voltages
and power-gating de-
sign flows manage both
leakage power and performance

with little effort. by Kaijian Shi,
Synopsys Professional Services

Shunt regulator improves power amplifier's current-limit accuracy
Low-power, super-regenerative receiver targets 433-MHz ISM band

Send your Design Ideas to EDNdesignideas@reedbusiness.com.

FEBRUARY 2, 2006 | EDN 5



POWER MANAGEMENT

Battery Management Solutions
for Single-Cell Li-lon

Power Path Management, Charging, Fuel Gauging
and Authentication in Handheld Applications

AC Adapter  System Power System » Applications
' : — Smartphones
: b Battery - PDAs
B 5 Power
f - Communication - MP3 players
USB  Battery Charge Interface - Digital cameras
an:osvv::m - Handheld devices
Management
» Features
bq24030
— Power FETs and current sensor,
high-accuracy current and
voltage regulation, charge
status, and charge termination
- Autonomous power source
selection (AC adapter or USB)
L ) - AC adapter or USB powers the
The bq24030 charge management device integrates dynamic power path system directly
management (DPPM), allowing the AC adapter or USB port to simultaneously - Dynamic charging current
power the system and charge the battery. based on system requirements
. . bq27000
The hq27000 fuel gauge provides the system all data needed to effectively %
. . . - CPU-based IC reports
manage the battery and extend run-time. It requires no calculations by the host remaining battery capacity,
microcontroller, resulting in easy implementation of this accurate fuel gauge. time-to-empty, voltage,
current and temperature
The bq26150 identifies batteries or accessories that are approved by - Uses a proven algorithm to
consumer electronics manufacturers for full performance of their devices. adjust calculations for battery

characteristics

A simple 5-pin device identifies a battery pack via a single-wire bus using . e ]
. - Adjusts remaining capacity
an encrypted response to a host-side challenger. and run-time prediction for
3 3 battery inefficiencies
Evaluation Modules available!
bq26150

- Programmable CRC with
a 96-bit unique device ID

- 5-pin, SC-70 package
NEW!
Power Management Selection Guide
Datasheets, Samples, Evaluation
Modules and Application Notes

www.ti.com/battman © 800.477.8924, ext. Lilon
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Each day, device developers like Robert Bonin are harnessing the power of Microsoft® Windows Embedded to build
great devices, like the latest industrial robots from Chaveriat Robotique.

Microsoft® Windows CE provides hard real-time capability to their robots and powers a user-friendly handheld
device which enables factory floor personnel to make program changes on the fly. With these and other innovations
based on Windows CE, Chaveriat Robotique has reasserted itself as a serious force in the world of robotic arms, with
robots that are more functional and less expensive.

What's more, Windows Embedded offers the timesaving tools, operating system technologies and thousands of
drivers device developers need—so that they have the power to truly innovate.

We chose Windows CE because it offers real-time and graphics at the right price.
— ROBERT BONIN / Research & Development Manager / Chaveriat Robotique / France

The Power to Build Great Devices—qget it with Windows CE, Windows XP Embedded, or Windows Embedded
for Point of Service.

[ .
www.learnaboutembedded.com/robots l.g WlndOWS” Em bEddEd

©2005 Microsoft Corporation. All rights reserved. Microsoft, Windows CE and Windows Embedded are either registered trademarks or trademarks of Microsoft Corporation in the

United States and/or other countries. The names of actual companies and products mentioned herein may be the trademarks of their respective owners
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Power-miserly audio codec brings
fidelity and 3-D sound to portables

The days of lackluster, tinny sounds from
cell phones and other portable consumer
products may be over with the introduction
of Texas Instruments’ low-noise TLV320-
AIC3x family of 16/20/24/32-bit stereo-
audio codecs.
www.edn.com/article/CA6300004

Silistix introduces tools to take
asynchronous design mainstream
EDA and IP start-up Silistix is unveiling
tools that it claims will free IC designers
from slavery to a single system clock by
allowing them to stitch together IC-design
blocks with the company’s asynchronous
IP bus.
www.edn.com/article/CA6299547

Chip enables POE convenience

with auxiliary backup

The potential convenience of POE (power
over Ethernet) is undeniable. Users can
connect devices such as IP (Internet
Protocol) phones, remote cameras, or WiFi

1% AND RATIO-RESISTOR-
PAIR PROGRAMS NOW
AVAILABLE

In a Dec. 16, 2005, Design Idea
entitled “Programs calculate
1% and ratio-resistor pairs,” we

online contents

(wireless-fidelity) access points with no ac
adapter. But designers of POE-enabled
products must guard against the possibility
that an Ethernet link may not support POE
or that users have oversubscribed the
power budget of a POE-enabled source.
www.edn.com/article/CA6299997

Embedded agents to monitor,
correct VOIP quality

Texas Instruments today announced an
embedded technology that aims to provide
distributed, real-time monitoring—and cor-
rection—of QOS (quality-of-service) issues
on |IP (Internet Protocol)-based services,
such as VOIP calls.
www.edn.com/article/CA6299583

Xilinx confirms acquisition of AccelChip

To grow its market beyond its traditional
user base of hardware engineers and tap
into the universe of software-savvy DSP
designers, Xilinx has officially announced
that it has acquired Matlab-to-RTL synthe-
sis-tool-vendor AccelChip.
www.edn.com/article/ CA6299529

www.edn.com

EDN's INNOVATION AWARDS
VOTE NOW AT
WWW.EDN.COM/INNOVATION

Help EDN honor excellence in electron-
ics engineering. The 16th annual EDN
Innovation Awards program is underway
now. EDN'’s editors have narrowed the
nominees down to a group of finalists,
which includes outstanding engineers,
products, and technologies in 15 cate-
gories, and the best contributed articles
that appeared in EDN in 2005.

Please go to www.edn.com/innovation to
get the details on all the finalists, then
cast your votes using the online ballot
you'll find there.

After we tally your votes, along with votes
from our editors and editorial-advisory-
board members, we'll announce the win-
ners on April 3 at a gala event in San
Jose, CA. (If you'd like to join us, details
and tickets are also available at
www.edn.com/innovation.) As part of the
event, EDN will award the Innovator of
the Year winner a $10,000 scholarship
to donate to the engineering school of
his or her choice.

Articles and extras from the EDN archives that relate to this issue’s contents.

FRIEND OR FOE: BATTERY-AUTHENTICA-
TION ICs SEPARATE THE GOOD GUYS
FROM THE BAD (pg 59):

New battery technologies hold promise,

promised to make two EXE
files available for download.
However, they did not appear
online when they should have.
(It's a long story, involving an
overzealous corporate virus-
scanning system.) We're happy
to report the files are available
now. Thank you for your
patience and interest in these
programs. We apologize for the
delay.

www.edn.com/article/
CA6290454

peril for portable-system designers
www.edn.com/article/CA6288029

Circuit-protection methods yield

more robust products
www.edn.com/article/CA5 14947

CES STARS: TOUGH TO FIND IN
MEDIOCRE YEAR (pg 10):

CES daily report: An archive of CES
coverage by EDN and sister publications
Electronic News and Electronic Business.

www.reed-electronics.com/
showdailyreport

A

INITIAL INERTIAL GESTURES (pg 32):
Newton's chips:

Low-g accelerometer ICs
www.edn.com/article/CA472836

HARDWARE DESIGNER
ON AN ELECTRIC CHAIR (pg 38):

Protect your circuits from ESD occurrences
www.edn.com/article/CA6283830

Minimize ESD-induced downtime
www.edn.com/article/CA509597

FEBRUARY 2, 2006 |

EDN 9



10 EDN |

CES stars:

EDN.COMMENT K

BY MAURY WRIGHT, EDITOR IN CHIEF

tough to find in mediocre year

'm sure | missed a lot at the 2006 CES (Consumer Electronics

Show). It would be impossible not to at the mammoth show with

crowds clogging every aisle—at least in the Las Vegas Convention

Center’s South Hall and Central Hall. Having just returned, how-

ever, 'm convinced that there were simply few highlights at the

2006 rendition. I'd hoped to see major consumer-electronics com-
panies adopt some “no-new-wires” scheme or compromise in the next-
generation DVD space. Nada. A coming Black & Decker door lock
with a biometric sensor may just have been the best thing there.

Actually, the Blackfin-processor-
powered door lock, which Analog
Devices showed in its private demo
area, wasn’t the highlight. But it is like-
ly the first product that I saw that I'll
buy. It’s due at Home Depot this quar-
ter, presumably at less than $150. You
can program the lock, which includes
a fingerprint-based sensor hidden
under the deadbolt, to admit 100 peo-
ple. Moreover, you can limit access to
specific times to anyone on the list—
for instance, a housekeeper.

I missed the Toshiba SED (surface-
conduction electron-emitter-display)
TV. Every time [ got to the booth, there
was a huge line to view the TV inside
a demo room. [ heard that it was spec-
tacular, although it may be spectacu-
larly pricey when it arrives, as well.

[ saw a combination PVR/portable-
media-player reference design in
Philips’ private demo area that would be
high on my list as a consumer. The Nex-
peria-processor-powered, high-defini-
tion-capable, dual-channel PVR can
simultaneously record two programs and
store the content on the user’s choice of
an internal hard disk or a hard disk in
a docked portable media player. The

FEBRUARY 2, 2006

Despite boasts by

all of the no-new-wires
players leading up to
CES, no major con-
sumer-electronics
company introduced a
product with integrated
WiFi, UWB, BPL, or
data over cable for
video distribution.

user can view the content on the
portable player, and the portable play-
er can drive an HDTYV, so you can take
your high-definition content to visit
friends and family. No word on when
someone might produce such a product.

Despite boasts by all of the no-new-
wires players leading up to CES, no major
consumer-electronics company intro-
duced a product with integrated WiF,
UWB (ultrawideband), BPL (broadband
over power line), or data over cable for
video distribution. The demos were per-
haps a bit more refined than, but large-
ly the same as, those at CES 2005.

The next-generation DVD battle
continues to baffle me. Based on prod-
ucts that vendors showed at CES, the
early Blu-Ray products will sell for
approximately $1500, and the HD-
DVD products will come in at less than
$500. I realize that Blu-Ray can theo-
retically store more data, but who cares?
Current red-laser-based DVDs can store
an HD movie using an MPEG-4-based
codec. But Sony continues its pattern
of supporting standards only when it
can get the industry to adopt its own IP
(intellectual property), thereby gener-
ating royalties even on products from
competitors. To make matters worse,
Sony comes up with lame justifications
for Blu-Ray, such as insisting that it
needs to stick with MPEG-2. This com-
pany simply no longer does what’s best
for the customer.

I've also heard the argument that
Blu-Ray is preferable in Hollywood
because it will require costly new dupli-
cation equipment that will put pirates
out of business. [t might raise the price
of illegal DVDs in Asia to $3, but it
won’t slow down the pirates. Watch for
a comprehensive report on DVD and
codec technology from Senior Techni-
cal Editor Brian Dipert in early March.

Finally, CES-attendee numbers were
about 100,000 short of the 240,000 or
so that Comdex claimed in its biggest
years. But I don’t remember a Comdex
with as many people in the aisles and
booths. And Comdex never enjoyed
the huge space of the relatively new,
two-story South Hall. But with such a
crowd come complaints. The trans-
portation was a bigger mess than ever.
There was no way to leave the con-
vention center in a reasonable amount
of time on Friday night. Even the new
monorail had a line down the stalled
escalator and snaking through the tent
village. Gouging in hotel prices hasn’t
reached the Comdex level, but it’s com-
ing close. CES had better learn from the
failures of the Comdex organizers.EDN

Contact me at mgwright@edn.com.
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ore than-30,000 RF engineers use Agilent EEsof EDA
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FAGLEWARE,
ELANIX

Eagleware-Elanix is now part of Agilent EEsof EDA.

© Agilent Technologies, Inc. 2005

There's truth in numbers. Agilent EEsof EDA is the top design
software choice among engineers for the vast majority of the

world’s wireless devices.

The fact is derived from software products with undisputed
breadth of functionality. Agilent EEsof EDA applications
were created for RF engineers by RF engineers. They have
the capabilities you need the most. And now with the addition
of Eagleware-Elanix you have further ease of use, new
synthesis technology, and additional pricing options other
products can’t touch. Agilent's team of EDA experts
releases multiple improvement updates each year. And
Agilent has the largest number of technology partners,

application examples, and technical articles in the industry.
Work the proof yourself. Agilent EEsof EDA can be customized

to fit the precise needs of your projects and budget. Visit

www.agilent.com/find/eesof-innovations to find out more.

Agilent Technologies



Bergquist Thermal Clad
Turns Big Power Modules
Into Small Powerhouses.

POWER BOARD ASSEMBLY (ACTUAL) ORIGINAL

(48) FETs (9) Low profile capacitors (5) Low profile bus bars Total Wt. 370.6 kg

POWER BOARD ASSEMBLY (ACTUAL)
(66) Thru-hole FETs (15) High profile capacitors (9) High profile bus bars Total Wt. 1543.6 kg

With Thermal Clad? Jungheinrich Forklift Converted All The Power Into Half The Space.

Bergquist Thermal Solutions let you increase Automated assembly lowers manufacturing costs.
power capacity without adding size. Cooling with Thermal Clad IMS eliminates the need for heat sinks,
Jungheinrich, a leading European forklift manufacturer, needed to clips, fans and other discrete components that increase package size
reduce their motor control size and cost while maintaining power and require costly manual assembly. Now, using surface mount tech-
output levels. Thermal Clad insulated metal substrates (IMS®) allowed nology, Jungheinrich was able to automate much of the assembly
their engineers to replace high profile thru-hole FETs, capacitors, and process thus reducing cycle times and long-term manufacturing costs.
bus bars with fewer low profile, surface mount W[ N\ “We needed to reduce our  Get your FREE

processing cost, it was .
too labor intensive. With sample Kit.

Thermal Clad we were able T qualify for a FREE

to automate, dissipate the
heat better, and reduce Thermal Clad Select

our size by at least 50% Sample Kit, please

Stephan Taube visit our web site
" Electronic Development Engineer

of Jungheinrich Forklifis or call today.

/
/

components. This sleek new design reduced
package size by over 50%, all without sacrificing a
single watt of power. Thermal Clad's unique
dielectric coating dissipates heat more efficiently
than FR-4 or other PCBs — ideal for high
watt-density applications such as motor control.

Call 1.800.347.4572 or visit www.bergquistcompany.com/powerlift FREE Select Sample Kit

(BERGOUIST)

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

Thermal Products * Membrane Switches * Touch Screens ¢ Electronics ¢ Labels and Graphic Overlays
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iPolar™: A milestone in high voltage bipolar processing

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

By utilizing a proprietary trench isolation technique to enhance NPN/PNP transistor density and functionality, iPolar enables
dramatically improved performance of linear products with lower noise, smaller packaging, and reduced power consumption.

The result? Our new family of 20 V to 36 V bipolar analog products that help increase performance, lower costs, and reduce design
time for industrial applications.

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

iPOLAR

INDUSTRIAL

analog is everywhere:

it

power. In 36 V linear ICs, analog is everywhere.

Lowest noise in the smallest footprint

Our breakthrough manufacturing process yields analog I1Cs with superior noise and footprint characteristics. For example, the ADA4004-4
precision quad amplifier achieves 1.8 nVAHz voltage noise density—the industry’s lowest wideband noise in this product category—while

its 4 mm X 4 mm, 16-lead LFCSP occupies 70% less PCB area than the competition.

Superior speed and reduced power

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

loss of bandwidth.

Solutions for all your high voltage needs

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

AD8675 9 AD8677 ADA4004-4
Low noise, rail-to-rail precision amplifier Ultralow offset voltage op amp Low noise, precision quad amplifier
« Low voltage noise: 2.8 nV/Hz * Low offset voltage: 75 wV max Low voltage noise: 1.8 nVAHz
e Rail-to-rail output swing e Input offset drift: 1.2 wV/°C max Wide bandwidth: 12 MHz
e Input bias current: 2 nA max e Supply current: 1.2 mA Low offset voltage: 100 wV max
e Offset voltage: 75 wV max e High CMMR: 130 dB Supply current: 1.7 mA/amp
e Offset drift: 0.6 V/°C max e Dual-supply operation: Dual-supply operation: +5Vto =15V
*  Very high gain: 120 dB +5Vto £15V Extended industrial temperature range
e 3mm X 4.9 mm, 8-lead MSOP e 29mm X 3 mm, 5-lead TSOT-23 —-40°C to +125°C
«  Pricing: $1.17/1k quantities *  Pricing: $0.75/1k, quantities 4 mm x 4 mm, 16-lead LFCSP
Pricing: $3.02/1k quantities
ANALOG
www.analog.com/iPolar DEVICES



FT232R USB UART with

MCU Cloek Generator and
FTDIChip-1D=** Security Dongle

Integration - EEPROM, internal clock generator, and
USB termination resistors on-chip.

Functionality - integrates the functions of USB UART,
MCU clock generator and Security Dongle into a single
chip.

Flexibility - five IO pins can each be user configured
as Sleep, Transmit Enable, Power Enable, MCU Clock
Output, TX/RX LED Drive or GPIO Pin

Security - FTDIChip-ID™ technology helps protect
your application software.

1/0 Drive Capability - from 5.5v down to 1.8v levels at
4mA or 12mA programmable strength.

1/O Modes - synchronous and asynchronous Bit-Bang
I/O

OS Support - in house developed & supported drivers
for Windows 98 ME,2K, Server 2003, XP, XP64,
Embedded XP, Mac 0S8,9,X, Linux, Win CE + many
3rd party drivers.

Driver Options - VCP and D2XX drivers for all
Windows platforms and Linux.

Technical Support - a wide range of evaluation kits
available from the outset make evaluating the FT232R
a snhap.

Package Choices - SSOP28 and QFN32

Interface Options - also available with a parallel FIFO
interface

(p/n FT245R ).

UM232R +—

External Components - no crystal, EEPROM or USB
termination resistors required.

Board Space - new QFN package takes up only
25mm? of pcb area.

Manufacturing Cost - minimal external component

count coupled with competitive pricing reduces the T232R
overall cost. 102 F

Programming - FT232R comes pre-programmed with
each part having a unique USB serial number burnt in.
This eliminates the need to program the EEPROM in
many cases and saves on production time / cost.
Time to Market - FT232R eliminates USB driver
and firmware development in most cases 20 ' -
thus significantly reducing c - | ‘ =
time to market. S =

! - DSR#
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<@ FTDI

=@ Chip
USA Sales Office
Future Technology Devices International Ltd.

5285 NE Elam Young Tel.: +1 (503) 547-0988 GND
Parkway, Suite B800, Fax: +1 (503) 547-0987

Hillsboro, OR 97124-6499  E-Mail : us.sales@ftdichip.com
USA . www.ftdichip.com
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Optimizing RF Power Amplifier System
Efficiency Using DC-DC Converters

— By Mathew Jacob, Applications Engineering Manager

New Method

0ld Method PA with Supply Regulator

Standard PA

e Qutput power controlled by RFjy
e V¢c directly connected to battery

e Output power controlled by RFy
e V¢ connected to DC-DC converter
o Vgyr is optimized for given Pgyr

VBATT v

Figure 1. Old Method vs New Method

power amplifiers used in CDMA / WCDMA cellular standards
have been traditionally powered directly from the battery. This
makes system implementation easy but the requirement for lin-

ear power amplifiers in such standards have intrinsic inefficiencies throughout
the transmit power spectrum.

Cellular standards have been evolving with transmission speeds that started
from 14.4 kbps in CDMA-1 to 2 Mbps in CDMA2000/WCDMA. Apart from
this, cellular providers have increased the services bundled with the 3G phones
in order to increase the average revenue per subscriber. At the same time, the talk
time and battery life is expected to be improved with the same or slightly high-
er capacity batteries. This makes system design challenging. System designers
have to be very cautious and perform a power survey of each and every compo-
nent on the phone board. The RF Power Amplifier (RF PA) powered directly

from the battery is a major concern from the power budget perspective.

The modulation schemes used in CDMA and WCDMA result in an ampli-
tude-modulated signal that exhibits a non-constant amplitude envelope. In
order to preserve signal integrity and further spectral re-growth, a linear

National
Semiconductor

Emulated Current Mode Control




Dynamic Power Management of RF Power Amplifiers

Feature-Rich LM320x Family Enhances Battery Life in Portable Applications

Family Featiras  LM3205 Application Circuit

* Dynamically adjustable output voltage Vm
optimizes RF PA power levels for increased pildoia \
battery life i l : 33yH o
e Bypass mode maintains maximum output 04

Vour=25xVeon |

power regardless of battery voltage

* 2 MHz Switching frequency minimizes
external components and complies with
spectral emission requirements

Ideal for powering RF power amplifiers in cell
phones, smart PDA phones, GPS systems,
two-way radios, and portable communications
systems

Family Highlight:

DC-DC converters deliver up to 5X transmit
time in RF PAs
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Step-Down Switching Regulators for RF Power Amplifiers

Product ID| Description lgur (mA) | Bypass Modes

Dynamically adjustable output voltages, 2.2 pH : Forced and :
LM3200 inductor 2.7 |55 | Adj(0.8to 3.6V)| 500 Aiitomatic micro SMD-10
LM3202 Miniature, adjustable, step-down DC-DC converter | 2.7 | 55 | Adj(1.3to0 3.16)| 650 None micro SMD-8
LM3203 | Miniature, adjustable, step-down DC-DC converter | 2.7 | 55 | Adj(0.8to 3.6) | 500 Forced micro SMD-10

LM3204 | Miniature, adjustable, step-down DC-DC converter | 27 | 55 | Adj(08t036) |356/500 | Forced and 1 picrq p.1g

LM3205 | Miniature, adjustable, step-down DC-DC converter | 2.7 | 55 | Adj(0.8to 3.6) | 650 None micro SMD-8
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power amplifier is necessary. However, power
efficiency is traded off because power amplifiers
operate efficiently when operated in gain compres-
sion. To meet the required linearity, the operating
transmit power is backed off from the power ampli-
fier's compression point that causes an overall
reduction in efficiency. When the handset is
operating in transmit mode, the RF power section
consumes up to 65% of the overall power budget as
a result of the PA’s intrinsic inefficiencies.

For this reason, linear PAs are ideal candidates to be
powered with a magnetic buck converter which
will dramatically increase efficiency of the system.

Power-Added Efficiency (PAE) is a key perform-

ance metric of a power amplifier.
PAE (%) = (P, — Ppy) / Pdec

The key in using a DC-DC converter (PA supply
regulator) is to reduce the Pdc factor in the denom-
inator. When the PA is connected directly to the
battery, Pdc=Vbatt*Ibatt and, when it is powered
by a PA supply regulator, Pdc=Vo*Io. Now it can
be seen that for increasing the PAE we have to have
a low Vo and Io compared to Vbatt and Ibatt. This
is achieved by lowering the output voltage of the
PA supply regulator at lower transmitted RF power
levels. This in turn reduces Io (current drawn by
the PA) and results in a much lower input current
drawn from the battery due to the inherent high
efficiency of the DC-DC converter.

It is important to consider the power probability

profile (see Figure 2) for the modulation methods
to really understand the impact of savings in pow-
ering a PA with a supply regulator. The profiles are
different for urban and rural regions.

300
] g
= { Battery current with new method N
H 0.7 e >24 dBm,
£ (Vgarr=3.4V) Vo =325V
E 150 T ‘
g A=8mA /)/'/\
S 100
A=40mA / $ Vo=24V
50
4 R e Vo185V
0 "0 dBm, Vo =06V
0 5 10 15 20 25 30
Pour. dBm

Figure 3. Savings in battery current when the DC-DC
converter is used for powering the PA

WCDMA PA Power Probability
500 ’

4.00
N
—@— Voice

E 3.00 ; ".\ S
S 900 -1 " Data

0 5 10 15 20 25 30
Poyr [dBm]

Figure 2. PA transmits low power levels for a high
percentage of time in a typical cellular phone which
reinforces the savings possible with a PA supply regulator

As shown in Figure 3, the output voltage of the
DC-DC converter has to be varied as the transmit-
ted power levels are changed to maintain the
Adjacent Channel Power/leakage Ratio (ACPR)
specifications. The savings in battery current can be
as high as 50 mA in the 0 dBm to 20 dBm power
levels. Figure 2 shows that the PA is operating in
this band of power levels for a majority of its time.

70 A

60 N\‘
50 \
4

30 v\\

fﬂ \
; %

0 5 10 15 20 25 30
Pou‘r, dBm

% Savings in Power/lgry

Figure 4. Percentage savings in power when the PA is
powered by a PA supply regulator

So why do we have to change the voltage of the
DC-DC converter as the transmitted power level is
increased? The answer is that this change is needed
to maintain the ACPR ratios. ACPR is used to
characterize the distortion of power amplifiers and
other subsystems for their tendency to cause
interference with neighboring radio channels or

power.national.com
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Industry’s Lowest Noise 100 mA CMOS LDO

LP5300 Low Dropout Regulator Requires No Bypass Capacitor

Features !
. : . LP5900 Output Noise
e |ndustry’s lowest noise combined with e : ,
85 dB of Power Supply Ripple Rejection 1‘ — fndustry
g 2 % Standard
guarantees signal integrity ‘ nchmar

e 25 pA IQ minimizes current drain when
system operates in low-power mode

Noise (pV)

* Elimination of bypass capacitor reduces
BOM to only two ceramic 0.47 uF capacitors

e Low 80 mV dropout voltage (typ.) :
« Virtually zero (<1pA) Ig when disabled AU
e Available in a micro SMD-4 package

 LP5900 PSRR

e LLP® packagi ailabl n LE|
packaging available soo @Eﬁf—
A -
Ideal for powering analog and RF signal path 0
ICs, including low-noise amplifiers, voltage g
controlled oscillators, and RF receivers e
-70
-80 e
90 % =at
Product Highlight: - | , HHIf
10 100 1000 10K 100K ¢
Unique 100 mA RF LDO eliminates bypass Frequency 1]
capacitor and achieves low 6.5 uVpys 5

noise

Bypass
Capacitor
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[ = TTTH
j
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-38 dBc (WCDMA)

ACLR1 [dBc]

T T T T T

10 15 20 25 30 35

PDUT [dBm]

Figure 5. How ACLR is affected with respect to supply voltage to the PA and P,

systems. It is specified as the ratio of the Power-
Spectral Density (PSD) of the main channel to the

PSD measured at several offset frequencies.

In Figure 5 it can be seen that if the supply voltage
to the PA is not increased as Py is increased, the
ACLR specifications cannot be met.

The system-level specification (3 GPP) for
WCDMA is -34 dBc and, in order to preserve suf-
ficient margin caused by temperature and device
variances, the ACLR value of -38 dBc is used.

Key Requirements of Buck Converters for
Powering RF Power Amplifiers

Buck converters that power RF PAs have specialized
functions and are quite different from buck converters
that power digital core processors. These differences
arise in operating characteristics and parameters

such as switching FET ON-resistances, current
limit, transient response, modes of operation such
as PFM/PWM, startup time, quiescent current,
and dropout behavior. The following examples
illustrate these differences:

* High efficiency over wide output voltage and
load range

Example: 1M3205 has efficiency of 96% at
Vi = 4.2V, Vo = 3.4V, Io = 400 mA (high RF
power) and 87% at V=3.9V, Vo=1.5V, Io =
100 mA (low RF power).

* Dynamic output voltage adjustment

Example: In LM3205 the output voltage can be
adjusted between 0.8V to 3.6V using a Vcon pin.
The voltage gain from Vcon to Vo is 2.5.

power.national.com




Simplify System Calibration with RF Detector Family

Accurate and Stable RF Power Detectors for Portable Devices

Linear in dB Performance

LMV225
RF input power

e

LMV225 Output Voltage (V)

Family Features

* LMV227 100% RF tested for accuracy

* 30 dB Linear-in-dB power detection range

» Multi-band operation from 450 MHz to 2 GHz
* Accurate temperature compensation

* Logarithmic amplifier and mean square
RF detector technology

Product ID
LMv227
LMV225/226/228
LMV232

‘ Application
CDMA 2000, WCDMA, UMTS
CDMA, WCDMA, UMTS

3G Mobile communications

e

PA output power

10 0
Power (dBm)

Ideal for use in handsets, wireless LAN, WiFi, PC
and PDA module cards, and GPS navigation
modules

Family Highlight:
Real-time transmitter power adjustments simplify
system calibration in communications systems

Channel { Package
Micro SMD, LLP®
Micro SMD, LLP

Micro SMD

Detector
40 dB, 2.1 GHz
40 dB, 2.1 GHz
20 dB, 2.2 GHz

Log amp

Log amp

Mean square




POWER

designer

Optimizing RF Power Amplifier System Efficiency

* 30 ps Output slew rate and settling (50 ps window
in beginning of every 667 ps transmit cycle in
which the Vcon adjustments must be completed)
In WCDMA architecture, transmit power is
adjusted by +1 dB in every 667 ps as requested by
the basestation.

* Low dropout and low ripple near 100% duty cycle
Example: Low Rygo PFET 140 mQ (LM3205)
or Bypass FET (LM3204) gives low dropout volt-
age and pulse-skipping schemes gives low ripple
near 100% duty cycle.

* Low duty cycle operation for low output voltages
Example: Minimum on time, 50 ns facilitates 10%
duty cycle operation for output voltages of 0.8V
and lower depending on the V| range.

* High switching frequency
Example: 2 MHz switching frequency helps the
use of smaller sized external components and meet
spectral emission requirements.

* Fast turn on time to meet time mask for transmit
ON/OFF
Example: LM3203 has turn-on time of 50 ps for
Vo = 3.4V from EN = low to high.

100% Duty Cycle vs Bypass Mode

When the buck converter is operating at 100% duty
cycle the dropout voltage is

Dropout Voltage = (Rgy p + Ry) ¢ lo,

where Ry p is the Ry of the PFET and R is the
inductor DCR. For a PA supply regulator that has a
bypass FET the dropout voltage in bypass mode is,

Dropout Voltage = (Ryy gyp) * o,
where Ry pyp is the Rpygoy of the bypass FET. The

~ bypass FET can be turned on automatically or
manually. As shown, the key advantage in having a
bypass mode is lower dropout voltages; which
translates to longer talk times and lowering the low
battery shutdown point for the phone. The
alternative is to use low DCR inductors and a low

Rpson PFET.

Example Application Circuits

In this example, the baseband will have a lookup
table scheme where it sets the output voltage
depending on the output power levels required.

Vi TX_ON

TX DAC —t-{ Ri %]
i
v

Vour

47 ..r_]_

PGND .

SGND
LM3205

PVIN VDD

Vourr  —
*R1, R2 only required if V1 to Vgyt gain needs to be modified

Figure 6. Baseband Controls Vo Directly

In this case, the power detector is part of a closed
loop and sets the output voltage.

vi ™@.ON

PGND .

SGND

LM3205

PVIN VDD

Vouy

*R1, R2 only required if V1 to Vgyr gain needs to be modified

Figure 7. Using a Power Detector to Set Vo

Conclusion

DC-DC converters enhance the RF PA system
efficiency in portable communication devices and
support the addition of more features or functions
by improving battery life. B

For more information on Powering RF Power

Amplifiers, visit www.national.com/onlineseminars
to watch Mathew Jacobs’ online seminar!

power.national.com
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INNOVATIONS & INNOVATORS

EDITED BY FRAN GRANVILLE
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CANBus, serial networks distribute motion control

botic, and general-automation applications, Performance

Motion Devices recently announced the lon dc brush drive.
This fully enclosed module provides network connectivity, pow-
er amplification, and advanced motion-control features for brush,
brushless-dc, and microstepping motors in an asynchronous
RS485-serial or CANBus-network version. It allows you to con-
nect as many as 127 lon modules on a network. lon provides
1B6A peak output and 5O0W at 56V.

Other features include hardware-performance trace, on-the-
fly profile changes, and PLC-style inputs and outputs. You can
program lon using Pro-Motion, a Windows-based exerciser, or
C- and VB-Motion software libraries, which let users develop ap-
plications in C/C++ or Visual Basic. Prices for the CE- and
ROHS (reduction-of-hazardous-substances)-compliant lon drive
start at $223 (OEM quantities).—by Warren Webb

Performance Motion Devices, www.pmdcorp.com.

Targeting medical, scientific, semiconductor, industrial, ro-

SS& VISR

The low-cost lon drive distributed motion controller features
CANBus- or serial-port-network connectivity.

16-bit processors get a boost

icrochip is expanding the support
Mfor 16-bit processing with the

new PIC24 microcontroller fami-
ly and two new dsPIC33 digital-signal-
controller families of devices. These de-
vices deliver more processing perform-
ance with more integrated memory and
peripherals to lower system costs for 16-
bit designs. These devices also support a
seamless migration path from Microchip’s
midrange, 8-bit microcontrollers in nomen-
clature, pin, and peripheral compatibility.
Microchip’s universal MPlab integrated-
development-environment platform sup-
ports software development across the 8-
and 16-bit processor families.

The integrated serial-1/0 subsystem in-
cludes as many as two each of SPI, I°C,
UART, and CAN (controller-area-network)
ports. On-chip memory comprises as
much as 256 kbytes of flash and as much

as 30 kbytes of RAM. The 64-to 100-pin
TQFP devices operate at 3.3V. In addition
to these features, the general-purpose
dsPIC33s include one or two 12-bit,
500k-sample/sec ADCs and a codec in-
terface. The motor-control and power-
conversion dsPIC33s differ by offering
one or two 10-bit, 1.1M-sample/sec
ADCs; a quadrature encoder interface;
and PWM for motor-control, lighting, and
power-conversion applications. The ds-
PIC33 devices will become available for
general sampling beginning in March and
will sell for as low as $5.43 (10,000).
The 16-bit PIC24 microcontrollers debut
with 22 general-purpose devices containing
as much as 16 kbytes of RAM and 256
kbytes of flash program memory in pack-
ages with as many as 100 pins. The PIC24F
targets applications that are pushing the en-
velope of 8-bit-microcontroller capabilities.

Supporting higher processing perform-
ance, the 16-bit dsPIC33 in the PIC24
family of devices delivers deterministic
execution of as much as 40 MIPS.

The PIC24H delivers more than twice the
processing performance of the PIC24F to
support more demanding applications, and
it includes more memory and additional pe-
ripherals, including CAN modules and as
many as two 12-bit ADCs. General sam-
pling of these devices will begin in March.
The PIC24F is available for prices starting
at $4.55 (10,000), and the PIC24H is avail-
able for prices starting at $5.16.

—by Robert Cravotta

Microchip, www.microchip.com.
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Networking processors
decrease cost,
Increase Integration

avium Networks’ Oc-
teon CN31XX and
CN3OXX  processors

integrate a custom MIPS64
processor core with hardware-
acceleration options for layers
3 to 7 data, content process-
ing, and security services at a
price as low as $19 (560,000).
The hardware accelerators of-
fload the processing require-
ments from the MIPS core and
enable lower system clock
rates to achieve gigabit line
rates. The new devices offer
single- and dual-core devices
and are fully software-compat-
ible with the Octeon CN38XX
family of multicore processors.

The cnMIPS core imple-
ments the MIPS64 Release 2
instruction set with a five-
stage, dual-issue, superscalar
architecture with a 256-kbyte
L2 cache. 1/0 interfaces in-
clude as many as three Gigabit
Ethernet interfaces, 32/100
PCI-X, 64-bit DDR2, USB 2.0
host with MAC (media-access-
control) and PHY (physical)
layers, and TDM/PCM (time-
division  multiplexing/pulse-
code modulation) for voice ap-
plications. The CN31XX and
CN30XX processors are avail-
able as communication pro-
Cessors or secure-communi-
cation processors, and the

DILBERT By Scott Adams

CN31XX processor offers an
additional network-services-
processor version. The com-
munication-processor version
includes hardware accelera-
tion for packet processing,
TCP (Transfer Control Pro-
tocol),  queuing/scheduling,
and QOS (quality of service).
The secure-communication-
processor version adds accel-
eration for IPsec (Internet
Protocol security)/SSL (Se-
cure Sockets Layer), SRTP
(Secure Real-Time Transport
Protocol), and WLAN (wire-
less-LAN) security. The net-
work-services-processor ver-
sion further adds acceleration
for deep packet inspection and
compression/decompression.

The packet-processing hard-
ware accelerators support L2-
L4 packet processing and
buffer management for IPv4

-))
=)

(Internet Protocol Version 4)
and IPv6 (Version 6) packets.
The TCP hardware accelera-
tion includes checks, tag gen-
eration, checksums, and timer
and buffer management. The
queuing/scheduling and QOS
hardware implement pack-
et-input queuing/scheduling
based on differential services,
QOS/TOS (type of service), in-
put ports, or a combination of
these features. Cavium based
the output-packet queuing and
scheduling on a fixed prioriti-
zation, weighted fair queuing,
or both. The security-hardware
acceleration includes full off-
load for IPsec, SSL, SRTP, and
WLAN 802.11i security; it sup-
ports DES (Data Encryption
Standard)/3DES, AES (Ad-
vanced Encryption Standard)
as large as 256 bits, AES-
GCM (Galois Counter Mode),
AES-XCBC (extensions to ci-
pher-block chaining), ARC
(Address Resolution Client) 4,
MD (Message Digest) 5, SHA
(Secure Hash Algorithm)-1,
SHA-2 through SHA-512,

Glen Chenier in EDN’s Feedback Loop at www.edn.com/

article/CA6290456. Add your comments.

CAROL, I DECIDED

TO TAKE THE ENTIRE
STAFF OUT TO A FIVE-
STAR RESTAURANT
FOR LUNCH.

scottadams@aol.com

THE FOOD IS SO GOOD
THAT IT'S ALMOST
INTOXICATING. WHEN
PAIRED WITH THE RIGHT
WINE, THE EXPERIENCE
IS A ONCE-IN-A-LIFE-
TIME SENSATION.

www.dilbert.com

| FEBRUARY 2, 2006

S ©2005Scott Adams, Inc./Dist. by UFS, Inc.

WHILE WE'RE GONE,
YOU'LL NEED TO
ANSUWER EVERYONE'S
PHONE.

RSA  (Rivest/Shamir/Adle-
man) to 4096 bits, and Diffie-
Hellman. It also includes a true
hardware-random-number
generator. The compression/
decompression hardware ac-
celeration implements GZIP
Gnu Zip), PKZIP, and variant
protocols. The deep-packet-in-
spection hardware uses eight
pattern-matching engines that
perform pattern analysis for in-
trusion detection, antivirus and

«Cavium

based the
output-packet
queuing and
scheduling on
a fixed prioriti-
zation, weight-
ed fair queuing,
or both.

content-based switching, rout-
ing, and filtering applications.
The CN31XX devices will
become available for sampling
in the first quarter of 2006
with prices ranging from $49
to $125 (10,000). The CN30-
XX devices will become avail-
able for sampling in the sec-
ond quarter of 2006 with
prices ranging from $19 to
$39 (50,000). These devices
are available in 525- and 868-
pin BGA packages, and they
feature power consumption of
4 to 7W. Operating-system
support includes Linux, Monta-
Vista Linux, and Wind River
(www.windriver.com) VxWorks.
A Cavium Networks software-
development kit comes with
Linux, software examples, a
Gnu tool chain, the GDB (Gnu-
debugger) development envi-
ronment, and tool kits for
IPsec, SSL, and TCP stacks.
—by Robert Cravotta
Cavium Networks, www.
caviumnetworks.com.
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NIST developed an instrument that quantifies millimeter-range
distances with accuracy akin to measuring the distance between
New York and Los Angeles within 1 mm.

myRESEARCH UPDATE

BY MATTHEW MILLER

Scientists boast about
their small measurements

n separate work, re-

searchers at NASAs Jet

Propulsion Laboratory and
the NIST (National Institute of
Standards and Technology)
have developed new laser-
based methods for measuring
distance with mind-boggling
precision. The NASA scientists
designed a laser-based het-
erodyne interferometer that
can precisely measure a range
as great as 100 km with reso-
lution of 1 nm. The MSTAR
(modulation-sideband technol-
ogy for absolute range) relies
on multiple wavelengths gen-
erated as sidebands of phase
modulation of the light from a
single laser. See www.nasa
tech.com/Briefs/Nov05/NPO
_30304.html for details.

NIST, meanwhile, reported
the development of a tech-
nique that can measure mil-
limeter distances with uncer-
tainty of 10 pm. The technolo-
gy, which focuses on measur-
ing the frequency, rather than

FEBRUARY 2, 2006

the wavelength, of the light,
could have applications in nan-
otechnology, remote sensing,
and semiconductor fabrica-
tion. See www.nist.gov/public_
affairs/techbeat/th2005_120
105.htm for more details.
~NASA Jet Propulsion
Laboratory, www,jpl.
nasa.gov.

~National Institute of
Standards and Tech-
nology, www.nist.gov.

Optical modulator heralds

terabit/sec data rates

Researchers at the Georgia
Institute of Technology claim to
have operated an optical mod-
ulator at terahertz frequencies,
an advance that may eventual-
ly lead to data communications
that scientists can measure in
terabits (trillions of bits) per
second. Traditional optical mod-
ulators use a voltage change
to alter the reflectivity of a ma-
terial, which in turn varies the
intensity of a light beam pass-
ing through the material. But
such modulators face a speed
limit: They can operate no
faster than the electronic cir-
cuitry that drives the voltage
change.

So, instead of electronics,

the Georgia Tech group em-
ployed  very-high-frequency
electromagnetic waves gener-
ated by a free-electron laser to
modulate the light signal. The
researchers state that much
work remains before commer-
cialization will be possible.

Chief among the challenges
that engineers face is the need
to develop power-conscious,
inexpensive sources of elec-
tromagnetic energy that are
considerably smaller than the
free-electron-laser facility that
the research effort uses.
~Georgia Institute of
Technology, www.
gatech.edu.

Engineers need to develop power-conscious, inexpensive

sources of electromagnetic energy that are smaller than the free-
electron-laser facility that the researchers use.

If these walls could heat—and cool

In homes of the future, walls and windows coated with an invisible layer of mi-
crometer-scale photovoltaic cells and thermoelectric materials will provide
heating and cooling far more efficiently than traditional systems. At least that’s
the hope of researchers at the Rensselaer Polytechnic Institute, who are work-
ing to develop the technology under a $300,000 National Science Foundation

grant. The research aims to scale down the ABE (active-building envelope),
which uses exterior solar panels to generate electricity for one-in-two heat
pumps dispersed inside a building’s walls, windows, and roof. The group hopes
that thin-film materials will enable engineers to embed similar functions in a
coating material less than 500 microns thick, which, unlike with the ABE sys-
tem, they could apply to existing construction.
Rensselaer Polytechnic Institute, www.rpi.edu.
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TI's first DaVinci products
offer “easy video”

Texas Instruments has fleshed
out the details of the first de-
liverables under the DaVinci
brand, highly integrated prod-
uct offerings for digital-video
designs. DaVinci bundles sili-
con and software with devel-
opment support that will allow
you to build video products
without expertise in codecs or
DSP. It allows you to design
with video building blocks at a
higher level of abstraction than
writing and assembling all of
the code. This release includes
two chips, plus multimedia
(software) codecs, API (appli-
cation-programming  inter-
faces), frameworks, and devel-
opment tools. The devices let
you add digital video to an ap-
plication with no more involve-
ment than writing to an AP, al-
though you can also use the
offering as a gateway to the
more detailed capabilities of
Code Composer Studio.

The TMS320DM6443 han-
dles video decoding, and the
TMS320DM6446  decodes
and encodes. They integrate a
C64 DSP core with an ARM
926 core, plus video accelera-
tors, networking peripherals,
and memory interfaces. Ca-
pabilities include analog- and
digital-video output with resiz-
ing and an on-screen-display
engine. The 6446 has a front-
end capture unit that handles
multiple video formats.

In its first release, Tl bases
the software platform on
Linux, with MontaVista (www.
mvista.com) as the develop-
ment-tool provider. To this sup-
port, the software part of the
offering adds open APls, de-
vice drivers, and multimedia

codecs. Tl hints that it will of-
fer other operating systems in
a future release. The company
emphasizes that the silicon in
this announcement is an en-
abling component and pres-
ents the overall release as a
digital-video-system offering;
in hardware, however, it's also
worth noting that Tl equipped
the chips to directly connect to
a wide range of analog pe-
ripherals that it has chosen
not to integrate.

At the development level,
you work entirely in the Linux
environment, with middleware
hiding the details of the
codecs. Similarly, interproces-
sor communications between

DSP and RISC engines are
also parts of the package.
However, programmers who
wish to work in Code Com-
poser Studio will be able to ex-
ercise control over the ARM
core from that package. In
operation, you call DSP func-
tions through the ARM. This
method, Tl says, allows a mod-
ular, building-block approach
to application design. You can

exchange a software codec
for an upgrade or alternative or
scale an application up or
down. A fully equipped digital-
video-evaluation module, in-
cluding a camera, supports the
introduction.

-by Graham Prophet,

EDN Europe

~Texas Instruments, www.
ti.com.

FEEDBACK LOOP

“The wire must be obtained,
procured, scrounged, begged,
borrowed, or just plain stolen at
midnight from a production
department that has stock in
only one color: green.”

Glen Chenier in EDN'’s Feedback Loop at www.edn.com/
article/CA6290456. Add your comments.

OS steps up to support
proliferating multicore CPUs

In recognition of the rapidly growing interest in multicore-processor designs,
QNX has introduced a multicore edition of its development tools. The compa-
ny asserts that the structure of its operating-system software lends itself to
multicore processing and enables it to offer support for all multiprocessing
models. The package combines existing products with some changes to the
OS kernel. With the software, you can migrate code to a multiprocessor envi-
ronment. QNX supports both asymmetric and symmetric models. Multiple OS
instances-not necessarily the same OS-run on the asymmetric model; each
runs on a physical processor. The operating systems fully manage resources.
QNX notes that interrupts need special care in this respect. In symmetric pro-
cessing, a single instance of the OS runs on multiple CPU cores. You can pro-
gressively migrate applications, initially allocating tasks to CPU cores and
then later moving to a symmetric-multiprocessing model.

You can also use a “bound-multiprocessing” mode, in which you allocate
critical tasks and threads or tasks written for single-core operation that you
do not wish to rewrite to a given processor. The software can perform con-
trolled- or dynamic-load balancing around this type of allocation at runtime.
Multicore technology is coming, and not just for power reasons, QNX says.
The company is also finding applications in mobile systems in which having
multiple cores running at lower clock speeds yields a better overall power
budget.—by Graham Prophet, EDN Europe

QNX, www.gnx.com.

30 EDN | FEBRUARY 2, 2006



*' 57 . ‘74’ \ ~
B B gy

action packed

» V300 Portable Media Player

Telepresence

Biometrics

Dt Driver Assistance
P> Streaming Media Low power, riveting performance

High Definition

The V300 Portable Media Player needed a processor that could enable

8 hours of MPEG-4 or MJPEG video playback and 16 hours of MP3 music,

| ) ) and run its operating system and application set. After auditioning a long

mage PIOCGSSIHQ 1

VolP list of prospects, Blackfin® got the role. Why? Blackfin easily met the

Embedded Security V300’s performance goals while powering the system from a 600 mAh
battery. Then Blackfin nailed the part with $5 to 1200 GMACS scalable
performance for content and applications.

Effects Processing
Triple Play

Get started using Blackfin now: ANALOG
analog.com/blackfin-is-everywhere DEVICES

© 2005 Analog Devices, Inc.




32 EDN

ANALOG DOMAIN L ,

Initial inertial gestures

s much as micromachined accelerometers enabled new
applications for inertial sensors nearly two decades ago, it’s
been packaging innovations for MEMS (microelectro-
mechanical-systems) devices that have multiplied those
opportunities manyfold. This statement is not to suggest
that the back-end process developments alone could have created the
large emerging markets for MEMS inertial sensors but rather that the
opportunities for inertial sensing had early on been somewhat hamstrung
by limitations imposed by the packaging available at the time. Today’s

chip-scale  MEMS-packaging tech-
nologies offer excellent angular align-
ment—on the order of *=1°—and fit
three-axis devices in substantially
smaller footprints than previous-gen-
eration single-axis sensors.

Among the most commonly touted
new applications are free-fall detectors
for disk drives in laptops and other
portable equipment and gesture-based
user interfaces for mobile phones. The
demands such applications make on
sensor performance are not necessari-
ly obvious, and, from a systems-design
perspective, they suggest that sensing-
subsystem designers should carefully
construct the rules that govern how
the sensor interface interprets its
source signal early in the development
cycle. The laptop-drop detector, for
example, could try to account for all six
degrees of freedom—translation in x,
y, and z axes and rotation in roll, pitch,
and yaw—to calculate the instanta-
neous inertial state and, in so doing,
determine a state of free fall. More sim-
ply, it could determine that any shift
from the nominal state greater than,
say, 0.5 to 0.7G along any axis is suffi-
cient evidence of an event of interest to
park the drive heads. The distinction
is that of threshold detection versus
measurement.

| FEBRUARY 2, 2006

Significant ad-
vances in user-
machine interfaces
invariably migrate
from early-adopting
applications to a
much broader range
of OEM products.

The end concern with free-fall de-
tection obviously does not center on
the free-fall event per se; it’s not the fall,
as the old joke goes, but the sudden stop
at the bottom against which the system
must guard itself. So the challenge is not
to measure the instantaneous inertial
state with precision but to quickly and
sufficiently assess the inertial state to
determine whether action is necessary.

Gesture inputs impose a more com-
plex set of operating conditions and
detection goals and, though they do not
mitigate destructive events, once
promised they are no less critical to cus-
tomer satisfaction. Unlike a laptop
computer, the orientation of which
changes little over a brief period dur-
ing normal operation, a mobile
phone’s orientation during use is arbi-

BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR

trary and subject to rapid change.
Additionally, it is unlikely that parking
a drive’s heads for a short time while a
laptop’s orientation is changing would
diminish the user’s experience, but end-
ing a mobile telephone call, for exam-
ple, by confusing the normal range of
user motion for the control gesture
meaning hang up is unacceptable.

Mobiles must also accommodate a
comparatively large number of operat-
ing modes, each of which requires its
own set of control inputs. On-hook
functions, dialing, call-in-progress
functions, and the phone’s ancillary
subsystems, such as a camera or an MP3
player, all invite their own combination
of common and unique gesture in puts.
The fact that the handset could be si-
multaneously executing multiple func-
tions only complicates further the de-
sign of gesture-interpretation hardware
and software.

Admittedly, few of us design laptops
or mobile phones; one could question
the relevance of this line of thinking to
the design tasks that engage us. Yet sig-
nificant advances in user-machine in-
terfaces—rare though they may be—in-
variably migrate from early-adopting
applications to a much broader range of
OEM products. Few traditional user-
interface designs need to consider end-
user-behavior variability to the extent
that gesture-based interfaces do, and
we can learn much by watching how
the pioneers, who exploit these inter-
face technologies early, address the
challenges.Epn

Go to www.edn.com/060202ji and
click on Feedback Loop to post a
comment on this column.

Joshua Israelsohn is Director, Technical
Information at International Rectifier
Corp and is a contributing technical ed-
itor at EDN Worldwide. His engineer-
ing experience includes work on MEMS
accelerometers and gyroscopes.
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BAKER’S BEST W

BY BONNIE BAKER

Frequency-domain analysis
helps with delta-sigma

usually look at ADCs in the time domain. When I do, I can deter-
mine at least the basics, such as the length of the input-signal sam-

pling time as well as the elapsed time before the data arrives at the

digital outputs. This approach usually yields enough information to

understand the fundamentals of how to use the converter. Once |
understand the converter-timing basics, | can go even deeper.

For instance, [ can trace the internal
timing operation of the modulator on
the delta-sigma ADC using the diagram
in Figure 1a. The input of the differ-
ence amplifier subtracts the DAC out-
put from the input signal. The input of
the integrator then sees the resulting
voltage at the output of the difference
amplifier (V,). The output of the inte-
grator (V,) ramps positively or nega-
tively with time. As the voltage at V,
goes from high to low or low to high

DIFFERENCE

across Vp.., the comparator switches
accordingly (V,). The system clock of
the delta-sigma ADC latches the out-
put of the comparator into the DAC
and decimation filter. The combination
of the output of the comparator and the
system clock also creates a 1-bit stream
to the decimation filter. The decima-
tion filter usually has an internal FIR
(finite-impulse response) or IIR (infi-
nite-impulse response). In Figure 1, the
decimation-filter model is a simple

'™ AMPLIFIER INTEGRATOR
o— COMPARATOR | DECIMATION | pigrac
FILTER ouT
TRl
VREF \/3
1-BIT DAC
SYSTEM
SYSTEM CLOCK
CLOCK
MODULATOR
(@ QUANTIZATION
NOISE Q(n)
DIGITAL
DECIMATION
Vin INTEGRATOR Dr. FILTER on
2 @, —o
®) MODULATOR

Figure 1 | can model a first-order delta-sigma ADC in the time domain (a) or the

frequency domain (b).
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averaging filter. The ADC system clock
determines the throughput timing of
the decimation stage.

Figure 1b shows a frequency-domain
model of a delta-sigma ADC. The
transfer function for this model from
the input signal (V) to the input of
the decimation filter (D, ) is equal to
Dy, =Q(n)/(1+H(f)). The comparator
in Figure 1a acts as a 1-bit ADC with
a quantization error of ' LSB, while
generating random white noise across
the full frequency spectrum (Q(n) in
Figure 1b). In the transfer function, the
open-loop gain of the integrator re-
duces the quantization noise at low fre-
quencies, pushing the unwanted noise
out into higher frequencies. The spec-
tral characteristics of the decimation
filter digitally allow lower frequency sig-
nals to pass and attenuate the unwant-
ed high-frequency noise.

The time-analysis model can provide
a nuts-and-bolts understanding of the
delta-sigma ADC (Figure 1a). It dem-
onstrates the mechanics of the con-
version of the input voltage to output
data over time, which is important to
know when I use the converter. It also
lets me analyze how the digital filter
effectively increases the ADC resolu-
tion. But the nuance I miss in Figure
1la is the effect of the modulator’s fil-
tering over frequency. With the model
in Figure 1b, the impact on the noise
of the modulator over frequency is
quickly visible. The model in Figure 1a
provides insight into how to use the
converter. The model in Figure 1b tells
me why the delta-sigma converter is
superior for high-resolution applica-
tions.EDN

AT EDN.COM >

Go to www.edn.com/060202bb
and click on Feedback Loop to post a
comment on this column.

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

Bbaker1632@aol.com.
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Specsmanship

SIGNAL INTEGRITY L

BY HOWARD JOHNSON, PhD

very Joe at the lumberyard understands that a 2X4 does
not measure 2 in. by 4 in. Those “nominal dimensions”
may apply at the rough-cut stage, but the actual finished
dimensions are approximately 1.5X3.5 in. after air drying,
planing, and rounding the corners so you don’t get splin-
ters. If you need an accurate, straight piece of wood, then
after kiln drying, you must pass your stick through a second joiner/plan-
er phase. This operation shaves off even more wood, leaving perfectly

square, true surfaces on all four sides with no bow or twist.

What about knots? Good lumber carries a grading stamp related to
the severity and location of knots and other imperfections. Grading is
tricky. For example, a beam held horizontally takes most of its stress

near the top edge (compression) and
bottom edge (tension), leaving the
middle region relatively stress-free. A
big knot in the middle of a board, there-
fore, may not degrade the rating. If you
cut that same beam in half lengthwise
so the big knot appears on the side of
the new structure, where stress is high-
est, the rating plummets.

Architects and builders understand
these issues. They call out the specific
type and grade of lumber for every part
of a new building, such as “green Dou-
glas fir, grade standard or better.” They
also design in a substantial margin of
safety to account for the reality of man-
ufacturing in their industry—sloppy
assembly, inability to read or follow
directions, and materials a grade or two
below the called-for specifications.

Similar considerations affect elec-
tronics. A 5V capacitor doesn’t last
long when you use it at 5V. A 16-bit
ADC doesn’t really provide 2'¢ equal-
ly spaced quantization levels. A 150-
Gbyte disk doesn’t really hold 150
Gbytes. Engineers must take these
issues into account. In that way, the
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Little prevents a
manufacturer from
supplying a nomi-
nal model claiming
one level of per-
formance but deliv-
ering something
quite different.

electronics industry bears a certain sim-
ilarity to the lumber business.

However, one important difference
exists. Every year, electronic-compo-
nent manufacturers spew forth nominal
specifications, typical operating param-
eters, and models “indicative of nomi-
nal performance but not guaranteed.”
Engineers then use these models, ver-
batim, in simulators all over the world,
to verify the correctness of their
designs. Where is the safety factor?

In other words, suppose an engineer

uses 2X4 models that measure 2 in. by
4 in. He assumes every board runs
straight and true, with no knots, and
then proceeds to design things using
this model. He makes no allowance for
error. Are you laughing yet?

Seriously, there are no rating agencies
for semiconductor models, no federal
regulations, and no safety inspectors.
Little prevents a manufacturer from
supplying a nominal model claiming
one level of performance but delivering
something quite different.

For this reason, designers of military,
medical, and high-reliability equip-
ment always derate component speci-
fications. They account for extremes of
power-supply fluctuation, ambient
temperature, loss of active cooling sys-
tems, material variation, memory
errors due to high-energy particle radi-
ation, and the expected degree of spec-
smanship on the part of their compo-
nent suppliers. Then, if they really want
the product to work, designers test all
components before putting them into
the system.

Not every project deserves such
scrutiny, but, if you do not allocate a
healthy margin of safety in your simu-
lations, you deserve a good knock on
the head with a nominally dimensioned
1.5X3.5-in. piece of green Douglas fir,
standard and better grade.EbN
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Go to www.edn.com/060202hj 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.



Intersil Battery Charger ICs

Intersil High Performance Analog

Don't Get Burned by
Cheap Imposters

Protect your designs from counterfeit battery
packs with Intersil's ISL6296. We've integrated
our FlexiHash™ technology to deliver a simple,
robust and inexpensive battery authentication
solution for 1-cell Li-lon/Li-Polymer or 3-cell
NiMH series battery packs.

Intersil's ISL6296 offers the same level of effectiveness as other
significantly more expensive, high maintenance, monetary-grade hash

algorithm and authentication schemes. This device supports a wide range
of operating voltages and is customized for low-cost applications.

ISL6296 Functional Block Diagram

X8D single-wire host bus

interface communicates with

<— all 8250-compatible UARTSs or

a single GPIO pin. Supports

- B2 CRC on read data and

16x8 OTP| | FlexiHash transfer bit-rate up to 23 kbps.
ROM T

1-Wire Comm

VsS || Oscillator Interface

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

Device Authentication Process

32-bit pseudo-random
challenge word from host

64-bit Secret 7]
32-bitHash | | o Patent pending FlexiHash
Function ) engine consists of four
- FIEX'HaSh «——————_|_ separate programmable
32-bitHash || Qolle CRC calculators. Two sets
Seed

of 32-bit secret codes are
used for authentication
code generation.

8-bit authentication code

Intersil — Switching Regulators for precise power delivery.

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

Key Features:

~— Patent pending challenge-response
authentication scheme using 32-bit
challenge code word and 8-bit
authentication code.

~— Fast single-step authentication process

~— Supports 1-cell Li-lon/Li-Polymer and 3-cell
series NiMH battery packs (2.6V-to-4.8V
operation)

~— Compatible for use with serial ports offered
by all 8250-compatible UARTSs or a single
GPIO pin

~— "Zero Power" sleep mode after bus inactivity

time-out period

64-bit user-programmable secret for security

Can also be used in a variety of accessories

such as printer ink cartridges where
authenticity needs to be verified.

~— Variety of packages available including
SOT-23-5, chip scale or unpackaged die

{

f

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

intersjl.
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Hardware deS|gne

n an electrlc chair

y engineering team was designing a signal-
processing board for the mobile-radio infra-
structure. The board integrates a number of
DSPs and ASICs for number-crunching. Our
team works on both hardware and software
development, because experience has shown
that this is the most efficient way to deal with such a complex
project. The hardware designers sit near colleagues who write

the software that runs on the card.
Especially in the prototype phase, they
work hand in hand. And the physical
location sometimes generates un-
expected interference.

The early software release—which
we optimistically called the “beta ver-
sion”—must run on the first “alpha
board.” Even the tiniest error in one of
the parts can lead to severe and false
accusation. These accusations can
often split the team. Nevertheless, we
came along that early prototype phase
without losing friends on the other side
of the hardware/software divide.

About a year into the design, we
observed sporadic errors on a high-
speed ASIC-DSP interface. The prob-
able cause could be a coding error in the
complex DSP software, which would be

easy to fix but hard to find in the 1000
lines of code, or a design error in the
proprietary ASIC. If the design error
were the cause, we would need to build
a new ASIC mask, busting the budget
and causing a nightmare for our proj-
ect. The software developers traced the
error to an interface access that termi-
nated unexpectedly. But they could not
get any deeper into the board.

So, the software side called us on the
hardware side for help. We packed our
20G-sample/sec digital real-time oscil-
loscope with 3.5-GHz probes and
moved to the software designer’s desk.
Our mission was to have a careful look
at the critical interface-control lines.
The software colleague ran his sophis-
ticated code, while we waited for the
error to occur on the oscilloscope

screen. Mysterious spikes—with im-
mense amplitudes of about 2V—
appeared every now and then on the
control lines. Could the spikes be the
reason for the sporadic interface failure?
Where did they come from? We spent
several hours changing interface-timing
parameters, recompiling the software,
measuring, and changing the parame-
ters again with no luck.

We were frustrated and tired, look-
ing hopelessly at the screen exactly
when the oscilloscope triggered. Then,
I saw a colleague getting up from his
chair and leaving. That was it! The
ESD (electrostatic discharge) he gen-
erated by getting up caused an ampli-
tude of several volts, even over a dis-
tance of several meters.

In our hardware lab, we wear ESD-
protective shoes, sit on special ESD-
protective chairs, and walk on ESD-
reducing flooring. The software lab had
no such ESD protection; it was a typi-
cal office on which software designers
in rubber-soled shoes walk on a syn-
thetic carpet or sit on standard office
chairs. In an office with 10 engineers,
someone was always moving on a chair,
getting up, or sitting down. The move-
ment was causing the sporadic, myste-
rious spikes. After that revelation, we
reproduced the setup in our hardware
lab. In the following days, we finally
traced the board failure to a software
bug in the DSP.

Several months later, an intern
observed a similar effect when working
with an evaluation board. After two
hours of catching mysterious spikes on
the scope, he called me for help. He was
obviously anxious. Although he was
using all the ESD-protection features in
our lab, he feared having killed either
the high-speed scope probes or the
chip-evaluation board. But, within two
minutes, we found the culprit: the
grounding wire connecting the back of
his chair to the base. It was broken.
After fixing the wire, the problem dis-
appeared, and we have never seen any
of the mysterious spikes again.EDN

Thomas Blinn works for Siemens (Ulm
Germany), where he has realized the
importance of staying on an antistatic mat.
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RIPPLE & NOISE IMPEDING YOUR

MOTOR CURRENT SENSE?

High Voltage IC Integrates 2-Stage Filter and PWM Sync for Accurate Current Measurement

Wv M Embedded 2 stage filter rejects
odd and even harmonics

No additional power supply
needed, use hootstrap
supply from inverter

|Floating channel up to 1200V

Current sense PWM syncs vec
with inverter PWM for
accurate, ripple free [\ '|
Sync
current measurement 'ﬂ_ -
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Both digital and analog g5 detection ] vs_ |
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greater flexibility

Low Voltage High Voltage

FEATURES
* High speed, single phase current sense IC

* Suitable for DSP and analog-to-digital
interface without additional external

¢MOTION.

INTEGRATED Ref logic circuit
efrere . .
DESIGN Desi;:e ¢ Designed to avoid common mode dv/dt
PLATFORM Available noise up to 50V/ns
 |Rindustry leading, high voltage technology
e Single, rugged, compact IC
Specifications IR2175xPhF IR2177xPhF IR2277xPhF
Floating channel voltage 600V 600V 1200V IR's ¢éMOTION brings digital controllers,
V|y range +-260mV +-250mV +-250mV analog stage and power modules together
Carrier output frequency bandwidth 15kHz 20kHz 20kHz in one easy to implement, integrated
Over-current threshold +/-260mV +/-470mV +/-470mV design platform.
Analog output dynamically adjustable N/A Yes Yes
Package 8-pin SOIC 16-pin SOIC 16-pin SOIC
2-Stage filter No Yes Yes
Bootstrap supply range 13-20V 8-20V 8-20V N
External sync No Yes Yes | n 'I'e rn O 'I'l O n O

L (MOTION is a trademark of International Rectifier.

for more information call 1.800.981.8699 or visit us at

Rectifier

www.irf.com/motion THE POWER MANAGEMENT LEADER




HIGHERYIELDS, BABY.

THEY'RE BORN OF AN IC DESIGN FLOW THAT DOES MORE THAN DRC & OPC

Process effects at 90 nanometers and below have spawned a whole new
set of design challenges, and relying on design rules and post-layout RET
techniques such as OPC just isn't enough. You need a chip design system that
accounts for manufacturability, yield and variability problems throughout the flow.
And that's what Magma provides. Blast Create™, Blast Fusion® and Blast Yield™
integrate yield-aware synthesis, placement and routing so you can concurrently
address timing, area, power, signal integrity, manufacturability and variability issues.
Not only will you find yield improved, but delivery of your designs will be faster and
your development costs will be lower.

For more on how Magma lets you get the most out of your chips and higher
yields, visit www.magma-da.com/4Yield. Find out why the world’s top chip
companies rely on Magma software to design their most critical ICs.

MAGMA

© 2005 Magma Design Automation, Inc. All rights reserved. Blast Fusion, Magma and the Magma logo are registered trademarks and Blast Create and Blast Yield are trademarks of Magma Design Automation, Inc.



EDN'’s 2005 Finglists
YOU PICK THE WINNERS i ,

IN OUR 16TH ANNUAL

PROGRAM HONORING

ENGINEERING EXCELLENCE.

EDy

People in this industry throw the

word “innovation” around a lot. Most of

of an innovation, usually one that’s “groundbreaking” or
“revolutionary.” But the marketing department does not
define true innovation. The engineers who strive to
achieve it day after day are the ones who define it
because they’re the people who understand what it really
takes to create something that breaks new ground.

No one’s better equipped to recognize true innovation
than you. So, our editors have gone so far as to choose a
group of finalists for EDN’s 2005 Innovation Awards.
But we need your help picking the winners. On the fol-

lowing pages, we’'ll introduce you to the finalists, includ-
ing outstanding engineers, products, and technologies in
15 categories and the best contributed articles that
appeared in EDN in 2005.

Please go to www.edn.com/innovation for details on
all of the finalists and then cast your votes using the
online ballot you'll find there. We'll honor the winners
April 3 in San Jose, CA. (If you'd like to join us, you can
also find event information and tickets at www.edn.com/
innovation.)

Thank you for helping us to honor the work that you do.
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EDN's 2005

Finalists

VIP50 process team, National Semiconductor

N Designing an innovative, high-performance IC is one thing.
Creating an entirely novel process technology to support the
creation of any number of innovative, high-performance ICs is quite
another. National Semiconductor’s VIP50 team, encompassing six
geographically dispersed groups, labored for more than two years
to develop the industry’s first SOI (silicon-on-insulator) BICMOS
analog process for amplifier applications.
Combining efficient, bipolar transis-
tors; analog-grade MOS transistors;
highly matched, low-temperature-co-
efficient thin-film resistors; and laser-
trim capability, the VIP50 process is
allowing the company to spin out pre-
cision and low-power, low-voltage op
amps that deliver dramatically better

performance than their predecessors. For example, the LMV651,
which the company introduced in September 2005, provides a ten-
fold improvement in speed-to-power ratio compared with other
offerings and reduces power consumption by 90%.

The team (of which only a fraction appears in the photograph)
successfully tackled a number of complex challenges, including opti-
mizing the high- speed vertical NPN and PNP bipolar transistors
to work well with less-than-1-p.A oper-
ating currents; tweaking the technolo-
gy’s MOS transistors for good matching
behavior and low 1/f-noise characteris-
tics; and developing new test and pack-
aging technologies.

EDN nominates VIP50 as an Innova-
tion in the Analog ICs category.

EinsTimer statistical-timing development team, IBM Research

Corner-based timing is painting IC designers into a corner,
N but the EinsTimer team crafted a potential means of escape.
The traditional static approach to ASIC timing closure, based on
“corner,” or “case,” files, focuses on designing for worst-case sce-
narios. This pessimistic method leaves much-needed performance
on the table. Worse, static tools are proving unable to comprehend
the random—and potentially showstopping—process variations
that are becoming more numerous and severe as geometries shrink.

With EinsTimer statistical timing, a parameterized, block-based
statistical timer, the IBM team (some of whom appear in the photo)
proved that statistical timing can be both accurate enough and fast
enough for multimillion-gate designs. To do so, the team had to
take on and surmount challenges including variational gate and
wire modeling, statistical calculations, correlations, software archi-
tecture, and incremental timing. The resulting tool reduces pes-
simism, provides efficient process coverage, and demonstrates the

Rich Perego, Rambus

N Rich Perego led the design team that developed DPP
(Dynamic Point-to-Point), a memory-interface technology
that provides system engineers with speed and flexibility and elim-
inates signal-integrity issues that can arise with conventional inter-
faces as memory speeds increase. In six years with
Rambus, Perego has earned the titles of senior
principal engineer and distinguished inventor.
He holds 28 either issued or pending patents.
Conventional multidrop-memory topologies
allow for expansion by inserting additional
memory modules but face inherent speed lim-
its that signal-integrity issues impose. Point-to-
point topologies, by their nature, provide bet-
ter signal integrity but don’t allow the addition
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viability of concepts that will become even more important as the
design process itself becomes more probabilistic.

In addition, the team’s innovations extended beyond the tech-
nical aspects of the project and into the development process itself.
For example, the team implemented new ideas directly on a pro-
duction platform, thus avoiding the customary prototype phase and
shaving months off the development schedule.

EDN nominates Eins Timer as an Innovation in the EDA (design and
implementation) category.

of expansion modules. DPP attempts to deliver the best of both
worlds through a clever design that allows a configuration with a
single memory module to morph into a dual-module topology that
still provides a point-to-point connection to each module.

DPP has achieved a high-profile design win
in XDR (extreme-data-rate) memory, which is
slated to appear in Sony’s forthcoming PlaySta-
tion 3. A lone XDR-enabled module supports
12.8 to 25.6 Gbytes/sec of peak bandwidth using
32 data-signal pairs—as much as eight times the
bandwidth of other approaches using half the
data-bit width.

EDN nominates DPP as an Innovation in the
Digital SOC IP category.



Low-Noise, High-Efficiency:
The Best of Both Worlds in the Tiniest Footprint

vIN
2.7V t0 5.5V

TpF
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0.1pF

V. Li-lon
Baffery 2,
A.7pF

LOWQ

Remember the good old days when chipset

designers used LDOs to solve their portable power needs?
LDOs were quiet, simple, easy to use. Then, along came
lower output voltages and with them, DC-to-DC convert-
ers — highly efficient, but noisy and sensitive

to placement. Now, Micrel has given
designers the best of both worlds: the
efficiency of a DC-to-DC converter
with the low noise of a LDO.

18pAlqin
LDO Mode

Micrel's MIC2205 and MIC2206 are
high-efficiency 2MHz PWM synchronous

buck (step-down) regulators that feature a LOWQ™ LDO
standby mode that draws only 18uA of quiescent current.
The MIC2205 allows an ultra-low noise, small size and
high-efficiency solution for portable power applications.

For more information, contact your local Micrel sales
representative or visit us at:
www.micrel.com/ad/switching-requlators.

© 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark and LOWQ is a
trademark of Micrel, Inc. Microl.eadFrame and MLF are trademarks of Amkor Technology.

Micrel's Low-Noise High-Efficiency PWM Buck Regulators
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Good Stuff:

*
*
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0000600 o o

2.7 to 5.5V supply voltage

Light load LOWQ™ LDO mode

18uA quiescent current

< Low noise, 75uVrms

2MHz PWM mode

+« Output current to 600mA

% >950 efficiency

< 100% maximum duty cycle

MIC2205 - Adjustable output voltage option
down to 1V (fixed output voltage options available)
MIC2206 - Output Voltage Scaling (1V output in
LOWQ Mode)

Ultra-fast transient response

Stable with 1uF ceramic output capacitor

Fully integrated MOSFET switches

Micropower shutdown

Thermal shutdown and current limit protection
Pb-free 3mm x 3mm MLF-10L package

-40°C to +125°C junction temperature range

MICREL

Innovaltion Through Technology™

www.micrel.com

R
L. X4



EDN'’s 2005

Analog ICs

Othello-G quad-band
GPRS/GSM transceiver
(Analog Devices)

EL7900 light-to-current
converter (Intersil)

VIP50 process and products
(National Semiconductor)

XC 3028 RF-to-baseband
receiver (Xceive)

ASSPs and SOCs
AT78C4050 HD DVD SOC
(Atmel)

DIB7000-H DVB-H receiver
(DiBcom)

SPEAr customizable SOC
(STMicroelectronics)

DA710 digital-audio proces-
sor (Texas Instruments)

Communication ICs
AGN300 802.11 a/b/g True
MIMO chip set

(Airgo Networks)
MB87M3400 WiMax SOC
(Fujitsu Microelectronics)
MSM7500 CDMA chip with
integrated 3-D core
(Qualcomm)

OneEdge Ethernet/802.11
switch-processor family
(SiNett)

Digital ICs and
programmable logic
Fusion mixed-signal FPGA
(Actel)

HC2xx HardCopy Il

(Altera)

mSerDes

(Fairchild Semiconductor)

Digital SOC IP
Integrated HIMOS NVM flash
(AMI Semiconductor)

SiPFlow platform-memory IP
(Inapac Technology)

Dynamic Point-to-Point (DPP)
technology (Rambus)

EDA

(design and implementation)
X-Architecture design
solution

(Cadence Design Systems)
EinsTimer statistical timing
(IBM Research)

Quartz DRC and Quartz LVS
physical-verification software
(Magma Design Automation)
Synplify Premier FPGA-
physical-synthesis software
(Synplicity)

EDA
(verification and analysis)
PsiWinder critical path and

“S-parameters and digital-circuit design,’ by Jeff

Loyer, Intel, Feb 3, 2005, www.edn.com/article/CA498770.

“How to read a semiconductor data sheet,” by Ron

Mancini, Texas Instruments, April 14, 2005,
www.edn.com/article/CA514964.

“Sound advice for Class D amplifiers,” by Dave

Brotton, Zetex Semiconductors, April 28, 2005,
www.edn.com/article/CA526331.

“Filters in a nutshell: Spreadsheet promotes

intuitive feel,” by Dave Van Ess, Cypress MicroSystems,
June 9, 2005, www.edn.com/article/CA605510.

“Minimizing switching-regulator residue

in linear-regulator outputs,” by Jim Williams, Linear
Technology, Dec 5, 2005, www.edn.com/article/
CA6288040.
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clock-tree-timing analysis tool
(Apache Design Solutions)
SLEC sequential-equivalence
checker

(Calypto Design Systems)
FireBolt full-chip thermal-
analysis software

(Gradient Design Automation)
Questa advanced functional-
verification platform

(Mentor Graphics)

Embedded systems
ETXexpress-PM COM
Express module

(Kontron America)

XPort AR embedded-
processor module
(Lantronix)

EPIC Express specification
(Micro/sys, WinSystems,
Versalogic, Octagon Systems,
Ampro Computers)

Power ICs

LM5005 integrated buck
regulator

(National Semiconductor)
Si8250 digital-power-supply
controller

(Silicon Laboratories)
STw4141 dc/dc-converter IC
(STMicroelectronics)

Z12005 digital-power-man-
agement and -conversion IC
(Zilker Labs)

Power systems
and modules

DPL20C PMBus-compliant
POL converter

(Artesyn Technologies)

iMP digital ac/dc switching
power supplies

(Astec Technologies)
LTM4600 high-power dc/dc
micromodule

(Linear Technology)
BMOD2600-48, 48V multicell
Boostcap ultracapacitor
module

(Maxwell Technologies)

Finalists

Processors

CT3600 multicore DSP
(Cradle Technologies)
MPC8548E communication
processors

(Freescale Semiconductor)
TMS3206455 DSP

(Texas Instruments)

Sensors and
components
ADNS-6010 laser-based
optical-mouse sensor
(Avago Technologies)
MMA7260Q three-axis
MEMS sensor

(Freescale Semiconductor)
MLX90316EDC rotary sensor
(Melexis)

MagRJ45 power-
over-Ethernet connector
(Tyco Electronics)

Software

Altium Designer 6.0 (Altium)
SigmaStudio (Analog Devices)
LabView 8

(National Instruments)

Test and measure-
ment (application specific)
N4903A high-performance
serial BERT with jitter-toler-
ance testing

(Agilent Technologies)

ACE 400NB, azimuth MIMO
channel emulator for WiFi
(Azimuth Systems)
BERTScope CR and
BERTScope CR HS clock-
recovery instruments
(SyntheSys Research)

Test and measure-
ment (broad application)
WaveExpert near-real-time
digital oscilloscope (LeCroy)
PXI-5922 flexible-resolution
digitizer (National Instruments)
TLA7000 series logic analyz-
er and application software
Version 5.0 (Tektronix)



Enhance Applications Processor Performance

With Advanced Power Management Unit

LP3971 Features Dynamic Voltage Management (DVM) and IC Programmability

System Power Configuration

LP3971 Applications
Processor
1.6A Outputs up to 95% Vin BUCK 3 0.8t0 3.3 @ 1600 mA 18V Ve MEM
efficient buck regulators
BUCK 2 0.8 to 3.3 @ 1600 mA 3.0V Ve AUX
Low input LDOs, efficiency BUCK 1 0.8t03.3 @ 1600 mA 14V Vcc_APPS (DVM)
of a switcher in an LDO
VinLDO5 LDO 5 1.0t0 3.3 @400 mA 1.1V Vcc_SRAM
VinLDO4 LDO 4 1.0t0 3.3 @ 150 mA 13V Ve PLL
Vin
5 Programmable low-noise LDO3 181033 @ 150 mA S0y Vec BB
LDOs to power peripherals, LDO 2 1.8t0 3.3 @ 150 mA Vec _USB
I/0s, and RTC LDO ° o — o6
LDO 1 1.0to 3.3 @ 300 mA 30V Ve 10s
Backup battery charger

allows automatic switch
between various Li-lon cells

Backup m 28V

Battery +1/0Vtracking
System monitoring for SYSEN
robust operation EWR_ONSee—p - I2C for DVM
nTEST_JIG —p| 8 control on
SPARE —— I2C Control T % IC Interface all outputs
EXT WAKEUP
nBATT_FLT

nRSTI —»

VVvYY

nRSTO

AVAILABLE
ILEA_D-_FB;.E:E]

Ideal for powering systems using Intel XScale processors or applications processors where high efficiency, size, and
programmability are essential.

For FREE samples, datasheets, Power Designer,
| and more information on the LP3971,
| contact us today at:

power.national.com

Or call: 1-800-272-9959

National
Semiconductor

© National Semiconductor C ion, 2006. National Semiconductor, &, and LLP are registered trademarks of National Semiconductor Corporation. All rights reserved.




BY MICHAEL SANTARINI ¢« SENIOR EDITOR

EDA VENDORS ARE HELPING
IC AND PACKAGE DESIGNERS
MORE EFFECTIVELY WORK TOGETHER.

raditionally, separate groups de-
signed ICs and packages, but cost,
time-to-market issues, and ever-
growing package complexity—espe-
cially as SIPs (systems in packages),
multichip modules, and stacked die
become more common—are now

forcing IC and package designers to
work together more closely. Luckily,
a few EDA players, such as Cadence
Design Systems, Synopsys, Magma
Design Automation, Ansoft Corp, EEsof, Optimal
Technology, and Rio Design Automation are now mak-
ing concerted efforts to develop tools to help IC design-
ers and package designers collaborate more effectively.

THE TRADITIONAL FLOW BREAKS DOWN

A decade ago, IC-design teams would create the IC design and, dur-
ing the place-and-route phase of the process, pull up an Excel spread-
sheet to outline the [/O-ball or -pin requirements and assignments. They
would then throw the spreadsheet over the wall to the package-design
group. Package designers would use mechanical CAD tools, such as
AutoCAD or proprietary tools, to create the package based on that spec-
ification and later adjust the system as test silicon became available.
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AT A GLANCE

A decade ago, designers devel-
oped packages mainly with mechani-
cal CAD tools.

Bl Early EDA-package-design tools
were warmed-over pc-board-design
tools.

TSMC's reference flow 5.0 de-
manded that vendors offer IC-package
co-design tools for 90-nm designs.

SIPs (systems in packages) are
becoming alternatives to SOCs (sys-
tems on chips) and are especially
popular with companies addressing
fast-moving markets.

EDA vendors are watching SIP
progress to determine whether an
opportunity to develop specialized
SIP-design tools exists.

Groups usually indicated to each other
that changes were necessary by rework-
ing the numbers on the spreadsheet.
The process wasn’t the smoothest, but
it wasn’t too painful. However, as tran-
sistor counts and I/O increased, working
from a spreadsheet became impractical.
Additionally, many of today’s designs
incorporate high-speed RF and use serial
interconnect instead of parallel buses,
which means that designers have to deal
with blistering signal speeds and thus sig-
nal-integrity, power, and thermal issues
requiring more thorough circuit and EM

(electromagnetic)-simulation and analy-
sis among the IC, package, and pc board.

To better deal with these emerging
issues, many companies started employ-
ing signal-integrity specialists, responsible
for analyzing signals through the die,
package, and board. Traditionally, com-
panies have hired one or a few of these
signal-integrity gurus to work across sev-
eral design groups. These experts typically
use 3-D field solvers, EM simulation, and
pc-board signal-integrity tools to trace sig-
nals across the IC, package, and board.

To further sidestep some of these nasty
effects, package designers adopted more
advanced package materials, including
moving from wire-bond to flip-chip pack-
aging and even employing fan- or liquid-
cooled packages. Of course, increasing the
complexity of the package also increases
its cost. Some analysts suggest that the
package can have a higher per-unit cost
than the die itself. Even conventional
packages are growing in complexity, but
that complexity jumps exponentially with
designs that employ SIPs.

Despite the popular belief that a SIP is
a poor man’s SOC, SIPs are becoming
useful in certain niches and popular with
vendors addressing fast-moving markets
and designers who simply don’t want to
deal with mixing technologies, such as
analog and digital, on a single die. Flash-
vendor M-Systems is a good example of
a vendor that migrated from an SOC
architecture to an SIP (see sidebar ““M’
isn’t for ‘monolithic’ at M-Systems”). But
implementing an SIP or even an ad-
vanced single-die package and its extra
design challenges, especially in extraction

and analysis, increases the necessity for IC
and package designers to collaborate
more closely (see sidebar “A tale of two
methodologies”).

Jaime Metcalfe, vice president of SIP
marketing in Cadence’s Allegro systems
division, says the old throw-the-die-over-
the-wall method doesn’t work any
longer, even in engagements with pack-
aging-design companies. In fact, he says,
it is becoming more common for cus-
tomers to demand that IC designers and
ASIC houses design to specific pinout
configurations, so that the design will fit
into the pc board. This situation holds
especially true in the mobile-handset
market. “The pc board is a major cost
component of a cell phone,” says Met-
calfe. “By getting the pins optimized, cell-
phone manufacturers are able to meet
performance goals and reduce layers in
the pc board. That [approach] cuts cost.”

EVOLUTION OF TOOLS
EDA vendors have attacked IC and

package co-design from two directions:
upstream with IC-optimization tools and
downstream with pc-board-systems tools.
The industry’s first step toward bringing
together IC design and package design
with an IC-centric approach occurred
when vendors started integrating I/O-
pinout-assignment software into IC-
physical-implementation tools. Doing so,
says Keith Felton, SIP-product-market-
ing-group director for the Allegro group
at Cadence, eliminated the manual task
of creating assignments in a spreadsheet.

“It is especially important with de-
signs that have high-speed signals like

“M” ISN'T FOR “MONOLITHIC” AT M-SYSTEMS

When M-Systems many

: Mobile Division, says that ! in-package) model, which : that M-Systems can
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years ago introduced its
MDOC (monolithic-disk-
on-chip) hybrid boot-
from-NAND device, a sin-

gle die integrated the
NAND core and NAND
controller and software
functions in an SOC (sys-
tem on chip). Ariel
Mashkovitz, vice presi-
dent of the M-Systems
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M-Systems quickly found
! out that it is impractical
to develop a new SOC for
i every NAND and NAND
density, especially as

i NAND suppliers rapidly
increase density grades

what has become a

hot market.

Therefore, M-Systems
went to an SIP (system-

i maintains the controller
and related software on
i one IC and the NAND on
another. The company

i can adjust the software

i in the controller to pair it
i up with a variety of

i NAND devices from dis-
parate vendors and den-
i sities in a single pack-

i age. This ability means

{ quickly swap out a lower
i bit NAND if a higher den-
i sity NAND emerges dur-
ing a customer’s product
i development. Today, the

i SIP model is such a force
at M-Systems that the

i company renamed the

{ product as “mobile;’

i rather than “monolithic;”
i disk on chip.
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SERDES [serializers/deserializers],” says
Felton. “You don’t want to end up putting
so much skew in the die that it is impos-
sible to rectify it in the package.”

[C-floorplanning tools from Cadence,
Synopsys, and Magma have for a few
years had I/O-pinout-assignhment fea-
tures, but Felton says that traditional
floorplanning tools don’t go far enough,
because they have only a rudimentary
view of the package.

EDA vendors have also attacked the
problem from the pc-board-fabric side. In
the mid-1990s, Cadence created a vari-
ant of its pc-board tools for package
designers. That tool, Advance Package
Designer and, shortly after, tools from
Avanti (which Synopsys has since
acquired) brought commercial electrical
design and analysis to package designers.
Those tools had schematic entry and lay-
out and autorouting for packages but
lacked a useful link to IC design and even
a link to simulation and analysis. Ca-
dence and a growing field of players over
the last three years have made even more
significant strides in IC and package-co-
design technology.

THE NEW GENERATION

An-Yu Kuo, chief technology officer at
Optimal Corp, says that EDA-industry ef-
forts to develop IC- and package-co-de-
sign tools sped up in 2004, when TSMC
(Taiwan Semiconductor Manufacturing
Co) issued its reference flow 5.0, which
highlighted the need for an IC- and pack-
age-co-design flow (Reference 1).
“Today, there are still no cohesive co-
design tools, and, in the past, IC and
package design were isolated islands,” says
Kuo. “Three years ago, TSMC recognized
the importance of IC and package co-
design for nanometer flows, and the
industry has since responded. The EDA
industry has made great progress, but
we're not all the way there yet.”

Cadence, largely because it already had
many of the point tools in the market, was
the first to piece together a flow (Figure
1), and most package-design point-tool
vendors tailor tools to fit the Cadence
package-design flow. A year ago, Cadence
enhanced its co-design offerings by re-
leasing package- and pc-board-co-design
capabilities with Allegro Package SI (sig-
nal-integrity) 620. That tool adds Opti-
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CHIP- AND
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NETLIST SCREENING,
ISOLATION-CELL
INSERTION

!

FLOORPLAN,
POWER PLAN,
POWER-DOMAIN
PARTITION,
LEVEL-SHIFTER
INSERTION

\

MACRO PLACEMENT,
PLACEMENT
AND ROUTING,
DOUBLE-VIA INSERTION

\

WIRE SPREADING,

SI AND TIMING CLOSURE,
SIGNAL-EM FIXING,
DUMMY METAL
INSERTION

CHIP- AND
PACKAGE-STATIC-
TIMING ANALYSIS

!
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\
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CHIP- AND
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Figure 1 Cadence—an early innovator in package design, as well as in pc-board- and
IC-design tools—has been able to respond to TSMC's request for an IC- and package-

co-design-tool flow.

mal Corp’s 3-D field-solver engine to the
Allegro Package SI simulator. The 620
tool reads and writes package designs pro-
duced and designed by Allegro Package
Designer as well as pc-board designs cre-
ated with the Allegro pc-board-layout
tool. It allows users to make trade-offs
between their board layout and electrical
effects.

“We wanted to help users analyze the
electrical pathway from the die all the
way through to the pc board and optimize
to the final mask the quality level of the
package substrate as well as the pc-board
substrate,” says Felton.

Synopsys, too, has stepped up its efforts.
The company gained the Xynetix pack-
age-design tool in its 2001 acquisition of
Avanti, but, in September 2005, Synop-
sys took a step toward further automating
the flow with JupiterlO. The tool is a
concurrent die- and package-1/O-plan-
ning tool that includes I/O and bump
placement, RDL (redistribution-layer)
routing, and some package-route plan-
ning, as well. It accesses IC data through
the Milkyway database and packaging
data through standard interfaces.

The IC- and package-co-design market
even has a start-up. By press time, Rio
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Design Automation, which both Ca-

_ P

EARLY PLANNING POWER-GROUND-I/O SILICON CLOSURE,

dence and Magma back, will have intro- AND PROTOTYPE  PLANNING AND PHYSICAL SYNTHESIS ROUTING, AND
duced RioMagic. Like JupiterIO, the tool FINISHING

allows users to design the IC and package

concurrently instead of sequentially

(Figure 2). Kaushik Sheth, Rio’s chief TAPE-OUT
executive officer, says that the flow allows RELEASE TO

BUMP-PATTERN
AND DESIGN LAYOUT

DESIGN VERIFICATION
AND OPTIMIZATION

MANUFACTURING

IC designers to make “packaging-aware”
g packaging (SIX TO SEVEN WEEKS)

adjustments to their IC designs, and if
changes in the board or packaging are
required, the IC design can instantly
reflect those changes. In the RioMagic
flow, users build and work from a single
golden I/O data model at the IC-floor-
planning stage that the rest of the flow

DESIGN COMPLETE,
RELEASE TO MANUFACTURING
WIRE BOND: SIX TO EIGHT WEEKS
FLIP CHIP: MORE THAN 13 WEEKS

DESIGN
EXPLORATION

accesses through Si2’s OpenAccess.
Joel McGrath, vice president of mar-

keting at Rio, says that RioMagic analyzes

A TALE OF TWO METHODOLOGIES

IC- and package-design
challenges commonly con-

front today’s ASIC vendors.

LSI Logic and NEC run into
similar problems regarding
co-design but attack them
using slightly different
methods and tools.

LSI Logic uses an inte-
grated team to ensure that
designers take packaging
concerns into account at
the beginning of the proc-
ess. Yogi Ranade, market-
ing manager at LS| Logic,
says that a design team at
LSI typically includes ASIC
designers, a die and pack-
age signal-integrity spe-
cialist, a package design-
er/layout specialist, and a
systems/methodology
engineer. “They all talk
upfront and do quick what-
if scenarios,” says Ranade.
“Since they talk different
languages, they use differ-
ent tools”

Ranade says that, at LSI,
a signal-integrity engineer
typically uses Ansoft’s
Turbo Package Analyzer or
an Optimal Technology 3-D
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; field solver. The package
i designer uses an APD

i (application-parameter-
descriptor) tool from

i Cadence, and IC-design
| engineers use the usual
i ASIC tools.

though current-generation
i commercial tools support
| standard formats and thus
i teams can transfer files

i back and forth, the cross-
discipline design and

i analysis flow needs
improvement.

! in the packaging environ-
ment you could do a quick-
i turn, what-if signal-integri-
| ty analysis that would tell

i you that nicking down a

i trace would cause a dis-

{ continuity) says Ranade.

i “It would allow you to cre-
ate better signal-integrity

i limits for the IC design.

i That what-if analysis does-
n’t happen as quickly as

i we'd like to see it”

thing that could help sys-
i tem-level engineers share

Ranade says that, al-

“What would be neat is if |

Ranade says that any-
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! neering manager at NEC

i that NEC has a specialized
packaging-design group

i that works closely with IC
designers. Because the

{ EDA industry has been

i slow to develop a tool

i flow, the group has devel-
i oped its own design soft-
ware and methodology.

we found that you just

{ can’t design the package
i by itself any longer;’ says
i Park. “You really have to
consider the silicon and

i the package together”

i their pains with IC and

i package engineers would
help further improve the

i methodology. “Today, on
i the silicon side, we have
| redistribution layers on top |
i of the silicon where we
route out to the wire-bond
pads,’ says Ranade. “We

i are doing a lumped analy-
{ sis in this area, but we

i think that EDA tools could
i help us more effectively
route to wire-bond pads.”

Han Park, a senior engi-

Electronics America, says

“A couple of years ago,

Figure 2 With Rio Design Automation’s RioMagic, designers work from the same
model and design ICs and packages concurrently, instead of sequentially.

Park notes that, with an

early understanding of

| package problems, IC

i designers can place func-
i tions on their layout so

problems don’t occur dur-

i ing packaging. And if pack-
aging designers know

i about silicon problems

i early, they can add func-

| tions or shielding, such as
i decoupling capacitors, to

{ problem areas on the

i package.

The NEC tool incorpo-

rates RLC extraction, as

i well as signal- and power-
| integrity analysis. It cur-

i rently supports flip-chip

: packaging, but company
tool architects are develop-
i ing a version for wire-bond
{ design for deployment

i early this year.

Park doesn’t believe

{ NEC will offer the tool

i commercially, but he says
that the company is con-

i stantly evaluating commer-
i cial offerings and would
move to one if the EDA

i industry were to offer a

! flow superior to NEC’s.
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the signal integrity of I/O signals and the
power integrity of the chip package. To
do so, RioMagic builds electrical models
that capture on-chip as well as package
parasitics. To build the on-chip part of the
model, RioMagic precharacterizes on-
chip interconnects and stores them in
look-up tables.

For the package part of the electrical
model, RioMagic extracts the RLC and
K and builds a detailed PEEC (partial-
equivalent-electrical-circuit) model of
the package. This PEEC model captures
the entire package without incurring the
cost of running a field solver. The tool
also generates a simulation deck with pri-
mary drivers, drivers for coupled nets, a

AN SIP OFTEN INCOR-
PORATES A MIXTURE
OF ANALOG AND
DIGITAL ICs, USUALLY
SIDE BY SIDE RATHER
THAN STACKED, TO
ENSURE SHIELDING.

coupled-net parasitic network, and a pc-
board-loading termination for each net.
The tool analyzes this network and then
calculates the response for the primary
net switching and any coupling effects
from adjacent nets.

RioMagic includes a synthesis engine
that uses this model to help users assign
I/O and immediately see whether it has
an impact on the IC floorplan. When
users move hard cores, which have fixed
1/O, in their floorplan, RioMagic auto-
matically resynthesizes the rest of the [/O
conforming to the model.

RioMagic works from standard formats.
The tool uses DEF (design-exchange for-
mat) for chip netlist data, IP (intellectu-
al-property) libraries for I/O, standard-cell
and hard macros in LEF (layout-
exchange format), and I/O-driver models
in IBIS (I/O-buffer-information specifi-
cation).

More advanced designs, especially
those employing SIPs as well as mixed

analog and digital or high-speed RF ICs,
require more detailed extraction, EM
analysis, and thermal analysis and simu-
lation. Some research is even looking at
incorporating antennas in SIPs. Luckily,
many of the tried and true vendors, such
as Ansoft, EEsof, Cadence, Synopsys,
Flomerics, and Optimal, offer tools for
leading-edge applications.

An SIP, for example, often incorporates
a mixture of analog and digital ICs, usu-
ally side by side rather than stacked, to
ensure shielding. In a two-IC SIP, de-
signers need to perform parasitic extrac-
tion and signal- and power-integrity
analysis individually on both device die
and packages. Designers then have to
analyze the SIP as a single unit in the con-
text of the entire system.

The analysis can become even more
complex if the die are stacked in wire
bond or if the designs incorporate RF
blocks with high-speed signals, which are
susceptible to interference from the dig-
ital blocks. The amount of data extract-
ed can be unwieldy, often forcing users to
employ model-based techniques.

Both EEsof and Ansoft offer 2-D pla-
nar and 3-D EM simulators. Although RF
tools typically evolve at a snail’s pace,
Ansoft recently introduced the Nexxim
circuit simulator, which noted Massa-
chusetts Institute of Technology profes-
sor Jacob White developed, to comple-
ment the company’s flagship HFSS
(high-frequency structured simulator).
Nexxim uses the same circuit netlist and
library models for transient and harmon-
ic-balance analyses. Larry Williams,
director of marketing at Ansoft, says that

FOR MORE INFORMATION

Agilent EEsof M-Systems
www.eesof.com www.m-systems.com
Ansoft NEC

www.ansoft.com www.nec.com

Cadence Design
Systems
www.cadence.com

Optimal
www.optimalcorp.com
Rio Design
Automation
www.rio-da.com

LS| Logic TSMC
www.lsilogic.com www.tsmc.com/tx

Flomerics
www.flomerics.com

Magma Design
Automation
www.magma-da.com
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the tool offers increased runtimes, mak-
ing it practical for use in IC, package, and
pc-board design with a mixture of mod-
els. With this approach, designers need
not reconcile differences between run-
ning analyses on different simulators,
each running from separate netlists and
device models.

“There are the challenges we’ve always

had for creating a model for electromag-
netic, with extracting it so it is accessible
to the design engineer,” says Williams.
“But, once you have that model, what do
you do with it in your circuit simulator?
If you use a traditional parasitic extractor
on chip, for example, you rapidly over-
whelm your circuit simulator. Most folks
say go to a fast Spice simulator, but often
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you are making oversimplifications for the
active devices. What is needed is a bet-
ter circuit simulator. That’s why [Ansoft]
developed Nexxim.”

Ansoft also offers the Turbo Package
Analyzer, a package-modeling tool that
employs boundary-element methods for
high-pin-count BGA packaging.

Agilent’s EEsof group also offers Mo-
mentum, an advanced 3-D planar EM
tool. The company recently released a 64-
bit version of the tool to deal with the
capacity issues that field solvers present.

Thanks largely to TSMC’s putting IC
and package co-design on its reference
flow for 90-nm design, the EDA industry
is starting to ramp up its efforts in [C and
package co-design. Although EDA com-
panies are stepping up their game, they
are far from conquering all the challenges
in this area. Most vendors admit that, if
SIP continues its growth, a greater need
will emerge for IC integration and per-
haps opportunities for EDA vendors to
develop a subflow for SIP designs. It
remains to be seen, however, which de-
sign group is responsible for the SIP: the
IC-design group, the package-design
group, or the system-design group. Per-
haps SIP design will become so complex
that it will require a new, specialized
designer or design team. We’ll see.EDN
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Battery-authentication
|Cs separate the good
guys from the bad

ALL BATTERY PACKS ARE NOT CREATED EQUAL: UNAUTHORIZED
AFTER-MARKET PACKS MAY CONTAIN CELLS THAT CAN SELF-
DESTRUCT WHEN YOU CHARGE THEM AT THE HIGHER VOLTAGES
THAT NEW LITHIUM-ION TECHNOLOGIES DEMAND. BATTERY-
AUTHENTICATION ICs USE ADVANCED SECURITY METHODS
TO WEED OUT COUNTERFEITS.

attery packs for consumer applications, such as cell phones and laptops,

continue to move further away from the one-size-fits-all category. The

responsibility for ensuring that only compatible packs plug into

recharging systems again belongs to the system designer to authenti-

cate a battery pack before charging it. To decide which authentication
scheme is right for your design, you need to weigh the cost, size, and security level
that chip vendors’ authentication approaches are now offering.

Battery-pack authentication is neces-
sary because the lithium-ion cells that
are the building blocks of all such packs
are changing, and, although they still
may have the same physical dimension,
their input charging voltage and re-
quired charging rates are changing and
fragmenting across markets (Reference
1). If the cells charge at the wrong volt-
age or too quickly, they may explode.
Vendors can ship their products with
the proper battery pack, only to find
that customers go the after-market route
to replace or back up battery packs
because after-market packs are easy to
find and usually cheaper. Counterfeit
battery packs pose a threat to user safety
(Reference 2).

In 2004, cell-phone manufacturers
Kyocera and LG both had to recall
branded, counterfeit battery packs that
lacked the necessary overcharging cir-
cuits to prevent overheating and explo-
sions. To combat such problems, one
cell-phone manufacturer, Nokia, places
holograms on its approved battery packs.
Customers can check the code on the
hologram online to verify whether a part
is genuine. However, this approach
assumes that the customer shares the
manufacturer’s concern about the bat-
tery pack’s quality and authenticity and
can evaluate the authenticity of the
hologram label. A more active approach
to verifying packs is to build authentica-
tion into the charging system (see side-
bar “A primer on security cracking”).

The lowest level of authentication is
to verify that the battery works basical-
ly as a user expects. To perform such
authentication, place a resistor into the
pack and measure the voltage drop. The
next level relies on reading a code in
the pack that contains parameters such
as battery ID, manufacturing date, and
cell voltage. These parameters are easy
to read and duplicate, however. The
highest level of security uses a chal-
lenge-response procedure between the
system host and a cryptographic-
authentication IC in the battery pack
(Figure 1). The host system can be an
external, separate battery-pack charger,
but, for cell phones and laptops, the
battery pack usually charges while it’s in
the device rather than in an external
charger. The authentication IC within
the battery pack answers the host query
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AT A GLANCE

After-market battery packs may be
unable to handle the higher charging
voltages that new lithium-ion tech-
nologies require, potentially leading
to unsafe, explosive conditions.

Bl Host systems need to authenti-
cate battery packs before recharging.

Authentication ICs handle the
complexity of using security algo-
rithms to validate packs.

with a response that its security algo-
rithm and a secret key code in the de-
vice determine.

Authentication ICs’ security level de-
pends on the complexity of their encod-
ing algorithms. The three popular tech-
niques that authentication ICs use are
CRC (cyclic redundancy check), SHA-
1 (Secure Hash Algorithm-1), and pro-
prietary vendor algorithms (Table 1).

HASHING OR ENCRYPTION

Hashing algorithms calculate a signa-
ture for the system inputs and are not,
strictly speaking, encryption algorithms,
although people commonly refer to
them as such. Encryption algorithms are
two-way, allowing unlimited encoding
and decoding of data streams. Hashing
functions are one-way: You can’t regain
the input data from the signature. The
NIST (National Institute of Standards

HOST (MOBILE PHONE)

POWER
CONTROL

PHONE

AUTHENTICATE

BATTERY
CHARGER

CHALLENGE AND
RESPONSE
BIDIRECTIONAL
AUTHENTICATION

 —
I

SERIAL-NUMBER il
PROCESSOR BLOCK-CHALLENGE = PIC10F
ENCRYPTED RESPONSE MICROCONTROLLER

BATTERY PACK

TEMPERATURE
SENSORS

\ /

Figure 1 The host system issues a challenge to the battery pack and waits for the
proper response before beginning charging to ensure that the pack is authentic

(courtesy Microchip).

and Technology) created the SHA-1
(pronounced “Shaw-one”) hashing
algorithm, the most popular security
algorithm. It powers the NIST’s digital-
signature standard (references 3 and 4).

New ICs are offering this algorithm,
measuring how seriously companies are
taking battery authentication. Previ-
ously, they would have considered this
feature as overkill for this application.
For example, Maxim has introduced the
DS2704, a SHA-1 based device, as an
upgrade from the DS2502, which pro-

vides ID information only with no

A PRIMER ON SECURITY CRACKING

Gene Armstrong, managing director
of thermal and battery management
for Maxim, lists several ways to
attack a security system for a battery
pack: “One attack method is to use
brute-force computing: You issue a
challenge, review the response, and
emulate that function on a very fast

computer, looking for the secret key
that generated that challenge-
response pair.

The problem with brute force is
that it takes 280 years to find a 64-bit |

secret. A 3-GHz processor can exe-
cute a SHA-1 test in about 220 nsec.
To check all combinations would
require 3.9'? sec, or about 125,000
years. Even when 10,000 engines are

60 EDN | FEBRUARY 2, 2006

i running in parallel at 3 GHz, this
i method doesn’t guarantee a match
| for 12.5 years”

A second technique, side-channel

i attack, looks for a manufacturing-
test mode to exploit. Armstrong

i points out that Maxim’s DS2704
has no test modes that read the

i secret: For test, Maxim looks at an
i AND of all the bits and an OR, to
ensure that that portion of the IC is
i working.

A third type of attack would be a

physical one. Maxim bases its parts

i on a three-metal process, with a final
metallized-silicon layer, making it dif-
i ficult to read even with an electron-

! beam microscope.

encryption. The DS2704 is backward-
compatible with the 2502 instruction
set and has an additional page of EE-
PROM for storing battery-condition
information, such as amount of charge.
SHA-1’s high security level comes at a
cost: The die for such a chip must be
larger because of the more complex
algorithm. Jon Qian, senior member of
the technical staff at Texas Instruments,
which makes the CRC-based bq26150
IC, defends the CRC as a cost-effective
security measure: “SHA-1 is well-
known; banks use it for financial trans-
actions, but this level of complexity
requires a bigger die and more internal
memory. CRC-based authentication is
still difficult to break but still gives a
decent die-size implementation.” He
concedes that high-security require-
ments warrant SHA-1. For example, TI
plans to introduce the SHA-1-based
bq26109 chip in the second quarter.
Arman Naghavi, vice president of
Intersil’s Handheld Power group, says
that determining the amount of security
you need requires balancing the life of a
consumer product and the cost of the
security feature. You can think of the
robustness of a security algorithm in the
years of computer processing it takes to
break it. Intersil’s ISL9206 uses the com-
pany’s proprietary Flexihash+ security
algorithm; Naghavi claims that it would
take three Pentium 4 processors 10 years
to break the code. Consumer products



Free SampLE

Highly Integrated Stereo CODEC Ideal for
Portable, Low-Power Digital Audio Applications

CS42L51—New IC Minimizes PLayer ComponenT Count, Size & Cost

REGISTER FOR A FREE SAMPLE
of THE CS42L51 Ttopay.

PLUS, GET THE DATASHEET, APPLICATION
NOTES AND MORE.

www.cirrus.coM/CS42L51

© GROUND-CENTERED OUTPUTS REDUCE
BILL-OF-MATERIAL COSTS AND SAVE
SPACE—ELIMINATING THE NEED FOR LARGE,
ExPENSIVE DC-BLOCKING CAPACITORS.

© CoNSUMES LESS THAN 12 MW
@ 1.8 VPowER suprLy.

® Avaiasie In A 32-QFN
LEAD-FREE ASSEMBLY.

Pricep From $3.95 (US) in 1K qrv.

The CS42L51 delivers excellent
audio performance while providing
portable device developers with an
innovative solution that maximizes
battery life while minimizing end-
product form factors. The CS42L51’s
key distinction is that it operates
from a single, 1.8 V power supply for
low-power consumption, yet delivers
plenty of output power, 46mW, into
stereo 16 Q headphones for a great
listening experience. This highly
integrated 24-bit, 96-kHz stereo
CODEC is based on a multi-bit
Delta-Sigma architecture which
allows infinite sample-rate adjustment
between 4 kHz and 100 kHz.

APPLICATIONS

By generating its own on-chip
negative power supply voltage, the
CS42L51 provides ground-centered
outputs, which eliminates costly,
space-consuming DC blocking
capacitors required by some com-
peting solutions. The elimination

of these capacitors not only reduces
the implementation cost but it also
greatly simplifies product design and
saves valuable circuit board space.

This next-generation CODEC is an
ideal choice for any portable audio
product developer. For complete
specifications and to register for a
free sample, visit our web site today.

e Hard-disc drive & Flash-based
portable audio players

* Personal media players

* Mini-disc players & recorders
e PDA’s & smart phones

* Digital cameras & camcorders

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

 Digital voice recorders

e Wireless headsets

e Guitar effects pedals

* Portable audio recording systems
e Portable gaming systems

www.cIrrus.coM/CS42L51



with a typical lifetime of a few years
don’t warrant such an effort.

SECURITY ISN'T FREE

Battery packs for consumer devices are
cost-sensitive. Ken Dietz, senior applica-
tions engineer in Microchip’s Security,
Microcontroller, and Technology Devel-
opment Division, suggests that, although
battery-pack manufacturers are moving
to higher security levels for battery
packs, both the size and the price of the
circuit still constrain them. “Battery-
pack manufacturers ask us: What is the
smallest device they can use, what algo-
rithm they can fit onto that device, and
how much will it cost to implement the
design?” he says. Microchip offers its pro-
prietary KeelLoq algorithm, which the
automotive industry has for 10 years used
for key fobs. A true encryption scheme,
rather than a hashing algorithm, KeeLoq
can fit into just 47 code words, allowing
the algorithm to fit into Microchip’s PIC
10F, which the company claims is the
world’s smallest microcontroller. In a six-
pin SOT-23 package, it costs about 49
cents (volume quantities).

All authentication-IC vendors em-
phasize that poor security of a company’s

FOR MORE INFORMATION

Micro Power
WWW.micro-power.com

Intersil
www.intersil.com

Texas Instruments
www.ti.com

Maxim Integrated
Products
www.maxim-ic.com

Microchip
www.microchip.com

ICs FOR BATTERY AUTHENTICATION

Despite being a general-purpose micro-
controller, the PIC10F's size and pin
count make it a candidate for handling
encryption algorithms that can fit into a
small block of code. Pin counts range
from six (left) to 14 (right).

internal codes can stop the strongest
security algorithm in the world. One of
Microchip’s customers keeps its secret
key in an 8X8-ft vault with 3-ft-thick
walls, and only two people in the com-
pany have vault keys. Gene Armstrong,
managing director of thermal and bat-
tery management for Maxim, agrees that
SHA-1 security depends on keeping the
64-bit key code secure: If someone with-
in the company can steal the key, then
no attempts to crack the algorithm are
necessary. He explains how the DS2704
security fits into the supply chain: The
company ships the part with a pro-
grammed, 64-bit key that is not the ulti-
mate secret key. The battery-pack manu-
facturer assembles the IC into the pack
and, as part of the assembly process,
issues a challenge to the part and
receives a response. The next step in the
assembly process is that the process
issues a command, “Compute next
secret,” which becomes the final key the
company stores in the pack. “You can
implement your supply chain so that no
one source has the secret,” he says.EDN
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Part Key Security No. of commu- || Package
Vendor Part name no. length algorithm nication lines ||supported Price Comments
Intersil Secure authentication ISL9206 64 Proprietary One SOT23-5 $1.15
IC with Flexihash+ (Flexihash+) (1000)
Maxim 1-kbit ROM DS2502 NA NA One ThinSOT | Less than 50 12-byte EPROM
cents (1000)
SHA-1 battery-pack- DS2703 64 SHA-1 Three 2X3-mm || Less than 50
authentication IC TDFN cents (1000)
1280-bit EEPROM with || DS2704 64 SHA-1 One 3X3-mm || Less than 50|| 160-byte EEPROM
SHA-1 authentication TDFN cents (1000)
Microchip  PIC10F microcontrollers = PIC10F | 64 (Keelog), Virtually any algorithm, One or Six-pin 49 cents
128 (XTEA) = such as proprietary two SOT-23 (1000)
KeelLoq and open-
source XTEA, is soft-
ware-implementable
Texas Battery-pack-security bq26150 128 CRC One SC-70 $1.30 96-bit ID plus 16-bit
Instruments| and -authentication IC (1000) encrypted polynomial
and 16-bit encrypted
seed; total of 128 bits
Battery-pack-security bg26100 128 SHA-1 Two SC-70 Less than Introduction in the
and -authentication IC $2 (1000) | second quarter of 2006;
price is approximate
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Dual threshold voltages
and power-gating design
flows offer good results

DUAL THRESHOLD VOLTAGES AND POWER-GATING

DESIGN FLOWS MANAGE BOTH LEAKAGE POWER
AND PERFORMANCE WITH LITTLE EFFORT.

esign-optimization methodologies and flows
that use gates with two threshold voltages (V)
can achieve excellent results for both power and
timing with a high degree of automation. This
dual-V_,, approach has become crucial for
VDSM (very-deep-submicron) chips, in which
reduced V., not only improves performance, but also increas-
es static (leakage) power.

In fact, leakage power increases exponentially with the tech-
nology scaling and reaches 50% of chip power at 65 nm. This
dramatic increase in leakage power is unacceptable for most
designs, whether or not they run from battery power. As a result,
most designs can benefit from design-optimization flows that
balance the trade-offs between performance and leakage power.

There are three popular flows for optimizing performance and
leakage power based on design requirements. These flows tar-
get minimum leakage, best performance, and optimum chip area
and tool runtime for a design in power-on mode. Because the
design still consumes leakage power in standby mode, the flows
also include methods for minimizing standby leakage power.

THREE FLOWS FOR MANAGING LEAKAGE POWER

Dual-V_, methodologies rely on the use of two cell libraries—
one with low-V_, cells that have smaller propagation delay and
higher leakage power, and the other with higher V_, cells that
have larger delay and lower leakage. Optimizing a design with
the low-V_, cells in critical timing paths and high-V., cells in
noncritical paths can maximize speed and minimize leakage
power.

The quality of this optimization depends significantly on the
identification of true timing-critical paths and accurate calcu-
lation of the two libraries’ timing impact on a path. To achieve
the necessary timing accuracy, path-delay calculations need to
include interconnect delays based on cell placement and net-
routing information. Thus, physical synthesis is highly recom-
mended for the second-pass mixed-V_,, design optimization in
the following three flows:

® The min-cut flow achieves the lowest leakage power of the

three flows but has higher cell count and dynamic power
as well as lower performance.

® The max-cut flow results in the highest performance and

lowest cell count and dynamic power but has the highest
leakage power of the three flows.

® The max-cut II flow provides a compromise of the first two

approaches with a good balance between leakage power
and chip area. This flow also minimizes tool runtime and
capacity issues.

The first flow uses an iterative min-cut algorithm, in which
all cells in a combinational circuit are initially assigned a high
threshold voltage. Due to the performance degradation of the
high-V_,, transistors, the design usually violates delay con-
straints. But the initial design has the lowest leakage power.
Next, the algorithm identifies a minimum subset of edges, in
which changing threshold voltages to low improves the per-
formance and meets the delay constraints. A min-cut graph
algorithm based on minimum-weight cut identifies these edges.
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Figure 1 In this example of the min-cut approach to reducing
leakage-power consumption, the synthesis tool has swapped
logic gates in the critical paths to low-V_,, gates to meet timing
constraints.
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This cut corresponds to the smallest power increase as a result
of changing to low V_,. Figure 1 shows an example of the dual-
V., assignment using the min-cut algorithm.

Implemented as a leakage-centric design-optimization
methodology and flow, the min-cut approach generates a design
with minimum leakage-power consumption. The right half of
Figure 2 depicts the flow. After the first optimization using the
high-V_,, library, the design usually has timing violations. Incre-
mental optimization using both low- and high-V_,, cell libraries
identifies all timing-critical paths and replaces cells in these
paths with low-V_,, cells. The synthesis tool also performs local
design optimizations to fix timing violations in paths that still
fail after low-V ,,-cell swapping.

Unlike the iterative min-cut algorithm, the iterative max-cut
algorithm initially assigns all low-V_,, cells in a combination-
al circuit. Because low-V_,, cells are fast, this implementation
meets the defined delay constraints with a positive margin but
at the cost of high leakage-power consumption. Next, the algo-
rithm identifies a maximum subset of edges, in which chang-
ing to high V_;, reduces leakage power without causing delay-
constraint violations. The max-cut graph algorithm identifies
these edges based on maximum-weight cut, which corresponds
to the maximum-leakage-power reduction as the result of chang-
ing to high V_,,. The implementation of the algorithm, which
the left half of Figure 1 depicts, works in essentially the same
way as the previous flow but with low- and high-V_,, libraries
used in reverse order.

The third approach is a variation of the iterative max-cut algo-
rithm (referred to as max-cut II) that improves on runtime and
capacity. The max-cut I algorithm starts by assigning all high-
V., cells to the design and then identifies critical subcircuits
that violate timing constraints. All cells in the critical subcir-
cuits are changed to low V., to meet the timing constraints.
Next, the regular max-cut algorithm identifies edges that can
tolerate a change back to high V., without causing delay vio-
lations. As a result, max-cut II essentially applies the max-cut
algorithm only to critical subcircuits—greatly reducing the size
of the optimized circuit.

This size reduction allows the flow implementation of the
max-cut I algorithm to reduce chip area and optimization run-
time compared with the regular max-cut approach (Figure 3).
The max-cut II flow optimizes the design using the high-V_,
library for minimum leakage-power consumption. By lowering
the clock frequency, however, you get an optimization with
relaxed timing constraints to avoid working on timing-critical
paths that cannot meet timing with only high-V_,, cells. After
this initial optimization, you adjust the clock frequency up to
its true target value to restore the actual timing constraints and
then incrementally optimize the design using both low- and

high-V_,, libraries.
POWER GATING

In standby mode, your design continues to consume leakage
power—whatever amount you achieved with one of these
optimization methods. One way to reduce leakage-power con-
sumption in standby mode is to shut off the power supply
to sections of logic. Because you can power down some logic
while keeping other logic active, you must partition the
design into two or more power islands. Then, you can gate
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The options for the min- and max-cut flows appear on
this flow chart’s right and left sides, respectively. The only differ-
ence is that one begins with minimum leakage (high-V_,, cells)
and the other begins with minimum delay (low-V_,, cells).

the power to the appropriate islands for powering down.

Although this power-gating approach achieves ultralow leak-
age power, the necessary methodologies are complex. They
require the following special tasks in a design flow:

e Adding sleep transistors to shut off power supplies to idle

circuits;

e Distributing power-gating control signals;

e Synthesizing power-island-aware clock trees;

e Retaining states of a subdesign in power-down periods;

e [solating power-island interface signals; and

e Optimizing the multi-power-island physical design.

You can implement sleep transistors in a power-gating design
based on gates, clusters, or power domains. In the gate-based
implementation, you insert the sleep transistors into a logic gate
to control power supplies to the gate. This approach offers the
advantage that each gate can have the optimal-sized sleep tran-
sistor based on the gate’s switching current and power-noise mar-
gin. Additionally, the virtual power nets are short and hidden
in the gate, and you can implement the gates using standard-
cell-based synthesis and physical-design tools. On the other
hand, every gate has a sleep transistor, which increases area more
than the cluster- and power-domain-based implementations.
Distributing the global sleep-control signal to every gate is chal-
lenging in physical design.

In the cluster-based sleep-transistor implementation, you
group the gates of a design into clusters. Choose a minimal num-
ber of clusters and minimal simultaneous switching current. The
gates in a cluster belong to the same power domain and are close
to each other in the layout. Each cluster connects to a virtual
power net through a sleep transistor. The cluster-based imple-
mentation usually requires less area than the gate-based imple-
mentation, but obtaining realistic current estimates for each clus-
ter to enable accurate sleep-transistor sizing is difficult. More-
over, the IR-drop variations among these individually powered
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clusters result in performance variations.
In the power-domain-based sleep-tran-

AT EDN.COM >

state-retention and -restoration methods.
The first method relies on application

sistor implementation, you connect gates
in a power domain to a virtual power net-
work that connects to a real power network
through a number of sleep transistors. You

can optimize the virtual power network in This article.

We encourage your comments!
Go to www.edn.com/ms4154 and click
on Feedback Loop to post a comment on

software that writes specified register and
memory values to disk storage before
shutting down power supplies. At wake-
up, the software writes the saved states
back into the design. Although this

the same way as the real power network

using normal power planning, analysis, and optimization meth-
ods. This sleep-transistor implementation usually requires less
area than the gate- and cluster-based implementations because
all gates in a power domain receive power via the distributed-
sleep-transistor network in which the transistors share and bal-
ance the current discharge. Be aware that the virtual ground net
tends to reduce the design’s noise margin and can cause func-
tional failure, so you have to carefully analyze the power needs
of a power-gating design to ensure power integrity.

Whatever sleep-transistor approach you use, take care in rout-
ing the power-gating control signals to the transistors so that
powering down a power island does not block the control-sig-
nal propagation to other power islands. A special buffer-tree-gen-
eration method can constrain creation and placement to ensure
buffers are under the always-on power and ground nets. For sim-
ilar reasons, constrain clock-tree synthesis to ensure that no clock
branch passes through a power island, the shutdown of which
would prevent the clock from getting to downstream logic.

STATE RETENTION AND RESTORATION

Designs that resume operation after wake-up need a method
for saving a power island’s logic state before going idle and restor-
ing the state at wake-up. You can choose among three types of
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The max-cut Il approach is the same as the max-cut flow
in Figure 2, but it modifies only critical subcircuits. This approach
reduces tool runtime.
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method requires no special hardware
design, the retention and restoration processes usually take too
long to be useful in real applications. Moreover, the disk reads
and writes consume a lot of power—possibly enough to cancel
the leakage-power savings of short-term standby.

The second state-retention and -restoration method uses a
design’s scan chains to shift out register states into an always-
powered memory before power-down and shift-in of the states
at wake-up. Although much faster that the first method, this sec-
ond method is still too slow for many leading-edge applications,
and memory access still consumes too much power.

In the third method, you implement retention registers and
latches that can efficiently store and restore states. Among the
various types of retention circuits is the balloon-style circuit that
is common in low-power designs. To implement such a circuit,
you add a shadow latch to a normal register or a latch to save
the register’s state in power-down. The shadow latch compris-
es high-V_, transistors for low leakage and connects to the nor-
mal register or latch through a single point like a tied balloon.

The balloon-style retention circuit introduces two retention-
control signals, Bl and B2. You need to distribute these global
signals in a similar way to the power-gating control signal to
ensure valid signals at the retention circuits when you power
down a power island in the signal path.

ISLAND ISOLATION

When a power island powers down, its output signals float.
These floating signals can affect other parts of the design that
remain active. In the case of a handshake signal, a malfunction
may occur. In any case, a floating signal may cause large short-
circuit current in a receiving logic gate, resulting in wasted
power and even device damage.

To avoid these problems, you need to add isolation logic at
the interfaces between power-down and active-power islands.
You can implement this isolation logic either in a power-down
island to control output signals or in an active-power island to
control input signals.

Isolating output signals usually requires fewer isolation cells
than the input-signal-isolation method because outputs often
drive multiple inputs of other power islands. Additionally,
always-on power islands require no isolation cells at their out-
puts. Distribution of the output isolation control signal is also
simpler.

On the other hand, output-signal isolation cells usually con-
sume more power in standby mode because they must drive a
large signal net, in contrast to the short local nets needed for
input isolation cells. Moreover, you can implement the input-
signal isolation logic with standard cells, but the output-signal
isolation must rely on custom cells.

The choice of methods also depends on a design’s power-man-
agement structure. For a design with one or two gating power
islands, an input-signal-isolation method usually makes the best
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sense. For designs with more complex power-management struc-
tures, the output-signal-isolation method is usually a better
choice.

Various combinations of gates and transistors are suitable for
achieving the necessary pullup or pulldown state under control
of the power-gating signal. During placement and physical syn-
thesis, make sure that the input isolation cells are inside the
power island and close to the power-island boundary. And check
the results of physical synthesis to make sure that the tool never
inserts a buffer between the isolation cells and the inputs of a
power island. Any such buffer defies the purpose of isolation cells.

POWER-ISLAND-AWARE DESIGN OPTIMIZATION

Sleep transistors, state-retention cells, and interface-signal iso-
lations make design optimization a complex task. These guide-
lines can help achieve good results:

@ Use strict exclusive region constraints during placement and
physical synthesis to ensure that cells in a power island are
placed inside the island. This placement also requires design
specifications of logical hierarchy in association with the
power island.

e Assign new cells created during restructuring logic or local
buffering in a power island to the power island and apply
constraints to ensure that they are inside the power island.

@ Place all special cells that require always-on power supplies,
such as state-retention cells, under always-on power and

ground nets. Some tools automatically handle this task.

@ Place a power island’s signal-isolation cells at the island’s
boundary to ensure that cross-power-island signals are iso-
lated.

e Create global signal distributions and manage scan-chain
stitching so that powering down a power island does not
block signals or scan chains in the rest of the design.

Applying all of these constraints increases runtime, so imple-

menting power-down islands is a useful strategy only for appli-
cations that demand the lowest possible leakage-power con-
sumption. For most designs, the automated dual-V., method-
ologies provide good results with little effort.Eon

AUTHOR’S BIOGRAPHY

Kaijian Shi is a principal consultant with Synopsys Professional Ser-
vices. He holds a bachelor’s degree in physics, master’s degree in com-
puter science (Shanghai Teachers University, China) , master’s degree
in electrical engineering (University of Birmingham, Birmingham,
UK), and doctorate in electrical engineering (University of Kent, Can-
terbury, UK). Shi has served or is currently serving as chairman of
the IEEE Duallas Section (2006), chairman of the IEEE Circuits and
System Society Dallas Chapter (2004), track chairman of the IEEE
SOC Conference (2005, 2006), track organizer of IEC DesignCon
(2003 to 2006), and member of the technical-program committees
of IEEE ASP-DAC (2005) and IEEE ISVLSI (2006) . He has pub-

lished nine journals and 33 international-conference papers.

PC-HOSTED LOGIC ANALYZER

Trigger DSO and View Data with Waveforms

72 Channels @250MHz < Up to 4 Meg/Channel
* 36 Channels @ 500MHz e Transitional Timing

GoLogic 7

See the
solution
quickly

UsSB
Interface

“Your Eyes into
the Digital World”

N E / Logic Analyzers

www.nci-usa.com

Phone 256-837-6667  Fax 256-837-5221
email: contact @nci-usa.com

70 EDN | FEBRUARY 2, 2006

Super-Grip CR-2032

Battery Holder

For Handheld and Portable Devices

g ™

Special
gold-plated
contacts

In the past, CR-2032 batteries — used in portable, handheld
and other devices — were often subject to battery ejection.
No more. MPD’s super-strong, super-grip CR-2032 battery
holder is virtually ejection-free, providing the confidence
essential for today’s active lifestyle.
KEY FEATURES: - Special gold-plated contacts and con-
struction hold the coin-cell in place relentlessly « Dual beams
assure contact - Break-resistant, lightweight LCP plastic
withstands high temperature + Shock and vibration resistant
* Thru-pin and surface mounting * Available Tape & Reel
* No tool to remove battery
For details: write, call, fax or visit our website.
Memory Protection Devices, Inc.

200 Broad Hollow Road, Farmingdale, New York 11735
Tel.(631)249-0001 + Fax(631)249-0002

www.batteryholders.com




Instant 10A
Power Supply

Complete, Quick & Ready.

The LTM®4600 is a complete 10A switchmode step-down power supply with a built-in inductor, supporting power components
and compensation circuitry. With high integration and synchronous current mode operation, this DC/DC pModule™ delivers
high power at high efficiency in a tiny, low profile surface mount package. Supported by Linear Technology’s rigorous testing
and high reliability processes, the LTM4600 simplifies the design and layout of your next power supply.

Ultrafast Transient Response

V Info & Online Store
2% AVgyr with a 5A Step

e 15mm x 15mm X 2.8mm LGA with www.linear.com/micromodule
15°C/W &y Literature: 1-800-4-LINEAR
e Pb-Free (e*), RoHS Compliant Support:  408-432-1900
e Only Cgyrx Required
» Standard and High Voltage:
LTM4600EV: 4.5V < Viy< 20V
LTM4600HVEV: 4.5V<V[y<28V

e 0.6V<Vour<5V

© LTMa600
Application
o Notes

Available for
Download

d IOUTZ 10A DC, 14A Peak 25us/DIV
e Parallel M les for = - T, LTC, LT, LTM and PolyPhase are registered trademarks and
arallel Two B odules fo Vi = 12V, Vour = 1.5V, 0A to 54 Load Step uModule is a trademark g”Lz’near Techlﬁlalogy Corporation. All
20A Output (Cour = 3 X 22F CERAMICS, 470pF POS CAP) other trademarks are the property of their respective owners.



Fast & Affordable

2500Vus —+ LT1818

220MHz
1500Vus —

Slew Rate

40.88

100MHz
750Vus —-
40.88

: t {
3mA 6mA 9mA
Supply Current

High Speed, Low Noise & Excellent AC/DC Performance for Less than $1.00

Unprecedented performance at an unbeatable price! The LT®181X family of high speed amplifiers offers bandwidth up to
400MHz, slew rates as high as 2500V/ys, noise less than 6nV/v'Hz and distortion as low as -92dBc. Operating on either
single 5V or +5V supplies, the LT181X family is ideal for video and RF amplification, communication receivers, cable drivers,
and data acquisition systems. Space-saving SOT-23, DFN, MSOP and SSOP packaging is available.

W High Speed Voltage Feedback Op Amps WV Info & Free Samples

Part _ www.linear.com/181X
Number Channel SR GBW en HD@1MHz | lgyt Is 1k Price Literature: 1-800-4-LINEAR
LT1818/9 | S/D  |2500V/us|400MHz| 6nVAHZ | -92dBc |200mA| 9mA |  $0.95/$1.60 Support:  408-432-1900
LT1815/6/7| S/D/Q |1500V/us|220MHz| 6nVAHZ | -80dBc |200mA | 6.5mA | $0.88/$1.50/$2.05 —
LT1812/3/4| S/D/Q | 750V/us |100MHz| 8nVAFz | -80dBc | 100mA| 3mA | $0.88/$0.99/$1.95 BRie
LT6205/6/7| S/D/Q | 450V/us |100MHz| 9nVAHZ | -80dBc | 60mA |3.75mA | $0.88/$1.05/$1.50 cRomrﬂé
LT1722/3/4| S/D/Q | 70V/ps |200MHz|3.8nVAHz| -90dBc | 90mA | 3.7mA |$0.88/$1.15/$2.19 ==

AT, LTC and LT are registered trademarks and ThinSOT is a
trademark of Linear Technology Corporation. All other trade-
marks are the property of their respective owners.

TECHNOLOGY



advertisement

‘TI
TECHNOLOGY

\.

.

| DESIGIN
NOTES

Baseband Circuits for an RFID Receiver — Design Note 381

Philip Karantzalis

Introduction

Radio Frequency Identification (RFID) technology uses
radiated and reflected RF power to identify and track a
variety of objects. A typical RFID system consists of a
reader and a transponder (or tag). An RFID reader con-
tains an RF transmitter, one or more antennas and an RF
receiver. An RFID tag is simply an uniquely identified IC
with an antenna.

Communication between a reader and a tag is via back-
scatter reflection, similar to a radar system, in the UHF
frequencies from 860MHz to 960MHz. This design note
describes a high performance RFID receiver.

A Direct Conversion Receiver

Figure 1 shows the block diagram of a direct conversion
RF receiver—the receiver demodulates an RF carrier
directly into a baseband signal without an intermediate
frequency down-conversion (a zero IF receiver).

The antenna, shared by both the transmitter and receiver,
detects an RF carrier and passes it through a bandpass
filter to an LT®5516 demodulator’s RF input.

The LT5516 direct conversion demodulator frequency
range of 800MHz to 1.5GHz includes the UHF range used

by RFID readers (860MHz to 960MHz). The excellent
linearity of the LT5516 provides for high sensitivity to
low level signals, even in the presence of large interfer-
ing signals.

The LT6231 low noise dual op amp acts as a differential
to single-ended amplifier to drive the single-ended input
of the lowpass filter.

Analog baseband filtering is performed by the LT1568, a
low noise, precision RC filter building block. The LT1568
filter provides a simple solution for designing lowpass
and bandpass filters with cutoff frequencies from 100kHz
to 10MHz. These cutoff frequencies are sufficient for the
250kHz to 4MHz signal spectrum typically used in UHF
RFID systems.

The differential output of an LT1568 drives the inputs of
an LTC2298 ADC. The LTC2298 is a 65Msps, low power
(400mW), dual 14-bitanalog todigital converter with 74dB
signal-to-noise ratio (SNR). The digital signal processor
(DSP) that follows the ADC analyzes the received signal
from multiple tags and provides additional filtering.

AT, LTC and LT are registered trademarks of Linear Technology
Corporation. All other trademarks are the property of their respective owners.
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A Low Noise Differential to Single-Ended Amplifier
Figure 2 shows an LT6231 difference amplifier used to
convert the LT5516 differential | or Q output to a single-
ended output. The addition of external 270pF capacitors
across the 60Q resistors limits the demodulator’s output
to 10MHz to preventany high frequency interference from
reaching the LT6231 amplifier.

AC couplingtothe baseband amplifieris used because DC
coupling is not necessary for the amplitude shift keying
(ASK) RFID signal.
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Figure 2. A Low Noise | or Q Baseband Interface

The highpass pole provided by the AC coupling capaci-
tors and the amplifier input resistors is set to 8kHz. The
differential amplifier’s input resistors are set to 140Q
in order to minimize the input referred noise. The noise
floor at the amplifier’s output is 4.3nV/yHz times the
amplifier gain (gain > 5). The 1.5V reference provided
by the LTG2298 ADC is used to level shift the amplifier’s
output to the mid-supply point of the following 3V filter
and ADC circuits.

A Matched | and Q Filter and a Dual ADC

Figure 3showstwo LT1568 ilter building blocks connected
as dual, matched, fourth order filters. The LT1568 filter’s
single-ended input to differential output conversion gain
is6dB. The LT1568 circuitimplements an elliptic lowpass
filter function with equal resistor values (see Figure 3).
Stopband attenuation at 2(f_sqp) is 34dB. | and Q filter
matching is assured by the inherent matching of the
LT1568s’ A and B sides.

The input voltage range of an LTC2298 is adjustable to
2Vp_por1Vp.p.

Conclusion

Using only five ICs (LT5516, LT6231, two LT1568 and an
LTG2268), a high performance UHF RFID receiver can be
designed with the flexibility to adapt and be optimized
to meet the requirements of the present and emerging
RFID standards.
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Hardened Ethernet cable

goes underground

Philip Freidin, Fliptronics, Sunnyvale, CA

An application required the

extension of Ethernet (IEEE
802.3u-1995) service from a home to
a garage, a distance of approximately
300 ft. Wireless communication
using IEEE 802.11a/b/g equipment
had proved unreliable due to the
buildings’ construction, which com-
prises stucco over embedded wire
mesh. In effect, the buildings’ walls
form Faraday cages that attenuate
radiated signals. Straight-line aerial
deployment of the Ethernet cable
between buildings would have re-
quired installation of support poles,
and simply laying the cable on the sur-
face of the ground would expose the
cable to damage from automobiles,
hungry pets, and inquisitive children.
At first glance, burial of the cable
appeared impractical due to the pres-
ence of a large concrete surface
between the buildings. However, an
alternate route through an adjacent
garden would avoid tunneling be-
neath the concrete slab but would
expose the cable to environmental
hazards, such as spade work and bur-
rowing animals.

This Design Idea describes how to
environmentally “harden” a Category
5 UTP (unshielded-twisted-pair) cable
conforming to EIA/TIA 568B and
ISO/IEC 11801:1995 that’s terminated
with RJ-45 connectors (ISO 8877).
Without adding repeaters, a Category
5 Ethernet cable can extend to 100m,
or a little more than 300 ft. In this
application, the cable run comprises
100 ft of exposed cable, 100 ft of “gar-
den-grade” protected cable, and 100 ft
more of exposed cable. To apply the
idea, you have to find a way to protect

and handle the exposed 200 ft of cable.

Depending on your installation’s
requirements, you will need various
numbers and lengths of the following
parts: a 100-ft-long garden hose
whose fittings conform to the ANSI/
ASME B1.20.7-1991.75-11.5 NH
thread-form standard; a 4-Gbyte
SCSI disk drive, which need not be
functional; a continuous, 300-ft-long
Category 5 Ethernet cable terminat-
ed in RJ-45 connectors; a 120-ft-long,
nylon twine; a 5-in.-long, electrical-
grade, adhesive-backed tape; a 2-in.-
steel, socket-head-cap, !/+-20-thread
machine screw (ANSI/ASME B1.1-
1989); and two bricks.

To construct the design, uncoil and
stretch the garden hose as straight as
possible, perhaps using a driveway as
a work surface. Place a brick on each
end of the hose to prevent it from curl-
ing. If you use only one length of gar-
den hose, cut off and discard the hose
fittings. Using Torx or Philips screw-
drivers as appropriate, dismantle the 4-
Gbyte SCSI disk drive by removing all
of the screws that retain the drive’s
cover. If the cover resists removal, look
for screws beneath labels. Remove the
drive’s head-positioning magnets,
which can exert a strong pull on near-
by ferrous objects. Use caution to
avoid pinching your fingers between
the magnets and the steel surfaces.
Discard the remainder of the SCSI
drive.

Securely tie the nylon twine to the
1/4-20 steel machine screw and insert
the screw into one end of the hose.
Apply the magnet to the hose’s exte-
rior to attract the machine screw.
Slide the magnet along the hose to
pull the nylon twine through the
hose. When the screw reaches the
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hose’s far end, untie the twine and
save the screw for future use. To ease
manipulation of the Category 5
cable, deploy it from either its origi-
nal dispenser box or a spool mounted
on a suitable axle so that the cable can
easily unwind. Securely attach the
twine to one end of the Category 5
cable. Walk to the far end of the hose
and gently pull the cable through the
hose. If you encounter excessive
resistance, investigate the cause and
remove any cable kinks or feeder-end
snags.

When the cable appears at the
pulling end, stop for a moment. Go to
the other end of the hose and wrap an
inch or two of electrical tape around
the cable where it’s just about to enter
the hose. Return to the far end of the
hose and continue pulling the cable
through the hose. Stop pulling when
you see the electrical-tape marker.
You now have a 300-ft-long Catego-
ry 5 cable whose central 100 feet the
garden hose protects. If you decide to
protect more of the cable, repeat the
process by feeding the twine through
a second length of hose. Use the
hoses’ couplings to make a watertight
joint between lengths. If you take this
approach, make sure that you proper-
ly orient the hose segments before you
spend too much time threading the
twine through the hose.EbN
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Shunt regulator improves power
amplifier's current-limit accuracy

John Guy, Maxim Integrated Products Inc, Sunnyvale, CA

Adding current-limiting cir-
cuitry to a power amplifier’s or a
linear voltage regulator’s emitter-fol-
lower output stage protects both the
output transistor and the downstream
circuitry from excessive-current dam-

age. Figure 1 shows the classic current-
limiter circuit: Transistor Q, senses the
output-current-induced voltage drop
across ballast resistor R, and diverts
base current from Darlington-con-
nected transistors Q, and Q;. Transis-

T
1omA

O1
2N3904

Q,
2N3906
Vin =

03
MIL4281A
Q, R,
2N3904 05
—O+
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Figure 1 A small-signal transistor, Q,, provides an output-current limit for

this emitter-follower power amplifier.
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Figure 2 Substituting a shunt regulator, IC,, for Q, in Figure 1 improves the

output-current-limit accuracy.

FEBRUARY 2, 2006

tor Q,’s base-emitter voltage, Vi sets
the circuit’s current-limit threshold.
Unfortunately, a small-signal transis-
tor’s V. exhibits a temperature coeffi-
cient of —2 mV/°C, which causes a sub-
stantial variation in the current-limit-
ing threshold over the circuit’s operat-
ing-temperature range.

You can improve the circuit’s per-
formance by replacing Q, with IC,, an
adjustable shunt regulator (Figure 2).
With an input threshold voltage of
0.6V, the MAX8515 allows use of a
lower value for current-sense resistor
R, and thus helps minimize R,’s power
and thermal losses. Alternative com-
monly available shunt regulators
present input voltages of 1.25 to 2.5V.
In addition, a separate power-supply
input connection allows the MAX-
8515 to maintain accuracy when its
internal output transistor approaches
saturation.

Figure 3 compares current-limit ac-
curacy for the circuits of Figure 1 and
Figure 2 over an operating-tempera-
ture range of —40 to +85°C. Neglect-
ing the temperature coefficient of sense
resistor R, the shunt-regulator version
maintains its output current to an accu-
racy of better than 2%, and the small-
signal-transistor version exhibits a
25% current variation over the oper-
ating-temperature range.EDN

1.6
15
2N3904
1.4 \\\\
CURRENT 1.3
LIMIT
w MAX8515 S
1.1

1.0
—-40 —15 10 35 60 85
TEMPERATURE (°C)

Figure 3 Output-current-versus-tem-
perature plots for the circuits of fig-
ures 1 and 2 show improved accura-
cy for the shunt-regulated circuit (bot-
tom trace) over the discrete-transistor
version (top trace).
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Low-power, super-regenerative
receiver targets 433-MHz ISM band

Cedric Mélange, Johan Bauwelinck, and Jan Vandewege,

Ghent University, Ghent, Belgium

Designers often choose a super-

regenerative receiver—despite
its frequency instability and poor
selectivity—for battery-powered, short-
range, wireless applications in which
power consumption is a major issue.
Examples include remote-keyless-
access systems, automobile alarms, bio-
medical monitors, sensor networks, and
computer peripherals (Reference 1). A
super-regenerative detector can also
demodulate frequency-modulated sig-
nals through slope detection. Tune the
detector so that the signal falls on the
slope of the detector circuit’s selectiv-
ity curve. This Design Idea presents a
super-regenerative receiver that con-
sumes less than 1 mW and operates in
the license-free, 433-MHz ISM (indus-
trial/scientific/medical) band.

In its simplest form, a super-regener-
ative receiver comprises an RF oscilla-
tor that a “quench signal,” or lower fre-
quency waveform, periodically switch-
es on and off. When the quench signal
switches on the oscillator, oscillations
start to build up with an exponential-
ly growing envelope. Applying an ex-
ternal signal at the oscillator’s nominal
frequency speeds the growth of the
envelope of these oscillations. Thus,
the duty cycle of the quenched oscilla-
tor’s amplitude changes in proportion
to the amplitude of the applied RF sig-
nal (Figure 1).

A super-regenerative detector can
receive AM signals and is well-suited

NAVAWAVEN

EXTERNAL
RF SIGNAL,

THERMAL
NOISE

for detecting OOK (on/off-keyed) data
signals. The super-regenerative detec-
tor constitutes a sampled-data system;
that is, each quench period samples and
amplifies the RF signal. To accurately
reconstruct the original modulation,
the quench generator must operate at
a frequency a few times higher than the

IN ITS SIMPLEST FORM,
A SUPER-REGENERATIVE
RECEIVER COMPRISES
AN RF OSCILLATOR
THAT A “QUENCH
SIGNAL,” OR LOWER
FREQUENCY WAVE-
FORM, PERIODICALLY
SWITCHES ON AND OFF.

highest frequency in the original mod-
ulating signal. Adding an envelope
detector followed by a lowpass filter
improves AM demodulation (Refer-
ence 2).

Figure 2 is a block diagram of the
super-regenerative receiver circuit in
Figure 3. The heart of the receiver com-
prises an ordinary Colpitts-configured
LC oscillator operating at a frequency
that the series resonance of L , L,, C,,
C,, and C; determines. Switching off
transistor Qs bias current quenches the

QUENCH
SIGNAL

OSCILLATOR
OUTPUT

ANTENNA
AMPLIFIER OSCILLATOR DETECTOR DETECTION

oscillator. (Note that increasing C, and
C, improves the oscillator’s frequency
stability at the expense of increased
power consumption.) Cascode-con-
nected transistors Q, and Q, form an
antenna amplifier that improves the
receiver’s noise figure and provides some
RF isolation between the oscillator and
the antenna. To conserve power, the
amplifier operates only during oscilla-
tion growth.

Based on a Schmitt-trigger circuit,
the quench generator switches the
oscillator and RF-amplifier stage. To
improve sensitivity, the triangular
waveform across C quenches the oscil-
lator, and the square wave at the out-
put of IC, switches the RF amplifier.
The quench generator’s two outputs are
phased in quadrature so that the RF
amplifier has received power when the
detector’s oscillations start to grow. The
quench frequency of this circuit is 100
kHz to allow data transfers at rates as
high as 20 kbps.

The envelope detector comprises a
common-source amplifier that’s nomi-
nally biased to operate in Class B mode.
To increase this stage’s gain, you apply
a small amount of bias current to make
it operate in Class AB mode. To reduce
the load on the oscillator’s LC tank cir-
cuit, C10 connects to a tap on inductor
L,, as inductor L, shows.

The first stage in the data-recovery
circuit comprises buffer IC,,; amplifi-
er IC,,; and a third-order, lowpass fil-
ter for suppressing quench-frequency
components in the envelope detector’s
output. A dc-coupled Schmitt-trigger
circuit, IC,, extracts the transmitted
data from the demodulated signal. A
lowpass filter comprising C, and R
extracts the demodulated signal’s dc

LC ENVELOPE DATA

7

QUENCH GENERATOR

Figure 1 In a super-regenerative detector, the arrival of

a signal starts RF oscillations sooner than under no-

signal conditions.

FEBRUARY 2, 2006

Figure 2 The super-regenerative receiver is considerably

simpler than a superheterodyne circuit.
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Figure 4 A prototype version of a super-regenerative receiver uses mostly
surface-mount components. The large, black, leaded component in the upper
right corner is a power-supply-decoupling capacitor. Note the RF-input con-
nector in the center of the pc board.
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component and sets the Schmitt trig-
ger’s decision threshold. As a conse-
quence, the data transmitter must use
a dc-balanced coding scheme, such as
Manchester coding, for modulation.
On the receiving end, no additional
active components are necessary for
extracting the data-recovery circuit’s
decision threshold, which helps mini-
mize the receiver’s power consumption.

The prototype occupies a compact pc
board measuring approximately 5X3
cm (Figure 4). Using a simple, home-
made PRBS (pseudorandom-binary-se-
quence) generator that uses Manches-
ter coding with a 28-to-1-bit sequence
(Reference 3), BER (bit-error-rate)
measurements yield the results in Fig-
ure 5. These results demonstrate a sen-
sitivity of less than —100 dBm for a 10-
to-4 BER at 1 kbps. The receiver con-
sumes 270 pA at 3V for a power con-
sumption of 810 wWW. As a further
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enhancement to the design, it includes
a transmitter circuit based on Maxim’s 0.1

MAX1472, creating a simple, compact, —— 1kBPS
low-cost, and low-power transceiver for — 2.E;:gs
the 433-MHz ISM band. You can easily 0.01 N —5
adapt the receiver circuit for recovery of NN 10 kBPS
AM audio or other analog signals by \ \ —— 15kBPS
replacing the Schmitt trigger, IC;, with 0.001 N ——20kBPS
a conventional audio-output amplifier. \ \

. BIT-ERROR
Retune the RF oscillator to cover the fre- RATE \
quency range of interest.EDN 0.0001 \ \
REFERENCES \ \ \
M http://intecweb.intec.ugent.be/data/ 0.00001 \
researchgroups.asp. \ \ \
A Insam, Eddie, “Designing Super-Re-
generative  Receivers,”  Electronics 0.000001
World, April 2002, pg 46. ~102 —101 —-100 -99 -98 —97 -96 95 —94 93 —92

& Meélange, Cedric, Johan Bauwelinck,
Jo Pletinckx, and Jan Vandewege,

“Low-cost BER tester measures errors
in low-data-rate applications,” EDN, Figure 5 Measurements of bit-error rate versus input RF power highlight the

Dec 5, 2005, pg 123, www.edn.com/ prototype receiver's sensitivity. The frequency is 433.92 MHz.
article/CA6288033.html.
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PASSIVES

EMI filter minimizes insertion loss with low ESR

N Adding to the Praetorian ASIP (application-specific-integrated-passive)
EMI (electromagnetic-interference)-inductor-based filter-array family, the
CM1419 suits audio applications in wireless handsets, using a 0.28() ESR (equiva-
lent series resistance). Using Praetorian process technology, the device integrates
spiral inductors with capacitors, diodes, and resistors on a single chip for improved
attenuation levels and minimal insertion loss. ESD protection integrates two Pi fil-
ters (CLC) with 117-pF/3-nH/117-pF component values for each channel. The ESD
diodes connect to the filter ports and dissipate ESD strikes of =30 kV, surpassing
the requirements of the IEC61000-4-2 international standard. Attenuation levels
are greater than —40 dB in the critical 800-MHz to 2.1-GHz frequencies range.
Available in a five-bump, 0.5-mm-pitch, 1.59X1.22-mm chip-scale package, the
CM1419 costs 39 cents (1000).
California Micro Devices, www.calmicro.com

cy and reliability, and ferrite material
reduces radiation. Features include a
—25 to +125°C temperature range, high

Multilayer-chip inductors
have low radiation

construction

The ROHS (reduction-of-haz-

ardous-substances)-compliant,
surface-mount, multilayer-chip PM-
1210G and PM1812G series inductors
target PCs and laptop computers,
printers, hard drives, HDTVs, VCRs,
and computer peripherals. A mono-
lithic construction provides consisten-

Q characteristics, a 800-mA dc current
rating, and 0.1- to 33-wH inductance
values, depending on the model. The
PM1210G measures 3.2X2.5X1.3 mm,
and the PM1812G measures 4.5X3.2 X
1.5 mm, and prices range from 7.8 t0 9.5
cents.

JW Miller Magnetics, www.jwmiller.
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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PASSIVES

Ultrahigh-precision
BMZF resistors have
750-mW power ratings

N Targeting applications requiring
low total-error budget under load
and extreme environmental conditions,
the ultrahigh-precision VSMP series of
BMZF (bulk-metal-Z-foil) resistors suit
test equipment, high-precision instru-
mentation; labo-
ratory, industri-
al, and medical
equipment; and
high-end stereos.
Peripherals  in-
clude a 200- to
750-mW  power
rating at 70°C, R
with 0.005% long- term. stablhty at
decreased power and 0.01% at maximum
power; a 0.2-ppm/°C typical TCR (tem-
perature coefficient of resistance); and a
0.01% tolerance. Surface-mount-case
sizes range from 0805 to 2512 with a 10
to 1500 resistance range, and lower and

higher ratings are available on request.
Available in waffle-pack and tape-and-
reel packages, the devices also come in
lead-free and tin/lead-alloy-terminal fin-
ishes. The VSMP resistor series costs $3.
Vishay, www.vishay.com

Current-sensing-resistor
line expands to 0.002()

In tolerances to =5%, the flame-

proof, open-air BR Series of cur-
rent-sense resistors have a 0.002 to 0.10)
resistance. The series can withstand 70A
of current and is rated from 1 to 5W at
85°C. Resistance values are available in
+1% tolerances with TCRs (tempera-
ture coefficients of resistance) of 20
ppm/°C. This series targets current-sense,
feedback, and surge-protection circuitry
and runs at a —40 to +125°C operating
temperature. BR Series resistors cost 15
cents (5000).
Stackpole Electronics Inc, www.
seielect.com

EMBEDDED SYSTEMS

JPEG-video-encoder
card includes dual RISC

encoding processors
INJ The CTR-1471 PC/104-Plus JPEG

2000 encoder card now supports
the J2K (JPEG2000) ISO/IEC15444-1
image-compression standard. The eight-
channel video-compressor module pro-
cesses images at a 40M-sample/sec rate in
reversible mode and higher rates in irre-
versible mode. Other features include dual
RISC encoding processors to offload com-
pression overhead from system CPU, eight
NTSC/PAL/SECAM analog-video-input
channels for eight cameras, independent
motion detection for each video channel,
and 16 general-purpose digital I/Os. The
card also includes programmable picture
size, position, panning, tilting, freezing,
image scaling, and zooming. The CTR-
1471 costs $765 (100).

Parvus, www.parvus.com

Motor-control starter kit
includes a BLDC motor

The vendor based this motor-

control starter kit on the ST7-
FMC microcontroller with a dedicated
motor-control peripheral targeting
induction or permanent-magnet-drive
motors. The kit includes a motor-con-
trol board with a built-in 10A invert-
er stage; a 24V BLDC (brushless-dc)
motor; the inDART-STX/D in-circuit,
real-time debugger/programmer; an
optoisolation board; a control-panel
application for modifying motor-driv-
ing parameters in real time; and pre-
made C libraries. The kit also includes
the vendor’s Visual Debug IDE with
support for Metrowerks and Cosmic C
compilers. The AK-ST7FMC starter
kit comes with cables and full docu-
mentation and costs $695.
STMicroelectronics, www.st.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.

GrSAIY
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* Versatile Programmable Module
« Serial/’C/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 [LU&B)s \Work.™

SURFACE MOUNT

PROBING ADAPTERS

* BGA, QFP, PLCC, SOIC & QFN

¢ SMT adapters solder to target board

¢ Modular probe boards

¢ High quality ZIF sockets

¢ Gold plated test points
In-circuit test your SMT IC’s with logic
analyzer or scope. Simply solder SMT
package emulator and attach probe board.
Also Quick Turn Customs.

Tel: (800) 404-0204  Fax: (952) 229-8201
www.ironwoodelectronics.com

Ironwood Electronics

Internet Modem

Diagnostic/Alarm/Monitoring
* Send/Receive data via email or hosted web page
* Uses no CPU/software overhead with existing designs
* SMTP/POP3 enabled
* PC compatible email
« Send messages on alarm condition
« Internet transfer to voice/data/fax using low cost ISP
« Operates independent of your system application CPU
2400 to 56k bps data transfer, unlimited messages
« Evaluation kits available from $159.95

www.cermetek.com
Tel: 800-882-6271
Sunnyvale, CA USA
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640x480 Image Sensor, Color/BW, 4x3", C/C++
Programmable x86, CompactFlash FAT, Ethernet TCP/IP,
RS232/485, RTC, TTL

Security monitoring; image acquisition and recording.
18 UARTSs, 300 1/0s. Custom board design. Save time and money.
6 USA
Tel: 530-758-0180 o Fax: 530-758-0181
L] L]
l Chiva (onnection... l
Turnkey
4-L PCB ~ 20¢ per in?
UL Approved

Machine vision; ID mark check; Pattern recognition;
50+ Low Cost Controllers with ADC, DAC, solenoid drivers,
1724 Picasso Ave Suite A
TE R www.tern.com
PCB Production,
Prototype ~ Production
10 days Delivery w/solder Mask
MYLYDIA INC.

Industrial process control; Motion position detection;
relays, file system with CompactFlash, LCD, DSP motion control,
Davis, CA 9561
[—
INC. sdles@tern.com = -3
Assembly,
D/S PCB ~ 12¢ per in?
NRE not included
1-800-Mylydia

sales@mylydia.com

www.mylydia.com

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

—~RCHION

INC.

) \Jroverrise moex

Company Page
Agilent Technologies 1
Alps Electric Co Lid 84
Altera Corp 29
Analog Devices Inc 14-15
31,33
Ansoft Corp 83
Archelon Inc 88
austriamicrosystems AG 82
Bergquist Co 12
Cermetek 88
Cirrus Logic Inc 61
Digi-Key Corp 1
Earthlcd 88
Echelon Corp 57
Fairchild Semiconductor 54, 64
FTDI Ltd 16
Fujitsu Microelectronics
America Inc C4
International Rectifier Corp 39
Intersil 35,37
53,55
Ironwood Electronics 88
Kepco Inc 56
Linear Technology Corp 69
71,72
73-74
Magma Design Automation 40
Mathworks Inc 63
Maxim Integrated Products 77,79
81
Memory Protection Devices 70
Company Page
Mentor Graphics 85
87,89
Micrel Semiconductor 43
Microsoft Corp 8
Monolithic Power Systems 58
Mouser Electronics C3
Mylydia Inc 88
National Instruments 13,49
National Semiconductor 17-24
45
NCI 70
Probe Master 88
Senscomp Inc 88
Tech Tools 88
Tern 88
Texas Instruments C-2
3,6
51
Vicor Corp 67
WelComm Inc 4
WinSystems 27
Xilinx Inc 2

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

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.

Copyright 2005 Mentor Graphic Corporation. All Rights Reserved.
Mentor Graphics is a registered trademark of Mentor Graphics Corporation.
All other company andlor product names are the trademarks and/or
registered trademarks of their respective owners.




MP3 pioneer stirred RIAA action, exited market as major players entered

90 EDN

FEBRUARY 2, 2006

The Rio PMP300 MP3, or compressed-digital-music, player, from Diamond Multimedia

wasn't technically the first such product, but it was the first true success. The
3.5X2.5X0.62-in. product included a measly 32 Mbytes of memory for an advertised one-hour
music capacity, although Diamond offered a 16-Mbyte upgrade for $49.95. Still, the product
drew the ire of the RIAA (Recording Industry Association of America), which attempted in court
but failed to stop Diamond from selling it. Diamond later spun off the Rio brand, which ultimately
landed with D&M Holdings; D&M Holdings stopped offering Rio products last summer in the
face of competition from Apple and major consumer-electronics companies.

But Rio did pioneer what's become a huge market. Analysts at In-Stat/MDR (www.instat.
com) predict that the market for MP3 players will grow from 27.8 million units in 2004 to 104
million units in 2009. Apple clearly dominates, despite its onerous digital-rights-management
scheme. At his MacWorld Expo keynote in early January, Steve Jobs claimed that Apple sold 14
million iPods during the 2005 holiday season compared with 4.5 million during the 2004 holiday
season.—by Maury Wright




FREESCALE
| POWERQUICC™
MICROPROCESSORS

A key element to Freescale’s
: Smart Networks Platform,
these microprocessors support fast Ethernet and
PCMCIA and are available in CPU frequencies up
to 400MHz. Up to three SCCs are available.

o
=" freescale mouser.com/freescale/a

‘semiconductor

advertisement

VISHAY VSORC & VSSRC W)
SERIES OF RESISTOR/  \\\\}
CAPACITOR NETWORKS

These single chip networks save
board space, reduce assembly
costs, are compatible with automatic surface
mounting equipment, and have a rugged,
molded case construction.

A\ A
VISHAY
mouser.com/thinfilm/a

MOUSE

E L ECTRONICS

a tti company

NEW Products
NEW Technologies
NEW Suppliers

echanical | Test, Tools & Supplies

MOLEX HIGH DEFINITION
MULTIMEDIA

INTERFACE

(HDMI)

The HDMI provides an

uncompressed digital

link between consumer

electronics equipment,

such as DVD players, set-top boxes, audio/video
monitors, and plasma display screens for high-
definition TVs. Up to 5 Gbps of bandwidth, 10,000
cycles, 0.5A current, and 40V voltage.

m (')Ie)(® mouser.com/molex/a

AMPHENOL SMART
CARD
CONNECTORS

New smart card
connectors include a SIMLOCK® and SIMBLOCK®
2.0mm, SD memory card, hybrid reader, superflat
style, and monoblock PCB. Typical applications
include mobile devices, telecommunications, PC,
audio/video, and handheld devices.

Am phen°|® mouser.com/amphenol/a

HELICOMM 2.4 GHZ ZIGBEE™
EMBEDDED OEM MODULES

Easily integrate

_ wireless networking

B solutions and increase
your competitive
advantage.

These IP-Link modules
simplify wireless
integration and reduce development cycles by six
months or more. Each IP-Link embedded module
includes an IEEE 802.15.4-compliant ratio, a Silicon
Laboratories 8051 microcontroller, programmable
1/0, flexible antenna and range solutions, as well as
ZigBee-ready IP-Net networking software.

ﬁo! 0
® Hellcomm mouser.com/helicomm/a

TAOS PROGRAMMABLE
COLOR SENSORS

The TCS230 programmable
color light-to-frequency
converter combines
configurable silicon photodiodes and a current-to-
frequency converter on a single monolithic CMOS
integrated circuit. The output is a square wave
(50% duty cycle) with frequency directly
proportional to light intensity (irradiance).

DTAOS!

" mouser.com/taos/a

Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc. Any other product and company names mentioned herein are trademarks of their respective owners.



UNLEASH BROADBAND WITH
FUJITSU’S WiMAX 802.16-2004 SoC.

With a MAC-to-PHY implementation based on the

IEEE 802.16-2004 broadband wireless access

standard, the Fujitsu WiMAX SoC, MB87M3400,

offers a cost-effective solution for both subscriber

station and base station applications. This highly

integrated SoC implements MAC, PHY, radio For more information, call (800) 866-8608 or
control and all the necessary analog circuits for the visit http://us.fujitsu.com/micro/wimax
appropriate 2 to 11GHz licensed or license-exempt

bands. The Fujitsu WIMAX SoC fully complies with

the IEEE 802.16-2004 standard using an OFDM PHY.

ADVANCED FEATURES

* 256 OFDM PHY with 64QAM, 16QAM,
QPSK and BPSK modulation

* Uplink subchannelization

* Flexible baseband interface with integrated
high-performance ADC and DAC

* Security implementation using DES, CCM Cp
encryption/decryption FUJ[TSU

* Rich set of integrated peripheral and RF control
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THE POSSIBILITIES ARE INFINITE






